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APT REPORT ON COEXISTENCE BETWEEN SERVICES AT THE BOUNDARY OF THE 700 MHz AND 800 MHz BANDS



Purpose
The purpose of this report is to present the results of studies related to the operation of IMT services operating in the band 703-803 MHz (the “APT 700 MHz band”) and other services operating in bands above 803 MHz. It should be noted that studies related to coexistence at the lower edge of the APT 700 MHz band have previously been undertaken and can be found in APT/AWG/REP-24.

This document introduces studies by APT members to assist administrations in implementing services above the 803 MHz boundary, where the APT 700 MHz band plan has been/will be implemented. Studies of the coexistence between a wide range of possible services above the 803 MHz boundary and the IMT services deployed in the 700 MHz band have been undertaken.

Scope
The scope of this work is to identify conditions under which a range of services may be able to operate above 803 MHz in coexistence with IMT services operating in the 700 MHz band. It considers only the frequency boundary at or near the 803 MHz and does not consider coexistence at the corresponding other ends of the relevant duplex bands. The intent is that it will assist administrations in planning for services that support a wide range of applications, so that the overall utility of the 800 MHz band may be optimized. It will do this by providing information that informs channel planning and infrastructure siting undertaken within administrations.

Applications supported in the 800 MHz band may include, but are not limited to, a variety of narrowband, broadband and wideband services for a range of purposes; however, the intent is that this document will focus solely on technical requirements, based on recognized standards and ITU allocations in the relevant bands. 

In particular, this document is concerned with the coexistence between IMT base stations (BS) and user equipment (UE) operating in the 700 MHz band (across a number of bandwidths), and the BSs and UEs (across a number of bandwidths) of a range of possible services operating above 803 MHz, including:

· single frequency fixed point-to-point services with bandwidths of up to 400 kHz, 
· two-frequency fixed point-to-point services (single channel) with bandwidths of up to  25 kHz, 
· two-frequency fixed point-to-point services (low capacity) with bandwidths of up to 200 kHz, 
· trunked land mobile services with bandwidths of up to 25 kHz, or multiples thereof, and 
· LTE services with bandwidths of 5 MHz or multiples thereof. 
Technical assumptions including out-of-band limits are used to determine the combinations of frequency and distance separations that allow coexistence between these services, so that administrations and operators may make informed decisions about their deployment. Appropriate standards and recommendations are referred to in making technical assumptions that will underpin these studies – the intent of this work is not to impose out-of-band limits or channel plans. 

Background
The harmonized frequency arrangement agreed by APT members for the band 698-806 MHz is contained in APT Report 14. Consensus agreement was reached on two harmonized frequency arrangements for IMT systems in the 698-806 MHz frequency band (see Figure 1 and Figure 2)
 (
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[bookmark: _Ref303261421][bookmark: _Ref303648267]Figure 1: Harmonised FDD Arrangement of 698-806 MHz band
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Figure 2: Harmonised all-TDD Arrangement of 698-806 MHz band

3GPP has defined the APT 700 MHz band plan within its nomenclature. In particular, 3GPP has defined the APT 700 MHz band as band 28 (FDD) and band 44 (TDD) as shown in Table 1. 

[bookmark: _Ref347880967]Table 1: APT 700 MHz band plan as defined by 3GPP
	 E‑UTRA Operating Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	BS receive
	BS transmit
	

	
	UE transmit
	UE receive
	

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	44
	703 MHz
	–
	803 MHz
	703 MHz
	–
	803 MHz
	TDD



There is a broad range of systems, including cellular and narrow band systems, which operate above 803 MHz in the APT region. Examples are shown in Figure 3 overleaf. 
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[bookmark: _Ref347881289]Figure 3: Examples of services operating above 803 MHz 
Note
1. PS, TETRA, IDEN and LMR indicate narrow band technologies (12.5 kHz to 25 kHz) 
2. CMTS indicate cellular mobile telephone service  (IMT)
3. CDMA indicates 1.23MHz channel bandwidth based on 3GPP2 specifications 
4. Range of services and spectrum allocations are under review in many countries
5. Details From AWG questionnaire on arrangements above 806-960 MHz 
6. Australia is currently reviewing the 803-960 MHz band and allocations may change as a result of this review


Annex 1 outlines information on the E-UTRA and UTRA operating bands defined by the 3GPP in the vicinity of the 803 MHz boundary. 

A range of other services are potentially suitable for use in the frequency bands including fixed point-to-point services and trunked land mobile services. 

This Report presents the results of studies on coexistence between systems at the boundary of the 700 MHz and 800 MHz bands and identifies systems which could be deployed in the frequency bands above 803 MHz. This report provides useful information for national planning for the implementation of these band plans.

1.1. Situations in particular countries
1.1.1. Australia
Australia has announced that it will be adopting the APT 700 MHz (FDD) plan and is currently reviewing arrangements in the 803-960 MHz frequency range. Expansion of IMT services (from the existing 825-845 MHz/870-890 MHz allocation) is being considered in this review, with provision of 2 x 5 MHz planned to be made to facilitate a broadband capability for Australia’s public safety agencies (broadband PPDR). Spectrum for broadband PPDR will be planned based on the same IMT (LTE) specifications as commercial IMT (LTE) services. Use of other services, including fixed and trunked land mobile services, in the 800 MHz band are also being considered in the review. 

1.1.2. New Zealand
New Zealand is considering the implementation of broadband PPDR services using equipment designed to operate in the 800 MHz band. These potential services are within the band outlined for PPDR operation in ITU-R Resolution 646 (Rev WRC‑12) and currently used for narrowband PPDR operation in Region 3. It is noted that the agenda for the 2015 World Radiocommunication Conference, resolves 1.3 of ITU-R Resolution 807 (WRC-12), provides for the revision of ITU-R Resolution 646 (Rev WRC‑12) for broadband PPDR operation, which is expected to facilitate the introduction of broadband PPDR applications in this band.  Implementation of broadband PPDR is highly likely to use the same IMT (LTE) specifications as commercial telecommunications services. 

1.1.3. Japan
Japan has allocated the band 714 - 750 MHz and 770 - 806 MHz to the terrestrial mobile service. The band 810 - 850 MHz is also allocated to the terrestrial mobile service. Actually the band 718 - 748 MHz and 773 - 803 MHz is assigned to the telecommunication operators for their terrestrial mobile services and used for mobile station to base station (uplink) and for the opposite direction (downlink) respectively. With regard to the 800MHz lower band, the band 815 - 845 MHz (B18 and B19 in the 3GPP band classification) is used for IMT system and mobile terminals of LTE system is transmitting in the band. The 700MHz band is expected to be used for also LTE system. So the broadband systems are operated in 700MHz band and 800MHz band with the separation frequency of 12MHz. 

Relevant Sharing Studies and Analyses
This section describes the three approaches to interference analysis and determination of maximum emission levels, and summarises the key parameter values used in these analyses.

Consistent with ITU-R common practice, deterministic studies are used to derive threshold values to establish co-ordination trigger values for the purposes of initiating cross-border negotiations between sovereign nations.  As such, deterministic studies are often characterized as deriving ‘worst case’ values in order to stimulate more detailed investigation of the particular cross-border situation.  However, the normal ITU-R approach to determining technical sharing conditions, such as out-of-band emission limits, is to undertake probabilistic studies of the relevant sharing scenarios.

Scenarios Considered 
The following section details the scenarios considered in this report based as summarized in Table 2.

[bookmark: _Ref346203581][bookmark: _Ref350156853]Table 2- Summary of the scenarios considered in the report

	Scenario
	Source of harmful interference/ transmitter
	Subject of harmful interference/receiver

	(a)
	IMT UE Transmitter (Tx) (above 803 MHz [(i.e. 3GPP Bands 26 and 27)])

	IMT UE Receiver (Rx) (below 803 MHz [(i.e. 3GPP Band 28)])


	(b)
	IMT BS Tx (below 803 MHz [(i.e. 3GPP Band 28)])

	IMT BS Rx (above 803 MHz [(i.e. 3GPP Bands 26 and 27)])


	(c)
	Trunked land mobile UE Tx (above 803 MHz)

	IMT UE Rx (below 803 MHz [(i.e. 3GPP Band 28 and Band 44)])

	(d)
	IMT BS Tx (below 803 MHz [(i.e. 3GPP Band 28 and Band 44)])

	Trunked land mobile BS Rx (above 803 MHz)

	(e)
	Two-frequency fixed point-to-point (single channel) Tx (above 803 MHz)

	IMT UE Rx (below 803 MHz [(i.e. 3GPP Band 28)])

	(f)
	IMT BS Tx (below 803 MHz [(i.e. 3GPP Band 28)])

	Two-frequency fixed point-to-point (single channel) Rx (above 803 MHz)

	(g)
	Two-frequency fixed point-to-point (Low capacity) Tx (above 803 MHz)

	IMT UE Rx (below 803 MHz [(i.e. 3GPP Band 28)])

	(h)
	IMT BS Tx (below 803 MHz [(i.e. 3GPP Band 28)])

	Two-frequency fixed point-to-point (Low capacity) Rx (above 803 MHz)

	(i)
	Single frequency fixed point-to-point Tx (above 803 MHz)

	IMT UE Rx (below 803 MHz [(i.e. 3GPP Band 28)])

	(j)
	IMT BS Tx (below 803 MHz [(i.e. 3GPP Band 28)]) 

	Single frequency fixed point-to-point Rx (above 803 MHz)

	(k)
	Trunked land mobile UE Tx (3GPP Band 44))
	IMT BS Rx (below 803 MHz)


	(l)
	IMT UE Tx (3GPP Band 44) 

	Trunked land mobile BS Rx (above 803 MHz)




1.1.4. Scenario (a)
In this scenario, the effect of transmissions from an IMT UE transmitter operating above 803 MHz on an IMT UE receiver operating in the 700 MHz band will be assessed (as illustrated in 
Figure 4). 
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[bookmark: _Ref347720267]
Figure 4- Scenario (a)

The following specific cases are considered in studies described below:
· Interference from a 5 MHz LTE mobile station (UE) operating above 803 MHz into an 5 MHz LTE UE receiver operating in 3GPP band 28 (See Annex 3 [Australia])
· Interference from a LTE mobile station (UE) in 3GPP band 27 into a LTE UE receiver operating in 3GPP band 28 (See Annex 4 [New Zealand])
· Interference from a 10 MHz LTE cellular system deployed at 3GPP band 27 into a 10 MHz 3GPP band 28 LTE cellular system (See Annex 5 [Motorola]). 
· Interference from a LTE mobile station (UE) in 3GPP band 26/3GPP band 18 into an LTE UE receiver operating in 3GPP band 28 (See Annex 6 [Japan]).
· Interference from a number of LTE UEs operating above 803 MHz, into a nearby LTE UE operating immediately below 803 MHz in 3GPP band 28 (See Annex 7 [Telstra]). 

1.1.5. Scenario (b)
In this scenario, the effect of transmissions from an IMT BS transmitter in the 700 MHz band on an IMT BS receiver operating above 803 MHz will be assessed (as illustrated in Figure 5). 
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[bookmark: _Ref347721048]Figure 5- Scenario (b)

In 3GPP, BS-BS coexistence has been studied and can provide additional background from 3GPP side. The results of these studies are contained in 3GPP TR 37.806 and 3GPP TR 37.820.

More specifically, the following cases are considered in studies described below:
· Interference from a 5 MHz LTE BS transmitter operating in 3GPP band 28 on a 5 MHz LTE BS receiver operating above 803 MHz (See Annex 3 [Australia]) 
· Interference from a LTE BS transmitter in 3GPP band 28 into a LTE BS receiver operating in 3GPP band 27 (See Annex 4 [New Zealand]) 
· Probabilistic analysis of interference from an LTE base-station transmitter, operating immediately below 803 MHz with a channel width of 15 MHz, into a co-sited LTE base-station receiver operating above 806 MHz with a channel width of 5 or 10 MHz (see Annex 7 [Telstra])
· Probabilistic analysis of interference from several LTE base-station transmitters, operating immediately below 803 MHz, into a non-co-sited LTE base-station receiver operating above 806 MHz (see Annex 7 [Telstra])
· Deterministic analysis of interference from an LTE base-station transmitter, operating immediately below 803 MHz with a channel width of either 5 MHz or 20 MHz, into a) a co-located; and b) a non-co-located LTE base-station receiver operating above 809 MHz with a channel width of 10 MHz (see Annex 8 [Telstra & Telecom-NZ]).

1.1.6. Scenario (c)
In this scenario, the effect of transmissions from a trunked land mobile UE transmitter operating above 803 MHz on an IMT UE receiver operating in the 700 MHz band will be assessed (as illustrated in (Figure 6). 
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[bookmark: _Ref350156921]Figure 6- Scenario (c)

The following specific cases are considered in studies described below:
· Interference from a 25 kHz trunked land mobile UE transmitter operating above 803 MHz on a 5 MHz LTE UE receiver operating in 3GPP band 28 (See Annex 3 [Australia])
· Interference from a digital trunked mobile UE transmitter operating above 803 MHz to an IMT UE receiver operating in band 44 (See Annex 9 [China])

1.1.7. Scenario (d)
In this scenario, the effect of transmissions from an IMT BS transmitter in the 700 MHz band on a trunked land mobile BS receiver operating above 803 MHz will be assessed (as illustrated in Figure 7). 
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[bookmark: _Ref347722349]Figure 7- Scenario (d)

The following specific cases are considered in studies described below:
· Interference from a 5 MHz LTE BS transmitter in 3GPP band 28 to a 25 kHz trunked land mobile BS receiver operating above 803 MHz (See Annex 3 [Australia]) 
· Interference from an IMT BS transmitter in band 44 to a digital trunked mobile BS receiver operating above 803 MHz (See Annex 9 [China])

1.1.8. Scenario (e)
In this scenario, the effect of transmissions from a two-frequency fixed point-to-point (single channel) transmitter operating above 803 MHz on an IMT UE receiver operating in the 700 MHz band will be assessed (as illustrated in Figure 8). 
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[bookmark: _Ref347785414][bookmark: _Ref347785393]Figure 8- Scenario (e)

The following specific cases are considered in studies described below:
· Interference from a 25 kHz two-frequency fixed point-to-point (single channel) transmitter operating above 803 MHz on a 5 MHz LTE UE receiver operating in the 700 MHz band (See Annex 3 [Australia])

1.1.9. Scenario (f)
In this scenario, the effect of transmissions from an IMT BS transmitter in the 700 MHz band on the receiver of a two-frequency fixed point-to-point (single channel) link operating above 803 MHz will be assessed (as illustrated in Figure 9). 
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[bookmark: _Ref347786719]Figure 9- Scenario (f)

The following specific cases are considered in studies described below:
· Interference from a 5 MHz LTE BS transmitter in the 700 MHz band operating between 798-803 MHz on the receiver of a 25 kHz two-frequency fixed point-to-point (single channel) link operating above 803 MHz (See Annex 3 [Australia])

1.1.10. Scenario (g)
In this scenario, the effect of transmissions from a 200 kHz two-frequency fixed point-to-point (low capacity) transmitter operating above 803 MHz on an IMT UE receiver operating in the 700 MHz band operating will be assessed (as illustrated in Figure 10). 
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[bookmark: _Ref347787288]Figure 10- Scenario (g)

The following specific cases are considered in studies described below:
· Interference from a two-frequency fixed point-to-point (low capacity) transmitter operating above 803 MHz on a LTE UE receiver operating in the 700 MHz band operating between 798-803 MHz (See Annex 3 [Australia])

1.1.11. Scenario (h)
In this scenario, the effect of transmissions from an LTE BS transmitter in the 700 MHz band operating between 798-803 MHz on the receiver of a two-frequency fixed point-to-point (low capacity) link operating above 803 MHz will be assessed (as illustrated in Figure 11). 
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[bookmark: _Ref350156941]Figure 11- Scenario (h)

The following specific cases are considered in studies described below:
· Interference from a 5 MHz LTE BS transmitter in the 700 MHz band operating between 798-803 MHz on the receiver of a 25 kHz two-frequency fixed point-to-point (low capacity) link operating above 803 MHz (See Annex 3 [Australia])

1.1.12. Scenario (i)
In this scenario, the effect of transmissions from a single frequency fixed point-to-point transmitter operating above 803 MHz on an IMT UE receiver operating in the 700 MHz band  will be assessed (as illustrated in Figure 12). 
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[bookmark: _Ref347787549]Figure 12- Scenario (i)

The following specific cases are considered in studies described below:
· Interference from a single frequency fixed point-to-point transmitter operating above 803 MHz on a 5 MHz LTE UE receiver operating in the 700 MHz band operating between 798-803 MHz (See Annex 3 [Australia])
 
1.1.13. Scenario (j)
In this scenario, the effect of transmissions from an IMT BS transmitter in the 700 MHz band on the receiver of a single frequency fixed point-to-point link operating above 803 MHz will be assessed (as illustrated in Figure 13).
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[bookmark: _Ref350156963]Figure 13- Scenario (j)

The following specific cases are considered in studies described below:
· Interference from a 5 MHz LTE BS transmitter in the 700 MHz band operating between 798-803 MHz on the receiver of a single frequency fixed point-to-point link operating above 803 MHz (See Annex 3 [Australia])

1.1.14. Scenario (k)
In this scenario, the effect of transmissions from an a digital trunking mobile UE transmitter above 806 MHz on the receiver of a IMT BS operating below 806 MHz will be assessed.
[image: ]
The following specific cases are considered in studies described below:
· Probabilistic analysis of interference from several digital trunked UE transmitters, operating immediately above 803 MHz with a channel width of 200 kHz or 1.25 MHz, into a IMT base-station receiver operating below 803 MHz with a channel width of 5 MHz (see Annex 9 [China])

1.1.15. Scenario (l)
In this scenario, the effect of transmissions from an IMT UE transmitter in the 700 MHz band on the receiver of a digital trunking mobile BS operating above 806 MHz will be assessed.
[image: ]
The following specific cases are considered in studies described below:
· Probabilistic analysis of interference from several LTE UE transmitters, operating immediately below 803 MHz with a channel width of 5 MHz, into a digital trunked base-station receiver operating above 803 MHz with a channel width of 200 kHz or 1.25 MHz (see Annex 9 [China])

Methodology & Parameters
1.1.16. Deterministic sharing analysis methodology
1.1.16.1. Deterministic study D1
Study D1 (detailed in section 2.1.1 of Annex 3) was applied to scenarios (b) and (d) and involved simulations conducted using the parameters listed in the Attachment to Annex 3. This study involved the calculation of the carrier to interference plus noise ratio (CINR) value for a range of frequency separation values to determine the minimum frequency separation required for co-site operation. 

1.1.16.2. Deterministic study D2
Study D2 (detailed in section 2.1.2 of Annex 3) was applied to scenarios (f), (h) and (j) and involved simulations conducted using the parameters listed in the Attachment to Annex 3 (the Australian study). This study involved the calculation of the carrier to interference plus noise ratio (CINR) value for a range of frequency separation values to determine the minimum frequency separation required for co-site operation. Note that in this study, the Receiver mask for the LTE UE in Band 28 has been assumed to be a 5 MHz filter but for Band 28, 3GPP has specified a full 2x45 MHz operating band, which is typically implemented using a dual duplexer arrangement. 

1.1.16.3. Deterministic study D3
Study D3 (detailed in Section 2.1.1 of Annex 4) was applied to scenario (b) and involved the deterministic calculation of minimum required coupling losses for base station interference between 3GPP Band 27 and 3GPP Band 28. The first part considers the application of Adjacent Channel Leakage Ratio (ACLR) and general spurious emissions limits for base station transmitter in 3GPP Band 28 and the Adjacent Channel Selectivity (ACS) for base station receiver in 3GPP Band 27. In the second part, consideration has been given to the application of additional spurious emissions limits for base station in 3GPP Band 28 for co-existence with base station in 3GPP Band 27. In addition, the third part of this study assesses the minimum coupling loss when base stations of both 3GPP bands are co-located and subject to more critical spurious emissions limits at the transmitter coupler. 

1.1.16.4. Deterministic study D4
Study D4 (detailed in Annex 8) was applied to scenario (b), and involved the use of minimum ACLR limits and additional spurious emissions limits as specified by 3GPP, to determine if practical receiving duplex filters can ensure sufficient rejection at the assumed guard-band separation (6 MHz).

1.1.17. Probabilistic sharing analysis methodology
1.1.17.1. Probabilistic study P1
Study P1 (detailed in section 2.2.1 of Annex 3) was applied to scenarios (a) and (c) and involved simulations conducted using the parameters listed in the Attachment to Annex 3. Monte Carlo simulations were performed to calculate a percentage of events in which the minimum carrier to interference plus noise ratio (CINR) value was exceeded to determine the minimum frequency separation required for co-site operation. 

1.1.17.2. Probabilistic study P2
Study P2 (detailed in section 2.2.2 of Annex 3) was applied to scenarios (e), (g) and (i) and involved simulations conducted using the parameters listed in the Attachment to Annex 3. Monte Carlo simulations were performed to calculate a percentage of events in which the minimum carrier to interference plus noise ratio (CINR) value was exceeded to determine the minimum frequency separation required for co-site operation.
 
1.1.17.3. Probabilistic study P3
Study P3 (detailed in section 2.2.1 of Annex 4) was applied to scenario (a) and involved a probabilistic Monte Carlo analysis has been employed.   This analysis comprises simulations to assess probability of interference (or percentage of coverage area loss) caused to mobile network based on 3GPP Band 28 when an adjacent network based on 3GPP Band 27 is operating with its boundary frequency starting at 807 MHz, 809 MHz and 814 MHz. Additional simulations were also conducted for different combination of channel bandwidths between 3GPP Band 28 and 3GPP Band 27.  

1.1.17.4. Probabilistic study P4
Study P4 (detailed in section 2.1.1 of Annex 5) was applied to scenario (a). This study considers the case of  Scenario (a), that is the impact of unwanted emissions  from an IMT UE transmitter operating above 803 MHz (3GPP band 27 or 26) on an IMT UE receiver operating in the 700 MHz (3GPP Band 28). 

1.1.17.5. Probabilistic study P5
Study P5 (detailed in section 2.1.1 of Annex 6) was applied to scenario (a). In this study “In-band interference” and “Out-of-band interference” were evaluated. 

In the study of “In-band interference”, the required decrease power density that is the subtraction of the total interference power density caused by unwanted emission from the interferers, whose occurrence probability is lower than 3% at an APT700 band user terminal, from the permissible interference level of the terminal of -111 dBm/MHz was calculated for each variable of unwanted emission level from user terminals above 815 MHz band into APT700 downlink band. The probable percentage of 3% is adopted in the interference evaluation in one country in Region 3. Then it was investigated whether the unwanted emission level is practical or not, taking into account of realistic duplexer characteristics, where the less-than-3% total interference becomes lower than the permissible interference level. 

In the study of the out-of-band interference, the required value for improvement from the view point of the sensitivity suppression caused by the received power in the out-of-band of the receiver from the surrounding interfering mobile terminals was calculated as such by comparing the power received at the interfered mobile terminals in APT700 band, obtained by statistical simulation, with specification of sensitivity suppression power of LTE mobile terminal for a certain guard band, e.g.  -44 dBm for the case of guard band of 10 MHz.

1.1.17.6. Probabilistic study P6
Study P6 (detailed in section 2 of Annex 7) was applied to both scenarios a) and b), and involved running a series of Monte Carlo simulations while reducing the guard-band offset, to determine the minimum necessary guard-band to ensure not more than 1% likelihood of degradation of threshold SINR.  This was aimed at determining a minimum necessary guard-band between the upper edge of band #27 (803 MHz) and the lower edge of an LTE system operating in the 800 MHz band.
1.1.17.7. Probabilistic study P7
Study P7 (detailed in section 2 of Annex 9) was applied to both scenarios c) and k), and involved a Monte Carlo simulations conducted using the parameters listed in the Attachment to Annex 3. The Monte Carlo simulations were performed to determine the capacity loss of LTE, which should no more than 5%. This was aimed at determining a minimum necessary guard-band to avoid the interference from digital trunked systems into LTE system.

