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1. [bookmark: _Toc461035293][bookmark: _Hlk63170901]Introduction
APT Report on short range radiocommunication systems and application scenarios operating in the frequency range 275-1000 GHz was adopted in the AWG-20 meeting in which the use cases of short range radiocommunication operating in THz bands such as KIOSK and tollgate downloading, chip-to-chip communication link for data center, super high vision (4K/8K) video transmission, wireless LAN and transceiver technologies based on integrated circuits were provided. The information provided by this Report was helpful to develop APT Position on WRC-19 agenda item 1.15 during the study cycle 2015-2019.
At WRC-19, a new footnote RR No. 5.564A which identifies four frequency bands (275-296 GHz, 306-313 GHz, 318-333 GHz and 356-450 GHz) for land mobile service (LMS) and fixed service (FS) applications was added in Radio Regulations. A total bandwidth of 137 GHz will be globally used for LMS applications such as IMT-2020 beyond without imposing specific conditions to protect Erath exploration-satellite service (EESS) (passive) applications operating in the frequencies,  identified in accordance with RR No. 5.565.
The band 252-275 GHz is already allocated for mobile and fixed services in accordance with Article 5, Chapter II in Radio Regulations. The substantial bandwidth of 44 GHz can be used for LMS and FS applications such as point-to-point radiocommunication systems. Such broadband spectrum resources in the frequency range 252-296 GHz brings the possibility of ultra-high-capacity point-to-point radiocommunication systems which can transmit ultra-high-speed data rate over 100 Gbit/s, revolutionizing the backhaul networks and high speed data transfer.
This Report overviews the point-to-point radiocommunication technologies including antennas and application operating in the frequency range 252-296 GHz.

1. Scope
This Report provides advancements of technologies for use of point-to-point radiocommunication systems in the frequency range 252-296 GHz and also may assist when APT member countries  develop such radiocommunication technologies for the future deployment of high-capacity point-to-point links, enabling applications like backhaul, enterprise networks with in the building or campus, and ultra-high speed data-transfer.

1. [bookmark: _Hlk63170816][bookmark: _Hlk63170946]References
Report ITU-R F.2416		Technical and operational characteristics and applications of the point-to-point fixed service applications operating in the frequency band 275-450 GHz
Report ITU-R M.2417		Technical and operational characteristics and applications of the land mobile service operating in the frequency band 275-450 GHz
Report ITU-R M.2517	Coexistence between land-mobile and fixed service applications operating in the frequency range 252-296 GHz 
Report ITU-R SM.2352	Technology trends of active services in the frequency range 275-3 000 GHz
Report ITU-R SM.2450	Sharing and compatibility studies between land-mobile, fixed and passive services in the frequency range 275-450 GHz
APT/AWG/REP-66		Short range radiocommunication systems and application scenarios operating in the frequency range 275-1000 GHz
Recommendation ITU-R F.699	Reference radiation patterns for fixed wireless system antennas for use in coordination studies and interference assessment in the frequency range from 100 MHz to 86 GHz

1. [bookmark: _Hlk63170978]Abbreviations and acronyms
16-QAM	Quadrature Amplitude Modulation (16 - symbols)
BS	Base station
FS	Fixed service
HPA	High Power Amplifier
LAN	Local area network
LMS	Land mobile service
LNA	Low Noise Amplifier
RRH	Remote radio head
RR	Radio Regulation -2020
SiGeHBT	Silicon-Germanium Heterojunction Bipolar Transistor
THz PHY	Terahertz	Physical
TRX	Transceiver

1. [bookmark: _Hlk63171009]Regulatory information
This section provides Table of Frequency Allocation in the frequency range 248-3 000 GHz, RR Nos. 5.564A and 5.565, as follows:
248-3 000 GHz
	Allocation to services

	Region 1
	Region 2
	Region 3

	248-250		AMATEUR
AMATEUR-SATELLITE
Radio astronomy
5.149

	250-252		EARTH EXPLORATION-SATELLITE (passive)
RADIO ASTRONOMY
SPACE RESEARCH (passive)
5.340  5.563A

	252-265		FIXED
MOBILE
MOBILE-SATELLITE (Earth-to-space)
RADIO ASTRONOMY
RADIONAVIGATION
RADIONAVIGATION-SATELLITE
5.149  5.554

	265-275		FIXED
FIXED-SATELLITE (Earth-to-space)
MOBILE
RADIO ASTRONOMY
5.149  5.563A

