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1. Introduction 

There are several types of radio interfaces of BWA systems that have the possibility of being introduced in APT countries. Moreover, each of radio interfaces for the BWA system has some variations or options. This Report provides information on the current operating or planned BWA systems served or to be served in the APT region in order to assist APT Administrations in their considerations to determine their own BWA system characteristics to be deployed.
2. Consideration

a) Wireless technology is rapidly developing, and it is clear that these developments are enhancing the role and scope of BWA.

b) BWA could provide a cost effective solution in underserved telecommunications markets.

c) Recommendation ITU-R M.1801 recommends the radio interface standards suitable for BWA systems in the mobile services operating below 6 GHz.

d) Terrestrial IMT-2000 systems meet the definition of BWA found in Recommendation ITU-R F.1399
e) Both IMT-2000 based mobile technologies and new non IMT-2000 based technologies that either already, or are expected to be supported by global standards are anticipated to play important roles in BWA services.

f) BWA solutions could benefit from the further development of technologies that have a foundation in either Fixed or Mobile fields.
3. Technical and operational characteristics of BWA

Annex 1 describes the characteristics of exemplary BWA services available. These technical and operational characteristics include emission mask, physical layer parameters.
4. BWA Deployment Case 

Annex 2 contains the series of the deployment cases of BWA services already deployed or to be deployed within APT member countries. Additional deployment information such as performance analysis is addressed in Annex2 as well.
ANNEX 1

This Annex 1 includes technical and operational characteristics of a number of BWA systems. 
· WiBro Technology (8.75MHz Mobile WiMAX)

·  XGP (eXtended Global Platform) Technology

· WiMAX in Japan

· 5/10MHz Mobile WiMAX Technology

· HSPA Technology

1. Characteristics of WiBro Technology
Technical Characteristics of WiBro Technology
Technical characteristics of WiBro technology is based on IEEE 802.16e standard and is associated with Mobile WiMAX profile 1A as specified by WiMAX Forum.
Table A1.1

	Items
	Value

	Modulation
	OFDM

	Multiple Access
	OFDMA for Downlink and Uplink

	Duplex
	Time Division Duplex

	System Parameters
	Bandwidth
	8.447 MHz

	
	Sample rate
	10 MHz

	
	FFT size
	1024

	
	The number of sub-carriers used
	864

	
	The number of sub-carriers for data
	768

	
	The number of sub-carriers for pilot
	96

	
	Sub-carrier spacing
	9.766 kHz

	
	Effective symbol duration
	102.4 μs

	
	Cyclic Prefix
	12.8 μs

	
	OFDM symbol duration 
	115.2 μs

	
	TDD frame length
	5 ms

	
	The number of OFDM symbols in a frame
	42

	Frequency Bands
	2300-2400 MHz


Operating Characteristics of WiBro Technology
Table A1.2

	Items
	Value

	Out of Emission Characteristics
	· ACLR: See Note 1

· ACS: Not required, but assumed to be several dB stringent than ACLR in analysis

· Spectrum Mask: See Note 2

· Spurious Emission: See Note 3


Note 1:

Required ACLR (not specified by Regulation but by Spectrum Mask)

	
	DL
	UL

	Within operators
	37.5dB
	28.5 dB

	With different Operators
	54 dB
	36dB


Note 2:

Base Station Spectrum Mask
· Tx Power ≥ 40dBm

	Frequency offset 

(from Center)
	Minimum requirement
	Resolution bandwidth

	@4.77 MHz
	-37.5 dBr
	100 kHz

	@9.27 MHz
	-60 dBr
	100 kHz


· 29dBm ≤ Tx Power < 40dBm

	Frequency offset 

(from Center)
	Minimum requirement
	Resolution bandwidth

	@4.77 MHz
	-34.5 dBr
	100 kHz

	@9.27 MHz
	-29 dBm
	1000 kHz


· Tx Power < 29dBm

	Frequency offset 

(from Center)
	Minimum requirement
	Resolution bandwidth

	@4.77 MHz
	-14.5 dBm
	100 kHz

	@9.27 MHz
	-29 dBm
	1000 kHz


Mobile Station Spectrum Mask
· Tx Power > 23dBm

	Frequency offset 

(from Center, MHz)
	Minimum requirement
	Resolution bandwidth

	4.77 ≤ ∆f < 9.27
	-26-7 x (∆f-4.77)/4.5) dBr
	100 kHz

	9.27 ≤ ∆f < 13.23
	-33-4 x (∆f-9.27)/3.96) dBr
	100 kHz

	13.23 ≤ ∆f < 17.73
	-37-2 x (∆f-13.23)/4.5) dBr
	100 kHz

	17.73 ≤ ∆f 
	-39 dBr
	100 kHz


· Tx Power ≤ 23dBm

	Frequency offset 

(from Center, MHz)
	Minimum requirement
	Resolution bandwidth

	4.77 ≤ ∆f < 9.27
	-Ptx – 3-7 x (∆f-4.77)/4.5) dBr
	100 kHz

	9.27 ≤ ∆f < 13.23
	-Ptx-10-4 x (∆f-9.27)/3.96) dBr
	100 kHz

	13.23 ≤ ∆f < 17.73
	-Ptx-14-2 x (∆f-13.23)/4.5) dBr
	100 kHz

	17.73 ≤ ∆f 
	-Ptx-16 dBr
	100 kHz


Note 3:

Spurious emission for both BS and Mobile

	Frequency Ranges 
	Minimum requirement
	Resolution bandwidth

	30MHz ≤ f_center < 1GHz
	-13dBm
	100 kHz

	1GHz ≤ fcenter < 12.75GHz
	-13dBm
	1000 kHz


2. Characteristics of XGP (eXtended Global Platform) in Japan 

XGP (eXtended Global Platform) is one of the BWA systems prescribed in Recommendation ITU-R M.1801.
The service of XGP is planned to start in 2009 by WILLCOM using the 30 MHz bandwidth in 2.5 GHz band in Japan.
”eXtended Global Platform: XGP” has another name “Next-generation PHS”, used in some cases.
The eXtended Global Platform (Next-generation PHS) specifications of PHS MoU Group are available at its website:

“A-GN4.00-01-TS”
http://www.phsmou.or.jp/
http://www.xgpforum.com/
The ARIB (Association of Radio Industries and Businesses) standard of eXtended Global Platform (Next-generation PHS) is also available at the ARIB website.

“ARIB STD-T95: OFDMA/TDMA TDD Broadband Access System ARIB STANDARD”
http://www.arib.or.jp/english/index.html 
The standard “ARIB STD-T95” is including Japanese regulation specifications as well as the system original specifications.

Basic Characteristics of “eXtended Global Platform: XGP”
Basic technical characteristics of eXtended Global Platform technology are described below, based on the PHS MoU standard “A-GN4.00-01-TS”.
Table A2.1 Basic characteristics of XGP in case of 10MHz-bandwidth in Japan
	Items
	Value

	System Parameters
	Occupied Bandwidth
	9.6 MHz 

	
	FFT size
	256

	
	Sub-carrier spacing
	37.5 kHz

	
	 Transmit burst length
	2.5 ms (Mobile station)

2.5 ms (Base station)

	
	OFDM symbol duration 
	30.0 μs

	
	TDD frame length
	5 ms

	
	The number of OFDM symbols in a frame
	152

	Operating frequency band
	2545MHz-2575MHz


Spectrum Mask of “eXtended Global Platform: XGP”
Spectrum Mask of eXtended Global Platform technology is regulated with 3 patterns of bandwidth in Japan described below.
Table A2.2 Spectrum Mask of 2.5MHz, 5MHz, 10MHz-bandwith of XGP in Japan