1.1.17.8. Probabilistic study P8
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Study P8 (detailed in section 2 of Annex 9) was applied to both scenario d) and l), and involved a Monte Carlo simulation conducted using the parameters listed in the Attachment to Annex 3. The Monte Carlo simulations were performed to determine the outage probability of digital trunked system, which should be no more than 5%. This was aimed at determining a minimum necessary guard-band to avoid the interference from LTE system into the digital trunked systems.


Results and outcomes of studies





Table 3 outlines the methodologies that were applied in each scenario and the sections of the report that discuss the results and outcomes. 
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Table 3- Methodologies applied for each scenario considered in the report

	Scenario
	Methodology applied
	
	

	
	D1
	D2
	D3
	D4
	P1
	P2
	P3
	P4
	P5
	P6
	P7
	P8

	(a)
	
	
	
	
	Section
4.3.1.1
	
	Section
4.3.1.2
	Section
4.3.1.3
	Section
4.3.1.4
	Section 4.3.1.5
	
	

	(b)
	Section
4.3.2.1
	
	Section
4.3.2.2
	Section
4.3.2.3
	
	
	
	
	
	Section 4.3.2.4
	
	

	(c)
	
	
	
	
	Section
4.3.3.1
	
	
	
	
	
	Section
4.3.3.2
	

	(d)
	Section
4.3.4.1
	
	
	
	
	
	
	
	
	
	
	Section
4.3.4.2

	(e)
	
	
	
	
	
	Section
4.3.5.1
	
	
	
	
	
	

	(f)
	
	Section
4.3.6.1
	
	
	
	
	
	
	
	
	
	

	(g)
	
	
	
	
	
	Section
4.3.7.1
	
	
	
	
	
	

	(h)
	
	Section
4.3.8.1
	
	
	
	
	
	
	
	
	
	

	(i)
	
	
	
	
	
	Section
4.3.9.1
	
	
	
	
	
	

	(j)
	
	Section
4.3.10.1
	
	
	
	
	
	
	
	
	
	

	(k)
	
	
	
	
	
	
	
	
	
	
	Section
4.3.11.1
	

	(l)
	
	
	
	
	
	
	
	
	
	
	
	Section
4.3.12.1




1.1.18.  Scenario A
1.1.18.1. [bookmark: _Ref347882700]Probabilistic study P1
The results of Study P1 for scenario (a) are detailed in Section 3.1.1 of Annex 3. The results in indicate that assuming 64-QAM 4/5 rate MCS for the LTE system, the required frequency separation between the LTE system operating below 803 MHz and the LTE system operating above 803 MHz would be 0 MHz (i.e. direct adjacent channel) to allow for co-siting of the BS and an exceedence percentage of less than 5% for UE to UE interference.

1.1.18.2. [bookmark: _Ref347882711]Probabilistic study P3
The results of Study P3 for scenario (a) are detailed in Section 3.1.1 of Annex 4.   The Monte Carlo analysis indicated that the probability of interference (or percentage of coverage area loss) is reduced with increased frequency separation between the two systems. However, the likelihood of interference increases as the channel bandwidth of the victim 3GPP Band 28 receiver increases. It is noted that the non-linearity of the results suggested that the likelihood of interference may be dominated by channel bandwidth of the victim receiver rather than the transmitter. 




1.1.18.3. [bookmark: _Ref347882718]Probabilistic study P4
The results of Study P4 for scenario (a) are detailed in Section 3.1.1 of Annex 5. 
This study considers the modeling of UE location distribution in a hotspot area or in a big event, where there is a very high probability of UEs from two different operators getting as close as 1~3 meters.
The methodology uses SINR degradation instead of average throughput degradation to consider user experience: a victim LTE UE that is close to its serving BS, with a very high SINR, can tolerate very high interference without loss of connection; for UEs at cell edge that already have low throughput, a small amount of interference may cause these UEs to be disconnected.

The use of average throughput degradation does not show when UEs are disconnected even though the throughput loss is small. 

The result of this study show that a separation of 10 MHz between LTE uplink and LTE downlink is needed for 10-MHz LTE deployment.

1.1.18.4. [bookmark: _Ref347882724]Probabilistic study P5
The results of Study P5 for scenario (a) are detailed in Section 3.1.1 of Annex 6. The result indicates that assuming LTE user terminal of 5, 10 and 15 MHz carrier size operating in the urban area, the required frequency separation would be 12 MHz to prohibit the undue in-band interference from unwanted emission of LTE user terminals to the LTE user receiver operating in APT700 MHz band below 803 MHz. Here the aggregated interference power density/aggregated interference power simulated in the occurrence probability of the event of 3% is taken into consideration for the comparison with the permissible interference level in the in-band interference case/the sensitivity suppression level in the out-of-band interference case.

If there is similar mutual relationship in the frequency deployment of the radiocommunication systems using LTE technology in other frequency band, it could be required that the guard band depending on the allocated frequency and traffic condition should be considered taking into account of the performance of the unwanted emission of the mobile terminals as mentioned above.

1.1.18.5. [bookmark: _Ref348530399]Probabilistic study P6
The results of Study P6 for scenario (a) are detailed in Section 3 of Annex 7. In brief, this study demonstrated that satisfactory performance could be expected with a minimum guard-band of 3 MHz – but that improved performance might be preferred by implementing a guard-band of 4 MHz – between the upper edge of LTE systems operating in the 700 MHz band (3GPP Band 28) and the lower edge of LTE (PPDR) systems operating in the 800 MHz band (3GPP Band 27).  This suggests that LTE systems deployed in the lower-800 MHz band (3GPP band #27) should observe a lower boundary of 807 MHz.

1.1.19. Scenario B
1.1.19.1. [bookmark: _Ref347882783]Deterministic study D1
The results of Study D1 for scenario (b) are detailed in Section 3.2.1 of Annex 3. The results indicate that co-sited operation of the 700 MHz LTE BS and 800 MHz LTE BS may be feasible with 4 MHz frequency separation between 700 MHz LTE system and 800 MHz LTE system.

1.1.19.2. [bookmark: _Ref347882788]Deterministic study D3
The results of Study D3 for scenario (b) are detailed in Section 3.2.1 of Annex 4.  The minimum required coupling losses are converted to minimum separation distances based on free-space path loss calculation. The first and second parts of the study resulted in a similar results where the minimum separation distances are calculated to be in the order of a little over 2 km. As for the third part of the study, it is noted that minimum coupling loss requirement for the co-located systems could be met with attenuation between vertically separated antennas and/or additional filtering.

1.1.19.3. [bookmark: _Ref348530441]Deterministic study D4
The results of Study D4 for scenario (b) are detailed in Section 3 of Annex 8.  This study demonstrated that successful co-existence between 5/20 MHz bandwidth LTE systems in the 700 MHz band (3GPP band #28) and 10 MHz bandwidth LTE systems operating above 809 MHz is entirely feasible with current filtering technology.  Thus, a guard-band of 6 MHz above 803 MHz will ensure fully satisfactory co-existence of LTE systems, for both co-sited and non-co-sited arrangements and typical antenna arrangements.
 
1.1.19.4. Probabilistic study P6
The results of Study P6 for scenario (b) are detailed in Section 3 of Annex 7.  This study demonstrated that good performance could be expected with a minimum guard-band of 3 MHz – but that improved performance might be preferred by implementing a guard-band of 4 MHz – between the upper edge of LTE systems operating in the 700 MHz band (3GPP Band 28) and the lower edge of LTE (PPDR) systems operating in the 800 MHz band (3GPP Band 27).  This suggests that LTE systems deployed in the lower-800 MHz band (3GPP band #27) should observe a lower boundary of 807 MHz.
 
1.1.20. Scenario C
1.1.20.1. [bookmark: _Ref347882796]Probabilistic study P1
The results of Study P1 for scenario (c) are detailed in Section 3.3.1 of Annex 3. The results indicate that in the worst case considered (64-QAM 4/5 rate MCS assumed for LTE system), then the required frequency separation between the 700 MHz LTE and 800 MHz trunked land mobile systems would be 3 MHz to allow for co-siting of the BS. This assumes an exceedence percentage of less than 5% for UE to UE interference.

1.1.20.2. Probabilistic study P7
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]The results of Study P7 for scenario (c) are detailed in Section 3.1.1 of Annex 9. The results indicate that the potential for interference from UE of digital trunked system operating above 806 MHz to the LTE UE operating below 806 MHz is negligible. This assumes a capacity loss of less than 5% for LTE UE.

1.1.21. Scenario D
1.1.21.1. [bookmark: _Ref347882807]Deterministic study D1
The results of Study D1 for scenario (d) are detailed in Section 3.4.1 of Annex 3. The results indicate that a 700 MHz LTE BS and an 800 MHz trunked land mobile BS can operate co-site (within 200 metres) if there is a frequency separation between the services of at least 3 MHz.


1.1.21.2. Probabilistic study P8
The results of Study P8 for scenario (d) are detailed in Section 3.2.1 of Annex 9. The results indicate that the most serious interference from IMT BS to the digital trunked base station is occurred when the distance between the BSs is 100m. In order to eliminate the harmful interference, the isolation distance or the guard-band is needed. This assumes an outage probability of less than 5% for digital trunked systems.

1.1.22. Scenario E
1.1.22.1. [bookmark: _Ref347882817]Probabilistic study P2
The results of Study P2 for scenario (e) are detailed in Section 3.5.1 of Annex 3. The results indicate that in the case considered when 64 QAM 4/5 rate MCS is assumed for the LTE system,  the required frequency separation between the 700 MHz LTE BS and the 800 MHz two-frequency fixed point-to-point (single channel) transmitter would be 1 MHz to allow for co-siting of and achieve less than 5 % exceedence events.

1.1.23. Scenario F
1.1.23.1. [bookmark: _Ref347882833]Deterministic study D2
The results of Study D2 for scenario (f) are detailed in Section 3.6.1 of Annex 3. The results indicate that a 700 MHz LTE BS and a 800 MHz two-frequency fixed point-to-point (single channel) receiver can operate co-sited (within 200 metres) if there is a frequency separation between the services of at least 25 kHz. 

1.1.24. Scenario G
1.1.24.1. [bookmark: _Ref347882846]Probabilistic study P2
The results of Study P2 for scenario (g) are detailed in Section 3.7.1 of Annex 3. The results indicate that when 64 QAM 4/5 rate MCS is assumed for the LTE system, then the required frequency separation between the 700 MHz LTE BS and 800 MHz the two-frequency fixed point-to-point (low capacity) transmitter, to achieve less than 5 % exceedence events during co-sited operation, is 1 MHz.

1.1.25. Scenario H
1.1.25.1. [bookmark: _Ref347882853]Deterministic study D2
The results of Study D2 for scenario (h) are detailed in Section 3.8.1 of Annex 3. The results indicate that in the worst case where services are directly frequency-adjacent, the separation distance required between the LTE BS transmitter (source of interference) and the receiver of the fixed link (subject of interference) would be greater than 5 kilometres in order to maintain a suitable CIR. With a frequency separation of one fixed service channel (200 kHz), the required separation distance would be reduced, but still greater than 5 kilometres. The LTE BS and fixed receiver are likely to be able to operate co-sited (within 200 meters) if there is a frequency separation between the services of 1 MHz. Required separation distances are further reduced if antenna discrimination is taken into account.   

1.1.26. Scenario I
1.1.26.1. [bookmark: _Ref347882862]Probabilistic study P2
The results of Study P2 for scenario (i) are detailed in Section 3.9.1 of Annex 3. The results indicated that assuming 64 QAM 4/5 rate MCS for the LTE system, the required frequency separation between the 700 MHz LTE system and the 800 MHz single-frequency fixed point-to-point link, to achieve less than 5 % exceedence events during co-sited operation, is 1 MHz.
 
1.1.27. Scenario J
1.1.27.1. [bookmark: _Ref347882868]Deterministic study D2
The results of Study D2 for scenario (j) are detailed in Section 3.10.1 of Annex 3. The results indicate that the required frequency separation between the 700 MHz LTE system and the 800 MHz single-frequency fixed point-to-point link is at least 400 kHz (one channel).

1.1.28. Scenario K
1.1.28.1. Probabilistic study P7
The results of Study P7 for scenario (k) are detailed in Section 3.3.1 of Annex 9. The results indicate that there is a certain degree of interference from digital trunked system UEs which are operating above 803 MHz to the LTE BS operating below 803 MHz. The required frequency separation between these two systems would be less than 3 MHz. This assumes a capacity loss of less than 5% for LTE BS.

1.1.29. Scenario L
1.1.29.1. Probabilistic study P8
The results of Study P8 for scenario (l) are detailed in Section 3.4.1 of Annex 9. The results indicate that the potential interference from the LTE UE operating below 803 MHz to the digital trunked system UE operating above 803 MHz to is negligible. This assumes an outage probability of less than 5% for digital trunked systems. 

Technical Considerations 
Channel planning
1.1.30. IMT services above 803 MHz
The dominant interference mechanism when assessing coexistence of IMT services operating above 803 MHz and IMT services operating in 3GPP band 28 is UE to UE (scenario (a)). That is, interference into services operating in 3GPP band 28 (UE to UE (scenario (a)) is the worst case.  By analyzing the results of studies conducted for scenario (a) (UE to UE) and scenario (b) (BS to BS), the minimum guard band that should be deployed between the upper boundary of the APT 700 MHz (FDD) plan (3GPP Band 28) and LTE services above 803 MHz depends on the channel bandwidth of the deployed IMT services and technical characteristics. This may include factors such as filtering and acceptable outage probability as well as traffic volume, density of UE, allocation of LTE resource blocks and service requirements. 



1.1.31. Trunked land mobile services above 803 MHz
By analyzing the results of studies conducted for scenario (c) (UE to UE) and scenario (d) (BS to BS), the minimum guard band that should be deployed between the upper boundary of the APT 700 MHz (FDD) plan (3GPP Band 28) and trunked land mobile services above 803 MHz is 3 MHz. That is, LTE systems deployed in 3GPP Band 28 can coexist with trunked land mobile services deployed from 807 MHz. 

1.1.32. Two-frequency fixed point-to-point (low capacity) services above 803 MHz 
By analyzing the results of studies conducted for scenario (e) (fixed Tx station to UE) and scenario (f) (BS to fixed Rx station), the minimum guard band that should be deployed between the upper boundary of the APT 700 MHz (FDD) plan (3GPP Band 28) and two-frequency fixed point-to-point (low capacity) services above 803 MHz is 1 MHz. That is, LTE systems deployed in 3GPP Band 28 can coexist with two-frequency fixed point-to-point (low capacity) services deployed from 804 MHz. 

1.1.33. Two-frequency fixed point-to-point (single channel) services above 803 MHz 
By analyzing the results of studies conducted for scenario (g) (fixed Tx station to UE) and scenario (h) (BS to fixed Rx station), the minimum guard band that should be deployed between the upper boundary of the APT 700 MHz (FDD) plan (3GPP Band 28) and two-frequency fixed point-to-point (single channel) services above 803 MHz is 1 MHz. That is, LTE systems deployed in 3GPP Band 28 can coexist with two-frequency fixed point-to-point (single channel) services deployed from 804 MHz.

1.1.34. Single frequency fixed point-to-point services above 803 MHz 
By analyzing the results of studies conducted for scenario (i) (Fixed Tx station to UE) and scenario (j) (BS to fixed Rx station), the minimum guard band that should be deployed between the upper boundary of the APT 700 MHz (FDD) plan (3GPP Band 28) and single frequency fixed point-to-point services above 803 MHz is 1 MHz. That is, LTE systems deployed in 3GPP Band 28 can coexist with single frequency fixed point-to-point services deployed from 804 MHz.

1.2. Deployment considerations and special considerations
1.2.1. IMT services above 803 MHz 
Some filtering and other mitigation mechanisms may be required to be deployed to ensure coexistence the level of which depends on the guard band put in place. Generally, a larger guard band between services in 3GPP Band 28 and LTE services above 803 MHz means less mitigation mechanisms would be required to protect services in 3GPP Band 28. 

1.2.2. Trunked land mobile services above 803 MHz 
The study in Annex 3 considers a 5 MHz LTE channel at the upper boundary of 3GPP Band 28 and a 25 kHz trunked land mobile channel with varying amounts of frequency separation to obtain the recommended frequency separation of 3 MHz.

1.2.3. Two-frequency fixed (low capacity) services above 803 MHz 
 The study in Annex 3 considers a 5 MHz LTE channel at the upper boundary of 3GPP Band 28 and a 200 kHz fixed service channel with varying amounts of frequency separation to obtain the recommended frequency separation of 1 MHz.

1.2.4. Two-frequency fixed (single channel) services above 803 MHz 
 The study in Annex 3 considers a 5 MHz LTE channel at the upper boundary of 3GPP Band 28 and a 25 kHz fixed service channel with varying amounts of frequency separation to obtain the recommended frequency separation of 1 MHz.

1.2.5. Single frequency fixed services above 803 MHz 
 The study in Annex 3 considers a 5 MHz LTE channel at the upper boundary of 3GPP Band 28 and a 400 kHz fixed service channel with varying amounts of frequency separation to obtain the recommended frequency separation of 1 MHz.

Conclusions
This Report contains studies by APT members which provide information on how spectrum above 803 MHz can be planned in order to coexist with services operating in line with the APT 700 MHz band plan, while taking into account interference scenarios presented in various studies. These studies are contained in Annexes 3 through 9 in this report.
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Annex 1- 3GPP Bands around 803 MHz
3GPP defines the following E-UTRA and UTRA operating bands (shown in Table 4 and Table 5) in the vicinity of the 803 MHz boundary. The shaded bands are cellular services deployed in the APT region based on 3GPP LTE and 3GPP UMTS (WCDMA) radio access technology. 

[bookmark: _Ref347895349]Table 4- E-UTRA (LTE) operating bands
	E‑UTRA Operating Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode
	Maximum channel bandwidth

	
	BS receive
	BS transmit
	
	(MHz)

	
	UE transmit
	UE receive
	
	

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	
	

	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894MHz
	FDD
	10

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	FDD
	10

	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	FDD
	10

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD
	10

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD
	10

	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	FDD
	10

	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	FDD
	15

	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD
	15

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD
	20

	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	FDD
	15

	27
	807 MHz
	–
	824 MHz
	852 MHz
	–
	869 MHz
	FDD
	10

	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD
	20

	...
	
	
	
	
	
	
	
	

	44
	703 MHz
	–
	803 MHz
	703 MHz
	–
	803 MHz
	TDD
	20




[bookmark: _Ref347895354]Table 5- UTRA (WCDMA) FDD frequency bands
	UTRA Operating Band
	UL Frequencies
	DL frequencies

	
	UE transmit,    
 Node B receive
	UE receive,          
Node B transmit

	V
	824 - 849 MHz
	869-894 MHz

	VIII
	880 - 915 MHz
	925 - 960 MHz

	XII
	699 – 716 MHz
	729 – 746 MHz

	XIII
	777 - 787 MHz
	746 - 756 MHz

	XIV
	788 – 798 MHz
	758 – 768 MHz

	
	
	

	
	
	

	XIX
	830 – 845MHz
	875 – 890 MHz

	XX
	832 – 862 MHz
	791 – 821 MHz

	XXVI
	814 – 849 MHz
	859 – 894 MHz



From Tables 4 and 5 above, it can be noted that some regions have adjacent narrow band UL to wide band UL systems. In some cases this can result in interference to the adjacent narrow band base station in the case of the UL/UL and interference to the narrow band UE in the case of DL/DL interference.   

For example, a typical narrow band system will employ one, or only a few, base stations with antennas located on high terrain, towers, buildings, etc. to provide wide-area coverage from the base station.  In this case coverage is a key criterion for these narrow band systems which are noise limited and therefore coverage would be severely impact of unwanted emission in the narrow band channel. 
 
Cellular-architecture systems, by comparison, make use of multiple, localized coverage, base stations whose antennas generally are mounted on low towers or other structures. In this case the key criterion is capacity.

 Annex 2- Information on LTE UL/DL co-existence 
LTE UE UL/DL scenarios is complex and several aspects need to be considered including;
· Channel bandwidth 
· Resource block (RB) transmitted
· Emission profile 
· Service reliability criteria; cellular, broadcast (DTV), mission critical (Public safety) and safely critical services (GSM-R railway). 

Channel bandwidth 
For LTE the deployed channel bandwidth will determine the peak throughput and capacity. The channel bandwidth and available number of resources block for the different channel bandwidths are shown in Figure 14 below. 

[image: ]
[bookmark: _Ref347460809]Figure 14: LTE channel bandwidth and transmitted RB

The OOB emission profile will scale with the channel bandwidth and transmitted resource blocks.  This is in line with ITU-R Recommendation SM.329-10, "Unwanted emissions in the spurious domain"

Resources block transmitted 
Full RB allocation determines the peak throughput and system capacity. Full RB allocation also determines the worst case out of band (OOB) emission profile. 

Smaller RB allocations are used to address edge of cell coverage.  Also 1 RB is used for uplink Control channel information.  Since 1RB has a higher PSD compared with full RB allocation it determines the worst case spurious emission profile (3rd IMD) in the adjacent channel bandwidth. 

A typical emission from a 10MHz LTE UE is shown below in Figure 15 for both the full RB allocation and 1RB allocation cases 

[image: ]
[bookmark: _Ref347477727][bookmark: _Ref347480254]Figure 15: Emissions from a 10 MHz E-UTRA signal

Note that at 10MHz offset from the channel edge, the OOB is about -25dBm/MHz with full RB allocation, and with the help of duplexer, -32dBm/MHz can be met (see next section for discussion of this requirement). However, the duplexer does not help the 1RB allocation case, where the OOBE is about -15dBm/MHz due to 3rd order IMD product (360KHz bandwidth) falling into the adjacent channel (0-9MHz offset region). That’s is roughly why 10MHz UL/DL guard band is needed for 10MHz LTE deployment 

Emission profile 
In 3GPP the UE emission profiles in Table 6 are specified to protect services deployed in B28 (protected band- source 3GPP TS36.101)

[bookmark: _Ref347477879]Table 6- UE emission profiles for protection of services in 3GPP Band 28
[image: ]

For example to protect B28 an UE cellular device operating in B27, 3GPP has specified a co-existence emission limit of -32dBm/1MHz (significantly tighter than the general emission mask) which is signaled to the UE as NS_16 

NS values need to meet the different emission targets are specified in 3GPP for the different band (TS36.101subclause 6.24 UE maximum output power with additional requirements). 

If the 10 MHz channel bandwidth is deployed with a larger offset from edge of B28 ≥ 812 MHz then power reduction is limited to 2dB as shown below in Table 7 (Source 3GPP TS36.101).

[bookmark: _Ref347895911]Table 7- A-MPR for “NS_16” with channel lower edge at = 812 MHz
[image: ]

In 3GPP the emission profiles in Table 8 are specified to protect bands/services adjacent to B28 (source 3GPP TS36.101)

[bookmark: _Ref347478096]Table 8- Emission profiles for protection of bands/services adjacent to 3GPP Band 28
[image: ]

From the above table we note a protection level of -26.2dBm/6MHz is defined to protect adjacent DTV services below 694MHz  from a UE device operating in B28 (APT-700MHz)

Service reliability criteria 
For the adjacent UL and DL band, the frequency offset should be larger than the corresponding LTE channel bandwidth to address UE to UE co-existence for both the full RB and particular the 1RB case 

In 3GPP the default UL/DL emission protection is -50dBm/1MHz.  However, in many cases this is difficult to achieve particularly for the case when the channel bandwidth is less than frequency offset. For example, in the case if only 5MHz guard band exists between adjacent UL/DL 10MHz LTE channel bandwidth systems, control channel over-provisioning and additional maximum power reduction (AMPR) will be needed. In this case a lower protection limit and/or a complex UE spectrum profile / power reduction will be needed to be specified which will lead to significant loss of uplink capacity and peak throughput.  



Annex 3- Study from Australia
1. Introduction
This Study details the results of studies of the compatibility between various radiocommunications services above 803 MHz with IMT (LTE) services operating in accordance with the APT 700 MHz FDD plan. 