	275-3 000	(Not allocated)  5.564A  5.565  



5.564A	For the operation of fixed and land mobile service applications in frequency bands in the range 275-450 GHz:
The frequency bands 275-296 GHz, 306-313 GHz, 318-333 GHz and 356-450 GHz are identified for use by administrations for the implementation of land mobile and fixed service applications, where no specific conditions are necessary to protect Earth exploration-satellite service (passive) applications. 
The frequency bands 296-306 GHz, 313-318 GHz and 333-356 GHz may only be used by fixed and land mobile service applications when specific conditions to ensure the protection of Earth exploration-satellite service (passive) applications are determined in accordance with Resolution 731 (Rev.WRC-19).
In those portions of the frequency range 275-450 GHz where radio astronomy applications are used, specific conditions (e.g. minimum separation distances and/or avoidance angles) may be necessary to ensure protection of radio astronomy sites from land mobile and/or fixed service applications, on a case-by-case basis in accordance with Resolution 731 (Rev.WRC-19).
The use of the above-mentioned frequency bands by land mobile and fixed service applications does not preclude use by, and does not establish priority over, any other applications of radio services in the range of 275-450 GHz.      (WRC‑19)

5.565	The following frequency bands in the range 275-1 000 GHz are identified for use by administrations for passive service applications:
		–	radio astronomy service: 275-323 GHz, 327-371 GHz, 388-424 GHz, 426‑442 GHz, 453‑510 GHz, 623-711 GHz, 795-909 GHz and 926-945 GHz;
		–	Earth exploration-satellite service (passive) and space research service (passive): 275-286 GHz, 296-306 GHz, 313-356 GHz, 361-365 GHz, 369-392 GHz, 397‑399 GHz, 409-411 GHz, 416‑434 GHz, 439-467 GHz, 477-502 GHz, 523‑527 GHz, 538-581 GHz, 611-630 GHz, 634‑654 GHz, 657-692 GHz, 713‑718 GHz, 729-733 GHz, 750-754 GHz, 771-776 GHz, 823‑846 GHz, 850‑854 GHz, 857-862 GHz, 866-882 GHz, 905-928 GHz, 951-956 GHz, 968‑973 GHz and 985-990 GHz.
		The use of the range 275-1 000 GHz by the passive services does not preclude use of this range by active services. Administrations wishing to make frequencies in the 275-1 000 GHz range available for active service applications are urged to take all practicable steps to protect these passive services from harmful interference until the date when the Table of Frequency Allocations is established in the above-mentioned 275-1 000 GHz frequency range. 
		All frequencies in the range 1 000-3 000 GHz may be used by both active and passive services.    (WRC‑12)

1. [bookmark: _Hlk63171022]Overview of point-to-point radiocommunication systems operating in the frequency range 252-296 GHz

There are a number of research activities on ultra-broadband wireless communication systems in the frequency range 252-296 GHz. Some research aims at ultra-high-speed wireless communication systems which interface ten to hundred Gbit/s Ethernet. Due to high-capacity transmission capability and large propagation loss of communication links using THz technologies, these links were operated as the last mile access links. With the development of semiconductor technologies and advanced antenna technologies in the THz frequency ranges in recent years, THz wireless communications are also deployed as an optical fiber replacement in short distance links. Several trials using the frequency range 252-296 GHz have been demonstrated by research and development organizations.

5. Point-to-point radiocommunication systems
Several applications of point-to-point radiocommunication systems are provided by Reports ITU-R F.2416, M.2417 and APT Report REP-66. Figure 6-1 shows some examples which requires high-speed transmission links between devices. The distance between devices varies from a few centi-meters for such as close proximity applications to a few hundred meters for outdoor fronthaul and backhaul applications. 

[image: ]
[bookmark: _Hlk63173946]Figure 6-1
Examples of point-to-point radiocommunication systems.

5. Wireless Backhauling/Fronthauling
[bookmark: _Hlk63241947]A backhaul link is a connection between the base station and a more centralized network element, whereas the fronthaul link is the link between the radio equipment controller of a base station and the remote radio head (radio unit). Future developments like massive deployment of small cells, the implementation of cooperative multipoint transmission (CoMP) and/or Cloud Radio Access Networks (C-RAN) will demand significantly higher data rate for both fronthauland backhaul links. Realizing that these links using wireless point to point radiocommunication system  may be more attractive in situations, where deploying fiber links are more challenging. 
In cases, where several tens of Gbit/s are required the THz frequency range can be seen as an attractive solution. Figure 6-2 shows THz fronthaul links which connect BS with RRH and THz multi-hop links one RRH with the other RRH. The multi-hop links can extend coverage areas of the BS and cover the shortcomings of terahertz nature.

[image: ]
Figure 6-2
THz links between BS and RRH to cover high-speed traffic in dense urban area.