Mobile Station

2.5MHz-Bandwidth

	Frequency offset 

(from Center)
	Minimum requirement
	Resolution bandwidth

	@1.25 MHz
	-10 dBm or less
	1MHz

	@3.75 MHz
	-10 dBm or less
	1MHz


​5MHz-Bandwidth
	Frequency offset 

(from Center)
	Minimum requirement
	Resolution bandwidth

	@2.5 MHz
	-10 dBm or less
	1MHz

	@7.5 MHz
	-12.5 -|Δf| dBm or less
	1MHz

	@12.5 MHz
	-25 dBm or less
	1MHz


10MHz-Bandwidth
	Frequency offset 

(from Center)
	Minimum requirement
	Resolution bandwidth

	@5 MHz
	-10 dBm or less
	1MHz

	@15 MHz
	-10 -|Δf| dBm or less
	1MHz

	@20 MHz
	-30 dBm or less
	1MHz


Base Station

2.5MHz-Bandwidth
	Frequency offset 

(from Center)
	Minimum requirement
	Resolution bandwidth

	@1.25 MHz
	-10 dBm or less
	1MHz

	@3.75 MHz
	-10 dBm or less
	1MHz


​5MHz-Bandwidth
	Frequency offset 

(from Center)
	Minimum requirement
	Resolution bandwidth

	@2.5 MHz
	-10 dBm or less
	1MHz

	@7.5 MHz
	-30 dBm or less
	1MHz


10MHz-Bandwidth
	Frequency offset 

(from Center)
	Minimum requirement
	Resolution bandwidth

	@5 MHz
	-10 dBm or less
	1MHz

	@15 MHz
	-30 dBm or less
	1MHz


Δf is the frequency offset from the center of carrier frequency to the measurement frequency. (Unit: MHz)
3. Characteristics of WiMAX in Japan

The nationwide WiMAX service is planned to start in 2009 by UQ Communication Inc. utilizing the 30 MHz bandwidth in 2.5 GHz band in Japan. In addition, for regional areas (ex. broadband services are unavailable), WiMAX service is expected to be provided in due course with the use of the 10 MHz bandwidth in 2.5 GHz band in Japan.

The ARIB standard of WiMAX is also available at the ARIB website.

“ARIB STD-T94: OFDMA Broadband Mobile Wireless Access System (WiMAX applied in Japan) ARIB STANDARD”
http://www.arib.or.jp/english/index.html 
Table A3.1 Planned specifications of WiMAX in Japan
	Items
	Value

	 System Parameters
	 Occupied Bandwidth
	4.9 MHz , 9.9 MHz

	
	FFT size
	512, 1024

	
	Sub-carrier spacing
	10.94 kHz

	
	Transmit burst length
	Mobile station
	1.95 ms

	
	
	Base station
	3.05 ms

	
	OFDM symbol duration 
	102.9 μs


	
	TDD frame length
	5 ms

	
	The number of OFDM symbols in a frame
	48

	Operating frequency band
	Nationwide use
	2595 MHz – 2625 MHz

	
	Regional use
	2582 MHz – 2592 MHz


4. Characteristics of 5 and 10 MHz Bandwidth Mobile WiMAX

Technical Characteristics
Technical characteristics of 5and 10 MHz Mobile WiMAX technology is based on IEEE 802.16 standard, and associated to Mobile WiMAX Profile 1B as specified by WiMAX Forum. 
Table A4.1 5 MHz and 10 MHz Mobile WiMAX PHY Parameters
	Parameters
	Values

	FFT size
	512
	1 024


	System channel bandwidth (BW)
	5 MHz
	10 MHz

	Sampling frequency (Fs)
	5.6 MHz
	11.2 MHz

	Sub-carrier frequency spacing (∆f = Fs/NFFT)
	10.9375 kHz

	Useful symbol time (Tb = 1/∆f)
	~91.43 µs

	Guard (CP) time (Tg = Tb/8)
	~11.43 µs

	OFDMA symbol duration (Ts = Tb + Tg)
	~102.9 µs

	Frame duration
	5 ms

	Transmit transition gap (TTG)
	105.714 µs

	Receive Transition gap (RTG)
	60 µs

	OFDMA symbols per frame 
(including TTG and RTG)
	~48

	OFDMA symbols per frame 
(excluding TTG and RTG)
	47

	 Modulation
	DL: QPSK, 16-QAM, 64-QAM

	
	UL: QPSK, 16-QAM

	Forward error correction coding
	Convolutional Coding and Convolutional Turbo Coding


Operational Characteristics

Spectrum masks of 5 and 10MHz WiMAX technology have been addressed in a number of regulatory documents. 
WiMAX Forum has issued 2.5GHz certification masks  and 2.3GHz/3.4GHz channel masks for 5 and 10MHz. These masks are identical ones for OFDMA TDD WMAN as described in each Annex 6 of the draft revision of  Recommendations ITU-R M.1580-2 and M.1581-2
. 
Another spectrum masks which can be considered for those of 5 and 10 MHz WiMAX technology are developed by ETSI (European Telecommunication Standard Institute), called ETSI EN 302.544-1, EN 302.544-2  for the 2500- 2690MHz.
5. Characteristics of HSPA Technology

Technical Characteristics
The technical characteristics of HSPA are based on standards developed by 3GPP (http://www.3gpp.org/). Basic parameters can be found in Table A1.1. 

Table A1.1: Technical characteristics of HSPA Technology
	Items
	Value

	System Parameters
	Physical signal format
	DL code aggregation, UL DS-CDMA

	
	Channel bandwidth
	5 MHz

	
	Sampling rate
	3.84 Mchip/s

	
	Frame size
	2 ms

	
	Coding scheme
	Convolutional Turbo 

	
	Hybrid ARQ with soft combining
	Adaptive IR + Chase combining

	
	Multilevel QoS
	Yes

	
	Link adaptation
	QPSK, 16QAM, 64 QAM

Lowest code rate : 1/3

	
	Duplex scheme
	FDD

	
	Handover
	Soft and hard

	
	Frequency re-use factor
	1

	
	Advanced antenna technologies
	Closed- and open-loop transmit diversity

Spatial multiplexing

Beam forming

	Frequency bands
	850MHz to 2.6 GHz


Operational characteristics
The information describing operational characteristics is from the 3GPP specification: TR 25.104 version 7.11.0 from December 2008 and covers the Base Station radio transmission. 
For the corresponding 3GPP specification for User Equipment radio transmission, please refer to TR 25.101 (http://www.3gpp.org/ftp/Specs/html-info/25101.htm).
Out of band emission
Out of band emissions are unwanted emissions immediately outside the channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. This out of band emission requirement is specified both in terms of a spectrum emission mask and adjacent channel power ratio for the transmitter.

Spectrum emission mask

The mask defined in Tables A1.2, A1.3, A1.4, and A1.5 below may be mandatory in certain regions. In other regions this mask may not be applied.

For regions where this clause applies, the requirement shall be met by a base station transmitting on a single RF carrier configured in accordance with the manufacturer's specification. Emissions shall not exceed the maximum level specified in Tables A1.2 through A1.5 for the appropriate BS maximum output power, in the frequency range from (f = 2.5 MHz to (fmax from the carrier frequency, where:

-
(f is the separation between the carrier frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency.

-
F_offset is the separation between the carrier frequency and the centre of the measuring filter.

-
f_offsetmax is either 12.5 MHz or the offset to the UMTS Tx band edge as defined in section 5.2 of TR 25.104, whichever is the greater.

-
(fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.


[image: image3.wmf]2.5

2.7

3.5

-

15

0

Frequency separation 

D

f 

from the carrier [MHz]

Power density in 30kHz [

dBm

]

D

f

max

-

20

-

25

-

30

-

35

-

40

Power density in 1 MHz [

dBm

]

-

5

-

10

-

15

-

20

-

25

7.5

P = 39

dBm

P = 39

dBm

P = 43

dBm

P = 43

dBm

P = 31

dBm

P = 31

dBm

Illustrative diagram of spectrum emission mask


Figure A1.1: Spectrum emission mask

Table A1.2: Spectrum emission mask values, BS maximum output power P ( 43 dBm
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement Band I, II, III, IV, V, VII, VIII, X
	Additional requirements Band II, IV, V, X 1
	Measurement bandwidth2

	2.5 MHz ( (f < 2.7 MHz
	2.515MHz ( f_offset < 2.715MHz 
	-14 dBm
	-15 dBm
	30 kHz 

	2.7 MHz ( (f < 3.5 MHz
	2.715MHz ( f_offset < 3.515MHz
	
[image: image4.wmf]dB

MHz

offset

f

dBm

÷

ø

ö

ç

è

æ

-

×

-

-

715

.