1. Methodology & Parameters
Sharing parameters are shown in the Attachment to this Annex.

Deterministic sharing analysis methodology 
3.1.1. Deterministic study D1
Study D1 involved simulations conducted using the parameters listed in the Attachment to this Annex and was applied to scenarios (b) and (d). 

For each scenario, the mobile transmitter communicating with the receiver (the subject of harmful interference) (operating above 803 MHz) was placed at the edge of the service area. The edge of the service area was 2.5 kilometres in scenario (b) and 40 kilometres in scenario (d). The LTE BS Transmitter (below 803 MHz (i.e. 3GPP Band 28)) was placed 100 metres from the receiver (the subject of harmful interference) (operating above 803 MHz) in the line of site between the receiver and its associated mobile transmitter. 

For scenario (b), the carrier to interference plus noise ratio (CINR) value was recorded for a range of frequency separation values. CINR is the ratio of the signal from the LTE UE transmitter received at the LTE BS receiver operating above 803 MHz (i.e. the service subject to harmful interference) to the out-of-band emissions of the LTE BS transmitter operating above 803 MHz (i.e. the service which is the source of harmful interference) plus noise. For scenario (d), the carrier to interference ratio (CIR) was recorded for a range of frequency separation values. The CIR is the ratio of the signal of the service above 803 MHz (i.e. the service subject to harmful interference) to the out-of-band emissions of the LTE service below 803 MHz (i.e. the service which is the source of harmful interference). 

The LTE BS Transmitter (below 803 MHz (i.e. 3GPP Band 28)) was then progressively moved away from the receiver in the line of site between the receiver and its associated mobile transmitter. The CIR was recorded for a range of frequency separation values at 500 metres, 1 kilometre, 2 kilometres and at 5 kilometres. It should be noted that coexistence at separation distances shorter than 200 metres is highly dependent on BS equipment and site configuration. For this reason, separation distances of 200 metres or less are considered to be the effective co-siting distance.

The terrestrial mobile propagation model outlined in Recommendation ITU-R P.452-14 was used for these simulations. 

3.1.2. Deterministic study D2
Study D2 involved simulations conducted using the parameters listed in the Attachment to this Annex  and was applied to scenarios (f), (h) and (j) and involved the calculation of the carrier to interference ratio (CIR) in a range of settings. The CIR is the ratio of the signal of the service above 803 MHz (i.e. the service subject of harmful interference) to the out-of-band emissions of the LTE service below 803 MHz (i.e. the service which is the source of harmful interference). For this study, the carrier level of the signal of the service above 803 MHz at the receiver was assumed to be the sensitivity level of the receiver

For each scenario, the LTE BS Transmitter (below 803 MHz (i.e. 3GPP Band 28)) was located 100 metres from the receiver in the direction of the antenna bore-sight and the CIR was recorded for a range of frequency separation values. The LTE BS transmitter was then progressively moved away from the receiver in the direction of the antenna bore-sight and the CIR was recorded for a range of frequency separation values at 500 metres, 1 kilometre, 2 kilometres and 5 kilometres. It should be noted that coexistence at separation distances shorter than 200 metres is highly dependent on BS equipment and site configuration. For this reason, separation distances of 200 metres or less are considered to be the effective co-siting distance.

This was then repeated with the LTE BS Transmitter (below 803 MHz (i.e. 3GPP Band 28)) progressively moved away from the receiver in direction 90 degrees from the antenna bore-sight, and again with the LTE BS Transmitter (below 803 MHz (i.e. 3GPP Band 28)) progressively moved away from the receiver in direction 180 degrees from the antenna bore-sight. 

The terrestrial mobile propagation model outlined in Recommendation ITU-R P.452-14 was used to simulate mobile systems and the interference path. Terrestrial fixed propagation models Recommendations ITU-R P.525 and ITU-R P.526-11were used to simulate fixed systems. 

3.2. Probabilistic sharing analysis methodology
3.2.1. Probabilistic study P1
Study P1 involved simulations conducted using the parameters listed in the Attachment to this Annex  and was applied to scenarios (a) and (c). Monte Carlo simulations were performed where the position of the LTE UE receiver (below 803 MHz (i.e. 3GPP Band 28)) was varied randomly around a central BS within a hexagonal cell with a cell radius of 2.5 kilometres (rural scenario) 10,001 times to give a percentage of events in which the minimum carrier to interference plus noise ratio (CINR) value was exceeded. CINR is the ratio of the signal of the service below 803 MHz (i.e. the service subject of harmful interference) to the out-of-band emissions of the service above 803 MHz (i.e. the service which is the source of harmful interference) plus noise. For these scenarios a 64-QAM 4/5 rate MCS was assumed (i.e. where a CINR of greater than 16 dB is required).

In scenario (a) the position of the interfering LTE UE transmitter (source of harmful interference (operating above 803 MHz) was varied in the same manner as the LTE UE receiver (subject of harmful interference (operating below 803 MHz (i.e. 3GPP Band 28)) described above with no separation between the two central BSs and the percentage of trials with a CINR that exceeded the wanted value was recorded for a range of frequency separation values. 

In scenario (c), the position of the trunked land mobile UE transmitter (source of harmful interference (operating above 803 MHz)) was varied randomly within a 40 km circular service area around a central BS. The position of the LTE UE receiver (subject of harmful interference (operating below 803 MHz (i.e. 3GPP Band 28)) was varied as described above initially with no separation between the two central BSs and the percentage of trials with a CINR that exceeded the wanted value was recorded for a range of frequency separation values. The separation distance between the two BSs was then increased to 100 metres, 500 metres, 1 kilometre, 2 kilometres and 5 kilometres percentage of trials with a CINR that exceeded the wanted value was recorded for a range of frequency separation values. It should be noted that coexistence at separation distances shorter than 200 metres is highly dependent on BS equipment and site configuration. For this reason, separation distances of 200 metres or less are considered to be the effective co-siting distance.

The COST 231 (modified Hata) terrestrial mobile propagation model was used to simulate the mobile wanted link path and the interference path. 

3.2.2. Probabilistic study P2
Study P2 involved simulations conducted using the parameters listed in the Attachment to this Annex and was applied to scenarios (e), (g) and (i). Monte Carlo simulations were performed where the position of the LTE UE Receiver (below 803 MHz (i.e. 3GPP Band 28)) was varied randomly within a hexagonal cell with a cell radius of 2.5 kilometres (rural scenario) 10,001 times to give a percentage of events in which the minimum carrier to interference plus noise ratio (CINR) value was exceeded. CINR is the ratio of the signal of the service below 803 MHz (i.e. the service subject of harmful interference) to the out-of-band emissions of the service above 803 MHz (i.e. the service which is the source of harmful interference) plus noise. 

For each scenario, the transmitter (source of harmful interference) and LTE BS Transmitter (below 803 MHz (i.e. 3GPP Band 28)) were firstly collocated and the percentage of trials with a CINR that exceeded the wanted value was recorded for a range of frequency separation values. The LTE BS Transmitter (below 803 MHz (i.e. 3GPP Band 28)) was then progressively moved away from transmitter (source of harmful interference) in the direction of the antenna bore-sight and the percentage of trials with a CINR that exceeded the wanted value was recorded at 100 metres, 1 kilometre and 5 kilometres for a range of frequency separation values. It should be noted that coexistence at separation distances shorter than 200 metres is highly dependent on BS equipment and site configuration. For this reason, separation distances of 200 metres or less are considered to be the effective co-siting distance.

The COST 231 (modified Hata) terrestrial mobile propagation model was used to simulate the mobile wanted link path and the interference path. Terrestrial fixed propagation models Recommendations ITU-R P.525 and ITU-R P.526-11were used to simulate fixed systems. 

1. Results and outcomes of studies
Scenario A
4.1.1. Probabilistic study P1
Table 9 shows the results of simulations considering interference from a LTE UE transmitter operating immediately above 803 MHz and an LTE UE receiver operating immediately below 803 MHz, as illustrated in Figure 16. 

[bookmark: _Ref347897072]Figure 16- Spectral location of LTE UE receiver (below 803 MHz) and LTE mobile UE transmitter (above 803 MHz)
[image: LTE 5MHz UE.JPG]

[bookmark: _Ref347897174]Table 9- Results of analysis of interference from a LTE mobile UE transmitter operating above 803 MHz to an LTE UE receiver operating immediately below 803 MHz (where BSs are collocated)

	Frequency Seperation Δf (MHz)
	% of exceedence events (CINR < 16 dB)

	0
	2.56

	2
	1.30

	3
	1.06

	6
	0.86

	7
	0.74



The results in Table 9 indicate that in the worst case considered (64-QAM 4/5 rate MCS is used (i.e. where a CINR of greater than 16 dB is required)), then the required frequency separation between the LTE system operating below 803 MHz and the LTE system operating above 803 MHz would be 0 MHz (i.e. direct adjacent channel) to allow for co-siting. This provides an exceedence percentage of less than 5%.


Scenario B
4.1.2. Deterministic study D1
Table 10 shows the results of simulations considering interference from a LTE BS transmitter operating immediately below 803 MHz into a LTE BS receiver operating above 803 MHz, as illustrated in Figure 17. 

[bookmark: _Ref347897282]Figure 17- Spectral location of LTE BS transmitter (below 803 MHz) and LTE BS receiver (above 803 MHz)
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[bookmark: _Ref347897253]Table 10- Results of analysis of interference from an LTE BS transmitter operating immediately below 803 MHz to a LTE BS receiver operating above 803 MHz

	Distance (km)
	CINR (dB) 
Bore sight

	Frequency Separation
Δf (MHz)
	0
	2
	3
	4
	6
	7

	5
	15.85
	25.88
	29.85
	30.51
	31.12
	31.19

	2
	8.02
	19.09
	25.65
	26.93
	29.73
	30.09

	1
	2.05
	13.28
	20.60
	23.22
	26.79
	27.56

	0.5
	-0.14
	11.11
	18.55
	21.30
	25.23
	26.14

	0.1
	-14.10
	-2.81
	4.81
	8.06
	12.41
	13.62



The required separation distances derived from Table 10 are summarised in Table 11.

[bookmark: _Ref347897356]Table 11- Required separation distances between an LTE BS transmitter operating immediately below 803 MHz and an LTE BS receiver operating above 803 MHz to maintain a suitable CINR

	Rx MCS
	QPSK 
1/8 rate
(CINR < -3 dB)
	16-QAM
½ rate
(CINR < 9 dB)
	64-QAM
4/5 rate
(CINR < 16 dB)

	Frequency separation
	Required separation distances (metres)

	0 MHz
	100 – 500  
	2000 – 5000 
	Greater than 5000 

	2 MHz
	Co-sited 
	100 – 500  
	1000 – 2000 

	3 MHz
	Co-sited 
	100 – 500 
	100 – 500  

	4 MHz
	Co-sited 
	100 – 500 
	100 – 500  

	6 MHz
	Co-sited
	Co-sited
	100 – 500

	7 MHz
	Co-sited
	Co-sited 
	100 – 500 



The results in Table 11 indicate that co-sited operation of the 700 MHz LTE BS and 800 MHz LTE BS may be feasible with 4 MHz frequency separation between 700 MHz LTE system and 800 MHz LTE system. With a 4 MHz separation between channel edges there may be some service degradation between co-located equipment at the upper edge of the 700 MHz band and the lower edge of 3GPP band 7 (807 MHz). However this can be mitigated through the use of site specific solutions such as filters or split duplexers[footnoteRef:2]. [2:  3GPP TR 37.806 v2.0.0 TS ] 



Scenario C
4.1.3. Probabilistic study P1


Table 12 shows the results of simulations considering interference from a trunked land mobile UE transmitter operating above 803 MHz and a LTE UE receiver operating immediately below 803 MHz, as illustrated in Figure 18. 

[bookmark: _Ref347897416]Figure 18- Spectral location of LTE UE receiver (below 803 MHz) and trunked land mobile UE transmitter (above 803 MHz)
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Table 12- Results of analysis of interference from a trunked land mobile UE transmitter operating above 803 MHz to an LTE UE receiver operating immediately below 803 MHz

	Distance (km)
	 % of exceedence events 
(CINR < 16 dB)

	Frequency Seperation Δf (MHz)
	0
	0.025
	0.25
	1
	2
	3
	5
	10

	5
	53.91
	51.13
	12.12
	0.30
	0.22
	0
	0
	0

	2
	73.11
	70.85
	40.27
	6.20
	4.04
	3.04
	2.84
	2.74

	1
	77.02
	75.20
	50.17
	9.70
	4.84
	4.56
	3.44
	3.22

	0.5
	78.80
	75.70
	50.99
	10.26
	5.74
	4.78
	4.72
	4.24

	0.1
	77.54
	75.66
	51.23
	9.68
	5.64
	4.54
	3.92
	3.78

	0
	77.40
	75.84
	51.61
	10.12
	6.10
	4.80
	4.40
	4.74



The results in 

Table 12 indicate that in the worst case considered (64-QAM 4/5 rate MCS is used (i.e. where a CINR of greater than 16 dB is required)), then the required frequency separation between the LTE and trunked land mobile systems would be 3 MHz to allow for co-siting. This assumes an exceedence percentage of less than 5%.

Scenario D
4.1.4. Deterministic study D1


Table 13 shows the results of the study of interference from an LTE BS transmitter (operating immediately below 803 MHz) to a trunked land mobile BS receiver (operating above 803 MHz), as illustrated in Figure 19. 

[bookmark: _Ref347897522]Figure 19- Spectral location of LTE BS transmitter (below 803 MHz) and trunked land mobile BS receiver (above 803 MHz)
[image: ]
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Table 13- Results of analysis of interference from an LTE BS transmitter operating immediately below 803 MHz to a trunked land mobile receiver operating above 803 MHz

	Distance
(km)
	CIR (dB)
Bore sight

	Frequency 
Separation 
Δf (MHz)
	0
	0.5
	1
	2
	3
	4

	5
	7.631
	8.729
	8.729
	8.729
	28.631
	29.729

	2
	-0.323
	0.775
	0.775
	0.775
	20.677
	21.775

	1
	-6.432
	-5.244
	-5.244
	-5.244
	14.658
	15.756

	0.5
	-12.345
	-11.246
	-11.246
	-11.246
	8.655
	9.753

	0.1
	-16.140
	-15.042
	-15.042
	-15.042
	4.86
	5.958



The results in 

Table 13 indicate that in the worst case considered where services are directly frequency-adjacent, the separation distance required is between 2 and 5 kilometres to maintain a suitable CIR (greater than 5 dB). It is expected that required separation distances would be further reduced if antenna discrimination is taken into account. 

Further, based on these results, it is believed that a CIR of greater than 5 dB can be maintained when the LTE BS and trunked land mobile BS are co-sited (within 200 metres) if there is a frequency separation between the services of at least 3 MHz. 

Scenario E
4.1.5. Probabilistic study P2

Table 14 shows the results of a Monte Carlo analysis of interference from a two-frequency fixed point-to-point transmitter operating above 803 MHz to a LTE UE receiver operating immediately below 803 MHz, as illustrated in Figure 20. 

[bookmark: _Ref347897624]Figure 20- Spectral location of LTE UE receiver (below 803 MHz) and two-frequency fixed point-to-point (single channel) transmitter (above 803 MHz)
[image: cid:image002.png@01CD08FC.CF686AC0]


[bookmark: _Ref347897653]
Table 14- Results of analysis considering interference from a two-frequency fixed point-to-point (single channel) transmitter @ 1W above 803 MHz to an LTE UE receiver immediately below 803 MHz

	Distance (km)
	% of exceedence events 
(CINR < 16 dB)

	Frequency Separation Δf (kHz)
	0
	1
	3

	5
	4.05
	0
	0

	1
	10.15
	0.25
	0.06

	0.1
	6.20
	0
	0

	0
	0
	0
	0



The results in 
Table 14 indicate that in the case considered when 64 QAM 4/5 rate MCS  (i.e. where a CINR of greater than 16 dB is required) is assumed for the LTE service then the required frequency separation for co-sited operation, to achieve less than 5 % exceedence events, is 1 MHz.


Scenario F
4.1.6. Deterministic study D2
Table 15 shows the results of the analysis of interference from an LTE BS transmitter (below 803 MHz) to a two-frequency fixed point-to-point receiver (above 803 MHz), as illustrated in Figure 21.

[bookmark: _Ref347897744]Figure 21- Spectral location of LTE BS transmitter (below 803 MHz) and two-frequency fixed point-to-point (single channel) receiver (above 803 MHz)
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[bookmark: _Ref347897723]Table 15- Results of analysis of interference from an LTE BS transmitter operating immediately below 803 MHz to a two-frequency fixed point-to-point (single channel) receiver operating above 803 MHz

	Distance (km)
	CIR (dB)
Bore sight
	CIR (dB)
90° from bore sight
	CIR (dB)
180° from bore sight

	Frequency Separation
Δf (kHz)
	0
	25
	0
	25
	0
	25

	5
	33.39
	33.06
	62.97
	63.79
	34.15
	34.48

	2
	25.49
	25.64
	55.94
	56.98
	26.74
	26.59

	1
	19.47
	19.74
	50.14
	51.22
	20.84
	20.57

	0.5
	12.32
	16.28
	42.95
	44.04
	17.39
	13.41

	0.1
	-0.76
	9.52
	28.97
	30.07
	10.61
	0.34



The results in Table 15 indicate that in the worst case where services are directly frequency-adjacent, the separation distance required between the LTE BS transmitter and the fixed link receiver is between 100 and 500 metres to maintain a suitable CIR. With a frequency separation of one fixed service channel (25 kHz), the LTE BS transmitter and the fixed link receiver could be co-sited. The required separation distances can be further reduced if antenna discrimination is taken into account.

Based on these results, and without taking other losses into account (such as antenna discrimination), it is believed that a CIR of greater than 0 dB can be maintained when the LTE BS and fixed receiver are co-sited (within 200 metres) if there is a frequency separation between the services of at least 25 kHz. This figure could vary depending on the circuit length, transmit power level, and other factors. 

Scenario G
4.1.7. Probabilistic study P2
Table 16 and Table 17 show the results of simulations considering interference from a two-frequency fixed point-to-point transmitter operating above 803 MHz at 1 Watt and 5 Watts, respectively, to a LTE UE receiver operating immediately below 803 MHz, as illustrated in 

Figure 22. 

The majority of two frequency fixed point-to-point (low capacity) links have a transmitter power of either 5 Watts or 1 Watt. Simulations considered both of these scenarios.

[bookmark: _Ref347897889]

Figure 22- Spectral location of LTE UE receiver (below 803 MHz) and two-frequency fixed point-to-point (low capacity) transmitter (above 803 MHz)
[image: ]

	
[bookmark: _Ref347897858]Table 16- Results of simulation considering interference from an a two-frequency fixed point-to-point (low capacity) transmitter @ 1 W operating above 803 MHz to an LTE UE receiver operating immediately below 803 MHz

	Distance (km)
	% of exceedence events 
(CINR < 16 dB)

	Frequency Separation Δf (MHz)
	1
	2
	3

	5
	0
	0
	0

	1
	0.08
	0
	0

	0.1
	0
	0
	0

	0
	0
	0
	0




[bookmark: _Ref347897871]Table 17- Results of simulation considering interference from an a two-frequency fixed point-to-point (low capacity) transmitter @ 5 W operating above 803 MHz to an LTE UE receiver operating immediately below 803 MHz

	Distance (km)
	% of exceedence events 
(CINR < 16 dB)

	Frequency Separation Δf (MHz)
	1
	2
	3

	5
	0
	0
	0

	1
	0.24
	0.01
	0

	0.1
	0
	0
	0

	0
	0
	0
	0



The results in Table 16 indicate that when a 1 Watt fixed transmitter was considered, assuming 64 QAM 4/5 rate MCS (i.e. where a CINR of greater than 16 dB is required) for the LTE service, then the required frequency separation, to achieve less than 5 % exceedence events during co-sited operation, is 1 MHz.

The results in Table 17 indicate that when a 5 Watt fixed transmitter is considered, assuming 64 QAM 4/5 rate MCS (i.e. where a CINR of greater than 16 dB is required) the LTE service, then the required frequency separation, to achieve less than 5 % exceedence events during co-sited operation, is also 1 MHz.  

Scenario H
4.1.8. Deterministic study D2
Table 18 shows the results of the analysis of interference from an LTE BS transmitter (below 803 MHz) to a two-frequency fixed point-to-point (low capacity) receiver (above 803 MHz), as illustrated in Figure 23. 

[bookmark: _Ref347898000]Figure 23- Spectral location of LTE BS transmitter (below 803 MHz) and two-frequency fixed point-to-point (low capacity) receiver (above 803 MHz)
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[bookmark: _Ref347897982]Table 18- Results of analysis of interference from an LTE BS transmitter operating immediately below 803 MHz to a two-frequency fixed point-to-point (low capacity) receiver operating above 803 MHz

	Distance (km)
	CIR (dB)
Bore sight
	CIR (dB)
90° from bore sight
	CIR (dB)
180° from bore sight

	Frequency Separation
Δf (kHz)
	0
	200
	1000
	0
	200
	1000
	0
	200
	1000

	5
	24.38
	25.45
	25.44
	24.04
	25.12
	25.13
	53.95
	54.75
	56.32

	2
	16.48
	17.55
	17.73
	16.63
	17.71
	17.82
	46.93
	47.94
	48.27

	1
	10.46
	11.54
	11.53
	10.73
	11.80
	11.82
	41.13
	42.19
	42.25

	0.5
	3.30
	4.38
	5.91
	7.27
	8.34
	8.35
	33.93
	35.01
	35.84

	0.1
	-9.77
	-8.69
	-8.70
	0.05
	1.58
	1.57
	19.96
	21.04
	31.03



The results in Table 18 indicate that in the worst case where services are directly frequency-adjacent, the separation distance required between the LTE BS transmitter (source of interference) and the receiver of the fixed link (subject of interference) would be greater than 5 kilometres in order to maintain a suitable CIR. With a frequency separation of one fixed service channel (200 kHz), the required separation distance would be reduced, but still greater than 5 kilometres. The LTE BS and fixed receiver are likely to be able to operate co-sited (within 200 meters) if there is a frequency separation between the services of 1 MHz. Required separation distances are further reduced if antenna discrimination is taken into account. 

Scenario I
4.1.9. Probabilistic study P2
Table 19 and Table 20 show the results of a Monte Carlo analysis of interference from a single frequency fixed point-to-point transmitter operating above 803 MHz at 1 Watt and 5 Watts, respectively, to a LTE UE receiver operating immediately below 803 MHz, as illustrated in Figure 24. 

The majority of single frequency fixed point-to-point links have a transmit power of either 5 Watts or 1 Watt, simulations considered both of these scenarios. 


[bookmark: _Ref347898125]Figure 24- Spectral location of LTE UE receiver (below 803 MHz) and single frequency fixed point-to-point transmitter (above 803 MHz)
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[bookmark: _Ref347898077]Table 19- Results of simulation considering interference from a single frequency fixed point-to-point transmitter @ 1 W operating above 803 MHz to an LTE UE receiver operating immediately below 803 MHz

	Distance (km)
	% of exceedence events 
(CINR < 16 dB)

	Frequency Separation Δf (MHz)
	0
	1
	3

	5
	0
	0
	0

	1
	0.89
	0.11
	0.05

	0.1
	1.920
	0
	0

	0
	2.499
	0
	0




[bookmark: _Ref347898086]Table 20- Results of simulation considering interference from a single frequency fixed point-to-point transmitter @ 5 W operating above 803 MHz to an LTE UE receiver operating immediately below 803 MHz

	Distance (km)
	% of exceedence events 
(CINR < 16 dB)

	Frequency Separation Δf (MHz)
	0
	1
	3

	5
	1.998
	0
	0

	1
	5.019
	0.300
	0.100

	0.1
	5.419
	0
	0

	0
	5.379
	0
	0



The results in Table 19 indicate that when a 1 Watt fixed transmitter was considered, assuming 64 QAM 4/5 rate MCS (i.e. where a CINR of greater than 16 dB is required) for the LTE service, then the required frequency separation, to achieve less than 5 % exceedence events during co-sited operation, is 1 MHz.