5. Device-to-Device communications (D2D)
Figure 6-3 shows an example of wireless D2D communication in the frequency range 252-296 GHz. The example describes a smart family, some typical fixed devices, such as television, ceiling lamp, air condition, refrigerator, who seamlessly coordinate and exchange information by themselves. If the home-owner of the house would like to remote control them, then a base station will be a bridge between fixed devices and their owner.
A D2D communication link, an innovative supplement within home network, is an auxiliary peer-to-peer communication link, which reuses the key features of the radio access links and is an integral part of the radio access network. This technology empowers  mobile devices to communicate with the nearby devices directly over short or mid-range distance. Therefore, the data traffic of the base station is offloaded, whereas the interaction delay between these fixed devices is also reduced, leading to faster and more responsive communication.
Nowadays, new wireless applications such as holographic interaction, automatic or assisted driving are emerged and demand ever-increasing bandwidth and ultra-low transmission latency of communication links. It then is desirable to use D2D in the frequency range 252-296 GHz.
[image: ]
Figure 6-3
An example of THz Device-to-Device communication.
1. [bookmark: _Toc461035300][bookmark: _Hlk63171131]Technical overviews for point-to-point radiocommunication systems 
6. [bookmark: _Toc461035308]CMOS single-chip transceiver
CMOS (Complementary metal-oxide-semiconductor) technology is expected to integrated digital signal processing circuits as well as RF circuits on a single chip and it can produce cost-effective transceivers for the microwave and millimeter-wave commercial market due to its mass production and high integration of chip devices. The current maximum oscillation frequency of 280 GHz is achieved by a 40-nm CMOS process, which enables CMOS devices to operate in the frequency above 250 GHz. Figure 7-1 shows a micrograph of single-chip transceiver. The RF components integrated within 4.915 mm × 2.25 mm are quadrature modulators, mixers, baseband amplifiers and passive circuits. [1].
[image: ]
Figure 7-1
Micrograph of single-chip transceiver (TRX).
Figure 7.2 (a) shows frequency and input power responses of TX output power. Although the 3-dB bandwidth of approximately 27 GHz is achieved and the maximum channel bandwidth (Ch. 66) defined in Figure 7-7 can be transmitted using this chip transceiver, the further improvement to widen the 3-dB bandwidth is required to cover the whole frequency range of 252-296 GHz. The TX output power of -1.6 dBm without power amplifiers is obtained by CMOS process. The LO power leakage which deteriorates receiver performance is sufficiently reduced if the input power is over -5 dBm. Figure 7.2 (b) shows RX noise figure (NF) and the average value of NF is around 23 dB in the frequency range 250-290 GHz without low noise amplifiers. The DC power consumption of TRX chip is about 1.79 W corresponding to 22 [pJ/bit] which is the energy required to transmit one bit.

[image: ]                 [image: ]
(a) Frequency and input power response of TX output power

   [image: ]
(b) Noise figure and conversion gain of RX
Figure 7-2
Characteristics of single-chip transceiver.

The transmission performance of the single-chip transceiver is shown in Figure 7-3. Three channels which are shown in Annex 1 are evaluated using 16-QAM modulation scheme. The  transmission data rates of 28.16 Gbit/s and 80 Gbit/s are achieved by the channels 49 (50) and 66 whose bandwidths are 8.64 GHz and 25.92 GHz, respectively. The spectrum efficiencies of 3.3 bits/Hz and 3.1 bits/Hz are obtained at center frequency 257.04/ 265.68 GHz for channel 49(50) and at center frequency 265.68 GHz for channel 66 respectively.


Figure 7-3
Transmission performance of single-chip transceiver at the channel number of 49, 50 and 66 (see Annex 1).

[image: ]

7.2.     SiGe BiCMOS power amplifier
The power amplifier is a key element to increase the propagation distance of radiocommunication systems. Although CMOS technologies make fully integrated one-chip transceiver feasible at millimeter-wave bands and this enables mass production, high integration, and cost reduction when compared with their compound semiconductor devices, the features of low breakdown voltage and lossy substrate in CMOS technologies affect millimeter-wave circuit performances significantly. To improve transceiver performances in total, BiCMOS technologies with SiGe HBT which achieve higher maximum oscillation frequency than CMOS  are used for both power and low noise amplifiers. The current results show that transit frequencies fT and maximum oscillations frequencies fMAX exceed over 400 GHz and 600 GHz, respectively [2]. Figure 7-4 shows characteristics of the amplifier fabricated using 130 nm SiGe BiCMOS process. The measured peak gain of 5.4 dB at 237 GHz and the 3-dB bandwidth of 30 GHz in the frequency range 225-255 GHz are achieved by one-chip amplifier whose size is 0.96 mm × 0.54 mm. GHz. The measured output power of 1.2 dBm is obtained when the input power of -3 dBm. Further improvement will be expected by introducing parallel operation of amplifiers.