2

_

15

14


	-15 dBm
	30 kHz 

	(see note 3)
	3.515MHz ( f_offset < 4.0MHz 
	-26 dBm
	NA
	30 kHz 

	3.5 MHz ( (f ( (fmax
	4.0MHz ( f_offset < f_offsetmax 
	-13 dBm
	-13 dBm 4
	1 MHz 


Table A1.3: Spectrum emission mask values, BS maximum output power 39 ( P < 43 dBm
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement Band I, II, III, IV, V, VII, VIII, X
	Additional requirements Band II, IV, V, X 1
	Measurement bandwidth2

	2.5 MHz ( (f < 2.7 MHz
	2.515MHz ( f_offset < 2.715MHz 
	-14 dBm
	-15 dBm
	30 kHz 

	2.7 MHz ( (f < 3.5 MHz
	2.715MHz ( f_offset < 3.515MHz
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	-15 dBm
	30 kHz 

	(see note 3)
	3.515MHz ( f_offset < 4.0MHz 
	-26 dBm
	NA
	30 kHz 

	3.5 MHz ( (f < 7.5 MHz
	4.0MHz ( f_offset < 8.0MHz
	-13 dBm
	-13 dBm 4
	1 MHz 

	7.5 MHz ( (f ( (fmax
	8.0MHz ( f_offset < f_offsetmax 
	P - 56 dB
	-13 dBm 4
	1 MHz 


Table A1.4: Spectrum emission mask values, BS maximum output power 31 ( P < 39 dBm
	Frequency offset of measurement filter ‑3dB point,(f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement Band I, II, III, IV, V, VII, VIII, X
	Additional requirementsBand II, IV, V, X 1
	Measurement bandwidth2

	2.5 MHz ( (f < 2.7 MHz
	2.515MHz ( f_offset < 2.715MHz 
	P - 53 dB
	-15 dBm
	30 kHz 

	2.7 MHz ( (f < 3.5 MHz
	2.715MHz ( f_offset < 3.515MHz
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	-15 dBm
	30 kHz 

	(see note 3)
	3.515MHz ( f_offset < 4.0MHz 
	P - 65 dB
	NA
	30 kHz 

	3.5 MHz ( (f < 7.5 MHz
	4.0MHz ( f_offset < 8.0MHz
	P - 52 dB
	-13 dBm 4
	1 MHz 

	7.5 MHz ( (f ( (fmax
	8.0MHz ( f_offset < f_offsetmax 
	P - 56 dB
	-13 dBm 4
	1 MHz 


Table A1.5: Spectrum emission mask values, BS maximum output power P < 31 dBm
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement Band I, II, III, IV, V, VII, VIII, X
	Measurement bandwidth2

	2.5 MHz ( (f < 2.7 MHz
	2.515MHz ( f_offset < 2.715MHz 
	-22 dBm
	30 kHz 

	2.7 MHz ( (f < 3.5 MHz
	2.715MHz ( f_offset < 3.515MHz
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	30 kHz 

	(see note 3)
	3.515MHz ( f_offset < 4.0MHz 
	-34 dBm
	30 kHz 

	3.5 MHz ( (f < 7.5 MHz
	4.0MHz ( f_offset < 8.0MHz
	-21 dBm
	1 MHz 

	7.5 MHz ( (f ( (fmax
	8.0MHz ( f_offset < f_offsetmax 
	-25 dBm
	1 MHz 


Notes for Tables A1.2, A1.3, A1.4 and A1.5

NOTE 1
The minimum requirement for operation in band II, IV, V and X is the tighter requirement of the minimum requirement for band I, II, III, IV, V, VII, VIII and X and the additional requirement for band II, IV, V and X.

NOTE 2
As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth can be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

NOTE 3:
This frequency range ensures that the range of values of f_offset is continuous.

NOTE 4:
For operation in Band V, the measurement bandwidth of this requirement shall be 100 kHz.

Adjacent Channel Leakage power Ratio (ACLR)

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the RRC filtered mean power centered on the assigned channel frequency to the RRC filtered mean power centered on an adjacent channel frequency.

The requirements shall apply whatever the type of transmitter considered (single carrier or multi-carrier). It applies for all transmission modes foreseen by the manufacturer's specification.

Minimum requirement
The ACLR shall be higher than the value specified in Table A1.6.

Table A1.6: BS ACLR

	BS adjacent channel offset below the first or above the last carrier frequency used
	ACLR limit

	5 MHz
	45 dB

	10 MHz
	50 dB

	Note:
In certain regions, the adjacent channel power (the RRC filtered mean power centered on an adjacent channel frequency) shall be less than or equal to -8.0 dBm/3.84 MHz (for Band I, Band IX) or ＋2.0dBm/3.84MHz (for Band VI) or as specified by the ACLR limit, whichever is the higher.


Spurious emissions

Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission, intermodulation products and frequency conversion products, but exclude out of band emissions. This is measured at the base station RF output port.

The requirements shall apply whatever the type of transmitter considered (single carrier or multiple-carrier). It applies for all transmission modes foreseen by the manufacturer's specification. Spurious emission requirements can be found in TR 25.104, sections 6.6.3.1.1 and 6.6.3.1.2. 

ANNEX 2

Case Study 1: WiBro Services in the Republic of Korea 
1. Introduction of WiBro
 Services in Korea
The WiBro, which is the name of mobile internet services in Korea, has been launched at June 2005 for commercial but developed several years before for the purpose of the development of solution to provide high speed packet data services. It was also standardized to be compatible to IEEE 802.16e based mobile WiMAX, which has been approved as IMT-2000 technologies in the last years. 

The WiBro covers various kinds of services including not only IP-based services such as interactive game, IP broadcasting and streaming but also IMS (IP Multimedia Sub-system)-based services such as TPS(media + communication + data) service. This wide support of services requires the WiBro be flexible in service providing and accessible anywhere and anytime manners by subscribers. It was also required to provide high speed internet services in home and outdoor, and even in mobile environment with variable data rates, thus mobility are also supported. Furthermore, for the pervasive services, the cost per bits should be comparable to data services available in the existing mobile networks. This put pressure on WiBro development to meet some tight requirements such as data rate per carrier, spectrum efficiency and the inclusion of advanced technologies as well.
2. Technical features of WiBro

OFDMA (Orthogonal Frequency Division Multiple Access)
WiBro is capable of providing multi-path robust transmission as well as spectrally efficient modulation techniques by OFDMA, which is OFDM based multiple access and supports multiple users with different combinations of sub-carriers, so-called sub-channel. 
The structure of PHY layers is illustrated in Figure 1. It shows the sub-channel concept which includes two types of sub-channelization, diversity and AMC.
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Figure A2. 1 WiBro Physical Channel Structure

A diversity channel consists of selectively 48 sub-carriers distributed among all sub-carriers over entire frequency domain, while AMC channel is comprised of the consecutive 48 sub-carriers, thus AMC can maximize throughput gain according to frequency selectivity. Although both are available in downlink and uplink, it is known that diversity channel is advantage in uplink than AMC channel due to it’s robustness.
In addition, WiBro system guarantees reliable transmission by the diversity sub-channel in the cell border even in the case of frequency reuse factor of 1. A user in the cell border is likely to suffer from high inter-cell interference but interference could be averaged out by diversity combination as explained above.
Multimedia Services and QoS Guarantee

In data transmission, circuit-switched transmission is not proper due to the burstness of the source data from multimedia services or IP packets. The scheduling in WiBro system represents the different data transmission mechanism associated with type of services, which are further associated with a set of QoS parameters. Even in uplink, a centralized scheduling method is employed to maximize utilization of radio resources with different QoS parameters corresponding different service categories. Four kinds of scheduling classes are supported such as UGS (Unsolicited Grant Services), Real-time Polling Services (rtPS), Non-real-time Polling Service (nrtPS), and Best Effort (BE). Furthermore, the various outbound transmission scheduling methods for different scheduling classes can be applied in a practical WiBro system according to operator’s preference. For example, fixed amount of data scheduling for UGS services could be assigned periodically to guarantee fixed data rate and latency/jitter bound as well. Besides, opportunistic scheduling method may be used for the BE service class to be capable of maximizing throughput or relative throughput regarding fairness among users.

IP-Centric Transfer Mechanism

WiBro is optimally designed for packet transmission including IP packet. Convergence sub-layer (CS) in WiBro system play a role for an interface of the IP layer and WiBro specific air interface functions. 