The results in Table 20 indicate that when a 5 Watt fixed transmitter was considered, assuming 64 QAM 4/5 rate MCS (i.e. where a CINR of greater than 16 dB is required) for the LTE service, then the required frequency separation, to achieve less than 5 % exceedence events during co-sited operation, is also 1 MHz.

Scenario J
4.1.10. Deterministic study D2


Table 21 shows the results of the study of interference from an LTE BS transmitter operating immediately below 803 MHz to a single frequency fixed point-to-point receiver operating above 803 MHz, as illustrated in Figure 25. 

[bookmark: _Ref347898206]Figure 25- Spectral location of LTE BS transmitter (below 803 MHz) and single frequency fixed 
point-to-point receiver (above 803 MHz)

[image: image001]
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Table 21- Results of analysis of interference from an LTE BS transmitter operating immediately below 803 MHz to a single frequency fixed point-to-point receiver operating above
803 MHz

	Distance (km)
	CIR (dB)
Bore sight
	CIR (dB)
90° from bore sight
	CIR (dB)
180° from bore sight

	Frequency Separation
Δf (kHz)
	0
	400
	0
	400
	0
	400

	5
	21.36
	24.44
	21.03
	22.11
	50.94
	51.74

	2
	13.47
	14.54
	13.62
	14.69
	43.91
	44.93

	1
	7.45
	8.52
	7.72
	8.78
	38.12
	39.17

	0.5
	0.29
	1.36
	4.26
	5.33
	30.92
	31.99

	0.1
	-12.78
	-11.71
	-2.51
	-1.43
	16.95
	18.02



The results in 

Table 21 indicate that in the worst case where services are directly adjacent, the separation distance required between the LTE BS transmitter and the receiver of the single frequency point-to-point fixed link would be between 100 and 500 metres in order to maintain a suitable CIR. With a frequency separation of one fixed channel (400 kHz), the required separation distance is reduced, but still between 100 and 500 metres. The calculated separation distances are further reduced if antenna discrimination is taken into account.



1. Summary 
The results of the studies discussed in this section are summarised in Table 14.

	Service above 803 MHz
	Scenario
	Frequency seperation required for co-sited operation for each scenario

	Frequency seperation required for co-sited operation for each service overall

	LTE
	(a)
	700 MHz LTE UE Rx vs. 800 MHz LTE UE Tx 

	0 MHz
	4 MHz

	
	(b)
	700 MHz LTE Base Tx vs. 800 MHz LTE Base Rx

	4 MHz
	

	Trunked land mobile
	(c)
	700 MHz LTE UE Rx vs. 800 MHz two-frequency fixed (low capacity) Tx 

	1 MHz
	4 MHz

	
	(d)
	700 MHz LTE Base Tx vs. 800 MHz trunked land mobile Base Rx

	4MHz
	

	Two frequency fixed point-to-point (single channel)
	(e)
	700 MHz LTE UE Rx vs. 800 MHz two-frequency fixed (single channel) Tx 

	1 MHz
	1 MHz

	
	(f)
	700 MHz LTE Base Tx vs. 800 MHz two-frequency fixed (single channel) Rx

	25 kHz


	

	Two frequency fixed point-to-point (Low capacity)
	(g)
	700 MHz LTE UE Rx vs. 800 MHz two-frequency fixed (low capacity) Tx 

	1 MHz
	1 MHz

	
	(h)
	700 MHz LTE Base Tx vs. 800 MHz two-frequency fixed (low capacity) Rx

	1 MHz
	

	Single frequency fixed point-to-point
	(i)
	700 MHz LTE UE Rx vs. 800 MHz single frequency fixed Tx 

	1 MHz
	1 MHz

	
	(j)
	700 MHz LTE Base Tx vs. 800 MHz single frequency fixed Rx

	1 MHz
	




Attachment to Annex 3 - Sharing Parameters used in Australian study
A1. 700 MHz LTE 
Proposal 1 (P1, P2, D1, D2): 

	700 MHz BS
Parameters
	
	
	
	Reference

	Transmit Power
	13dBW
	
	
	36.104/25.104

	Transmit Frequency
	800.5 MHz
	
	
	700 MHz band frequency

	Antenna Height
	25 m
	
	
	Design parameter

	Antenna Gain
	18 dBi
	
	
	Radiocoms Advisory Guidelines

	Antenna Beamwidth
	5 deg
	
	
	Design parameter

	Antenna Gain Floor
	-27 dB
	
	
	Design parameter

	Antenna Pattern
	F.1245
	
	
	ITU-R Rec F.1245

	 
	
	
	
	 

	Antenna Azimuth
	Sector A
	Sector B
	Sector C
	 

	 
	120 deg
	0 deg
	-120 deg
	Design parameter

	Antenna Elevation
	Sector A
	Sector B
	Sector C
	 

	 
	-2.5 deg
	-2.5 deg
	-2.5 deg
	Design parameter

	 
	
	
	
	 

	Polarisation
	Linear Vertical
	
	
	 

	 
	
	
	
	 

	Transmitter Masks
	700 MHz TLG
	Bandwidth
	5 MHz
	700 MHz TLG emission mask

	Receiver Mask
	Epcos SAW Duplexedr
	Series B7924 V1.5

	Transmission Bandwidth
	5 MHz
	
	
	Radiocoms Advisory Guidelines




	700 MHz Mobile Station Parameters
	 
	Reference

	Receive Frequency
	800.5 MHz
	700 MHz band frequency

	Antenna Height
	1.5 m
	Design parameter

	Antenna Gain
	0 dBi
	Design parameter

	Antenna Beamwidth
	5.0 deg
	Design parameter

	Antenna Gain Floor
	0 dBi
	Design parameter

	Antenna Pattern
	Omni-directional
	Design parameter

	Polarisation
	Linear Vertical
	Design parameter

	Receiver Mask
	Epcos SAW Duplexer
	Series B7924 V1.5

	Transmission Bandwidth
	5 MHz
	

	Feeder Loss
	0 dB
	Design parameter





Transmission mask (for BS):
[image: ]

Receiver mask (for UE):
[image: ]

Proposal 2 (P4):
	 
	700 MHz BS
	800 MHz UE

	Carrier frequency
	790 MHz

	Channel bandwidth
	10 MHz

	Cell range
	4km

	Cell layout
	Wrap-around 19 tri-sector cells, uncoordinated

	Frequency reuse
	1x3x1

	Pathloss model
	Hata suburban: 115.6+35.2log10(R)

	Lognormal fading
	10 dB

	Antenna gain and horizontal antenna pattern
	



15 dBi,  = 65 degrees, 
Am = 20 dB
	Omni-directional antenna with -6 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	23 dBm

	Antenna height
	30 m
	1.5 m






A2. 800 MHz LTE

	800 MHz BS Parameters
	Value
	References

	Receive Frequency
	805.5-812.5 MHz
	800 MHz band frequency

	Antenna Height
	30m
	Design parameter

	Antenna Gain
	18dBi
	Design Parameter

	Antenna Beamwidth
	5deg
	Design parameter

	Antenna Gain Floor
	-27dB
	Design parameter

	Antenna Pattern
	F.1245
	ITU-R Rec F.1245

	Antenna Azimuth

	Sector A 
	Sector B
	Sector C
	

	
	120deg
	0deg
	-120deg
	Design parameter

	Antenna Elevation

	Sector A 
	Sector B
	Sector C
	

	
	-2.5deg
	-2.5deg
	-2.5deg
	Design parameter

	Polarisation
	Linear Vertical
	

	Receiver Mask/ Bandwidth
	Epcos SAW Duplexer
	5 MHz
	Series B7924 V1.5

	Feeder Loss
	5dB
	Design Parameter



	800 MHz Mobile Station Parameters
	 
	Reference

	Transmit Power
	0 dBW
	

	Transmit Frequency
	805.5-812.5 MHz
	800 MHz band frequency

	Antenna Height
	1.5 m
	Design parameter

	Antenna Gain
	0 dBi
	Design parameter

	Antenna Beamwidth
	5.0 deg
	Design parameter

	Antenna Gain Floor
	0 dBi
	Design parameter

	Antenna Pattern
	Omni-directional
	Design parameter

	Polarisation
	Linear Vertical
	Design parameter

	Transmit Mask
	800 TLG
	ACMA 800 MHz TLG

	Transmission Bandwidth
	5 MHz
	

	Feeder Loss
	0 dB
	Design parameter





Transmission mask (for UE):
[image: ]


Receiver mask (for BS):
[image: ]

A3. 800 MHz trunked land mobile
	Trunked land mobile BS
	 
	Reference

	Transmit Power 
	16 dBW
	RALI LM08

	Adjacent channel protection ratio 
	5 dB
	RALI LM08

	Transmit/Receive Frequency
	803.0125 – 806.0125 MHz
	proposed frequency

	Antenna Height
	30 m
	Design parameter

	Antenna Gain
	3 dBi
	Design parameter

	Antenna Beamwidth
	5.0 deg
	Design parameter

	Antenna Pattern
	Omni-directional
	

	Polarisation
	Linear Horizontal
	Design parameter

	Transmitter Mask
	Derived from RALI FX3
	RALI FX3 Appendix 3 i

	Receiver Mask
	Derived from RALI FX3
	RALI FX3 i

	Transmission Bandwidth
	25 kHz
	RALI LM08 i

	Feeder Loss
	5 dB
	Design parameter



	Trunked land mobile UE
	 
	Reference

	Transmit Power 
	13.97 dBW
	RALI LM08

	Adjacent channel protection ratio 
	 5 dB
	RALI LM08

	Transmit/Receive Frequency
	803.0125 – 806.0125 MHz
	proposed frequency

	Antenna Height
	1.5 m
	Design parameter

	Antenna Gain
	2.15 dBi
	Design parameter

	Antenna Beamwidth
	5.0 deg
	Design parameter

	Antenna Pattern
	Omi-directional
	Design parameter

	Polarisation
	Linear Horizontal
	Design parameter

	Transmitter Mask
	Derived from RALI FX3
	RALI FX3 Appendix 3

	Receiver Mask
	Derived from RALI FX3
	RALI FX3

	Transmission Bandwidth
	25 kHz
	RALI LM08

	Feeder Loss
	0 dB
	Design parameter



Transmitter mask (for BS and UE):
[image: ]



Receiver mask (for BS and UE):
[image: ]

A4. Two-frequency fixed point-to-point (single channel)
	Two-frequency Fixed link (single channel)
	Reference

	Transmit Power 
	0 dBW
	Design parameter

	Adjacent channel protection ratio 
	0 dB
	RALI FX17i

	Transmit/Receive Frequency
	803-806 MHz
	proposed frequencies

	Antenna Height
	30 m
	Design parameter

	Antenna Gain
	23.9 dBi
	Design parameter

	Antenna Beamwidth
	12.0 deg
	Design parameter

	Antenna Pattern
	F.1245
	ITU-R Rec F.1245

	Polarisation
	Linear Horizontal
	Design parameter

	Transmitter Mask
	Derived from RALI FX3
	RALI FX3 Appendix 3i

	Receiver Mask
	Derived from RALI FX3
	RALI FX3 i

	Transmission Bandwidth
	25 kHz
	RALI FX17 i

	Feeder Loss
	5 dB
	Design parameter

	
Transmitter mask:




Receiver mask:







A5. Two-frequency fixed point-to-point (Low capacity)
	Two-frequency Fixed link (low capacity) 
 
	Reference

	Transmit Power 
	0 dBW/6.99 dBW
	Design parameter

	Adjacent channel protection ratio 
	30 dB
	SP6/93

	Transmit/Receive Frequency
	803-806 MHz
	proposed frequencies

	Antenna Height
	30 m
	Design parameter

	Antenna Gain
	23.9 dBi
	Design parameter

	Antenna Beamwidth
	12.0 deg
	Design parameter

	Antenna Pattern
	F.1245
	ITU-R Rec F.1245

	Polarisation
	Linear Horizontal
	Design parameter

	Transmitter Mask
	Derived from RALI FX3
	RALI FX3 Appendix 3 i

	Receiver Mask
	Derived from RALI FX3
	RALI FX3 i

	Transmission Bandwidth
	200 kHz
	SP6/93

	Feeder Loss
	5 dB
	Design parameter

	
Transmitter mask: 




Receiver mask:







A6. Single frequency fixed point-to-point
	Single frequency Fixed link 
 
	Reference

	Transmit Power 
	0 dBW/ 6.99 dBW
	Design parameter

	Adjacent channel protection ratio 
	0 dB
	RALI FX11[endnoteRef:2] [2: 


] 


	Transmit/Receive Frequency
	803-806 MHz
	proposed frequencies

	Antenna Height
	30 m
	Design parameter

	Antenna Gain
	23.9 dBi
	Design parameter

	Antenna Beamwidth
	12.0 deg
	Design parameter

	Antenna Pattern
	F.1245
	ITU-R Rec F.1245

	Polarisation
	Linear Horizontal
	Design parameter

	Transmitter Mask
	Derived from RALI FX3
	RALI FX3 Appendix 3i

	Receiver Mask
	Derived from RALI FX3
	RALI FX3i

	Transmission Bandwidth
	400 kHz
	RALI FX11i

	Feeder Loss
	5 dB
	Design parameter

	
Transmitter mask:

 

Receiver mask:









Annex 4- New Zealand Study
1. Introduction
This study considers the following two cases:
· transmissions from an IMT (LTE) BS transmitter in 3GPP band 28 into an IMT (LTE) BS receiver operating in 3GPP band 27 (scenario (b)) (as shown in 
· Figure 26).

[image: ]

[bookmark: _Ref347789822]
Figure 26- Specific case of scenario (b) considered in this study

· transmissions from an IMT (LTE) mobile station (UE) in 3GPP band 27 into an IMT (LTE) UE receiver operating in 3GPP band 28 (scenario (a)) (as shown in 
· Figure 27).


[image: ]
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Figure 27- Specific case of scenario (a) considered in this study

1. Methodology & Parameters
Deterministic sharing analysis methodology
7.1.1. Deterministic study D3
BS to BS Interference

Specification Considerations

The 3GPP Standards, in addressing implementation of IMT (LTE) systems, are complex. In assessing the interference scenario relating to transmissions from an IMT (LTE) BS transmitter in 3GPP band 28 into an IMT (LTE) BS receiver operating in 3GPP band 27, some of the relevant 3GPP TS 36.104 specification requirements are as follows:

· Section 6.6.2[footnoteRef:3] outlines the ACLR requirements. This outlines the requirements used for calculating the out-of-band emission limits (for a category A wide area BS, the 1st and 2nd adjacent channel ACLR is the less stringent of: -13 dBm/MHz or 45 dBc/BWChannel). [3:  3GPP TS 36.104 V11.1.0 (2012-07), page 31.] 

· Table 6.6.4.1.1.1-1[footnoteRef:4] outlines the limits of the general spurious emissions requirements (‑13 dBm/100 kHz). [4:  3GPP TS 36.104 V11.1.0 (2012-07), page 45.] 

· Table 6.6.4.3.1-1[footnoteRef:5] outlines the limit which applies to additional spurious emissions in the band 807‑824 MHz (-49 dBm/MHz). [5:  3GPP TS 36.104 V11.1.0 (2012-07), page 49.] 


· Section 6.6.4.4[footnoteRef:6] outlines the spurious emissions limits to be applied when co-locating with bases stations (-96 dBm/MHz). [6:  3GPP TS 36.104 V11.1.0 (2012-07), page 54.] 


Typically, out-of-band emissions requirements apply from the carrier frequency and extend out to 2.5 times the channel bandwidth. Emissions beyond this point are considered to be spurious emissions. For the different channel bandwidths, the following boundaries apply for emissions from IMT (LTE) BSs operating on the highest channel in 3GPP band 28:

	Channel Bandwidth (MHz)
	Out of Band Emissions (MHz)
	Spurious Emissions (MHz)

	5
	803 – 813
	>813

	10
	803 – 823
	>823

	15
	803 – 833
	>833

	20
	803 – 843
	>843



There are no specific out-of-band emissions requirements outlined in the specification, however these are often assumed to be addressed by the ACLR requirements. The ACLR criterion is 45 dB for both the first and second adjacent channel as this is less stringent than ‑13 dBm/MHz.

When assessing the interference issues between the two IMT (LTE) systems in adjacent bands (3GPP bands 28 & 27), it is not clear which are the applicable specification requirements, the combination of ACLR and spurious emissions, or the tighter “additional spurious emissions limits”.  This lack of clarity arises as, aside from the specific ACLR limits specified in the 3GPP specification, the Additional Spurious Emissions Limits appear to apply to the whole band 807‑824 MHz. 

Both scenarios relating to the application of ACLR limits and additional spurious emissions limits are considered separately in this paper. Additionally, in each of these scenarios, consideration has also been given to the application of the adjacent channel selectivity requirements on the receiver.

In assessing the likelihood of interference to BSs, the level of interference 10 dB below the noise floor has been used as the threshold for harmful interference. This is considered appropriate as the effect of service degradation to BSs can impact multiple users.

Application of ACLR, Spurious Emissions & Adjacent Channel Selectivity

This deterministic calculation provides the minimum required coupling loss for BS to BS interference where the specifications relating to ACLR and the general spurious emissions requirements are applied (i.e. The analysis in this section excludes consideration of the requirements relating to the “Additional Spurious Emissions Limits”).

The applicable calculations are as follows:

Interference threshold

	Interfering level
	= 10 dB below the noise floor

	Receiver bandwidth
	= 1 MHz

	Receiver noise figure
	= 5 dB

	
	

	Receiver noise floor (NFThermal)
	= 10 log kTB

	Where:
	

	K
	= 1.38 x 10-23 J/K

	T
	= 290 K

	B
	= 1 MHz

	
	

	NFThermal
	= -144 dBW

	
	= -114 dBm

	
	

	NFReceiver
	= NFThermal + 5 dB

	
	= -109 dBm/MHz

	
	

	Interfering Level 
(10 dB below noise floor)
	= -109 dBm – 10 dB = -119 dBm/MHz

	
	



Adjacent Channel Leakage Ratio and Spurious Emissions
	
	

	out-of-band Emission Limit
	= -13 dBm/MHz or

	(least stringent limit applies)
	= -45 dBc/BWChannel

	
	

	Power
	= 40 W

	
	= 46 dBm

	
	

	Therefore out-of-band Limit
	= 1 dBm/BWChannel

	out-of-band (5 MHz)
	= -6 dBm/MHz

	out-of-band (10 MHz)
	= -9 dBm/MHz

	out-of-band (15 MHz)
	= -11 dBm/MHz

	out-of-band (20 MHz)
	= -12 dBm/MHz



In assessing the minimum coupling loss for a 5 MHz channel (3GPP band 28) interfering with a 10 MHz channel (3GPP band 27), interference may occur from a combination of out-of-band and spurious emissions. The out-of-band contribution of interference applies within the first 6 MHz of the 10 MHz channel. The spurious emission contribution to interference applies within the remaining 4 MHz of the channel. These have been assessed based on a power sum combination of the emissions as outlined overleaf:

	out-of-band limit
	= -6 dBm/MHz

	out-of-band bandwidth
	= 6 MHz

	out-of-band limit to apply
	= 2 dBm/6 MHz

	
	=1.5 mW

	
	

	Spurious emission limit
	= -13 dBm/100 kHz

	Spurious emission bandwidth
	= 4 MHz

	Spurious emission limit to apply
	= 3 dBm/4 MHz

	
	= 2.0 mW

	
	

	Total power into receiver 
	= 3.5 mW

	(Power sum total)
	= 5.46 dBm/10 MHz

	
	= -4.5 dBm/MHz

	
	


In all other cases of 3GPP band 28 and 3GPP band 27 channel widths, the spurious domain falls outside channel and only the out-of-band emissions fall in the 3GPP band 27 channel.

The ACS requirements for wide area BSs in 3GPP specification TS 36.104 do not extend from 3GPP band 28 into 3GPP band 27.  Hence we use the ACS performance parameters agreed by the AWG Correspondence Group: 1st adjacent: 46 dB; 2nd adjacent: 58 dB and 3rd adjacent: 70 dB.  

[image: ]

The worst case is the 5 MHz channel in 3GPP band 28 with the 10 MHz channel in 3GPP band 27, requiring 116 dB MCL. 

If filters are used on both the 3GPP band 28 transmitter output and the 3GPP band 27 receiver input of say 45 dB each, the following calculation shows the resulting MCL.

[image: ]

The worst case MCL now reduces to 71 dB.  Note that using a filter on only the transmitter or only the receiver will not achieve this level of MCL reduction. 

It should be noted that these calculations for the minimum coupling loss assume the channel edges are aligned to the closest edges of the band (i.e. 803 MHz for 3GPP band 28 and 807 MHz for 3GPP band 27).
Application of “Additional Spurious Emissions Limits”

This deterministic calculation provides a minimum separation distance that will be necessary between BSs where the minimum specifications requirements relating to Additional Spurious Emissions Limits are met. The Additional Spurious Emission Limit is presented in the 3GPP specification as a performance criterion of the BS transmitter, independent of any other interference contributions of the transmitter, such as out-of-band emissions or general spurious emissions. However the minimum coupling loss calculations of the interference contribution of the victim receiver ACS are also to be taken into account.  

The applicable calculations are as follows:

	Interfering Level 
(from Annex A)
	= -119 dBm/MHz 

	
	

	Spurious Emission Limit
	= -49 dBm/MHz
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The worst case minimum coupling loss requirement is for a 5 MHz channel in 3GPP band 28 and a 10 MHz channel in 3GPP band 27, requiring 110 dB MCL.
The minimum distance to be maintained between BSs is calculated as follows:

	Required Total Loss (TL)
	= 32.44 + 20 log dkm + 20 log fMHz – Gtx – Grx

	Where:
	

	Gtx = Grx
	= Antenna Gain – Feeder Loss

	
	= 15 – 2 = 13 dBi

	fMHz
	= 800 MHz

	TL = MCL
	= 110 dB

	
	



	Solving for dkm:
	

	20 log dkm
	= FSPL – 32.44 – 20 log fMHz + Gtx + Grx

	
	= 110 – 32.44 – 58 + 13 + 13

	
	= 45.6

	dkm
	= 189.7 km



As the interference power from the additional spurious interference alone is much less than from the ACS derived interference, additional filtering on the 3GPP band 28 transmitter output will have no effect on the total interference, whereas filtering the 3GPP band 27 receiver input will be effective.  
With a typical input band pass filter on the 3GPP band 27 receiver input of say 45 dB, a revised MCL and minimum distance is determined:

[image: ]

The worst case MCL now reduces to 71.1 dB.

It is noted that the 3GPP specification includes a tightened requirement for blocking when co‑locating with other BSs.[footnoteRef:7]  It is possible that this part of the specification is intended to address issues of receiver selectivity, however the specification does not comment on this matter. [7:  3GPP TS 36.104 V11.1.0 (2012-07), section 7.6.2, page 71.] 


Application of Co-Location Spurious Emissions

As noted above, for co-located systems, the BS spurious emissions limit is -96 dBm/100 kHz measured at the transmitter coupler. It is assumed that these limits are more critical than other unwanted emission parameters. Using the Interfering Level (10 dB below the noise floor) calculated above, the Minimum Coupling Loss is calculated to be 33 dB. The calculations are:

	Interfering Level 
(10dB below noise floor)
	= -119 dBm/MHz

	
	

	Spurious Emission Limit
	= -96 dBm/100 kHz

	
	= -86 dBm/MHz

	
	

	Minimum Coupling Loss (MCL) required
	= -86 dBm – (-119 dBm) = 33 dB



7.2. Probabilistic sharing analysis methodology
7.2.1. Probabilistic study P3
In assessing the interference scenario of transmissions from an IMT (LTE) mobile station (UE) in 3GPP band 27 into an IMT (LTE) UE receiver operating in 3GPP band 28, a probabilistic Monte Carlo analysis has been employed.

This analysis assumes the following broad parameters:

	UE SINR threshold
	= 5.5 dB

	UE density
	= 13 users/km2

	UE noise figure
	= 9 dB



These and other parameters have been taken from earlier AWG work relating to the 700 MHz band.