[image: ][image: ]
(a) Frequency response                                  (b) Input power vs. output power
Figure 7-4
Characteristics of SiGe BiCMOS amplifier.

7.3.     Requirement of spectrum mask
The spectrum mask for fixed service applications in the frequency range 275-450 GHz is provided by Report ITU-R F.2416. Figure 7-5 shows the generic transmit spectrum mask and their parameters depending on their channel bandwidths. 

[image: ]-30

(a) Generic transmit spectrum mask 
[image: ]
(b) Transmit spectrum mask parameters
Figure 7-5
Spectrum mask specified for fixed service applications.

The measured spectrum of Ch. 66 in Figure 7-1 is compared with the generic spectrum mask defined in Figure 7-5 (a), (b). Figure 7-6 shows the measured results (blue line) and the generic spectrum mask (red line). It could be noted that the out-of-band emission level of the measured spectrum is well suited within the generic spectrum mask. 


Figure 7-6
Comparison between measured spectrum and generic spectrum mask.

7.4.     Channel arrangement
The basic channel bandwidth which is widely used for wireless PANs is 2.16 GHz, and the other channels bandwidths are 4.32 GHz, 8.64 GHz, 12.96 GHz, 17.28 GHz, 25.92 and 51.8 GHz, as shown in Figure 7-7. In Figure 7-4, the channel arrangement described in IEEE Std 802.15.3dTM-2017 is applied in the frequency range 252-296 GHz. Annex 1 defines the starting, center and stop frequencies of each channel according to the reference [4].

[image: ]
Figure 7-7
Channel arrangement for radiocommunication systems
in the frequency range 252-296 GHz.
7.5.     THz antenna and their performance
[bookmark: _Hlk63171897]Several THz antenna structures for different applications are introduced and their measured radiation pattern are provided for preparation of sharing and compatibility studies between active and passive service applications, as well as among active service applications. 
7.5.1 Dielectric cuboid antenna
The dielectric cuboid antenna shown in Figure 7-8 was proposed to increase an antenna gain with the small aperture size [5][6][7]. The size of antenna is determined using the mesoscopic scale of 1.36 × 1.36 × 1.79 Due to compactness of the cuboidal structure, this antenna could be integrated into smartphones, as schematically shown in Figure 7-8. The antenna gain of 15 dB at the frequency of 300 GHz is achieved by the dielectric cuboid whose size is 1.36 mm × 1.36 mm × 1.79 mm, as shown in Figure 7-9. 

[image: ]

Figure 7-8
Dielectric cuboid antenna structure embedded in smartphone.

[image: ][image: ]
(a) E-plane antenna pattern                                     (b) H-plane antenna pattern 
Figure 7-9
Measured and simulated antenna pattern of dielectric cuboid antenna at 300 GHz.

7.5.2 Conventional structure of antennas
Four different antenna structures i.e. offset parabola, cassegrain, standard gain horn and corrugate horn, as shown in Table 7-2, are measured at 300 GHz. The size of each antenna is also summarized in Table 7-2.



Table 7-2
External view and physical dimensions of each antenna.

	Type of antenna
	External view
	Size

	Offset parabola
	[image: ]
	150 mm

	Cassegrain
	[image: 時計, 屋内, テーブル, 座る が含まれている画像

自動的に生成された説明]
	 152 mm

	Standard gain horn
	[image: 座る, 小さい, おもちゃ, テーブル が含まれている画像

自動的に生成された説明]
	8.36 mm x 
5.5 mm

	Corrugated horn
	[image: 屋内, 小さい, 座る, テーブル が含まれている画像

自動的に生成された説明]
	 4.4 mm



Figure 7-10 shows measurements at 275 GHz and calculation results using Recommendation F.699-8. Each antenna should be selected by their requirements from system characteristics. High-gain antenna such as offset parabola and cassegrain antennas could be used for point-to-point long distance applications above 100 m and the other two antennas may be used for short distance applications less than 100 m.




(a) Offset parabola antenna                                            (b) Cassegrain antenna  


(c) Corrugate horn antenna                                       (d) Standard horn antenna  
Figure 7-10
Measurements at 275 GHz and calculated results based on Recommendation
F.699-8 of each antenna.