In the IP packet data transfer, the CS performs the following functions:
· Accepting IP layer protocol data units (PDUs) from the IP layer

· Performing classification of IP layer PDUs to appropriate air interface connection according to their service classes and addresses

· Suppression of payload header information (Optional)

· Delivering CS PDUs to the appropriate MAC service access point (SAP)

· Receiving CS PDUs from the peer entity

Several classifiers may each refer to the same service flow. The classifier priority is used for ordering the application of classifiers to packets. Explicit ordering is necessary because the patterns used by classifiers may overlap. The priority need not be unique, but care shall be taken within a classifier priority to prevent ambiguity in classification. Downlink classifiers are applied by the BS to packets it is transmitting and uplink classifiers are applied at the Portable Subscriber Station (PSS).
Mobility Support
WiBro system supports various types of handover in several scenarios. It follows “break before make”, so called hard-handover, handover mechanism but contains some advanced methods to shorten handover latency but even with this hard-handover, WiBro is expected to guarantee the minimum latency of handover around 50ms for most of cases.
The three main processes are defined for the handover procedure in WiBro, network topology acquisition, handover process and network entry/re-entry. In the network topology acquisition process, a mobile subscriber can obtain any information on neighboring base stations through the network topology advertisement message of serving base station, before the handover execution. Upon receipt of this network topology advertisement, the mobile subscriber can request a specific time interval for the purpose of seeking for a suitable target base station through the monitoring the channel condition of neighboring base station. From this step, the mobile subscriber begins to perform the handover process. In addition, WiBro can allow the mobile subscriber performing pre-calibration of ranging parameters before the actual handover to support fast handover execution. 

In the cell selection stage, the mobile subscriber requests to schedule the scanning intervals for evaluating potential target base station among neighbouring base station. 
The handover begins with a decision for a mobile subscriber to handover from a serving base station to target base station. The decision may originate either at the BS or the serving BS. 

After decision, the mobile subscriber starts to synchronize to target base station and resume data communication. Some backend processes support fast handover execution though. 
3. Analysis of Operational Characteristics

Frequency Bandplan
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Figure A2. 2 WiBro Bandplan
The frequency bandplan in WiBro spectrum is illustrated in the Figure 2. In the development of a frequency bandplan, the several protection criteria and the corresponding guard band were investigated. Even though there are 100MHz available bandwidth for WiBro services, the spectrum of 90MHz are available for the eligibility of services since any portion of bandwidths are un-used to protect incumbent services next to this WiBro spectrum and to protect to different operators in WiBro spectrum block. Conservatively, the 10MHz are used for this guard band purpose between WiBro spectrum block and 2.4GHz ISM band. 
The guard band between operators is optional method to suppress interference from other operations. However, it is true that additional isolation is needed comparing to the case for adjacent channel protection within operators. This is due to whether or not to coordinate for the usage of the channel adjacent to each other. To secure this additional margin for interference suppressing, either stringent block edge mask or guard band are considered. The guard band of 4.5MHz are not sufficient to guarantee the optimal performance of WiBro in each frequency channel but additional isolation with guard band would contribute the sufficient reduction of interference. Detailed analysis with the ACLR based interference analysis between operators is addressed in later of this section.
Channel Spacing Analysis

The channel spacing is defined as the difference between the centre frequencies of two adjacent channels and is representing the necessary bandwidth being occupied by the signals as well as the guard band between two adjacent channels. Wider channel spacing results in less interference to adjacent channels, so that the capacity over a channel can be increased. However, it also results in the less number of channel in the given spectrum amount, there must be trade-off relationship in designing channel spacing.

In WiBro, the channel spacing was analyzed by throughput analysis using system level simulation. However, the level of interfered power due to the transmission in adjacent channel is also dependent to the spectrum mask and ACLR which might need precise band plan. Therefore, provisional masks based on the state-of-art in RF design were assumed as in the Figure 3 for the interference analysis, and precise spectrum mask and ACLR have been designed based the results of the analysis afterward.
Simulation is conducted based on the channel model of SUI-B and Terrain Type B Model. Standard variation of log normal fading is assumed to be 8.2dB and velocity of terminal is set to 3 Km/h. In addition, cell radius and distance between base stations of different operators (denoted BS distance) are to be 1 Km and 0/250/500/750/1000 (m) respectively. Spectrum masks for the base station and mobile terminal are depicted in the Figure 4.

According to the simulation conducted, the capacity of system is maximized when the channel bandwidth is around 9 MHz. In fact, throughput is maximized at channel spacing of 9.4 MHz as in the Figure 4, however this channel bandwidth results in the less number of channels in the whole WiBro spectrum block and furthermore, the slight modification of WiBro specification implies a very little less occupied bandwidths than the bandwidth used in the simulation, thus the carrier spacing of 9MHz is concluded to be optimal.
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(a) Base Station                                                 (b) Mobile Subscriber
Figure A2. 3 Provisional spectrum mask
In the result of simulation, it is shown that the total capacity increases as the increase in channel spacing until the channel spacing is 9MHz. In particular, the capacity in case of the channel spacing of 8.65 MHz, the capacity is reduced to 35-55% of the capacity without ACI according to the distance between two base stations using the different channels. 
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Figure A2. 4 Throughput versus different carrier spacing
Interference Analysis on given bandplan: ACLR and ACS analysis
The ACLR (Adjacent Channel Leakage Ratio) and resultant spectrum mask is of ultimate importance in the regulation. Since the interference due to transmission lead to the interference toward other services, a certain level of interference should be regulated not to generate harmful interference to other services or the same type of services of other operators. 

The ACLR indicates the level of interference toward other services in the adjacent channels and spurious emission represents the level of leakage power at further than 250% of carrier spacing from the centre frequency of interested channel. 
As described earlier, the ACLR design and carrier spacing/guard band are very closely related but the ACLR can design only based on the given frequency plan. This is because different guard band concludes difference type of filter to maintain the same ACLR level to the adjacent channel. In other words, the same filter results in different ACLR according to the different frequency offset to measure ACLR. However, in practice, interference due to transmission in the adjacent channel would results from two types of interference source which are represented by ACLR as well as ACS (Adjacent Channel Selectivity). The relation of these two interference sources is illustrated in the Figure A2. 5.
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Figure A2.5  The relationship between ACLR and ACS
Total interference due to the transmission in the adjacent channel is represented by ACIR (Adjacent channel interference ration) and is defined as ACIR = 1/(1/ACLR + 1/ACS) in linear scale. Therefore, in dB scale, ACIR is dominated by either ACLR or ACS when the difference of two is larger than several dB. 
With regard to that the ACS is more performant than ACLR in practice, ACLR is firstly designed while meeting performance criteria and ACS is defined based on the resultant ACLR. 

Table A2.1 indicates the required ACLR and the analysis method.

	Case
	Item
	Value

	Channel within the same operator
	DL
	ACLR formula
	Max Rx SINR (64-QAM 5/6) + 3 dB (2 adjacent channels in both side)  + Margin 7 dB

	
	
	ACLR  values
	27.5 dB + 3 dB + 7 dB  = 37.5 dB

	
	UL
	ACLR formula
	Max Rx SINR (16-QAM 5/6) + 3 dB (2 adjacent channels in both side) + Margin 7 dB + Additional margin 2 dB
Additional Margin: UL Power Control error, Interference from othe cell, UL ROT difference between FA

	
	
	ACLR  values
	16.5 dB + 3 + (7+2) dB = 28.5 dB

	Channel between different operators
	DL
	Method
	(1) Methodology: MCL Method
(2) min Ioc =  -72dBm (2 tier cell structure with the cell radius of 1km

(3) ACLR = Ptx – MCL – (min Ioc - Margin)  

	
	
	ACLR
	43 dBm – 71.6 dB - (-72 dBm - 10 dB) ~=  54 dB

	
	UL
	Method
	(1) Methodology: Modified MCL Method
(2) Probability that rise over noise plus interference is less than 3dB = 99%

	
	
	ACLR
	36 dB


The ACS doesn’t have to be specified by regulation since this factor represents how the interesting system is tolerant to the interference from the adjacent channel. However, it is also important in specifying guard band between services or operators. Nevertheless, due to the fact that ACS is able to be designed more stringent than ACLR, it is not necessarily to define hard limit for ACS in the regulation. For example, ACS value 10 dB larger than ACLR contributes less than 0.5 dB degradation in ACIR, which influences to far less than 0.1 % of the received SINR performance.
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Figure A5.6 ACIR versus ACS value comparing to ACLR value
Case Study 2: 5 & 10MHz Mobile WiMAX Technology 
1. Introduction

The Mobile WiMAX is a technology using OFDM modulation to provide broadband data transmission in nomadic and mobile environments. With the benefits of its open standards and all- IP architecture combined with high capacity, wide coverage and quality of service, it is the most suitable technology to deliver Personal Broadband services. 
Mobile WiMAX  based on the IEEE 802.16e standard has several profiles based on  frequency band, system bandwidth and duplexing technique.  
In this case study, 5 and 10 MHz Mobile WiMAX systems are considered in an analysis of adjacent channel interference characteristics based on the technical parameters addressed in Annex 1 of this report and assuming that adjacent networks are synchronised.
2. Analysis of Operational Characteristics

Bandwidth Analysis 

The Mobile WiMAX system supports scalable system channel bandwidth in various frequency bands including 2.3GHz and 2.5GHz. Possible options are defined in WiMAX Forum published Mobile WiMAX Certification Profile [1]. The choice of channel bandwidth will depend partly on the spectrum allocations; however, consideration should also be given to the following points:
· Target Peak data-rate per user
· Frequency diversity and spectral efficiency
· Signaling and trunking efficiency for real time services
· Economic efficiency of deployment. 