As noted earlier, band 27 is limited by the 3GPP specification to a maximum channel bandwidth of 10 MHz.  Accordingly the following channel bandwidths have been considered:

· 3GPP Band 27 – 5 & 10 MHz; and
· 3GPP Band 28 – 5, 10, 15 & 20 MHz.
In addition to analyzing various channel bandwidths, different channel boundaries for 3GPP band 27 have also been assessed. These are applied as follows:

· 807 MHz – this is the closest boundary between the highest channel in 3GPP band 28 and the lowest possible operation in 3GPP band 27 if the channel plan is developed from the bottom of 3GPP band 27.
· 809 MHz – this is the closest boundary between the highest channel in 3GPP band 28 and the lowest possible operation in 3GPP band 27 if the channel plan is developed from the top of 3GPP band 27.
· 814 MHz – this provides a further 5 MHz of separation from 809 MHz and is, coincidentally, the lowest boundary of operation of 3GPP band 26.



1. Results and outcomes of studies
Scenario A
8.1.1. Probabilistic study P3
3GPP specification TR 25.942 [footnoteRef:8] identifies a “maximum acceptable probability of interference” for UE to UE interference as 2%.  It is not clear, at this stage, what other assessment criteria might be available to determine an acceptable level of interference for UE to UE interference. [8:  3GPP TR 25.942 v10.1.0 (2012-06), section 4.2, page14.] 


Additionally, the ITU defines the term “probability of interference” as: “ratio of the area within the coverage area that would suffer interference to the total coverage area”[footnoteRef:9]. [9:  Recommendation ITU-R SM.1271 (1997).] 


The results from the analysis are tabulated overleaf:



	Band 28 UE Bandwidth (MHz)
	Band 27 UE Bandwidth (MHz)
	Without 
interference
(%)
	Boundary - 807 MHz
	Boundary – 809 MHz
	Boundary – 814 MHz

	
	
	
	With UE 
interference (%)
	Coverage Area Loss (%)
	With UE 
interference (%)
	Coverage Area Loss (%)
	With UE 
interference (%)
	Coverage Area Loss (%)

	5
	5
	0.1
	1.63
	1.53
	0.89
	0.79
	0.42
	0.32

	
	10
	
	1.97
	1.87
	1.76
	1.66
	0.43
	0.33

	10
	5
	0.38
	2.37
	1.99
	1.95
	1.57
	1.06
	0.68

	
	10
	
	2.91
	2.53
	2.3
	1.92
	1.3
	0.92

	15
	5
	0.89
	3.39
	2.5
	3.05
	2.16
	2.69
	1.8

	
	10
	
	3.82
	2.93
	3.13
	2.24
	2.18
	1.29

	20
	5
	1.89
	3.98
	2.09
	3.28
	1.39
	3.14
	1.25

	
	10
	
	4.63
	2.74
	4.3
	2.41
	3.54
	1.65





The probability of interference is reduced with increased frequency separation between the two systems. In addition, as the bandwidth of the 3GPP band 28 receiver increases, the likelihood of interference also increases. Interestingly, the non-linearity of the results for wider bandwidths shows that the likelihood of interference is a function of the operation of the receiver rather than of the transmitter.

It may be inferred from these results that the operation of a network in 3GPP band 28 using 15 or 20 MHz channel bandwidths at edge of coverage is likely to result in increased susceptibility to interference, simply as a result of the increased bandwidth and not necessarily as a result of services operating in adjacent or nearby bands. It is noted however that most network operators would be likely to operate wide bandwidth services for capacity rather than coverage, thus avoiding these types of interference scenarios at the limits of coverage.

It is noted that improvements to the 3GPP specifications would result in improved compatibility between the two bands.

Scenario B
8.1.2. Deterministic study D3
Application of ACLR, Spurious Emissions & Adjacent Channel Selectivity

This deterministic calculation provides the minimum required coupling loss for BS to BS interference where the specifications relating to ACLR and the general spurious emissions requirements are applied (i.e. The analysis in this section excludes consideration of the requirements relating to the “Additional Spurious Emissions Limits”).

The following results are obtained:

	3GPP Band 28 Channel Bandwidth (MHz)
	3GPP Band 27 Channel Bandwidth (MHz)
	Required Minimum Coupling Loss (dB)

	5
	5
	113.8

	
	10
	115.8

	10
	5
	110.8

	
	10
	111.8

	15
	5
	108.9

	
	10
	109.8

	20
	5
	107.8

	
	10
	108.8



Using this information we can calculate a minimum separation distance that will be necessary between BSs. 

From the table above we can assume the worst case Minimum Coupling Loss is 116 dB.  On the assumption that current BS filters typically provide attenuation of approximately 45 dB, then the total losses required between two BSs is 71 dB.  These total losses are a function of the free space path loss, transmit and receive antenna gains and feeder losses. The following calculations apply:

	Required Total Loss (TL)
	= 32.44 + 20 log dkm + 20 log fMHz – Gtx – Grx

	Where:
	

	Gtx = Grx
	= Antenna Gain – Feeder Loss

	
	= 15 – 2 = 13 dBi

	fMHz
	= 800 MHz

	TL = MCL
	= 71 dB

	
	

	Solving for dkm:
	

	20 log dkm
	= TL – 32.44 – 20 log fMHz + Gtx + Grx

	
	= 70 – 32.44 – 58 + 13 + 13

	
	= 6.56

	dkm
	= 2.13 km



Application of “Additional Spurious Emissions Limits”

The minimum distance to be maintained between BSs is calculated based on a mutual coupling loss of 71.1 dB.

This is determined, as noted above, as the interference power from the additional spurious interference alone is much less than from the ACS derived interference, additional filtering on the 3GPP band 28 transmitter output will have no effect on the total interference, whereas filtering the 3GPP band 27 receiver input will be effective. With a typical input band pass filter on the 3GPP band 27 receiver input of 45 dB, calculations show the worst case MCL reduces to 71.1 dB and a minimum distance between BSs can be calculated as follows:

	Solving again for dkm:
	

	20 log dkm
	= FSPL – 32.44 – 20 log fMHz + Gtx + Grx

	
	= 71.1 – 32.44 – 58 + 13 + 13

	
	= 6.7

	dkm
	= 2.15 km



Application of Co-Location Spurious Emissions

The calculations above show the Minimum Coupling Loss to be 33 dB.

It is assumed that 33 dB of attenuation will be available, either through additional filtering or antenna isolation (which may provide additional isolation of the order of 60 dB for vertically separated antennas).

It is noted that the 3GPP standard[footnoteRef:10] assumes that 30 dB of coupling loss is available between an interfering BS transmitter and the BS receiver when they are co-located. [10:  3GPP TS 36.104 V11.1.0 (2012-07), sections 6.6.4.4 & 7.6.2.] 


A number of different specification requirements from 3GPP specification TS 36.104 have been applied in assessing the interference scenario of transmissions from an IMT (LTE) BS transmitter in 3GPP band 28 into an IMT (LTE) BS receiver operating in 3GPP band 27.

The assumption that 45 dB of filtering would be available for BS filtering of the transmitter and receiver, resulted in very similar results when considering application of the ACLR and spurious emissions limits, as for application of the additional spurious emissions limits. Each of these assessments showed that further modest filtering could be used to significantly reduce the minimum separation distances between closely sited IMT (LTE) systems.  The table below outlines the required additional filtering at both the 3GPP band 28 transmitter and 3GPP band 27 receiver to reduce the required separation distance:

	Additional Filtering (dB)
	Required Separation Distance (metres)

	0
	2150

	12
	537

	24
	134

	36
	33

	48
	8



Where systems in the two 3GPP bands (27 & 28) are operated by different parties, bilateral coordination will be necessary to ensure suitable filtering, or other mitigation techniques are introduced at both the transmitter and the receiver.

In addition, the spurious emission limits for co-located systems should be met with modest amounts of additional filtering, but vertically separated antennas would provide ample attenuation to meet the minimum coupling loss requirements.




Annex 5- Motorola Study
1. Introduction
This study considers the case of  Scenario (a), that is the impact of unwanted emissions  from an IMT UE transmitter operating above 803 MHz (3GPP band 27 or 26) on an IMT UE receiver operating in the 700 MHz (3GPP Band 28). This is illustrated in Figure 4- Scenario (a) in Section 4.1.1

1. Methodology & Parameters
Probabilistic sharing analysis methodology
10.1.1. Probabilistic study P4
The methodology in this section assumes a fixed physical separation distance between victim LTE UE and interfering LTE UE. Different modeling of LTE UE location distribution can change the probability of two devices getting close to each other. For example, in a hotspot area or in a big event, the probability of two UEs from two different operators getting as close as 1~3 meters is very high. On the other hand, if we assume uniform distribution of devices, then the probability of two devices getting close to each other is very low. This methodology considers the worst case user distribution scenario when considering the UE to UE coexistence.  

Also the SINR degradation is used in the interference analysis in this methodology, instead of average throughput degradation. This is due to considerations of user experience. If a victim LTE UE is close to its serving BS and has a very high SINR, this UE can tolerate very high interference. It is acceptable that this UE can experience high throughput degradation) as long as required throughput can be received. However, for UEs at cell edge that already have low throughput, a small amount of interference may cause these UEs to be disconnected. Even though the throughput loss is small, it causes bad user experience. From this point of view, using average throughput degradation maybe misleading when assessing the interference problem between devices. 

Figure 28 illustrates the interference scenario – a victim LTE UE from one operator at the edge of coverage when an interfering LTE UE from another operator is nearby (using fractional power control). The figure represents a worst case victim LTE UE location since maximum DL sensitivity is needed by the subscriber. However, in our analysis, the victim LTE UE can be anywhere within its coverage area. 

In a typical worst case deterministic analysis, the victim is always receiving at the sensitivity level and the interfering LTE UE is always transmitting at the maximum power. The methodology used here try to takes into account the probability of the victim being at Rx sensitivity level and at the same time capture the probability of the aggressor’s Tx power. The probability of interference caused by the aggressor is obtained using a mixture of Monte-Carlo simulation and numerical calculation (described below). 


 (
Interfering LTE UE
) (
Victim LTE UE
Interference
)

[bookmark: _Ref349753103]Figure 28- Illustration of device to device interference 

The probability of a victim LTE UE being subject to harmful interference is calculated as follows:


   (1)

	Desense interference

	Desired signal level in dBm 

	Interfering LTE UE transmit signal level in dBm 

	LTE UE adjacent channel power in 10 MHz bandwidth, i.e., ACLR in dBc

	Minimum pathloss between an interfering LTE UE and a victim LTE UE, free space path loss model is used here, three separation distances are assumed: 1 meter, 2 meters and 5 meters

	The DL SINR seen by the LTE UE, in this study, the average SNR (about 7 dB)  is used for average probability of interference calculation and the 5-percentile SNR (about -3 dB) is used for cell edge probability of interference calculation
MUS=	Minimum usable signal level for the victim LTE UE. In this case, it’s the reference sensitivity of LTE UE, for 5 MHz channel, it is -94 dBm and for 10 MHz channel, it is -100 dBm

	Desense Margin, 5.8dB for 1dB desense and 0dB for 3dB densense.
Further rewrite the equation above, we have,


If only look at the interference occurred at the edge of the victim LTE cell, we have







We define edge of a LTE cell to be the received signal strength at most 3 dB above the MUS, i.e, . The probability density functions (PDFs) of both the LTE UE Tx power and the victim LTE UE Rx power can be obtained by Monte Carlo simulations. The victim LTE UE DL SINR can also be obtained through the Monte Carlo simulation. Once the PDFs and the SINR distribution are obtained, the above equations are evaluated numerically and the probability of interference is calculated

1. Results and outcomes of studies
11. Scenario A
11.0.1. Probabilistic study P4
In the section, the result of LTE UE interfering LTE UE at close proximity is shown in Table 22. Three possible separation distances are analyzed. i.e., 1 meter, 3 meters and 5 meters, which correspond to 30.6dB, 40.6dB and 44.6dB free space path loss, respectively.  Note that the total antenna plus body loss of -20dB from both devices are taken into account in the results. It is also assumed that the interfering LTE UE is always transmitting. 

[bookmark: _Ref347898503]Table 22- Probability of interference from LTE UE to LTE UE at close proximity

	
	1 meter separation
	3 meter separation
	5 meter separation

	LTE UE Pmax (dBm)
	23
	23
	23

	Emission limit (dBm/MHz)
	-32
	-32
	-32

	ACP (dBc)
	45
	45
	45

	Overall probability of interference with 3dB desense
	5.1%
	0.46%
	0.13%

	Probability of interference at edge with 3dB desense
	14.6%
	1%
	0.25%



Several criteria can be used here to determine if certain interference is acceptable to the victim system.  For cellular services to cellular services the 3GPP optional limit for B27 LTE UE protecting B28 LTE UE (see TS36.101 Table 6.6.3.2-1) is -32dBm/1MHz OOBE, For B27 cellular to B28 cellular interference, we assume the interference is manageable if the overall probability of interference caused by the aggressing system is less than 5 %.   The results show that with -32dBm/MHz, the interference caused by the aggressing system is manageable.

A typical emission from a 10 MHz LTE UE is shown below for both the full RB allocation and 1RB allocation cases are shown in Figure 29 (The same as Figure 15, shown here for easy reference)

[bookmark: _Ref347898590]Figure 29- Emissions from a 10 MHz E-UTRA signal
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At 10 MHz offset from the channel edge, the OOB is about -25 dBm/MHz with full RB allocation, -32 dBm/MHz requirement can be met with the help of duplexer. However, main issue here is due to the 3rd order IMD product (360 kHz bandwidth) falling into the adjacent channel (0-9 MHz offset region) for the 1RB case, the duplexer does not help and the OOBE is about -15 dBm/MHz. That’s is why roughly 10 MHz UL/DL guard band is needed for 10 MHz LTE deployment

Currently in many regions the bands plan immediately above 806 MHz is designed for legacy systems which are based on narrow band technology. In some regions operators would like to reuse their spectrum holding in these bands to deploy larger bandwidths systems such as LTE. However in this case we may face co-existence issues since the OOB emission mask and blocking interferer offset would scale with channel bandwidth and therefore deploying these LTE larger channel bandwidth systems could cause significant interference to LTE BS and terminal of the adjacent B28 system particularly where there is clash in duplex direction. 

· For B27 cellular services the 3GPP protection limit of -32dBm/1MHz would provide overall probability of interference with 3dB desense of 5% at 1 metre separation to an adjacent B28 device  

· To meet this B27 3GPP optional protection limit would require a complex emission /power profile, control channel over-provisioning and additional maximum power reduction (AMPR) for larger channel bandwidths resulting in  significant loss of uplink capacity and peak throughput.  

· One solution would be ensure that there is sufficient UL/DL guard band in the case a larger channel bandwidth is deployed in B27

· Alternative solution would be to restrict the deployed B27 LTE channel bandwidth at the edge of the operating band where such interference scenarios so as not to interfere with a B28 UE device 

· further solution would be to maintain the current narrow band deployment at the 806/7MHz channel edge. thus minimizing  the UL/DL guard band need to protect the APT-700 MHz (B28) band



Annex 6- Japan Study 
1.  Introduction
This study is introduced from the study performed in the consideration of introduction of LTE system in the digital dividend band in Japan. The study is based on the essence extracted from the study report on the concerned subject investigated in the Information and Communications Council of Japan placed under the Ministry of Internal Affairs and Communications. This is a case that broadband communication systems are deployed in relatively narrower separation frequency between APT700MHz band and 800MHz band as called B18 defined in 3GPP.

It is explained in this case study that the interference is caused from the 800MHz band mobile terminals to the 700MHz band mobile terminal receiver for both in-band interference and out-of-band interference.

2.  Methodology & Parameters
2.1. Probabilistic sharing analysis methodology
2.1.1.    Probabilistic study P5
Cases to be focused in the simulation study were as follows:
- Interference scenario is from the transmitter of mobile terminal in 800MHz lower band (B18 in 3GPP definition) to the receiver of mobile terminal in APT700 upper band,
 -  The lower edge of the 800MHz lower band is 815MHz which is the band edge of 
the existing operating band, and the upper edge of the APT700 upper band is 803MHz, and this separation frequency between those band edges of12MHz is a guard band.
 -  Channel sizes of LTE carriers in the study were 5MHz, 10MHz and 15MHz.

· In-band interference
The probabilistic study was performed to investigate the interference power level into the in-band of the interfered mobile terminal receiver such as in APT700 upper band by the unwanted emission from the possible interfering mobile terminals such as in 800MHz band whose lower edge is 815MHz under the urban model in the simulation. Here the required decrease level of interfering level caused by unwanted emission from the transmitting terminal to the permissible interference level of -111dBm/MHz was calculated so for the occurrence probability of the event, that the total interference power received at an interfered terminal become higher than the permissible interference level of the mobile terminal, as to be less than 3%. This figure is adopted in the interference evaluation by one country in Region3. In the simulation it was assumed that cell radius of the BS is 750m and distance between concerned mobile terminals is within 100m which was adopted for the calculation. Here the guard band value is a parameter in the calculation.

· Out-of-band interference
In the study of the out-of-band interference, the required value for the received power becoming the permissible interference level was calculated as such by comparing the power received in the out-of-band of the interfered mobile terminals in APT700 band, obtained by probabilistic simulation, with the permissible interference level for the out-of-band interference of LTE mobile terminal of -44dBm for 10MHz guard band. 

3.  Results and outcomes of studies
3.1.  Scenario A
3.1.1.   Probabilistic study P5
When the sign of the calculated required decrease power density of the mobile terminal for the permissible in-band interference level changes from “plus” to “minus”, that is, this corresponds to the aggregate in-band interference power density under the condition of the occurrence probability of 3% becomes lower than the permissible in-band interference level, the unwanted emission level of the interfering user terminals at 803MHz for each carrier sizes are as follows:
· -32dBm/MHz for 5MHz carrier size,
· -39dBm/MHz for 10MHz carrier size, and 
· -43dBm/MHz for 15MHz carrier size.

When considering both specification values for each carrier size and also practical attenuation value of the duplexer of the interfering mobile terminal, it is expected that the value of the realistic unwanted emission from the interfering mobile terminal is secured as around -40dBm/MHz in the case of LTE carrier size of 5MHz and 10MHz, and -28dBm/MHz in the case of LTE 15MHz carrier size, taking into account of both RF specification of LTE user terminal such as spurious emission mask and the RF characteristics of real duplexer of about 15dB attenuation in 12MHz guard band. Although it was resulted that additional 15dB degradation was required in case of LTE 15MHz carrier size, if the practical and technical condition on the characteristics of the filter in the market for 700MHz band, as in one country in Region2 is considered, it was confirmed that the unwanted emission level of -43dBm/MHz at the frequency of 12MHz away from the edge of the transmitting band for LTE 15MHz carrier could be realized. 

Then it was thought that co-existence can be possible even in the case of LTE 15MHz carrier size if the duplexer having the equivalent characteristics with the one on the market as looked above will be used in the mobile terminal. 

If to increase the attenuation of the unwanted emission power density of the mobile terminal by use of the practical performance of the duplexer is difficult, it could be expected that the unwanted emission level will be attenuated by use of the LTE system function named as A-MPR. 

As another measures, if the harmful interference could be expected between LTE mobile terminals in a certain area, it could be also expected that the unwanted emission level could be decreased since the average transmission power from the mobile terminals can be controlled so as to be in lower level state by the additional installation of base stations in higher density in those area having possibly higher harmful interference.

On the out-of-band interference, as a result of the probabilistic study, the values required for the decrease of the aggregated interference power in the out-of-band, which is related to the sensitivity suppression, for each three types of LTE carrier size such as 5MHz, 10MHz, and 15MHz, become minus value when guard band of 10MHz is kept. This means enough lower power level can be aggregately received at the concerned receiver with 10MHz guard band. Then it was confirmed in such a use case that co-existence is possible with the prohibition from the out-of-band harmful interference. 

In this consideration the current state on the guard band between APT700 upper band and Band 18 uplink lower band whose lowest frequency is 815 MHz is provided as an information that the guard band of 12 MHz is secured in such frequency deployment mentioned above on the scenario based on the result of the probabilistic study taking  account of both 3GPP specifications on the spurious emission mask of LTE terminal and the realistic performance on the attenuation of the practical duplexer on the market used in 700 MHz band.

If there is similar frequency deployment of the radiocommunication systems using LTE technology in other frequency band, it could be required that the guard band depending on the allocated frequency and traffic condition should be considered taking account of the characteristics of the unwanted emission of the mobile terminals as mentioned above.

Annex 7- Telstra Monte Carlo Studies 
1. Introduction
To investigate the likelihood of interference between 700 MHz LTE and 800 MHz LTE systems, three Monte Carlo simulation ‘scenarios’ were developed:

· A: interference from an IMT (LTE) base-station transmitter, operating immediately below 803 MHz with a channel width of 15 MHz, into a co-sited IMT (LTE) base-station receiver operating above 806 MHz with a channel width of 5 or 10 MHz;
· B: interference from a number of IMT (LTE) base-station transmitters, operating immediately below 803 MHz, into a non-co-sited PPDR (LTE) base-station receiver operating above 806 MHz; and
· C: interference from a number of PPDR (LTE) UEs operating above 806 MHz, into a nearby IMT (LTE) UE operating immediately below 803 MHz.

These scenarios are illustrated in the following diagrams:
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The specific system characteristics assumed for this analysis are provided in Appendix 1 to this Annex. 



1. Methodology & Parameters
 (
Figure 2: Wanted versus unwanted signal paths
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)The IMT 700 MHz system and 800 MHz LTE systems are set up as two radio paths operating within their own performance requirements.  This allows the derivation of the wanted signal at a receiver and the level of interference from the unwanted transmitter.  The location of the receivers is chosen randomly so as to be uniformly distributed over each of their respective operational service areas.
















To calculate the amount of interference power, the model uses 3GPP emission masks for BS and handset transmitters [3GPP TS 36.104 and 3GPP TS 36.101]. At BSs, a transmitter band-pass filter is used to reduce out-of-channel emission levels.  For BS receivers, a band-pass filter is used to reduce adjacent channel interference power (ie. improve Rx selectivity).  No additional filter is used for handset receivers.  Three components of received interference power are calculated at the victim receiver (see Figure 3):
· Firstly, transmitter power falling into the receiver pass-band (out of block power);
· Secondly, the power in the unwanted transmitter pass-band being picked up by the ‘skirts’ of the receiver filter (in-block power attenuated by the selectivity of the receive filter); and
· Thirdly, the transmitter out-of-band emission power in the frequency gap between receiver and transmitter being picked up by the ‘skirts’ of the receiver filter.
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Figure 3: Unwanted emissions power components
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The Signal to Interference plus Noise Ratio (SINR) is calculated using the wanted signal strength within the channel of the victim receiver and the sum of interference component powers as illustrated above. This is an aggregate SINR across the entire receive channel, and not a link budget SINR[footnoteRef:11]. [11:  For LTE, a link budget SINR would be calculated for each sub-carrier.] 


For each parameter set, the calculation was repeated a total of 2000 times – resetting the random parameters for each iteration in order to achieve a statistically reliable result.  

As further described below, the sensitivity of SINR to various parameters was also explored: 
· the band edge of the 800 MHz PPDR/LTE system was stepped over the range 806 MHz to 814 MHz to assess the effect of increased frequency separation (guard-band offset),
· the relative positioning of co-located 700 and 800 MHz base-station antennas to assess the effect of antenna isolation in various orientations,
· the attenuation roll-off performance of transmit and receive filters, to assess the impact of better and poorer performing filters, and
· the effective density of nearby interfering handsets, to assess the impact of multiple handsets on victim UE receiver performance.

Sensitivity Analysis
As noted above, each of the three scenarios was modelled for varying guard-band offset from 3 MHz to 11 MHz – equivalent to a lower-boundary of the broadband PPDR (LTE) system varying from 806 MHz up to 814 MHz.   Moreover, each of the scenarios was further investigated for sensitivity to variation of several other key parameters, to explore any potential for impact on interference (see the Attachment to Annex 3, for overview of Monte Carlo simulation cases):
·  (
3~11 MHz
)Firstly, a baseline set of results was derived for the three scenarios with the guard-band offset varying from 3 to 11 MHz:








· A second set of results for each scenario, and guard-band offset, was derived using a nominal reduced filter roll-off characteristic:
· for base-station filters, the roll-off was reduced from 40dB@3MHz-offset to 20dB@3MHz-offset; and
· for UE filters, the roll-off was reduced from 20dB@3MHz-offset to 10dB@3MHz-offset:






· In the third set of simulations, for each scenario and guard-band offset:
· co-sited antennas separation was changed from horizontal (2m separation) to vertical (1.7m separation); and
· for the non-co-sited base-station case, the interfering ‘LTE-700’ base-station antenna height was reduced by 1.7m; or
· the density of interfering UEs was increased from 9 UEs/ km2 to 18 UEs/km2.