[bookmark: _Hlk62764256][bookmark: _Hlk63171933]8. Summary
The bandwidth of 44 GHz in the frequency range 252-296 GHz could be utilized for point-to-point high capacity radiocommunication systems using the current device and antenna technologies. It should be emphasized that the single chip transceivers using CMOS technologies enable THz systems to be operated and utilized in consumer markets. It should be also mentioned that the performance of the single chip transceivers could be improved by connecting HPA and LNA made of SeGe BiCMOSr devices.
[bookmark: _Toc461035317][bookmark: _Hlk63171944]
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[bookmark: _Hlk63171961]Annex 1
THz PHY Channelization in the frequency range 252-296 GHz

	CHNL_ID
	Bandwidth
(GHz)
	Start frequency
(GHz)
	Center frequency
(GHz)
	Stop frequency
(GHz)

	1
	2.16
	252.72
	253.8
	254.88

	2
	2.16
	254.88
	255.96
	257.04

	3
	2.16
	257.04
	258.12
	259.2

	4
	2.16
	259.2
	260.28
	261.36

	5
	2.16
	261.36
	262.44
	263.52

	6
	2.16
	263.52
	264.6
	265.68

	7
	2.16
	265.68
	266.76
	267.84

	8
	2.16
	267.84
	268.92
	270.0

	9
	2.16
	270.0 
	271.08
	272.16

	10
	2.16
	272.16 
	273.24
	274.32

	11
	2.16
	274.32 
	275.4
	276.48

	12
	2.16
	276.48 
	277.56
	278.64

	13
	2.16
	278.64
	279.72
	280.8

	14
	2.16
	280.8
	281.88
	282.96

	15
	2.16
	282.96
	284.04
	285.12

	16
	2.16
	285.12
	286.2
	287.28

	17
	2.16
	287.28
	288.36
	289.44

	18
	2.16
	289.44 
	290.52
	291.6

	19
	2.16
	291.6
	292.68
	293.76

	20
	2.16
	293.76 
	294.84
	295.92

	33
	4.32
	252.72
	254.88
	257.04

	34
	4.32
	257.04
	259.2
	261.36

	35
	4.32
	261.36
	263.52
	265.68

	36
	4.32
	265.68
	267.84
	270.0

	37
	4.32
	270.0
	272.16
	274.32

	38
	4.32
	274.32 
	276.48
	278.64

	39
	4.32
	278.64
	280.8
	282.96

	40
	4.32
	282.96
	285.12
	287.28

	41
	4.32
	287.28
	289.44
	291.6

	42
	4.32
	291.6
	293.76
	295.92

	49
	8.64
	252.72
	257.04
	261.36

	50
	8.64
	261.36
	265.68
	270.0

	51
	8.64
	270.0
	274.32
	278.64

	52
	8.64
	278.64
	282.96
	287.28

	53
	8.64
	287.28 
	291.6
	295.92

	57
	12.96
	252.72 
	259.2
	265.68

	58
	12.96
	265.68
	272.16
	278.64

	59
	12.96
	278.64
	285.12
	291.6

	62
	17.28
	252.72 
	261.36
	270.0

	63
	17.28
	270.0
	278.64
	287.28

	66
	25.92
	252.72 
	265.68
	278.64






___________
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Power [dBm]


V pol.	-179	-178	-177	-176	-175	-174	-173	-172	-171	-170	-169	-168	-167	-166	-165	-164	-163	-162	-161	-160	-159	-158	-157	-156	-155	-154	-153	-152	-151	-150	-149	-148	-147	-146	-145	-144	-143	-142	-141	-140	-139	-138	-137	-136	-135	-134	-133	-132	-131	-130	-129	-128	-127	-126	-125	-124	-123	-122	-121	-120	-119	-118	-117	-116	-115	-114	-113	-112	-111	-110	-109	-108	-107	-106	-105	-104	-103	-102	-101	-100	-99	-98	-97	-96	-95	-94	-93	-92	-91	-90	-89	-88	-87	-86	-85	-84	-83	-82	-81	-80	-79	-78	-77	-76	-75	-74	-73	-72	-71	-70	-69	-68	-67	-66	-65	-64	-63	-62	-61	-60	-59	-58	-57	-56	-55	-54	-53	-52	-51	-50	-49	-48	-47	-46	-45	-44	-43	-42	-41	-40	-39	-38	-37	-36	-35	-34	-33	-32	-31	-30	-29	-28	-27	-26	-25	-24	-23	-22	-21	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2.9	-2.8	-2.7	-2.6	-2.5	-2.4	-2.2999999999999998	-2.2000000000000002	-2.1	-2	-1.9	-1.8	-1.7	-1.6	-1.5	-1.4	-1.3	-1.2	-1.1000000000000001	-1	-0.9	-0.8	-0.7	-0.6	-0.5	-0.4	-0.3	-0.2	-0.1	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	1.1000000000000001	1.2	1.3	1.4	1.5	1.6	1.7	1.8	1.9	2	2.1	2.2000000000000002	2.2999999999999998	2.4	2.5	2.6	2.7	2.8	2.9	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	-38.275999999999996	-33.304999999999993	-32.337999999999994	-32.274999999999991	-37.375	-31.280999999999992	-33.802999999999997	-37.125999999999991	-35.216999999999999	-31.870000000000005	-34.174999999999997	-38.082999999999998	-37.941000000000003	-36.727000000000004	-38.366	-38.051999999999992	-38.24799999999999	-34.724999999999994	-30.313000000000002	