A wider system channel bandwidth is preferable from the peak data rate point of view and can be readily achieved as higher data-rate is simply proportional to the system bandwidth for a consistent spectral efficiency, .  Moreover, data is spread across numerous subcarriers in the frequency domain, thereby taking advantage of diversity to reduce errors. Diversity gain grows with the increase of the system bandwidth in an OFDM system, consequently, spectral efficiency will be improved. In addition, signal efficiencies in a wider bandwidth can be improved by reducing the signaling overhead  such as the broadcast of system information and resource allocation, and in particular, the group resource allocation of VoIP users. Trunking efficiency gains calculated through simple usage of Erlang B formulas is shown to improve by 6% for 10 MHz channels compared to 5 MHz channels, for example. 
Therefore, wider bandwidth system can bring advantages over the narrower bandwidth system in terms of system performance. However, it should be noted that a wider system bandwidth, requires larger contiguous blocks of spectrum and this can lead to the restriction of flexibility in the assignment of spectrum. In addition, the implementation cost of a10MHz system will be higher that of a 5MHz system, although the cost per bit in a 10MHz system is expected be lower.
Interference Analysis
a. Adjacent Channel Interference Ratio (ACIR) calculation
The performance degradation due to the presence of adjacent channel interference is caused by the combination of two factors. One is the interference from the leakage of the transmitted signal in the adjacent channel appearing in the wanted channel due to transmission imperfections. The other results from the signal detected by the receiver in the adjacent channel due to the receiver imperfection. 
The potential interference from the adjacent channel transmitter imperfection is characterized by the level of the spectral leakage of the interfering transmitter into the adjacent channel. This transmitter characteristic is represented by Adjacent Channel Leakage Ratio (ACLR) defined as the ratio of the wanted channel transmitted power to the power in the adjacent radio frequency channel (in the same evaluation bandwidth) at the output of a transmitter filter. 
The potential interference from the adjacent channel receiver imperfection is characterized by the level of rejecting adjacent channel interference. The receiver characteristic is represented by the Adjacent Channel Selectivity (ACS) which is defined as the ratio of the power level of unwanted adjacent channel interference to the power level of co-channel interference that produces the same bit error ratio (BER) performance in the receiver. 
The resultant interference level to adjacent channel due to the combination of ACLR and ACS is represented by ACIR, as given by
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As described in the Eq. 1, ACIR is one over the sum of the inverse of ACLR and that of ACS. Note that ACLR and ACS are presented in the linear scale in the equation above. 
One observation from the equation is that as the ACS value is much larger than ACLR, the resultant ACIR value is approaching the ACLR value.
b. Interference Scenarios 

The system level throughput can be analyzed against the ACIR performance by simulation.

Two interference scenarios are considered with the assumption that two adjacent TDD WiMAX systems are synchronized to each other, that is, they transmit downlink and uplink transmission at the same time.  

1) Scenario 1: Base Station of one operator interfere to Mobile Station of different operator

2) Scenario 2: Mobile Station of one operator interfere to Base Station of different operator


[image: image17.emf]Base Station  B

Base Station A

Wanted signal

Unwanted signal

Mobile Station  B

Mobile Station  A


(a) Scenario 1 - Downlink [BS] interfere to Downlink [MS]
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(b) Scenario 2 - Uplink [MS] interfere to Uplink [BS]

Figure 1 Interference Scenarios 

In downlink, the base station in a WiMAX system interferes to the mobile station receiver in the other WiMAX system as Figure 1(a), while in uplink, the mobile station in a WiMAX system interferes to the base station receiver in the other WiMAX system as Figure 1(b). Interference from mobile stations can aggregated and become more serious then.

c. Simulation Methodology 

Under the assumptions and methodology in the attachment of this case study, the performance degradation of a WiMAX system due to the presence of adjacent channel interference is investigated by the throughput loss of the WiMAX system as a ratio of system throughput of the WIMAX system with the interference and system throughput of the WiMAX system without interference. The system capacity degradation due to interference for the downlink and the uplink are investigated in accordance with a range of values for ACIR.
d. Simulation Results 

Scenario 1(Downlink): BS to MS interference (DL to DL)
Figure 2 for FRP1 system and Figure 3 for FRP3 system show the simulation result of the downlink capacity degradation ratio due to the interference (BS to MS) from the adjacent channel in accordance with the variation of ACIR value.

In Figure 2 (FRP1 system), the middle case marked with a red line hits the highest capacity degradation ratio among the three cases. When the ACIR value in the middle case drops to 22dB, the capacity degradation is about 8%. 
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Figure 2. Downlink capacity degradation ratio vs. ACIR (FRP1)

In Figure 3 (FRP3 system), the collocation case shows the highest capacity degradation ratio. When the ACIR value in the collocation case is 22dB, about 6.3% capacity degradation results.
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Figure 3. Downlink capacity degradation ratio vs. ACIR (FRP3)

In the middle case and the edge case, the capacity degradation ratio of the FRP3 system is less than that of the FRP1 system. This is because the number of sectors in the adjacent channel causing dominant interference decreases from three sectors (in FRP1) to one sector (in FRP3). 

In the collocation case, the FRP3 system shows higher capacity degradation ratio than the FRP1system. The reason is that the FRP3 system causes less intra system interference than the FRP1 system. In other words, the FRP3 system capacity degradation is more affected by adjacent inter-system interference than the FRP1 system, where intra-system interference is dominant Therefore, the required ACIR should be over 28.5dB to meet less than 3% capacity degradation ratio.

In FRP1 system, the required ACIR should be over 27.5dB to meet less than 3% capacity degradation ratio. The required ACIR for the downlink capacity loss is summarised in Table 1. 

Table 1. Required ACIR for downlink capacity loss

	Frequency reuse pattern
	Capacity loss

	
	3%
	5%
	10%

	FRP1
	27.5 dB
	24.5 dB
	< 22 dB

	FRP3
	28.5 dB
	25.5 dB
	< 22 dB


Scenario 2 (Uplink): MS to BS interference (UL to UL)
Figure 4 for FRP1 system and Figure 5 for FRP3 system show the simulation results of the uplink capacity degradation ratio due to the interference (MS to BS) from the adjacent channel in accordance with the variation of ACIR value. 