1. Results and outcomes of studies
The results of simulations have been grouped by scenarios (rather than by calculation set) and are plotted in the following sub-sections:
· co-located base-stations scenario - sub-section 1
· non-co-located base-stations scenario – sub-section 2; and
· UE-to-UE simulations – sub-section 3.
A notional threshold level of 5% probability of interference has been adopted in all cases, to determine the relevant minimum Signal-to-Interference-plus-Noise Ratio (SINR) – as illustrated in Figure 4:
 (
Figure 4: Determination of Threshold SINR
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However, simulations also included investigation of application of a nominal interference threshold of 1%, as a sensitivity comparison.

Table 1 on the following page presents a summary of the simulated performance of all scenarios, and shows that the potential for interference is negligible for all but one case (which is readily resolved by base-station filtering equipment):
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	Deployment Scenario
	System Characteristics
	Guard-band offset (MHz)
	Simulation Case
	Minimum SINR @ 5% probability
	Minimum SINR @ 1% probability
	Conclusions

	Co-located base-stations
	3GPP LTE Specifications:
- IMT: 2 x 15 MHz
- PPDR: 2 x 5/10 MHz
	3~11 MHz
	Baseline:
- base-station filter roll-off = 40dB@3 MHz
	>32 dB
	>30 dB
	Very good performance due to good antenna-to-antenna isolation

	
	
	
	Relaxed IMT base-station Tx filter
	>32 dB
	>30 dB
	Very good performance

	
	
	
	Relaxed PPDR base-station Rx filter
	>32 dB
	>30 dB
	Very good performance

	
	
	
	Vertical, instead of horizontal antenna separation
	>32 dB
	>30 dB
	Very good performance

	Non-co-located base-stations
	Single IMT base-station interferer:
3GPP LTE Specifications:
- IMT: 2 x 15 MHz
- PPDR: 2 x 5/10 MHz
	3~11 MHz
	Baseline:
- base-station filter roll-off = 40dB@3 MHz
	>22 dB
	>13 dB
	Good performance

	
	
	
	Relaxed IMT base-station Tx filter
	>22 dB
	>13 dB
	Good performance

	
	
	
	Relaxed PPDR base-station Rx filter
	>1 dB
	> 3 dB for ≥ 5 MHz gap
	Adequate performance

	
	
	
	
	
	< 0 dB for ≤ 4 MHz gap
	Poor performance 

	
	
	
	Vertical antenna separation
	>23 dB
	>15 dB
	Good performance

	
	2~4 IMT base-station interferers:
3GPP LTE Specifications:
- IMT: 2 x 15 MHz
- PPDR: 2 x 5/10 MHz
	3~11 MHz
	Baseline:
- base-station filter roll-off = 40dB@3 MHz
	>14 dB
	>5 dB
	Good to adequate performance

	
	
	
	Relaxed IMT base-station Tx filter
	>14 dB
	>7 dB
	Good to adequate performance

	
	
	
	Relaxed PPDR base-station Rx filter
	>5 dB for        5+ MHz
	> 3 dB for 6+ MHz
	Adequate performance

	
	
	
	
	<0 dB for          3 & some 4 MHz gap cases
	< 0 dB for       3, 4 & some 5 MHz gap cases
	Some instances of poor performance

	
	
	
	Vertical antenna separation
	>15 dB
	>6 dB
	Good to adequate performance

	UE to UE interference
	One surrounding PPDR UE interferer:
3GPP LTE Specifications:
- IMT: 2 x 15 MHz
- PPDR: 2 x 5/10 MHz
	3~11 MHz
	Baseline:
- UE filter roll-off = 20dB@3 MHz
	>24 dB
	>20 dB
	Very good performance

	
	
	
	Relaxed UE Rx filter performance
	>24 dB
	> 9 dB
	Very good to adequate performance

	
	
	
	Increased density of interfering UEs
	>23 dB
	>10 dB
	Very good  to good performance

	
	2 - 4 surrounding PPDR UE interferers:
3GPP LTE Specifications:
- IMT: 2 x 15 MHz
- PPDR: 2 x 5/10 MHz
	3~11 MHz
	Baseline:
- UE filter roll-off = 20dB@3 MHz
	>22 dB
	>7 dB
	Very good to adequate performance

	
	
	
	Relaxed UE Rx filter performance
	>15 dB
	> 2 dB for ≥ 5 MHz gap
	Good  to Adequate performance

	
	
	
	
	
	< 0 dB for some 3 and 4 PPDR UE cases with 3 and 4 MHz gap
	Some instances of poor performance

	
	
	
	Increased density of interfering UEs
	>14 dB
	>1 dB
	Good  to adequate performance



Table 1: Summary of Telstra Monte Carlo Simulation Results




Note that only in the extreme cases of a relaxed victim Rx filter selectivity – 20dB@3MHz for PPDR base-station receivers, and 10dB@3MHz for IMT UEs – and a non-co-located situation (with guard-band offset of 3~4 MHz) – is the SINR found to be insufficient to protect a victim receiver.  While this result highlights the need for reasonable protective filtering, we also note that such filtering is:
a) easily implemented at base-station sites - since physical space is usually available, and the minimum filter performance (40dB@ 3MHz offset) is not unduly challenging; and
b) less stringent than minimum UE selectivity objectives defined by 3GPP specifications.

1. Conclusions and Recommendations
The results compare receive ‘wanted’ power in the full channel bandwidth of a victim receiver with the received ‘umwanted’ interference also received over the full channel bandwidth.  This was done for various arrangements of BS and density of user devices (UEs), and for a range of guard-band offsets and filter characteristics.

Clearly, if reasonable filtering[footnoteRef:12] is implemented within base-station and UE receivers, then a guard-band of 3 MHz offers sufficient protection against interference between LTE-700 systems operating below 803 MHz and PPDR-LTE systems operating above 806 MHz. [12:  By referring to reasonable filtering, we suggest the following band-edge roll-off performance: 40dB@3MHz for IMT base-stations; and 20dB@3MHz for IMT UEs.] 


Note that further simulations have also shown that increasing the guard-band offset to 4 MHz would provide sufficient protection against interference for a probability objective of less than 1%.

On the basis of this guard-band recommendation, and recognising current 3GPP activity in relation to defining a Band #27 (806-824/851-869 MHz), then several LTE channel structural options become apparent:

Case A:  Legacy narrowband PPDR systems occupy lower (806-809/851-854 MHz) blocks
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Case B: Legacy narrowband PPDR systems occupy upper (821-824/866-869 MHz) blocks
 (
Band 5
806 MHz
821
866
851 MHz
803
849
824 MHz
869 MHz
5~15 MHz LTE
 Chans
5~15 MHz LTE
 Chans
LTE PPDR Application?
APac 700
Band 5
)







To provide administrations with maximum spectrum planning flexibility, it seems logical to further suggest that APT consider the proposed 3GPP Band 27 (806-824/851-869 MHz)  be identified for purposes of deploying IMT – and more specifically for deploying LTE systems that can be used for harmonised hosting of PPDR applications throughout Region 3 – and preferably on a more extensive global basis.

1. Graphical Presentation of Results
The following graphical summary of Monte Carlo simulation results illustrates the conclusions sumarised in the preceding section:

[bookmark: Section_2]Scenario A: Co-located base-stations 







At >32 dB, the 5% probability SINR is relatively good, and the results indicate that it:
· is insensitive to a decrease in guard-band offset 
· is insensitive to a modest degradation in the base-station Rx filter performance 
· is insensitive to whether co-located antennas are separated vertically or horizontally.

Thus, for the case of co-located base-stations (where bore-sight alignment of antennas is not possible), sufficient isolation can be achieved through nominal protective filtering and reasonable (>2m) separation of antennas – even for a 3 MHz guard-band between systems.

Scenario B:	Non co-located base-stations







At around 20dB, for a guard-band offset of 3~4 MHz or more, the 5% probability SINR presents no significant impact.  But, the results suggest that SINR is:
· degraded moderately by a decrease in guard-band offset
· degraded significantly by a degradation in the base-station Rx filter performance
· insensitive to a small change (30 m to 28.3 m) in the vertical height of the interfering LTE 700 MHz BS antennae – although, differential antenna elevations noticeably reduces the likelihood of bore-sight coupling.  [The victim LTE 800 MHz BS antenna height was held constant at 30 m.]

Thus, some degree of co-ordination may be required between IMT and PPDR base-stations, to avoid bore-sight alignment of high-gain antennas.  It is further apparent that reasonably good filter performance (roll-off = 40dB@3MHz) is also necessary to avoid interference.  But a minimum guard-band of 4 MHz would appear to be sufficient.
[bookmark: Section_4]
Scenario C:	UE-to-UE interference






At around 22 dB for the single-interferer case, the 5% probability SINR is: 
· insensitive to a decrease in guard-band offset in the baseline case
· insensitive in the one interfering UE case when the UE Rx filter performance is degraded
· insensitive in the one interfering UE case for the case of greater interfering UE density
· progressively degraded as the guard-band offset is reduced in the case of lower UE Rx filter roll-off
· is progressively degraded as the guard-band offset decreases for the case of greater interfering UE density.
These results indicate that, while only the LTE-700 user device may be affected in certain situations (and noting no impact on the PPDR-LTE user devices):
· UE receive filters should provide a minimum band-edge roll-off performance of 20dB@3MHz offset to achieve satisfactory operations with a 3 MHz guard-band;
· LTE-700 UEs are only affected in the case of many PPDR UEs being used simultaneously in close proximity; and
· Even in the presence of multiple active PPDR UEs, if the LTE-700 UE SINR remains above threshold, there will be no discernable degration of performance.

Annex 8 – Telecom NZ/Telstra Deterministic Studies
1. Introduction

At the 11th meeting of the APT Wireless Group (AWG-11), consensus was achieved in relation to the Region 3 channel plan and duplex arrangement for LTE services in the 700 MHz band (698 - 806 MHz).  The 3GPP has subsequently (Jun, 2012) finalised the implementation and co-existence parameters for this band now designated as Band #28 (FDD) and Band #44 (TDD).

While the lower-800 MHz band (806-824 MHz) is currently used by a variety of Fixed and Mobile Services, including low-capacity fixed links, and narrowband analogue and digital Land Mobile Systems (LMS), a growing number of countries are considering this band for deployment of mobile broadband systems including future PPDR (Public Protection & Disaster Relief) applications.  Depending on prevailing spectrum arrangements in each country, narrowband LMS are expected to continue operating within a portion of the band at least for some transitional period, and will thus co-exist alongside mobile broadband systems. These legacy narrowband LMS may be located either above or below the mobile broadband systems, depending on current spectrum arrangements.

At previous AWG meetings, several studies[footnoteRef:13] were presented in regard to adjacent-band co-existence of narrowband PPDR and mobile broadband systems, as a part of the development of the final Region 3 ‘digital dividend’ band plan. These studies also considered sharing between mobile and the fixed services that currently use the 800 MHz band. These studies generally concluded that a minimum guard band of 3 MHz (803-806 MHz) was sufficient between the upper edge of future 700 MHz LTE mobile broadband systems and the lower edge of existing 800 MHz fixed and mobile systems. [13:  For example:AWG-11/INP-46, AWG-11/INP-81, AWG-12/INP-24, and AWG-12/INP-60 ] 


2. Objective & Key Conclusions
The purpose of this contribution is to present the results of studies specifically addressing the co-existence of 700 MHz LTE mobile broadband systems with 800 MHz LTE mobile broadband systems potentially serving PPDR applications.  Specifically, a deterministic study of the potential for interference caused by 700 MHz LTE base-station transmitters (downlink) into the 800 MHz LTE PPDR base-station receivers (uplink) is presented as typical of a worst case scenario. The particular deployment scenario addressed comprises a 700 MHz LTE system with upper edge of a 5 MHz or 20 MHz channel at 803 MHz, and 800 MHz LTE (PPDR) system with lower edge of a 10 MHz channel at 809 MHz – that is, a 4 MHz guard-band offset between the systems.  These studies have concluded that the minimum coupling loss (MCL) for co-existence can be readily achieved by use of modest base-station duplexing filters that vendors consider to be practically feasible and can be realised using current filtering technologies.

It should be further noted that the results of these deterministic studies agree very closely with independent studies recently completed by 3GPP[footnoteRef:14] – although, to improve co-existence with existing Band #5, 3GPP decided that the lower-edge of the new lower-800 MHz band (Band #27) should be shifted upwards by 1 MHz to cover the 807-824/852-869 MHz spectrum segments.  This adjustment will logically result in a 4 MHz lower guard-band further improving co-existence between 700 MHz LTE mobile broadband systems and 800MHz LTE (PPDR) mobile broadband systems operating within Band #27. [14:  Refer to summary technical report: 3GPP TR 36.820] 


3. Proposal

To reflect the important conclusions of these studies, it is therefore proposed that the text in Annex A to this contribution be included within the relevant section (possibly as part of a new section 5) of the APT Report on PPDR Applications using IMT-based Technologies and Networks (AWG-12/OUT-17) currently being developed by the AWG.




ANNEX A: proposed new Section – APT Report on PPDR Applications using IMT-based Technologies and Networks (AWG-12/OUT-17)

CO-EXISTENCE OF BAND 28 (700 MHZ) AND BAND 27 (800 MHZ) IMT SYSTEMS

Relevant Sharing Scenarios

The two bands of relevance to mobile broadband co-existence studies addressed in this section are:
· 3GPP Band 28  - being a FDD structure, comprised of the blocks 703 -748 MHz (uplink) and 758-803 MHz (downlink); and
· 3GPP Band 27 – also a FDD structure, comprised of the blocks 807-824 MHz (uplink) and 852-869 MHz (downlink.
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Figure X.1 Relevant Bands for Mobile Broadband Co-existence

For satisfactory co-existence (same geographic area) or co-location of a Band 28 base-station with a Band 27 (PPDR) base-station the following sharing criteria must be met.

1. The out-of-band  emissions of a Band 28 base-station transmitter should not cause unacceptable degradation of a Band 27 base-station receiver;
2. The spurious emissions of a Band 28 base-station should not cause unacceptable desensitization of a Band 27 base-station receiver; and
3. The total carrier power of a Band 28 base-station transmitter should sufficiently attenuated by the Band 27 receiver RF filter (and any other filters, such as IF filters) to avoid blocking effects.
Clearly, criteria 1 and 2 impose requirements on the Band 28 base-station transmitter in regard to OOB and spurious emissions.  However, criteria 3 imposes requirements on the Band 27 receive filter rejection (selectivity) performance.

Taking account of the minimum equipment performance specifications provided by 3GPP Technical Specifications (3GPP TS 36.104), the Minimum Coupling Loss (MCL) necessary to meet the above three key criteria can be readily determined.  This MCL objective is then achieved by a combination of filtering equipment (such as duplexing and other site filtering) and any specific deployment arrangements aimed at minimizing interference risks.

Key Parameters for Co-existence

The 3GPP Technical Specification TS 36.104 and 3GPP Technical Report TS 36.820 defines the following key parameters relevant to ensuring satisfactory co-existence:

1) ACLR1 and ACLR2 = -45dBc
2) Base-station spurious emissions, in the same geographic area as base-stations operating in other frequency bands (such as Band 27) = -49 dBm/ MHz (TR 36.820 V11.0- 7.2.1)
3) Base-station transmitter PA OOB emissions = -13 dBm/MHz (for multi-standard base-stations). This is a worst-case value for systems operating below 1 GHz that have a higher OOB emission (ie. Category A).
4) Receiver desensitization: wanted-to-unwanted interfering signal in a Band 27 base-station receiver suffering 6dB sensitivity degradation = -52 dBm (for ACS), or -43 dBm (for in-band blocking).  A more realistic assumption is 1dB desensitization of the victim receiver, resulting in wanted-to-unwanted ratio = -63dBm, and -54 dBm, respectively ( 3GPP TR 36.820 V11.0 sec 7.2.1)

Interference Mechanisms

Referring to Figure X.1 above, the key interference mechanisms that must be considered are:

1) Band 28 LTE base-station transmitter impacting on the Band 27 LTE (PPDR) base-station receiver; and
2) Band 27 LTE (PPDR) UE (or mobile device) transmitter impacting on a (nearby) Band 28 LTE UE receiver. 

In the case of 2), there are statistical analyses that suggest the likelihood of such interaction is not common, and may even be considered a rare occurrence due to the involvement of a number of statistical parameters and scenarios.  Therefore, this contribution specifically focuses only on the first interaction.

Investigation of co-existence between systems is usually undertaken by considering each aspect separately, and determining their relative impact:
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Figure X.2 Interactions between Interferer Tx and Victim Rx

The usual approach is to sequentially evaluate the worst-case required MCL value:
· The level of Tx emissions falling into the Rx channel bandwidth, due to
· OOB emissions from the Tx; and
· Minimum ACLR requirement of the Tx
· The victim Rx sensitivity degradation due to OOB and spurious emissions from the Tx; and
· The level of Rx blocking arising as a result of victim Rx ACS performance.

The following sub-sections present a deterministic evaluation of these scenarios, to determine the worst-case required MCL and the consequent site filtering requirements to avoid interference impacts.


Reference System Configurations

For the purposes of this analysis, the following system configurations are assumed:

· Band 28 LTE Interferer system:
· Case 1: 20 MHz LTE carrier with upper edge at 803 MHz
· Case 2: 5 MHz LTE carrier with upper edge at 803 MHz

· Band 27 LTE (PPDR) system:
· 10 MHz LTE carrier with lower edge at 809 MHz

Interference contributions by the Band 28 LTE base-station transmitter arise from OOB and spurious emissions, depending on the relative offset of the Band 27 LTE (PPDR) receiver.  According to ITU-R Rec. SM.329, the nominal OOB domain boundary occurs at an offset of 250% of channel bandwidth measured from the carrier centre.  However, 3GPP has imposed more stringent requirements on IMT emissions performance (for channel bandwidths of 5-20 MHz) by defining the OOB domain boundary at an offset of 10 MHz from the carrier edge, beyond which the spurious emission limits shall apply.  These parameters are shown in Figure X.3:
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Figure X.3 Reference System Configurations

It can be readily seen that Band 28 OOB emissions will fall within the lower portion (809-813 MHz) of the 800 MHz LTE (PPDR) base-station receiver channel, while the spurious emissions limits will apply to the upper portion (813-819 MHz) of the receiver channel, for both cases above (ie. 20 MHz and 5 MHz LTE carriers in Band 28 will exhibit similar OOB emissions).
 

Determining Worst-case OOB emissions

The OOB emissions of the LTE BS transmitters are defined in terms of an ACLR parameter.  The ACLR 1 and ACLR 2 parameters apply to the first and second adjacent channels respectively. The 3GPP technical specification TS 36.104 v10.7 (section 6.6.2.1) defines two criteria for ACLR, and the resulting OOB emissions will be the worst-case value of the two:

Criteria #1: -13 dBm/MHz (Category A), or
Criteria #2: -45 dBc (for both ACLR1 and ACLR2)
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)The ACLR offsets are equal to the bandwidth of the assigned transmit channel, as illustrated in the following Figure:








Figure X.4 - ACLR Definition
The determination of OOB emission levels proceeds as follows:

ACLR Criteria 1: 						= -13 dBm/MHz
ACLR Criteria 2:				
BS Output Power 						= 40 W   (+46 dBm)
 PSD of 20 MHz LTE carrier				= 33 dBm/MHz
and PSD of 5 MHz LTE carrier				= 39 dBm/MHz
Maximum ACLR1/ACLR2					= -45 dBc
		
	 unwanted OOB Emissions (case 1: 20 MHz)		= -12 dBm/MHz
	 unwanted OOB Emissions (case 2: 5 MHz)		= -6 dBm/MHz

Therefore, the worst-case unwanted OOB level is determined by ACLR Criteria 2 - which suggests that the total unwanted OOB emissions falling within an adjacent 10 MHz LTE (PPDR) channel might be:

Case 1: 20 MHz LTE interferer				= -2 dBm/10MHz  
Case 2: 5 MHz LTE interferer				= +4 dBm/10MHz  

It is particularly notable that the narrower 5 MHz LTE case results in higher OOB emissions, than the case of a 20 MHz LTE carrier – due to the transmitter power being concentrated within a smaller bandwidth.

However, it should also be noted that where a guard-band offset is also interposed between the interferer and victim channels, the OOB emissions will typically not cover the entire victim bandwidth.

Sensitivity Degradation of PPDR BS receivers
In addition, analysis of the impact of OOB emissions from a Band 28 LTE base-station on the sensitivity of Band 27 LTE (PPDR) BS receivers was undertaken. Typical engineering practice seeks to ensure that any interference should be at least 10 dB below the victim receiver noise floor – that is, a minimum I/N ratio of -10 dB.  This criterion is adopted below to derive a minimum coupling loss (MCL) requirement.  In the following analysis, the OOB domain is assumed to extend over the entirety of the victim receiver channel, in accordance with ITU-R SM.329 – thus, represents a worst-case analysis:
 
20 MHz Band 28 LTE transmitter impact on a 10 MHz Band 27 LTE (PPDR) receiver

Let: 
Relative interference level (I/N)			= -10 dB
Victim Rx BW 					= 10 MHz
Victim Rx Noise Figure				=  5 dB

Noise floor 					= KTB + NF
								= -174 + 10.log10 (10 MHz) + 5
								= -99 dBm

 max allowable interference level	= -109 dBm (10 dB below noise floor)

Worst-case OOB emission level 			= -12 dBm/MHz
for  a 10 MHz victim channel			= -2 dBm/10 MHz

 minimum coupling loss (MCL)			= -2 - -109
= 107 dB for a victim 10 MHz LTE (PPDR) Rx

Now, the deployment conditions must be considered to determine what portion of this MCL can be ascribed to deployment isolation, and what portion must be met by site filtering:

Assume two deployment scenarios:

	Scenario 1:	Both LTE systems are co-located on the same tower; and
	Scenario 2:	Respective LTE systems occupy distinct site locations. 

Scenario 1 	Co-located base-stations

Assume a typical net isolation figure of 60 dB for vertically-separated antennas, and feeder losses (FL) of 2 dB: 

Isolation					= Antenna isolation + FL (PPDR) + FL (LTE)
							= 60 + 2 +2 dB
Target MCL					= 107 dB
 isolation shortfall				= 43 dB

This shortfall of 43 dB must be provided by implementation of suitable duplexing/coupling filters at the Band 28 LTE base-station transmitter.

Scenario 2 	Distinct base-station sites in the same geographic area.

In this scenario, we also assume a worst-case situation of the two sites directly ‘pointing’ towards each other, and each employing an antenna with a gain of 15 dBi.

The MCL is determined by considering:

MCL =  + FL(LTE) – Ant Gain LTE + Pathloss – Ant Gain (PPDR) + FL (PPDR 
							= +2 -15 + Pathloss -15+2 dB
 MCL					= PL -26 dB

Solving for Pathloss:			Pathloss	= MCL +26
							= 107 +26		- for a target MCL = 107 dB 
							= 133 dB

The above MCL value for Scenario 2 is comprised of a path loss and any additional rejection provided by the duplexing filters.

Assuming base-station filters provide rejection of the order of 43 dB, then the minimum residual required path loss will be 91 dB (that is: 133 dB - 43 dB).   For a perfectly clear environment (free-space, over smooth earth), at 809MHz, this path loss equates to about 1.06 km physical separation between BSs.  In practice, there urban building clutter, or rural foliage and natural terrain obstructions will arise – so the realistic separation distances will be significantly lower – around just a few hundred metres or so.  Following usual practices, specific co-ordination of base-station siting, taking account of local conditions and terrain, must be undertaken in all cases.