-36.846999999999994	-29.667999999999992	-27.500999999999991	-36.007999999999996	-33.771000000000001	-30.668999999999997	-38.188999999999993	-32.08	-19.954999999999998	-20.733000000000004	-26.807999999999993	-31.994	-21.846000000000004	-30.000999999999991	-36.066999999999993	-31.17	-37.253999999999991	-30.506999999999991	-28.837000000000003	-34.503	-38.325999999999993	-38.881999999999991	-34.971999999999994	-38.048000000000002	-29.649999999999991	-34.790999999999997	-37.825999999999993	-38.031999999999996	-37.497	-38.703000000000003	-37.843000000000004	-38.667999999999992	-38.203999999999994	-36.932999999999993	-36.221999999999994	-33.480000000000004	-38.231999999999999	-38.411000000000001	-38.203000000000003	-37.192999999999998	-37.563999999999993	-37.777000000000001	-37.965999999999994	-34.239999999999995	-37.628999999999991	-38.417000000000002	-38.748999999999995	-38.128999999999991	-37.960999999999999	-38.006999999999991	-38.367999999999995	-37.771000000000001	-37.466999999999999	-38.206999999999994	-37.709000000000003	-38.305999999999997	-37.332999999999998	-38.393000000000001	-37.078000000000003	-38.102000000000004	-37.97	-37.947999999999993	-38.367999999999995	-38.073999999999998	-37.436999999999998	-37.698999999999998	-38.578999999999994	-37.075999999999993	-38.864999999999995	-35.608000000000004	-38.62299999999999	-37.072999999999993	-38.164000000000001	-34.119	-37.375	-39.097999999999999	-38.045999999999992	-37.798000000000002	-37.944000000000003	-38.313000000000002	-38.03	-36.884999999999991	-37.992000000000004	-35.745999999999995	-29.954999999999998	-35.953000000000003	-38.393999999999991	-36.801000000000002	-37.643999999999991	-33.367999999999995	-33.468999999999994	-33.361999999999995	-33.920999999999992	-27.22	-33.462999999999994	-35.081999999999994	-37.835999999999999	-34.227000000000004	-37.673000000000002	-37.218000000000004	-36.090999999999994	-35.947000000000003	-38.36	-34.215000000000003	-31.903999999999996	-30.944000000000003	-38.620000000000005	-37.545999999999992	-35.406999999999996	-38.543999999999997	-39.060999999999993	-37.075000000000003	-29.405999999999992	-36.852999999999994	-36.216999999999999	-38.600999999999999	-35.253999999999991	-38.027999999999992	-38.411999999999992	-28.697000000000003	-37.593999999999994	-35.893999999999991	-38.483000000000004	-37.197000000000003	-33.218999999999994	-38.225999999999999	-34.322000000000003	-32.896999999999991	-37.509999999999991	-34.924999999999997	-36.997	-31.917999999999992	-38.340000000000003	-37.724000000000004	-37.129999999999995	-38.266999999999996	-34.817999999999998	-37.596999999999994	-20.695999999999998	-38.361999999999995	-36.86	-21.620000000000005	-37.983000000000004	-34.975999999999999	-28.438999999999993	-23.075999999999993	-31.135999999999996	-21.941000000000003	-25.713999999999999	-19.382999999999996	-20.518999999999991	-23.459000000000003	-18.828000000000003	-17.997	-18.844999999999999	-5.6739999999999924	-1.6229999999999905	2.9960000000000093	4.7920000000000016	5.6260000000000048	5.1470000000000056	5.0210000000000008	7.2780000000000058	10.116	12.085000000000008	13.075000000000003	13.960999999999999	15.465000000000003	17.435000000000002	19.216000000000001	20.368000000000002	20.911000000000001	20.850999999999999	20.191000000000003	19.082000000000001	17.972999999999999	18.365000000000002	21.761000000000003	26.805	31.666000000000004	35.900000000000006	39.477000000000004	42.477000000000004	44.821000000000005	46.507000000000005	47.555999999999997	48.067000000000007	48.064000000000007	47.552999999999997	46.465000000000003	44.908000000000001	42.826000000000001	40.414999999999999	37.511000000000003	34.622	31.791000000000004	29.087000000000003	26.595000000000006	23.565000000000005	19.506	15.279000000000003	13.046000000000006	12.507000000000005	11.703000000000003	9.3990000000000009	5.4099999999999966	0.86599999999999966	2.3299999999999983	4.3140000000000072	