The capacity degradation ratios are simulated for three distance cases and two frequency reuse pattern. The capacity loss is the largest in the edge cases in FRP1 and FRP3. In the FRP1 system, ACIR should be 28.5dB to meet 3% capacity loss and 25.5dB for 5% capacity loss. In the FRP3 system, ACIR should be 24.5dB to meet 3% capacity loss.
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Figure 4. Uplink capacity degradation ratio vs. ACIR in FRP1
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Figure 5. Uplink capacity degradation ratio vs. ACIR in FRP3

When the capacity degradation ratios are 3%, 5%, and 10%, the required ACIR is summarized at Table 2. The capacity loss of the FRP1 system is larger than that of the FRP3 system in all cases. Although thermal noise gives more influence to the FRP3 system than to the FRP1 system, the adjacent interference is relatively smaller to the FRP3 system than to the FRP1 system unlike the downlink case. This is because the FRP1 system has a greater number of MS’s using higher TX power which dominantly interferes with the BS victim system compared with FRP3. 
Table 2. Required ACIR for uplink capacity loss

	Frequency

reuse pattern
	Capacity loss

	
	3%
	5%
	10%

	FRP1
	28.5 dB
	25.5 dB
	< 24.4 dB

	FRP3
	24.5 dB
	< 24.4 dB
	< 24.4 dB


e. Representative ACIR performance 

Representative ACIR figures can be derived from ACLR and ACS performance figures reported in ITU-R publications:

Table 3. Representative ACIR performance

	
	ACLR (dB) [2] [3] 
	ACS (dB) [4]
	Calculated ACIR – Downlink Scenario  (dB)
	Calculated ACIR – Uplink Scenario  (dB)

	BS
	45
	46
	33
	30

	MS
	30
	33
	
	


f. Concluding Remarks

This analysis addressed the adjacent channel performance of synchronized mobile WiMAX systems based on a system level simulation using established performance indicators. It can be seen that even the basic equipment performance is sufficient to provide inter-system protection without undue burden on the equipment itself or the need to provide guard frequencies between the spectrally adjacent networks.
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Attachment: Simulation assumption & methodology 
System characteristics & assumption
It is assumed that two adjacent TDD systems have the same characteristics and are completely synchronized. The system parameters for the analysis are presented in Table 1 and Table 2.
Table 1. The system parameters for the Base Station
	Parameter
	Value

	TX power
	43dBm

	Height
	32m

	Antenna Gain
	16dBi

	Antenna front-to-back ratio
	25 dB

	Antenna 3dB beamwidth (H)
	70 º

	Antenna 3dB beamwidth (V)
	7 º

	Number of transmit antennas
	2

	Number of receive antennas
	2

	Noise Figure
	5 dB

	Cable loss
	2 dB


Table 2. The system parameters for the Mobile Station

	Parameter
	Value

	TX power
	23dBm

	Height
	1.5m

	Antenna Gain
	0 dBi

	Antenna Pattern
	Omni

	Number of transmit antennas
	1

	Number of receive antennas
	2

	Noise Figure
	7

	Cable loss
	0


Cell configuration
The parameters used for configuring the cell layout are defined in Table 3.
The cell layout is composed of 19 cells and each cell has three sectors. The distance between one BS and the next adjacent BS is fixed at 1000m. 20 users are randomly placed with uniform distribution over the whole cell for every an iteration. 
Table 3. Cell parameters for simulation

	Parameter
	Value

	Cell Layout
	Ideal Hexagonal 2 tier (19cell with 3sector)

	BS to BS distance
	1000m

	User placement
	20 user / sector (Uniform distribution)

	Operating frequency
	2.3 GHz

	Bandwidth
	10MHz (1024 FFT)

	Frequency Reuse Pattern
	FRP1 / FRP3

	Pathloss model
	Cost 231 HATA
BS Height : 32m
MS Height : 1.5m

	Propagation environment
	NLOS, Penetration Loss : 10dB

	Thermal noise density
	-174dBm / Hz

	Log-normal shadowing
	8.9dB (BS shadowing correlation: 0.5)

	Fast fading generation
	JTC fader

	Channel model
	· Pedestrian B 3km/h : 60%
· Vehicular A 30km/h : 30%
· Vehicular A 120km/h : 10%

	Traffic model
	Best effort(Full buffer)

	MIMO
	On (DL:STC/SM, UL:CSM)

	Hybrid ARQ
	On

	Scheduler type
	PF scheduler ( Fairness exponent factor : 1.0)

	Power control
	Open loop power control(Uplink)
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Figure 1. Cell layout with two TDD systems
The relative cell layouts between the two systems for the interference analysis are classified into three cases based on the distance between BS of victim system and BS of interferer system as follows:
· Collocation case (Figure 1): Two BSs are collocated. The sector antenna directions of two systems are same.
· Middle case (Figure 2) BS of interferer system is located at the middle of BS victim system between the center and the cell edge. The sector antenna directions of two systems are configured differently on the downlink SLS and uplink SLS. In the downlink SLS, the sector antenna direction of the interferer system in sector 0 faces to that of victim system in sector 0 like Figure 3(a). In the uplink SLS, the direction of the interferer system is the same as the direction of the victim system like Figure 3(b).
· Edge case (Figure 4): BS of interferer system is located at the cell edge of victim the sector antenna direction of the interferer system in the sector 0 faces that of victim system in the sector 0.
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Figure 2. Victim system and interferer system in the collocation case
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(a) Downlink                                                          (b) Uplink
Figure 3. Victim system and interferer system in the middle case
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Figure 4. Victim system and interferer system in the edge case
The cell radius of interferer system and victim system are equal. The cell structures of downlink SLS the uplink SLS are implemented differently. In scenario 1(downlink case), the cell structure of interferer system is composed of 7 cells and one cell is surrounded by other six cells. Based on this cell structure, the simulation result is acquired by accumulating the values in only the sector 0 of cell 0. 
In scenario 2(uplink case), the cell structure has two tiers by wrap-around process like the victim system. To obtain the system performance in the edge cells, the wrap-around process are considered. This process is that six clusters
 are wrapped around the center cluster virtually like Figure 5. Then, MS locations of six clusters are the same as that of the center cluster. Accordingly, the system performance of the edge cells of the center cluster is calculated with MSs in cells of virtual cluster adjacent to cell as well.

[image: image27.emf]2

9

8

6

7

18

4

3

1

15

5

16

10 12

11

`9

17

13

14

2

9

8

6

7

18

4

3

1

15

5

16

10 12

11

`9

17

13

14

2

9

8

6

7

18

4

3

1

15

5

16

10 12

11

`9

17

13

14 2

9

8

6

7

18

4

3

1

15

5

16

10 12

11

`9

17

13

14

2

9

8

6

7

18

4

3

1

15

5

16

10 12

11

`9

17

13

14

2

9

8

6

7

18

4

3

1

15

5

16

10 12

11

`9

17

13

14

2

9

8

6

7

18

4

3

1

15

5

16

10 12

11

`9

17

13

14


Figure 5. Wrap around cell type
The simulation result is acquired by accumulating the values in only the sector 0 of each cell.
Path loss model: COST231 HATA
The equation of COST231 HATA model is defined as (Eq 1)
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(Eq 1)
where Cm and am are defined below
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Other parameters in (Eq 1) are defined in Table 4.
Table 4. Parameters for COST231 HATA model
	Parameters
	Definition
	Unit
	Range

	Lch
	COST HATA model Propagation Loss
	dB
	

	hb
	BS antenna height
	m
	30 ~ 200

	hs
	MS antenna height
	m
	1 ~ 10

	d
	Distance
	km
	1 ~ 20

	fc
	Carrier frequency

	MHz
	1500 ~ 2000


Antenna modeling  

The antenna model for BS has all the vertical and horizontal characteristics. The antenna pattern of the BS is the combination of vertical pattern and horizontal pattern which are designed with their antenna 3dB beamwidth based on the directional antenna pattern.
The equation for directional antenna pattern is below
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(Eq 2)
Where the parameters in (Eq 2) are explained below:

· -180( ( ( 180 : Angle from the antenna pointing direction
· (3dB: 3dB beamwidth
· Am: Maximum attenuation
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Figure 6. Horizontal (70º) & Vertical (7º) antenna pattern
Simulation procedure
For each ACIR assumption the following procedures are followed for each scenario.

The Scenario 1 (Downlink) SLS is performed with the following procedure described in the flow chart in Figure 7.
A.  Parameter set up:

i. Parameters for Cell radius, RF configuration (Tx power, antenna, path loss model, shadowing, penetration loss, channel model) are set up.

B. BS Location:

i. Cell layout configures 19 cells of 2 tiers as the ideal type. Each cell is composed of 3 sectors. Operating frequency is assigned into each sector according to FRP.

C. MS distribution:

i. The MSs are randomly placed with uniform distribution over the whole cell for every an iteration.
ii. The necessary parameters are calculated between the BS in all sectors and each MS such as path loss, shadowing, penetration loss, and antenna gain. The best server (sector) for each MS is determined with the long-term CINR derived from the calculated parameters.
D. CINR calculation:

i. Preamble CINR of each MS in every frame is calculated in fast fading environment.
ii. CINR of each MS data is calculated

E. Packet error decision:

i. Whether Packet error occurs or not is determined by comparing the calculated CINR with the result of each link level simulation.