But, from the above calculations it can be generally concluded that, to achieve acceptable co-existence between a 20 MHz Band 28 LTE system and a 10MHz Band 27 LTE (PPDR) system, site filtering (duplexer/coupling) should provide 43 dB of isolation as a minimum.

5 MHz Band 28 LTE transmitter impact on a 10 MHz Band 27 LTE (PPDR) receiver

In contrast, if the Band 28 LTE base-station transmitter is configured for a 5 MHz LTE carrier abutting the 803 MHz band edge, then according to ITU-R Rec.329, the OOB domain extends to 813 MHz with the spurious domain beyond.  Under that definition, the complete emission domain includes consideration of the spurious domain. Specifically: 
 
· The OOB emission domain (per SM.329) applies between 809 and 813 MHz which is 4 MHz of the bottom 10 MHz PPDR channel)
· The spurious domain(as per SM.329)  applies between 813 and 819 MHz which is the remaining 6 MHz of the bottom 10 MHz PPDR channel)
However, achieving the OOB emission limits is usually the more challenging, simply because it lies adjacent to the main emission bandwidth - and experience to date confirms that if the OOB limits are met, then the spurious emission limits will typically also be met.   Nonetheless, the calculations for each of the OOB and spurious contributions for each scenario are summarized below:

OOB Domain Calculation (for 4MHz bandwidth window: 809-813MHz)

Let: 
Relative interference level (I/N)			= -10 dB
Victim Rx BW portion				= 4 MHz
Victim Rx Noise figure				= 5 dB

Noise floor 					= KTB + NF
							= -174 + 10.log10(4 MHz) + 5
							= -103 dBm

 max allowable interference level		= -113 dBm (10 dB below noise floor)

Worst-case OOB emission level 			= -6 dBm /MHz 
for a 4 MHz bandwidth window		=  0 dBm /4MHz

 minimum coupling loss (MCL)		=  0 - -113
= 113 dB (for 4 MHz Rx b/w window)

Spurious Domain calculation (for 6MHz bandwidth window: 813-819MHz)

Spurious requirement(TS 36.104)  		=  -36 dBm/100 kHz (Category B)
for a 6 MHz bandwidth window		=  -18 dBm/6 MHz

Let: 
 		Relative interfering  level (I/N)			= -10 dB
Victim Rx BW portion			= 6 MHz
Victim Rx Noise figure			= 5 dB

Noise floor 				= KTB +NF
							= -174 + 10log(6* 10^6) + 5
							= -101 dBm

 max allowable interference level		=  -111 dBm ( 10 dB below noise floor)

Spurious  limit 				=  -36 dBm /100 kHz
for a 6MHz bandwidth window			=  -18 dBm/ 6 MHz

 Spurious MCL				= -18 - -111
= 93 dB (for 6 MHz Rx b/w window)
 
Consistent with experience, the calculated MCL requirement to avoid interference due to spurious emissions (93dB) is clearly seen to be less demanding than that necessary to avoid OOB interference (113dB).

Note: UEs that meet only the Category A spurious performance would need a more stringent MCL, since a higher level of spurious emissions is allowed (-13dBm/100kHz). However, it is expected that the majority of UEs, designed for global markets, will meet or better the Category B spurious performance objective.


Summary of MCL results
[image: ]
Achieving the MCL objectives determined in the preceding sub-sections will rely on a combined effect of: i) the OOB and spurious rejection performance of the Band 28 base-station duplexer filter; and ii) the attenuation attributable to site deployment arrangements.

· For example, in the case of co-sited base-stations where relevant antennas are vertically separated, an incremental 60dB contribution towards the MCL can usually be achieved without difficulty.

In addition, global base-station equipment vendors have indicated that filtering performance in the order 50dB can be expected for Band 28 LTE transmitters, at an offset of 3 MHz from the channel upper edge.  This advice also assumes a 200kHz drift allowance for environmental and manufacturing variations.  Therefore, the total isolation requirements (MCL) achievable by base-station filter rejection and antenna isolation is clearly comparable with the MCL objectives determined above.

Note that in the case of horizontally separated antennas, isolation values of at least 30dB are typically achieved.
 
Where the relevant base-stations are located at distinct sites (within the same general geographic area), and where main-beam coupling of antennas could arise, the combination of Band 28 LTE transmit filter rejection and sufficient physical separation of the sites will combine to achieve the MCL objective. The actual minimum site separation distance required to achieve the MCL objective is likely to vary with actual environment, as local topographic and clutter information is taken into account. 

Implication of 3GPP Spurious Emissions Limit

The 3GPP Technical Specification TS 36.104 defines the base-station co-existence spurious emissions limit, for base-stations in other frequency bands, to be -49 dBm/ MHz – and this will fall within the uplink block of the Band 27 base-station.  The required MCL to meet this requirement can be readily calculated and is shown below for 1dB degradation in receiver sensitivity.


	Thermal Noise Power Density
	dBm/Hz
	-174
	-174

	Band 27 Rx Noise Figure
	dB
	5
	5

	Band 27 channel bandwidth
	MHz
	5
	10

	Band 27 noise bandwidth 
	MHz
	4.5
	9

	 Band 27 Rx noise floor
	dBm
	-102.47
	-99.46

	Band 28 Tx spurious emissions limit
	dBm/MHz
	-49
	-49

	 interference level in Rx bandwidth
	dBm
	-42.5
	-39.5

	Max interference for 1dB Rx degradation
	dBm
	-108.47
	-105.46

	 resulting MCL objective
	dB
	66
	66

	Resulting Rx Interference + Noise level
	dBm
	-101.47
	-98.46

	actual Rx sensitivity degradation
	dB
	1.0
	1.0



These MCL values are, again, considerably less than the corresponding MCL values associated with OOB emissions due to the ACLR performance requirement.  As such, if satisfactory co-existence can be demonstrated in relation to the maximum ACLR performance, the MCL objective will obviously be easily met in the case of spurious emissions.  That is, if the PA output is designed to ensure a maximum OOB emission level of -13dBm/MHz (and competitive real equipment will typically be considerably better than this), and the duplexer filter OOB attenuation is 50 dB (or more) to ensure ACLR emissions falling within Band 27 meet 3GPP co-existence specifications, then the net spurious emissions will considerably lower than the maximum specified level of  -49dBm/MHz.

Implications of 3GPP Rx Blocking Criterion

Turning to the 3GPP base-station receiver blocking requirements, calculation of the required Rx filter selectivity in order to avoid Band 27 receiver degradation due to Band 28 base-station transmitter power is illustrated below.  In this case, the 3GPP specifications for Band 27 receiver minimum ACS performance (for 1dB sensitivity degradation) is defined to be -63 dBm, and the minimum in-band blocking immunity is -54 dBm.  These parameters are then used to derive the Band 27 Rx filter performance objectives.

Receiver ACS aspect:
	Thermal noise power density
	dBm/Hz
	-174

	Band 27 Rx Noise Figure
	dB
	5

	Band 27 Rx channel bandwidth
	MHz
	5

	Band 27 Rx Noise bandwidth
	MHz
	4.5

	 Band 27 Rx Noise floor
	dBm
	-102.47

	Allowable interference level for 1dB Rx degradation
	dBm
	-108.47

	Interfering signal power ACS
	dBm
	-63

	 min Rx duplexer filter rejection
	dB
	45.47

	and overall MCL objective*
	dB
	109


*Assuming Band 28 Tx Power = +46dBm (ie. +46 – –63 = 109)

These filter rejection values are also valid for 10 MHz PPDR systems, as the ACS is defined for a reference bandwidth, therefore allowing the absolute level to be calculated for the 5 or 10 MHz bandwidth.

Receiver blocking aspect:
	Thermal noise power density
	dBm/Hz
	-174

	Band 27 Rx Noise Figure
	dB
	5

	Band 27 Rx channel bandwidth
	MHz
	5

	Band 27 Rx noise bandwidth
	MHZ
	4.5

	 Band 27 Rx Noise floor
	dBm
	-102.47

	Allowable interference level for 1dB Rx degradation
	dBm
	-108.47

	 Interfering signal power (in band)
	dBm
	-54

	 min Rx duplexer filter rejection
	dBm
	54.47

	and overall MCL objective*
	dB
	100


*Assuming Band 28 Tx Power = +46dBm (ie. +46 – –54 = 100)

Global base-station equipment vendors have indicated that typical receive filters can achieve >70dB rejection performance. Therefore, the above filter objectives associated with assuring Rx selectivity and blocking immunity performance would appear to be easily met. 

Conclusions

The deterministic studies summarised in this contribution therefore conclude that Band 28 (700 MHz) LTE base-station transmitter can comfortably co-exist with Band 27 (800 MHz) LTE (PPDR) base-station receivers, where the lower edge of the PPDR channel is 809 MHz or higher. Satisfactory co-existence is primarily determined by the Band 28 (700 MHz) transmitter ACLR performance, and the associated MCL objective consists of a duplexing filter OOB rejection of around 50dB (or better) at 4 MHz offset, along with relatively modest deployment-based isolation (vertical antenna separation, or use of separate sites). Vendors have indicated that filters providing such performance are available today, and that co-existence of Band 28 and Band 27 systems can thus be readily achieved.

Appendix Detailed Calculations
[image: ]



Annex 9- Studies from China on Digital Trunking coexistence with IMT 
1. Introduction
In China, the services operating in bands above 806 MHz are the GSM-based digital trunked mobile communication system (GT800) and the CDMA-based digital trunked mobile communication system (GOTA) as well as iDEN and TETRA. 
This study considers the interference between IMT and GSM-based digital trunked mobile communication system (GT800)/ CDMA-based digital trunked mobile communication system (GOTA). In this report, IMT is mainly refers to LTE.
The following four cases were studied:
1. A: interference from a digital trunked mobile UE transmitter operating above 806 MHz to an IMT UE receiver operating in band 44 (scenario (c) in AWG-13/TEMP-39).
2. B: interference from an IMT BS transmitter in band 44 to a digital trunked mobile BS receiver operating above 803 MHz (scenario (d) in AWG-13/TEMP-39).
3. C: interference from a digital trunked mobile UE transmitter operating above 803 MHz to an IMT BS receiver operating below 803MHz (new defined scenario (k) for AWG-13/TEMP-39).
4. D: interference from an IMT UE transmitter in band 44 to a digital trunked mobile BS receiver operating above 803 MHz (new defined scenario (l) for AWG-13/TEMP-39).
The following figure shows the interference scenarios between IMT and digital trunked systems.
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Figure 1: Interference Scenarios between digital trunked mobile communication system and IMT

2. Parameters & Methodology
2.1. Sharing Parameters
2.1.1. IMT system
The parameters of IMT system are mainly chosen from 3GPP standard, the density of the active users is refers to Annex 2 of the last ITU-R JTG5-6 Chairman's Report. The main parameters are summarized as follows:


Table 1 IMT Parameters
	Parameters
	BS
	UE

	Duplex mode
	FDD/TDD

	Maximum spectral power density, dB(mW/Hz)
	−23
	−42.5

	Transmitter e.i.r.p. (dBm)
	55
	23

	Typical height of the transmitting antenna (m)
	30
	1.5

	Transmitting antenna type (sectorized/omnidirectional)
	3 sectors
	Omni

	Transmitting antenna gain, dBi
	15
	0

	Feeder loss (dB)
	3
	0

	Antenna down tilt
	3°
	--

	Channel bandwidth (MHz)[footnoteRef:15] [15: 	This value refers to the block size.] 

	5
	5

	Power control range (dB)
	20
	60

	[bookmark: _Ref229987886]density of the active users (number per km2)
	[bookmark: _Ref229987818]Urban/In-building : 18

	density of user equipments (number per km2) simultaneously operating in a 5 MHz bandwidth
	Urban = 3 (Freq reuse=1)

	Coverage radius
	Urban: 0.5 km



2.1.2. The GSM-based Digital Trunked Mobile Communication System (GT800)
The GSM-based digital trunked mobile communication system (GT800) is based on GSM system, the bandwidth of GT800 is 200 kHz. The following table provides the parameters of the GT800 systems which are adopted according to YDC 030-2004.
Table 2 GT800 parameters
	BS

	Parameters
	Requirement
	Description

	transmitter nominal power
	2.5W~640W
	divided into 8 power levels

	sub-carrier
	200KHz
	

	Typical height of the transmitting antenna
	60m
	

	Maximum adjacent power levels
	-57dBc
	Frequency offset ：400KHz

	
	-67dBc
	Frequency offset ：600KHz

	
	-74dBc
	Frequency offset ：1200KHz

	
	-74dBc
	Frequency offset ：1800KHz

	Discrete spurious
	≤－36dBm/100KHz
	9KHz～1GHz

	
	≤－30dBm/1MHz
	1～12.75GHz

	Wideband noise
	-80dBc
	100kHz～250kHz

	
	-85dBc
	250kHz～500kHz

	
	-90dBc
	500kHz～5frb2

	
	-100dBc
	＞frb

	Transmitter intermodulation  attenuation
	≥ 40dB/30KHz
	Extra-BS：One transmitter

	
	≥ 70dB/30KHz
	Extra -BS：Othere cases

	
	≤-60dBc/30KHz
	Intra-BS

	Reference sensitivity
	≤-106 dBm/200KHz
	

	Reference interference  co-channel（C/Ic）
	 9dB
	

	Reference interference  adjacent channel（C/Ia）
	 -9dB
	

	Blocking characteristics
	-26dBm
	Frequency offset ： 0KHz～600KHz

	
	-16dBm
	Frequency offset ：800kHz～3MHz

	
	-13dBm
	Frequency offset ：＞3MHz

	
	8dBm
	Out of Band

	MS

	Parameters
	Requirement
	Description

	transmitter nominal power
	39dBm
	divided into 4 power levels

	Antenna gain
	0dBi
	Omin1

	Typical height of the transmitting antenna
	1.5m
	

	Maximum adjacent power levels
	-30dBc
	Frequency offset ：200KHz

	
	-33dBc
	Frequency offset ：250KHz

	
	-60dBc
	Frequency offset ：400KHz  

	
	-60dBc
	Frequency offset ：600KHz  

	
	-60dBc
	Frequency offset ：600KHz~1800KHz

	
	-63dBc
	Frequency offset ：>1800KHz  

	Discrete spurious
	≤－36dBm/100KHz
	9KHz～1GHz

	
	≤－30dBm/1MHz
	1～12.75GHz

	Wideband noise
	-80dBc
	100kHz～250kHz

	
	-85dBc
	250kHz～500kHz

	
	-90dBc
	500kHz～5frb2

	
	-100dBc
	＞frb

	Transmitter intermodulation  attenuation
	≥ 70dB/30KHz
	

	Reference sensitivity
	≤-102dBm
	

	Reference interference  co-channel（C/Ic）
	>9dB
	

	Reference interference  adjacent channel（C/Ia）
	>-9dB
	The first adjacent channel

	
	>-41dB
	The second adjacent channel

	
	>-49dB
	The third adjacent channel

	Blocking characteristics
	-38dBm
	Frequency offset ： 600KHz～800KHz

	
	-33dBm
	Frequency offset ：800kHz～1.6MHz

	
	-23dBm
	Frequency offset ：1.6MHz～3MHz

	
	-23dBm
	Frequency offset ：≥3MHz

	
	0dBm
	Out of band


NOTE:
1: Antenna gain provided here is in accordance with the reality in China.
2: frb denotes the frequency offset corresponding to the near edge of the received band or 10 MHz whichever is greater.

2.1.3. The CDMA-based Digital Trunked Mobile Communication System (GOTA)
The CDMA-based digital trunked mobile communication system (GOTA) is based on IS-95 systems, the bandwidth of GOTA is 1.25MHz and the chip rate is 1.228Mcps. The following table provides the parameters of the GOTA system which is adopted according to YDC 031-2004.



Table 3 GOTA parameters
	BS

	Parameters
	Requirement
	Description

	transmitter nominal power
	40W
	adjustment down 15dB, step is 1dB

	sub-carrier
	1.25MHz
	

	Typical height of the transmitting antenna
	60m
	

	Maximum adjacent power levels
	≤-45dBc/30KHz
	Frequency offset ：750KHz~1.98MHz

	
	≤-60dBc/30KHz
	Frequency offset ：1.98MHz~4MHz

	
	≤-13dBm/100KHz
	Frequency offset ：≥ 4MHz

	Transmitter intermodulation 
	-52dBm
	Frequency offset：±900KHz, ±1700KHz

	Reference sensitivity
	≤-124 dBm
	

	Target CIR
	-17dB
	

	Drop of Calls
	 CIR < target CIR-0.5dB
	

	Blocking characteristics
	-26dBm
	Frequency offset ： 0KHz～600KHz

	
	-16dBm
	Frequency offset ：800kHz～3MHz

	Maximum receiving signal level
	-65dBm
	

	Noise 
	≤-108dBm/1.23MHz
	

	MS

	Parameters
	Requirement
	Description

	transmitter nominal power
	23dBm
	

	Antenna gain
	0dBi
	Omin

	Typical height of the transmitting antenna
	1.5m
	

	Maximum adjacent power levels
Discrete spurious
	≤-42dBc/30KHz
	Frequency offset ：850KHz~1.98MHz

	
	≤-54dBc/30KHz
	Frequency offset ：1.98MHz～4MHz

	
	≤-30dBm/100KHz
	Frequency offset ：≥ 4MHz 

	Target CIR
	-15.5dB
	

	Drop of Calls
	 CIR < target CIR-0.5dB
	

	Maximum receiving signal level
	≥ -25dBm
	

	Reference sensitivity
	≤-104dBm
	

	Noise
	≤-104dBm/1.23MHz
	

	Blocking characteristics
	-30dBm
	Frequency offset ： 900KHz



2.2. Sharing analysis methodology
In assessing the interferences between IMT system and GT800/GOTA, the Monte Carlo simulations were employed. The parameters involved in simulation are listed in 2.1. The position of the digital trunked mobile UE transmitter is deployed randomly within a 4km circular area around a central digital trunked base station.
For the cases of IMT interfering digital trunked systems (case B and case D), the base station of digital trunked system is placed at the center of the IMT area. This is the worst case for the interference from IMT to digital trunked system. In this scenario, 19 base stations, which are equivalent to 57 sectors in the IMT system, are considered. The topology is shown in Figure 2, where the separation distance between base station of digital trunked system and the central BS of IMT is increased for 0m to 50m, 100m, 150m, 200m and 250m as indicated by the red broken line. The user density and services model in the IMT system are refer to the Annex 2 of Chairman’s Report in the last ITU-R JTG5-6 meeting (5-6/180).


Figure 2 Topology of IMT Interfering digital trunked system

For the cases of digital trunked system, including GT800 and GOTA, interfering IMT (case A and case C), there are also 19 base stations of IMT system in the topology. IMT system is located at the junction of the coverage of three base stations of digital trunked  system, where the base station of digital trunked system has a wider coverage than IMT BS. Because of the power control of the uplink of digital trunked system, the terminals located on the edge of its coverage will transmit at a higher power than any other locations, which result in the worst case for the interference of digital trunked system to the IMT system.
Figure 3 shows the topology of these cases. There are five users in each sector in the IMT system, and all the resources in this sector are allocated evenly among them.


Figure 3 topology of digital trunked system interfering IMT
The propagation model adopted in this report is the same as that used in ITU-R JTG5-6. The propagation model is based on a set of reference parameters, ‘Hata’ model is used for short distances (0 km to 0.1 km), and the Rec. ITU-R P.1546-3 is used for long distances (1.0 km to 1 000 km). A method is used for interpolating between the predictions at 0.1 km and those at 1.0 km, details can be found in the Annex 6 of the last Joint Task Group 5-6 Chairman's Report (Document 5-6/180-E).
The interference mechanisms are illustrated in the following Figures, respectively:
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The ACLR of a signal is defined as the ratio of the signal’s power (nominally equal to the power over the signal’s pass-band) divided by the power of the signal when measured at the output of a (nominally rectangular) receiver filter centered on an adjacent frequency channel. The ACS of a receiver is defined as the ratio of the receiver’s filter attenuation over its pass-band divided by the receiver’s filter attenuation over an adjacent frequency channel.
The ACIR is a total index to evaluate the interference between two systems. ACIR is defined as the ratio of the power of an adjacent-channel interferer as received at the victim, divided by the interference power “experienced” by the victim receiver as a result of both transmitter and receiver imperfections. ACIR will be derived from ACLR and ACS. ACIR can be calculated via the following expression:


The interference evaluation criteria of the IMT and digital trunked system are different. For IMT system, the capacity loss is under consideration where the capacity loss less than 5% is acceptable. For digital trunked system, the interference from IMT system to GT800 or GOTA base station has to satisfy the reference interference co-channel(C/Ic) and the outage probability under 5% is tolerable.

3. Results and outcomes of studies
3.1. Scenario A
3.1.1. Probabilistic study P7
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Taking into account the mobility of terminals, the probability of collision between IMT UE and digital trunked UE is very low. The simulation results are shown in figure 4 and figure 5, the potential interference is negligible for this case.

Interference between IMT and GT800
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Figure 4 Results of GT800 UE Tx interfering IMT UE Rx


Interference between IMT and GOTA

[image: ]
Figure 5 Results of GOTA UE Tx interfering IMT UE Rx

3.2. Scenario B
3.2.1. Probabilistic study P8
In this scenario, the separation distance between digital trunked base station and the central BS of IMT is increased from 0m to 250m, the step is 50m. Simulation results are shown in figure 6 and figure 7. The most serious interference from IMT BS to the digital trunked base station is occurred when the distance between the BSs is 100m. In order to eliminate the harmful interference, the isolation distance or the guard-band is needed.

Interference between IMT and GT800
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Figure 6 Results of IMT BS Tx interfering GT800 BS Rx


Interference between IMT and GOTA
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Figure 7 Results of IMT BS Tx interfering GOTA BS Rx

3.3. Scenario C
3.3.1. Probabilistic study P7
Simulation results indicate that there is a certain degree of interference from GT800/GOTA UE to the base station of LTE. The required ACIR is about 38.5dB for the case of GT800 interfering LTE and about 54.5dB for the case of GOTA interfering LTE, as shown in figure 8 and figure 9.


Interference between IMT and GT800

[image: ]
Figure 8 Results of GT800 UE Tx interfering IMT BS Rx


Interference between IMT and GOTA
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Figure 9 Results of GOTA UE Tx interfering IMT BS Rx

3.4. Scenario D
3.4.1. Probabilistic study P8
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]The maximum interference in this scenario occurred when the separation between digital trunked base station and the IMT base station is 100m. The simulation result shown that the interference is negligible in this scenario in case the outage probability less than 5% is acceptable for both GT800 and GOTA.



Interference between IMT and GT800
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Figure 10 Results of IMT UE Tx interfering GT800 BS Rx


Interference between IMT and GOTA
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Figure 11 Results of IMT UE Tx interfering GOTA BS Rx

3.5. Conclusions
Results and analysis:
1.  In the scenario of case A and D, simulation results indicate that no additional isolation requirements are needed.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK14][bookmark: OLE_LINK15]2. For case B, the most serious interference occurred when the separation distance is 100 meters. The required ACIR is about 90.5dB for GT800 and about 83.8dB for GOTA. The specified emission mask of LTE base station will reach 45dB on the first adjacent channel. Therefore, additional ACLR isolation of LTE base station is about 31.5dB for protecting GT800 and about 32.7 for protecting GOTA (taking into account the equivalent bandwidth). This additional isolation requirement could be met by introducing several practical engineering deployment methods, e.g., physical separation, avoiding the assignment digital trunked channels nearby or improving RF filtering of LTE Base station. Manufacturers have indicated that this additional ACLR can be reached easily when the guard-band is 3MHz. On the other hand, GT800 and GOTA can be considered as narrow-band systems comparing with LTE system, the ACS performance can be easily reached on the 3MHz guard-band.
3. For case C, the required ACIR is about 38.5dB for GT800 and about 54.5dB for GOTA. From the parameters shown in 2.1, more than 70dB ACLR value of GT800 and more than 50dB ACLR value of GOTA can be achieved when the guard-band is larger than 1.8MHz. Therefore, no additional ACLR is required to meet the isolation requirements. On the other hand, the specified ACS of LTE BS could reach 45dB on the first adjacent channel. According to the simulation results, the additional ACS value of 9.5 dB for LTE BS is required in order to co-existence with GOTA system. In the same way, this requirement can be easily resolved by reserving 3MHz guard-band with proper RF filter.
The studies in this contribution conclude that the LTE system operating in band 44 can comfortably co-exist with the GT800 and GOTA systems operating above 806MHz.