3.3629999999999995	-1.4710000000000036	-21.698999999999998	-5.9899999999999949	-3.262999999999991	-7.3029999999999973	-13.980999999999995	-3.0609999999999928	0.20300000000000296	-2.929000000000002	1.0829999999999984	1.1159999999999997	-10.287999999999997	-19.224000000000004	-27.397999999999996	-20.649000000000001	-28.775999999999996	-25.914999999999992	-15.968000000000004	-20.959999999999994	-32.180999999999997	-22.106999999999999	-26.471000000000004	-30.234999999999999	-31.576999999999998	-28.566999999999993	-29.536000000000001	-25.524000000000001	-16.343999999999994	-16.872	-36.533000000000001	-32.411999999999992	-32.646000000000001	-30.102999999999994	-31.983000000000004	-33.040999999999997	-33.042999999999992	-30.988	-25.298999999999992	-36.155999999999992	-30.915999999999997	-37.92	-38.506	-27.501999999999995	-29.537999999999997	-24.941999999999993	-27.475999999999999	-35.375999999999991	-33.828000000000003	-32.350999999999999	-15.709999999999994	-17.956999999999994	-27.165999999999997	-31.206000000000003	-37.483999999999995	-32.709000000000003	-30.867999999999995	-33.045999999999992	-31.301000000000002	-35.397999999999996	-38.564999999999998	-32.908999999999992	-37.033000000000001	-37.808999999999997	-38.08	-37.012999999999991	-27.786999999999992	-38.143999999999991	-38.447000000000003	-34.736999999999995	-35.292999999999992	-32.33	-37.959000000000003	-32.736000000000004	-28.072999999999993	-33.277000000000001	-34.328999999999994	-32.137999999999991	-34.433999999999997	-37.753	-38.459999999999994	-37.418999999999997	-37.765999999999991	-37.704999999999998	-36.978999999999999	-33.703000000000003	-35.322000000000003	-35.935000000000002	-38.164000000000001	-36.599999999999994	-31.128999999999991	-37.424999999999997	-37.427999999999997	-36.323999999999998	-37.173000000000002	-38.156999999999996	-38.447999999999993	-37.864999999999995	-38.274999999999991	-38.256	-37.718999999999994	-38.646999999999991	-34.882999999999996	-37.313999999999993	-38.102000000000004	-38.444999999999993	-37.864000000000004	-38.195999999999998	-38.216999999999999	-37.420999999999992	-38.843999999999994	-36.980999999999995	-37.075999999999993	-37.600999999999999	-35.784999999999997	-37.655999999999992	-38.22	-35.887999999999991	-38.087999999999994	-38.697000000000003	-37.822000000000003	-34.185000000000002	-38.323999999999998	-34.103999999999999	-37.153999999999996	-37.483999999999995	-30.480000000000004	-38.012999999999991	-37.793999999999997	-38.242000000000004	-37.78	-37.831000000000003	-34.852000000000004	-36.564999999999998	-36.808999999999997	-37.759999999999991	-37.436999999999998	-38.777000000000001	-37.012999999999991	-37.954999999999998	-37.670999999999992	-37.352000000000004	-38.155000000000001	-23.780999999999992	-25.483000000000004	-34.421999999999997	-35.244	-29.378999999999991	-29.968000000000004	-31.593000000000004	-30.850999999999999	-34.027999999999992	-24.495000000000005	-32.629999999999995	-28.247	-23.515000000000001	-27.945999999999998	-28.480999999999995	-22.721000000000004	-24.695999999999998	-32.039000000000001	-37.540999999999997	-33.042000000000002	-37.358999999999995	-30.058999999999997	-37.69	-38.406999999999996	-34.450000000000003	-31.137999999999991	-35.384	-34.878	-37.768999999999991	-37.768999999999991	-32.320999999999998	-36.557999999999993	-36.021000000000001	-35.582999999999998	-32.262	-38.715000000000003	-38.003	-36.256	-36.793999999999997	-37.837000000000003	-37.887	-36.257999999999996	-37.716999999999999	H pol.	