F. Scheduling:

i. MCS level is selected from preamble CINR. According to the proportional fairness algorithm, the priority of MSs is updated and the slot for each MS is assigned.
G. Iteration:

i.  An iteration process is followed such that a sufficient number of frames are considered to obtain the mean value of user performance..
ii.  A second iteration process is followed such that user performance failures are considered appropriately to obtain the mean value of system performance.
H. Statistics collection:

i. For the performance statistics, only the results of a single set of MSs in the sector 0 of cell 0 are considered.
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Figure 7. Scenario 1(Downlink) SLS Procedure
Scenario 2 (Uplink) SLS is based on Monte Carlo methodology. Power control is applied to each MS. The 6 clusters surround the center cluster using 19 cell wrap-around topology. The Scenario 2 procedure for uplink SLS is following the procedure below and described in the flow chart in Figure 8:

A. Parameter set up:

i. Cell radius, RF configuration (TX power, antenna, path loss model, shadowing, penetration loss, channel model)
B. BS location:

i. The system is designed with 7 clusters in the wrap-around method. A cluster is composed of the center cell and 18 cells surrounding the center cell. Each cell is configured as a hexagonal type with the defined BS cell radius and is composed of 3 sectors
C. MS distribution:

i. MSs uniformly drop into 57 sectors of 19 cells. MS of sectors belonging to the center cluster are chosen with a possible received signal path from all possible serving sectors. The received signal strength is calculated considering path loss, shadowing, penetration loss, and antenna gain. The sector with the best path between the MS and the BS becomes the serving sector for the MS. MS’s continue to be randomly dropped into the sector and assessed as above until the number of MS’s in one sector meets the required number of MS’s per sector. Additionally, MS’s that fall within 35m around sector antenna are re-dropped. Six wrapping clusters have the same MS location with the center cluster.
D. Scheduling:

i. A scheduling function is run in every sector. Using the general proportional fairness algorithm [3], normalized headroom and MS throughput are the factors for determining priority. After MCS level and code rate are determined by applying AMC (Adaptive Modulation and Coding), transmission format is defined by assigning the slot into the MS.
E. CINR calculation:

i. CINR is calculated with intra system interference and inter system interference on the fading channel.
F. Packet error decision:

i. Whether Packet error occurs or not is determined by comparing the calculated CINR with the result of each link level simulation.
G. Power control:

i. Transmitter power of MS in next frame is determined based on the open loop power control method in 802.16e
H. Iteration:
i. An iteration process is followed such that a sufficient number of frames are considered to obtain the mean value of user performance.
ii.  A second iteration process is followed such that user performance failures are considered appropriately to obtain the mean value of system performance.
I. Statistics Collection:

i. Performance statistics are collected with the results of all MS’s in sector 0 of all cells.
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Figure 8. Scenario 2 (Uplink) SLS procedure
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Case Study 3: HSPA Technology 
HSPA for high-performance packet data applications
The technical characteristics of HSPA are based on standards developed by the Third Generation Partnership Project (3GPP) (http://www.3gpp.org/), where the participating SDOs are the Association of Radio Industries and Businesses (ARIB), China Communications Standards Association (CCSA), the European Telecommunications Standards Institute (ETSI), Alliance for Telecommunications Industry Solutions (ATIS Committee T1P1), Telecommunications Technology Association (TTA) and Telecommunication Technology Committee (TTC). 

HSPA builds on the GSM footprint and is well established on all continents. HSPA is deployed in 250 networks in 101 countries (See Figure A2.1), and has beyond 150 million subscribers of mobile and fixed wireless services. The eco-system comprises more than 1500 devices from 150 suppliers. HSPA high speed data traffic accounts for more than 80% of the traffic in WCDMA/HSPA networks worldwide. The first commercial HSPA networks to deliver 21/5.8 Mbps peak-data rate in DL/UL respectively was launched last year. Recently the first HSPA network also using MIMO and deliver 28 Mbps in DL has been launched. As a result of the availability of HSPA in the 850 and 900 MHz bands, cost efficient wide area coverage solutions have been commercialized.  

Figure A2.1. Deployment of HSPA worldwide
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HSPA Basics

The radio-access scheme is Direct-Sequence CDMA (DS-CDMA) with information spread over approximately 5 MHz bandwidth using a chip rate of 3.84 Mchip/s. The radio interface is defined to carry a wide range of services to efficiently support both circuit-switched services (e.g. PSTN- and ISDN-based networks) as well as packet-switched services (e.g. IP-based networks). A flexible radio protocol has been designed where several different services such as speech, data and multimedia can simultaneously be used by a user and multiplexed on a single carrier. The defined radio-bearer services provide support for both real-time and non-real‑time services by employing transparent and/or non-transparent data transport. The quality of service (QoS) can be adjusted in terms such as delay, bit error probability, and frame error ratio (FER). 

CDMA Direct Spread was originally specified for the IMT-2000 bands identified in WARC-92 and using 1 920-1 980 MHz as uplink and 2 110-2 170 MHz as downlink. At WRC-2000 additional spectrum for IMT-2000 was identified and subsequently as a complement to 3GPP Release 99 the relevant specifications have been updated to also include the 2.6 GHz, 1 900 MHz, 1 800 MHz, 1 700 MHz, 900 MHz, 850 MHz, and 800 MHz bands as well as a pairing of parts, or whole, of 1 710-1 770 MHz as uplink with whole, or parts, of 2 110-2 170 MHz as downlink.
WCDMA 3GPP Release 99 provides data rates of 384 kbit/s for wide-area coverage. However, as the use of packet data services increases and new services are introduced, higher speed and greater capacity are required. WCDMA 3GPP Release 5 thus extends the specification with a new downlink transport channel that enhances support for high-performance packet data applications. It also significantly reduces latency and provides peak data rates of up to 14 Mbit/s. This enhancement, which commonly goes under the abbreviation HSDPA (High Speed Downlink Packet Access), is the first step in the evolution of WCDMA performance.

Since a number of applications also benefit from an improved uplink, WCDMA 3GPP Release 6 introduces a new uplink transport channel. This Enhanced Uplink – also known as HSUPA (High Speed Uplink Packet Access) – provides higher throughputs, reduced latency and increased capacity. A peak data rate of up to 5.8 Mbit/s can be provided with this Enhanced Uplink. Together HSDPA and Enhanced Uplink are known as High Speed Packet Access (HSPA). 

The radio-interface specification also includes enhanced features such as Multiple Input Multiple Output Antennas (MIMO), higher order modulation (64‑QAM) and improved L2 support for high data rates allowing for downlink packet-data transmission with peak data rates approaching 28 Mbit/s and simultaneous high-speed packet data and other services such as speech on the single carrier. The features for enhanced uplink allows higher data rates than the current uplink maximum, and reduced delay and delay variance for the uplink. The addition of higher order modulation (16‑QAM) for the enhanced uplink, allows for peak data rates up to 11 Mbit/s. 
The radio access network architecture also provides support for multimedia broadcast and multicast services, i.e. allowing for multimedia content distribution to groups of users over a point-to-multipoint bearer. 
The overall architecture of the radio access network is shown in Fig. A2.2.
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The architecture of this radio interface consists of a set of radio network subsystems (RNS) connected to the CN through the Iu interface. An RNS consists of a radio network controller (RNC) and one or more entities called Node B. Node B is connected to the RNC through the Iub interface. Each Node B can handle one or more cells. The RNC is responsible for the handover decisions that require signalling to the user equipment (UE). In case macro diversity between different Node Bs is to be supported, the RNC comprises a combining/splitting function to support this. Node B can comprise an optional combining/splitting function to support macro diversity within a Node B. The RNCs of the RNS can be interconnected through the Iur interface. Iu and Iur are logical interfaces, i.e. the Iur interface can be conveyed over a direct physical connection between RNCs or via any suitable transport network.
HSPA development

Looking ahead, HSPA will need to support the growing success of mobile and fixed broadband. This implies even more users with requirements on high bit-rates, lower latency, and longer battery times. 

Most existing HSPA networks are based on the high-speed downlink packet access and Enhanced Uplink functionality introduced in 3GPP Releases 5 and 6. However, all current commercial network deployments are being based on 3GPP Release 7, which thanks to higher-order modulation and support of multiple input-multiple output (MIMO) technology in the downlink, supports data rates of up to 28 Mbps in the downlink and 11.5 Mbps in the uplink. Other Release 7 features, such as continuous packet connectivity (CPC) and enhanced CELL_FACH state, improve capacity and battery times in user equipment (UE).