Co-located base stations - baseline case
1 Tx 5 MHz 800	3	4	5	6	7	11	35.761530466856009	35.68217580834601	35.681275960377647	35.803380246306546	35.462742666878121	35.50262737265119	1 Tx 10 MHz 800	3	4	5	6	7	11	32.571962454169899	32.162813372315107	32.199659631250398	32.589145135603729	32.693997761862036	32.397969394499881	Guard-band offset (MHz))

SNIR at 5% probability of interference (dB)



Co-located base stations - lower performance receive filters
1 Tx 5 MHz 800	3	4	5	6	7	11	33.965155301863639	35.371580569524248	35.63792083034707	35.819391862992177	35.619344156686019	35.669457198606644	1 Tx 10 MHz 800	3	4	5	6	7	11	32.05323363946075	32.677696931626386	32.593026720367405	32.444586827425177	32.845620041268184	32.702995402791281	Guard-band offset (MHz))

SNIR at 5% probability (dB)



Co-located base stations - vertical separation of antennas
1 Tx 5 MHz 800	3	4	5	6	7	11	35.465712551963421	34.988896339062315	35.076010730742354	35.055610514563057	35.107346481844836	35.249320927431512	1 Tx 10 MHz 800	3	4	5	6	7	11	32.318528251174811	32.051433745175885	32.324651028730898	32.305861740082825	32.266075591556913	32.38422362368636	Guard-band offset (MHz))

SNIR at 5% probability of interference (dB)



Non-co-located base stations - baseline case
1 Tx 5 MHz 800	3	4	5	6	7	11	22.731832211272636	27.00451223367935	27.143760259927905	28.103681309344733	27.950414404031307	26.673288726993338	4 Tx 5 MHz 800	3	4	5	6	7	11	14.12718610770454	19.233668606505919	19.242026403533036	19.90995663869122	19.223081864199724	18.608896929815515	1 Tx 10 MHz 800	3	4	5	6	7	11	23.737121104310695	27.693838251982491	27.550928909340431	27.684242363654111	27.594157086973262	26.866072661733153	4 Tx 10 MHz 800	3	4	5	6	7	11	15.723710491763438	18.997643811490526	20.09600060269419	19.690212887104629	19.764836261217987	19.429709269566818	Guard-band offset (MHz)

SNIR at 5% probability of interference (dB)



Non-co-located base stations - lower performance  receive filters
1 Tx 5 MHz 800	3	4	5	6	7	11	2.7535046296960592	7.721783034194253	13.838014947281389	19.63684338816477	24.137619534588687	27.164006378034987	4 Tx 5 MHz 800	3	4	5	6	7	11	-6.4897602620172723	-0.34994753655769884	6.4539239058414406	10.770793819957024	16.27570180355108	18.329736611204289	1 Tx 10 MHz 800	3	4	5	6	7	11	1.3588014167081299	7.3682643898661402	13.530711081128299	19.708575351488015	24.53183539541482	27.214532066933462	4 Tx 10 MHz 800	3	4	5	6	7	11	-7.2899302451446122	-1.0031226999319538	5.5462128888687312	11.096702281202656	15.80794001669998	18.905403753026899	Guard-band offset (MHz))

SNIR at 5% probability (dB)



Non-co-located base stations - non-equal vertical separation
1 Tx 5 MHz 800	3	4	5	6	7	11	23.327548895916156	27.491125568611768	27.145505810114042	28.080048714568626	26.667814534361789	27.116979729802953	4 Tx 5 MHz 800	3	4	5	6	7	11	15.239376163169148	19.13508164342074	19.264583059615727	20.30307629365943	19.154376912422734	20.348600143058896	1 Tx 10 MHz 800	3	4	5	6	7	11	23.660531184216531	26.065068778136688	26.360156671644926	27.273965990211231	27.028643806427418	27.072374413155071	4 Tx 10 MHz 800	3	4	5	6	7	11	15.770797468156493	19.359738602205628	19.196995396951031	20.141196048242996	19.954368334541527	18.791655736461671	Guard-band offset (MHz)

SNIR at 5% probability of interference (dB)



UE to UE baseline case
1 Tx 5 MHz 800	3	4	5	6	7	11	24.324319685455574	24.178040579557589	24.61855995531819	24.103596229350352	24.693441924158375	24.612460568632333	4 Tx 5 MHz 800	3	4	5	6	7	11	22.743045203884581	22.845172659311029	23.805979750298739	23.464359524590432	24.223444779672889	24.095767697686327	1 Tx 10 MHz 800	3	4	5	6	7	11	24.076016747452993	24.202247581968201	24.32125357565749	24.076537993665589	24.530846871961739	24.508040587184659	4 Tx 10 MHz 800	3	4	5	6	7	11	22.277377857109521	22.812466676958163	23.215210105946593	23.05725119824973	23.14919610698049	23.873122321678927	Guard-band offset (MHz))

SNIR at 5% probability of interference (dB)



UE to UE - lower performance  receive filters
1 Tx 5 MHz 800	3	4	5	6	7	11	23.975773675847048	24.142262857628086	24.266982837740173	24.224435309740926	24.119252390107921	24.315124955323089	4 Tx 5 MHz 800	3	4	5	6	7	11	16.058314526141189	20.380696004906412	20.866362786100652	22.711157162957395	22.494692401751596	23.870381460281635	1 Tx 10 MHz 800	3	4	5	6	7	11	24.108833820812631	24.199898679859722	24.244322940136051	24.122324298255727	24.507088771716365	24.408785308202383	4 Tx 10 MHz 800	3	4	5	6	7	11	15.333952989727274	19.212431684633003	22.434684679501586	22.437610157527189	23.072642968040586	23.847246065714401	Guard-band offset (MHz)

SNIR at 5% probability (dB)



UE to UE - density increased from 8.7 to 18 UE/km^2
1 Tx 5 MHz 800	3	4	5	6	7	11	23.800702993339538	24.113646011092591	24.024455429026734	23.817176850196191	24.215408228895491	24.265386249637036	4 Tx 5 MHz 800	3	4	5	6	7	11	15.541252472671788	17.783466988665204	19.596088003933883	22.23121873772876	22.971408401491043	23.1209501558894	1 Tx 10 MHz 800	3	4	5	6	7	11	23.600133824818691	23.515634479164145	23.478545301900834	24.342605541840122	24.210946307776187	24.522616950245013	4 Tx 10 MHz 800	3	4	5	6	7	11	14.917815725967246	15.40648167539582	16.435673735057829	19.420023660822689	20.025303721630692	22.980257893326954	Guard-band offset (MHz)

SNIR at 5% probability of interference (dB)
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Formula

LTE TX Power a 46dBm

LTE Upper Band Edge b 803MHz

PPDR Lower Band Edge c 809MHz

PPDR Bandwidth

d 5.0 5.0 5.0 5.0MHz 10.0 10.0 10.0 10.0MHz

PPDR Lower e 809.0 809.0 809.0 809.0MHz 809.0 809.0 809.0 809.0MHz

PPDR Upper f=d+e 814.0 814.0 814.0 814.0MHz 819.0 819.0 819.0 819.0MHz

LTE Bandwidth

g 5.0 10.0 15.0 20.0MHz 5.0 10.0 15.0 20.0MHz

LTE Upper h 803.0 803.0 803.0 803.0MHz 803.0 803.0 803.0 803.0MHz

LTE Lower i=h-g 798.0 793.0 788.0 783.0MHz 798.0 793.0 788.0 783.0MHz

LTE Center j=h-g/2 800.5 798.0 795.5 793.0MHz 800.5 798.0 795.5 793.0MHz

LTE  OOB Domain Bandwidth

250% Tx BW k=g*2.5 12.5 25.0 37.5 50.0MHz 12.5 25.0 37.5 50.0MHz

OOB upper Limit l=j+k 813.0 823.0 833.0 843.0MHz 813.0 823.0 833.0 843.0MHz

PPDR channel  in LTE  OOB Domain Only?m =  if (l > f) T = Y  F= N N Y Y Y N Y Y Y

ACLR Domain Criteria (TS 36.104)

Criteria 1 -13 dBm/MHz n -13.0 -13.0 -13.0 -13.0dBm/MHz -13.0 -13.0 -13.0 -13.0dBm/MHz

Criteria 1 BW PPDR o=n+10*log(d) -6.0 -6.0 -6.0 -6.0dBm/5MHz -3.0 -3.0 -3.0 -3.0dBm/10MHz

Criteria 2 -45 dBc BW /LTE p=a-45 1.0 1.0 1.0 1.0dBm/(BW LTE) 1.0 1.0 1.0 1.0dBm/(BW LTE)

Criteria 2 BW  correction LTE/PPDR q=10*log(d/g) 0.0 -3.0 -4.8 -6.0dB 3.0 0.0 -1.8 -3.0dB

Criteria 2 -45 dBc BW /PPDR r=p+q 1.0 -2.0 -3.8 -5.0dBm/5MHz 4.0 1.0 -0.8 -2.0dBm/10MHz

Less  stringent   (Criteria 1 or Criteria 2) s = max (r,o) 1.0 -2.0 -3.8 -5.0dBm/5MHz 4.0 1.0 -0.8 -2.0dBm/10MHz

PPDR Noise Floor Calculation and MCL

kT t -174.0 -174.0 -174.0 -174.0dBm -174.0 -174.0 -174.0 -174.0dBm

BW u = 10 * log (d*1E6) 67.0 67.0 67.0 67.0dB 70.0 70.0 70.0 70.0dB

NF v 5.0 5.0 5.0 5.0dB 5.0 5.0 5.0 5.0dB

Noise floor w= t+u+v -102.0 -102.0 -102.0 -102.0dBm -99.0 -99.0 -99.0 -99.0dBm

Maximum interferer (-10dB ) x= w-10 -112.0 -112.0 -112.0 -112.0dBm/5MHz -109.0 -109.0 -109.0 -109.0dBm/10MHz

Minimum coupling loss y=x-s -113.0 -110.0 -108.2 -107.0dB -113.0 -110.0 -108.2 -107.0dB
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Protected band

Maximum 

Level 

(dBm)

MBW 

(MHz)

Note

E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 

17, 22, 23, 24, 25, 28, 29,42, 43

F

DL_low 

- F

DL_high

-50 1

E-UTRA Band 26 859-869 -27 1

E-UTRA Band  1, 2, 3, 4, 5, 10, 11, 12, 

13, 14, 17, 18,19, 21, 22, 23, 24, 25, 

26, 29, 34, 40, 42, 43

F

DL_low

-F

DL_high

-50 1

703-799 -50 1

799-803 -40 1 15

Frequency range 851-859 -53 0.00625 20

E-UTRA Band 27 F

DL_low

-859 -32 1 20

E-UTRA Band  1, 2, 3, 4, 5, 7, 10, 12, 

13, 14, 17, 22, 23, 25, 26, 27, 29, 41, 

42, 43

F

DL_low

-F

DL_high

-50 1

Frequency range 799-805 -35

0.00625

790-F

DL_high

-32 1 16

F

DL_low

-790 -50 1

NOTE 15:

 

These requirements also apply for the frequency ranges that are less than Δf

OOB 

(MHz)  from the 

edge of the channel bandwidth.

NOTE 16: Applicable when NS_16  in subclause 6.6.3.3.9 is signalled by the network.

NOTE 20:

 

Applicable when NS_15 in subclause 6.6.3.3.8 is signalled by the network.

Table 6.6.3.2-1: Requirements

27

E-UTRA Band 28

26

Frequency range

5

E-UTRA  

Band

Spurious emission

Frequency range (MHz)
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Protected band

Maximum 

Level 

(dBm)

MBW 

(MHz)

Note

E-UTRA Band 2, 3, 5, 7, 8, 18, 19, 25, 

26, 27, 34, 38, 41

F

DL_low

-F

DL_high

-50 1

E-UTRA Band  1, 4, 10, 22, 42, 43 F

DL_low

-F

DL_high

-50 1 2

E-UTRA Band  11, 21 F

DL_low

-F

DL_high

-50 1 19, 24

E-UTRA Band  1 F

DL_low

-F

DL_high

-50 1 19, 25

Frequency range 758-773 -32 1 15

Frequency range 773-803 -50 1

Frequency range 662-694 -26.2 6 15

Frequency range 1884.5-1915.7 -41 0.3 8, 19

Frequency range 1839.9-1879.9

-50 1

E-UTRA  

Band

Spurious emission

Frequency range (MHz)

NOTE 24:

 

As exceptions, measurements with a level up to the applicable requirement of -38 dBm/MHz is 

permitted for each assigned E-UTRA carrier used in the measurement due to 2

nd 

harmonic spurious 

emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth 

NOTE 25:

 

As exceptions, measurements with a level up to the applicable requirement of -36 dBm/MHz is 

permitted for each assigned E-UTRA carrier used in the measurement due to 3

rd 

harmonic spurious 

emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth 

NOTE 15:

 

These requirements also apply for the frequency ranges that are less than Δf

OOB 

(MHz)  from the 

edge of the channel bandwidth.

NOTE 19:

 

Applicable when the assigned E-UTRA carrier is confined within 718 MHz and 748 MHz and when 

the channel bandwidth used is 5 or 10 MHz.

NOTE 8:

 

Applicable when co-existence with PHS system operating in 1884.5 -1915.7MHz.

NOTE 2:

 

As exceptions, measurements with a level up to the applicable requirements defined in Table 

6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2

nd

, 3

rd

, 4

th

 [or 5

th

] 

harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the 

28
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Formula

LTE Power a 40W = 46dBm

Band-27 1st adjacent ACS b 46dB From APT AWG CG1 assumption

Band-27 2nd adjacent ACS c 58dB From APT AWG CG1 assumption

Band-27 3rd adjacent ACS v 70dB From APT AWG CG1 assumption

Culprit channel

Band-28 bandwidth d 5 10 15 20MHz 5 10 15 20MHz

Band-28 channel upper e 803 803 803 803MHz 803 803 803 803MHz

Band-28 channel lower f=e-d 798 793 788 783MHz 798 793 788 783MHz

Band-28 power density m=a/d 8 4 2.67 2W/MHz 8 4 2.67 2W/MHz

Victim ACS

Band-27 bandwidth g 5 5 5 5MHz 10 10 10 10MHz

Band-27 channel lower h 807 807 807 807MHz 807 807 807 807MHz

Band-27 1st adjacent lower i=h-g 802 802 802 802MHz 797 797 797 797MHz

Band-27 2nd adjacent lower j=h-2g 797 797 797 797MHz 787 787 787 787MHz

Band-27 3rd adjacent lower w=h-3g 792 792 792 792MHz 777 777 777 777MHz

Band-27 1st adj laps Band-28 chk=e-i 1 1 1 1MHz 6 6 6 6MHz

Band-27 2nd adj laps Band-28 chl=min(max(i-f,0),g) 4 5 5 5MHz 0 4 9 10MHz

Band-27 3rd adj laps Band-28 chx=min(max(j-f,0),g) 0 4 5 5MHz 0 0 0 4MHz

Band-27 1st adj ACS1 power n=k*m*10^(-b/10)

2.0E-04 1.0E-04 6.7E-05 5.0E-05

W

1.2E-03 6.0E-04 4.0E-043.0E-04

W

Band-27 2nd adj ACS2 power o=l*m*10^(-c/10)

5.1E-05 3.2E-05 2.1E-05 1.6E-05

W

0.0E+00 2.5E-05 3.8E-053.2E-05

W

Band-27 3rd adj ACS3 power y=x*m*10^(-v/10)

0.0E+00 1.6E-06 1.3E-06 1.0E-06

W

0.0E+00 0.0E+00 0.0E+008.0E-07

Total ACS interfernce power p=n+o  (W)

2.5E-04 1.3E-04 8.9E-05 6.7E-05

W

1.2E-03 6.3E-04 4.4E-043.3E-04

W

Total ACS interfernce power p  (dBm) -6.0 -8.7 -10.5 -11.7dBm 0.8 -2.0 -3.6 -4.8dBm

ACS interference spectral densityq=p (dBm) - 10*log(g) -13.0 -15.7 -17.5 -18.7dBm/MHz -9.2 -12.0 -13.6 -14.8dBm/MHz

Total interference and required coupling loss

OoB interference spectral densityr (from text) -6 -9 -11 -12dBm/MHz -4.45 -9 -11 -12dBm/MHz

Total OoB plus ACS interference

s=10*log(10^(q/10)+10^(r/10))

-5.2 -8.2 -10.1 -11.2dBm/MHz -3.2 -7.2 -9.1 -10.2dBm/MHz

Interference threshold t (from text) -119 -119 -119 -119dBm/MHz -119 -119 -119 -119dBm/MHz

Required Minimum Coupling Lossu=s-t 113.8 110.8 108.9 107.8dB 115.8 111.8 109.9 108.8dB
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ACS interference spectral densityq=p (dBm) - 10*log(g) -13.0 -15.7 -17.5 -18.7dBm/MHz -9.2 -12.0 -13.6 -14.8dBm/MHz

Additional band-27 Rx filter v -45 -45 -45 -45dB -45 -45 -45 -45dB

OoB interference spectral densityr (from text) -6 -9 -11 -12dBm/MHz -4.45 -9 -11 -12dBm/MHz

Additional band-28 Tx filter w -45 -45 -45 -45dB -45 -45 -45 -45dB

Total OoB plus ACS filtered 

s=10*log(10^(q+v/10)+10^(r+w/10))

-50.2 -53.2 -55.1 -56.2dBm/MHz -48.2 -52.2 -54.1 -55.2dBm/MHz

Interference threshold t (from text) -119 -119 -119 -119dBm/MHz -119 -119 -119 -119dBm/MHz

Required Minimum Coupling Lossu=s-t 68.8 65.8 63.9 62.8dB 70.8 66.8 64.9 63.8dB
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Formula

LTE Power a 40W = 46dBm

Band-27 1st adjacent ACS b 46dB From 3GPP TS.36.104 (LTE)

Band-27 2nd adjacent ACS c 58dB From APT AWG CG1 assumption

Band-27 3rd adjacent ACS v 70dB From APT AWG CG1 assumption

Band-28 bandwidth d 5 10 15 20MHz 5 10 15 20MHz

Band-28 channel upper e 803 803 803 803MHz 803 803 803 803MHz

Band-28 channel lower f=e-d 798 793 788 783MHz 798 793 788 783MHz

Band-27 bandwidth g 5 5 5 5MHz 10 10 10 10MHz

Band-27 channel lower h 807 807 807 807MHz 807 807 807 807MHz

Band-27 1st adjacent lower i=h-g 802 802 802 802MHz 797 797 797 797MHz

Band-27 2nd adjacent lower j=h-2g 797 797 797 797MHz 787 787 787 787MHz

Band-27 3rd adjacent lower w=h-3g 792 792 792 792MHz 777 777 777 777MHz

Band-27 1st adj laps Band-28 chk=e-i 1 1 1 1MHz 6 6 6 6MHz

Band-27 2nd adj laps Band-28 chl=min(max(i-f,0),g) 4 5 5 5MHz 0 4 9 10MHz

Band-27 3rd adj laps Band-28 chx=min(max(j-f,0),g) 0 4 5 5MHz 0 0 0 4MHz

Band-28 power density m=a/d 8 4 2.67 2W/MHz 8 4 2.67 2W/MHz

Band-27 1st adj ACS1 power n=k*m*10^(-b/10)

2.0E-04 1.0E-04 6.7E-05 5.0E-05

W

1.2E-03 6.0E-04 4.0E-043.0E-04

W

Band-27 2nd adj ACS2 power o=l*m*10^(-c/10)

5.1E-05 3.2E-05 2.1E-05 1.6E-05

W

0.0E+00 2.5E-05 3.8E-053.2E-05

W

Band-27 3rd adj ACS3 power y=x*m*10^(-v/10)

0.0E+00 1.6E-06 1.3E-06 1.0E-06

W

0.0E+00 0.0E+00 0.0E+008.0E-07

Total ACS interfernce power p=n+o  (W)

2.5E-04 1.3E-04 8.9E-05 6.7E-05

W

1.2E-03 6.3E-04 4.4E-043.3E-04

W

Total ACS interfernce power p  (dBm) -6.0 -8.7 -10.5 -11.7dBm 0.8 -2.0 -3.6 -4.8dBm

ACS interference spectral densityq=p (dBm) - 10*log(g) -13.0 -15.7 -17.5 -18.7dBm/MHz -9.2 -12.0 -13.6 -14.8dBm/MHz

Spurious emission limit r (from text) -49 -49 -49 -49dBm/MHz -49 -49 -49 -49dBm/MHz

Total Additional Spurious plus ACS

s=10*log(10^(q/10)+10^(r/10))

-13.0 -15.7 -17.5 -18.7dBm/MHz -9.2 -12.0 -13.6 -14.8dBm/MHz

Interference threshold t (from text) -119 -119 -119 -119dBm/MHz -119 -119 -119 -119dBm/MHz

Required Minimum Coupling Lossu=s-t 106.0 103.3 101.5 100.3dB 109.8 107.0 105.4 104.2dB
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ACS interference spectral densityq=p (dBm) - 10*log(g) -13.0 -15.7 -17.5 -18.7dBm/MHz -9.2 -12.0 -13.6 -14.8dBm/MHz

Band-27 Rx filter v -45 -45 -45 -45dB -45 -45 -45 -45dB

Net ACS with Rx filter w=q+v -58.0 -60.7 -62.5 -63.7dBm/MHz -54.2 -57.0 -58.6 -59.8dBm/MHz

Spurious emission limit r (from text) -49 -49 -49 -49dBm/MHz -49 -49 -49 -49dBm/MHz

Total Additional Spurious plus ACS

s=10*log(10^(w/10)+10^(r/10))

-48.5 -48.7 -48.8 -48.9dBm/MHz -47.9 -48.4 -48.5 -48.7dBm/MHz

Interference threshold t (from text) -119 -119 -119 -119dBm/MHz -119 -119 -119 -119dBm/MHz

Required Minimum Coupling Lossu=s-t 70.5 70.3 70.2 70.1dB 71.1 70.6 70.5 70.3dB


image51.wmf
[

]

[

]

MUS

X

M

SNR

X

PL

ACP

Z

MUS

X

Int

Int

d

d

d

³

-

-

³

-

-

=

³

=

|

Pr

|

Pr

]

Pr[


oleObject9.bin

image52.wmf
=

Int


oleObject10.bin

image53.wmf
=

d

X


oleObject11.bin

image54.wmf
=

Z


oleObject12.bin

image1.jpeg




image55.wmf
=

ACP


oleObject13.bin

image56.wmf
=

PL


oleObject14.bin

image57.wmf
=

SNR


oleObject15.bin

image58.wmf
=

M


oleObject16.bin

image59.wmf
[

]

[

]

]

Pr[

)

(

|

Pr

]

Pr[

]

,

Pr[

]

Pr[

]

,

Pr[

|

Pr

MUS

X

dX

X

f

X

M

SNR

X

PL

ACP

Z

MUS

X

dX

X

Int

MUS

X

MUS

X

Int

MUS

X

Int

d

d

d

MUS

d

d

d

MUS

d

d

d

d

d

³

-

-

³

-

-

=

³

=

³

³

=

³

ò

ò

¥

¥


oleObject17.bin

image2.png




image60.wmf
]

Pr[

]

,

Pr[

]

|

Pr[

edge

at

X

edge

at

X

Int

edge

at

X

Int

d

d

d

=


oleObject18.bin

image61.wmf
dB

MUS

X

MUS

d

3

+

£

£


oleObject19.bin

image62.wmf
Z


oleObject20.bin

image63.wmf
d

X


oleObject21.bin

image64.png
g%

30%

20%

10%

20 40
Victim receiver S/N+I

100

Probability

——1Co-sited Tx