The work of standardizing 3GPP Release 8 is now also complete. In the downlink, using either a combination of MIMO and 64QAM or dual-cell HSDPA for operation on two 5MHz carriers with 64QAM, data rates reach up to 42Mbps. Additional Release 8 features include enhancements to the common states, and Integrated Mobile Broadcast (IMB), which gives existing WCDMA operators a cost-effective way of broadcasting data via 5MHz of unpaired spectrum.

The evolution of HSPA does not stop there, however. Ongoing work to standardize 3GPP Release 9 focuses on the support of features that further increase bit rates: 84 Mbps using a combination of dual carrier with MIMO, and 23Mbps using two 5MHz blocks of uplink spectrum.

Figure A2.3 summarizes the evolution of the peak data rates for these different releases. 
Further details on Releases 7, 8 and 9 are given below, including performance analysis. 
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Predicted live network performance with 3GPP Release 7

To assess the performance of HSPA Evolution technology in realistic network deployments, researchers have combined detailed network information with comprehensive and flexible simulation tools. The procedure has employed network modeling in TEMS CellPlanner®, live network traffic data and forecasts, and dedicated simulation tools. The scenario was based on a major city network in Western Europe. The method of using real network data in simulations may not always show the full potential of a technology, but the intention is to obtain results that come as close to anticipated network performance as possible. In reality, the performance of different networks will of course differ somewhat due to different physical surroundings, deployment density etc. 
To limit the number of feature combinations, only the downlink is presented. Furthermore, the features are combined as they are expected to appear in products: 

· The baseline (3GPP Release 6) consists of mobile terminals that use 16QAM and GRAKE2 (type 3) receivers. 

· More advanced mobile terminals use 64QAM.

· The most advanced mobile terminals support 16QAM and MIMO. They also feature GRAKE2+ (type 3i) receivers and employ inter-cell interference suppression.

The cell-planning tool was configured with detailed information about the network. This information included site positions, antenna heights and orientations, and tilt angles. In addition, a high-resolution map of the area was used that provided terrain elevations, land usage and detailed building information. In the studied example, about 50 percent of the area is covered with buildings. With this setup, a propagation model (developed by Ericsson and tuned with measurements from the area) predicted the path loss to every part of the area. 

Using recorded traffic data, the procedure also predicted traffic volume per cell, including the anticipated indoor/outdoor traffic volume ratio. 



Average cell load is computed by multiplying throughput by utilization and time, e.g. for the 16QAM starting point in Figure A2.4, a throughput of 7Mbps and 5 percent utilization serves a data volume demand of 7·0.05·3600=1260 megabits or 0.16 gigabytes per hour. Figure A2.4 shows the average downlink bit rate over the service area for load levels of roughly 0.2 to 2.3GB per hour per cell. This corresponds to between 5 and 70 percent utilization of the air interface. 

The merits of 64QAM, MIMO and advanced UE receivers are evident from this figure. Compared with 16QAM with GRAKE2, 16QAM+MIMO with GRAKE2+ gives a 30 percent gain in average bit rate over the entire range of loads. In addition, the very introduction of 64QAM yields an 8 percent gain in average bit rate over the entire range of loads. Operators can use the improved performance of 16QAM+MIMO with GRAKE2+ to boost capacity and give more users the chance to experience mobile broadband. For instance, given an average bit rate of 7 Mbps, one can provide 2.3GB of data per hour in each cell. Compare this with the reference case, which is only 0.2GB per hour. 2.3 GB per hour corresponds to roughly 1 bps/Hz/sector. Simulations of HSPA networks with a regular base station deployment and uniformly distributed indoor users indicate that a spectral efficiency of about 1.35 bps/Hz/sector could be achieved. (Note that the average bit rate of 7 Mbps per user may not be achieved in this scenario.) 

Alternatively, a simple software upgrade (non-MIMO) from 16QAM to 64QAM gives an 8 percent gain in throughput rates (Figure A2.). 

Specific focus should also be put on indoor aspects. Indeed, the majority of subscribers use mobile broadband while indoors. In many instances, they also experience the worst propagation conditions, which is to say their conditions match that of “cell edge users,” even though they are far from the edges of the cell. Figure A2.4 shows the bit rates at the worst 10 percent of the area, which is an indication of performance in indoor locations.

Features in Release 8 

MIMO with 64QAM modulation in downlink

Release 8 combines MIMO and 64QAM modulation (two features in Release 7) to boost the peak downlink rate over a single 5MHz carrier to 42Mbps.

The term MIMO (multiple input, multiple output) refers to the use of more than one transmit antenna in the base station and more than one receive antenna in UEs. The transmitter chain for the standardized MIMO scheme applies separate coding, modulation and spreading for up to two transport blocks transmitted over two parallel streams, thereby doubling the achievable peak rate in the downlink. The UE radio propagation conditions determine how many streams (one or two) will be transmitted. 

In Release 7, 16QAM is the highest-order modulation used in combination with MIMO. Therefore, four bits can be transmitted per modulation symbol, resulting in a peak rate of 28Mbps. The upgrade to 64QAM in Release 8 allows six bits to be transmitted per symbol, which increases the peak rate by 50 percent to 42Mbps.

Dual-carrier operation in downlink 

In deployments where multiple downlink carriers are available, multicarrier operation offers an attractive way of increasing coverage for high bit rates. Release 8 introduces dual-carrier (adjacent carrier) operation in the downlink. This technique doubles the peak rate from 21Mbps to 42Mbps without MIMO – it doubles the rate for users with typical bursty traffic during a data burst; therefore, it also doubles the average user throughput, which translates into a substantial increase in cell capacity. 
Simulations of a regular HSPA network with indoor users indicate a downlink spectral efficiency for the downlink of roughly 1.59 bps/Hz/sector, i.e. a gain of almost 20% in comparison to corresponding values for Release 7. 

Release 9 features 

Evolved multicarrier operation in downlink 
Following the introduction in Release 8 of dual-carrier operation in the downlink, 3GPP is now discussing operation on multiple 5MHz carriers.

Multiband operation of multiple carriers allows a single user to simultaneously aggregate and use the spectrum distributed over different bands. This gives operators greater flexibility when using available spectrum.

To substantially boost spectral efficiency, 3GPP is studying the combination of dual-carrier operation and MIMO with 64QAM in the downlink, thereby doubling the peak data rate to 84Mbps.

Multicarrier operation in uplink 
The enhanced data rates in the downlink call for improved data rates in the uplink. Introducing support for dual-carrier operation in the uplink will double the peak rate to 23Mbps while keeping UE complexity at a reasonable level. Initial investigations indicate that available bandwidth limits performance more than the UE transmit power. Therefore, by making use of greater bandwidth for data transmission, operators can distribute interference over two carriers. In summary, uplink multicarrier operation increases availability as well as coverage of high data rates in the uplink.
Figure A2.4. �HSPA Evolution downlink bit rate over the area at 5 percent (low traffic) to 70 percent (high traffic) utilization. Left: Average user. Right: 10th percentile user (“cell edge”, e.g. indoor users).





Figure A2.3. �Evolution of HSPA peak data rates by 3GPP release








Figure A2.2 �Radio Access Network Architecture. �Cells are indicated by ellipses.

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Commercial HSPA network


New HSPA network deployments





Source: GSA – Global mobile Suppliers Association: January 2009 








� Countries in APT Region using this technology can be found at � HYPERLINK "http://www.wimaxforum.org" �www.wimaxforum.org�


� This draft Recommendation is now on the progress for approval of Recommendations by consultation (ITU-R/CAR/279). The deadline of consultation is 8th of October 2009.


� Countries in APT Region using this technology can be found at www.umts-forum.org.


� WiBro is the acronym of Wireless Broadband Services in Korea, and is a profile of Mobile WiMAX Technology.


� A cluster means the cell configuration which is composed of two tiers


� There is the difference of the operating center frequency between the COST231 HATA and the simulation, but the effect of result due to this difference is very minor. In the evaluation methodology of WiMAX Forum, COST231 HATA model is recommended as well � REF _Ref235269995 \h  \* MERGEFORMAT ��[�3].
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