-179	-178	-177	-176	-175	-174	-173	-172	-171	-170	-169	-168	-167	-166	-165	-164	-163	-162	-161	-160	-159	-158	-157	-156	-155	-154	-153	-152	-151	-150	-149	-148	-147	-146	-145	-144	-143	-142	-141	-140	-139	-138	-137	-136	-135	-134	-133	-132	-131	-130	-129	-128	-127	-126	-125	-124	-123	-122	-121	-120	-119	-118	-117	-116	-115	-114	-113	-112	-111	-110	-109	-108	-107	-106	-105	-104	-103	-102	-101	-100	-99	-98	-97	-96	-95	-94	-93	-92	-91	-90	-89	-88	-87	-86	-85	-84	-83	-82	-81	-80	-79	-78	-77	-76	-75	-74	-73	-72	-71	-70	-69	-68	-67	-66	-65	-64	-63	-62	-61	-60	-59	-58	-57	-56	-55	-54	-53	-52	-51	-50	-49	-48	-47	-46	-45	-44	-43	-42	-41	-40	-39	-38	-37	-36	-35	-34	-33	-32	-31	-30	-29	-28	-27	-26	-25	-24	-23	-22	-21	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2.9	-2.8	-2.7	-2.6	-2.5	-2.4	-2.2999999999999998	-2.2000000000000002	-2.1	-2	-1.9	-1.8	-1.7	-1.6	-1.5	-1.4	-1.3	-1.2	-1.1000000000000001	-1	-0.9	-0.8	-0.7	-0.6	-0.5	-0.4	-0.3	-0.2	-0.1	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	1.1000000000000001	1.2	1.3	1.4	1.5	1.6	1.7	1.8	1.9	2	2.1	2.2000000000000002	2.2999999999999998	2.4	2.5	2.6	2.7	2.8	2.9	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	-28.562000000000012	-34.337000000000003	-35.740000000000009	-36.391000000000005	-26.983000000000004	-31.163000000000011	-24.256	-32.589000000000013	-30.476000000000013	-35.387	-36.965000000000003	-36.797000000000011	-37.249000000000009	-32.842000000000013	-36.716000000000008	-37.104000000000013	-29.829000000000008	-25.676000000000002	-33.308000000000007	-30.541000000000011	-29.00200000000001	-36.509	-36.572000000000003	-34.793000000000006	-32.340000000000003	-34.344000000000008	-36.917000000000002	-33.966000000000008	-34.340000000000003	-33.403000000000006	-31.37700000000001	-35.897000000000006	-30.89	-31.418000000000006	-35.230000000000004	-33.342000000000013	-27.221000000000004	-25.997000000000014	-30.513000000000005	-35.065000000000012	-27.771000000000001	-25.354000000000013	-30.456000000000003	-21.743000000000009	-21.700000000000003	-25.429000000000002	-26.88300000000001	-28.567000000000007	-36.63000000000001	-29.733000000000004	-25.882000000000005	-36.668000000000006	-36.579000000000008	-27.884	-26.456000000000003	-31.42	-25.88300000000001	-30.106000000000009	-36.848000000000013	-30.77600000000001	-25.376000000000005	-34.535000000000011	-28.968000000000004	-33.166000000000011	-35.905000000000001	-35.759	-22.271000000000001	-31.249000000000009	-28.875000000000014	-35.861000000000004	-36.51700000000001	-31.387	-33.844000000000008	-36.732000000000014	-34.818000000000012	-36.341000000000008	-35.635000000000005	-35.604000000000013	-36.876000000000005	-35.961000000000013	-33.685000000000002	-34.563000000000002	-32.578000000000003	-36.81	-37.096000000000004	-34.239000000000004	-34.032000000000011	-30.863000000000014	-37.097000000000008	-36.922000000000011	-37.009	-31.374000000000009	-36.556000000000012	-36.048000000000002	-36.069000000000003	-35.720000000000013	-36.406000000000006	-33.01100000000001	-37.118000000000009	-36.632000000000005	-34.655000000000001	-35.823000000000008	-33.634	-35.738000000000014	-36.31	-35.787000000000006	-36.683000000000007	-36.472000000000008	-36.13000000000001	-35.007000000000005	-36.462000000000003	-36.732000000000014	-36.306000000000012	-35.626000000000005	-35.363000000000014	-28.359000000000009	-29.055000000000007	-29.486000000000004	-26.246000000000009	-35.297000000000011	-30.482000000000014	-30.986000000000004	-21.844000000000008	-27.25500000000001	-36.688000000000002	-32.443000000000012	-23.326000000000008	-22.730000000000004	-20.916000000000011	-22.541000000000011	-32.17	-27.346000000000004	-26.271000000000001	-35.034000000000006	-36.028000000000006	-33.302000000000007	-33.706000000000003	-34.074000000000012	-32.737000000000009	-27.949000000000012	-26.747000000000014	-32.26700000000001	-27.485000000000014	-23.353000000000009	-36.53	-29.812000000000012	-35.176000000000002	-36.64	-36.235000000000014	-27.982000000000014	-29.096000000000004	-28.239000000000004	-32.488000000000014	-36.361000000000004	-29.565000000000012	-25.564000000000007	-18.723000000000013	-18.536000000000001	-21.818000000000012	-29.623000000000005	-28.720000000000013	-28.272000000000006	-30.561000000000007	-35.89800000000001	-24.560000000000002	-18.75200000000001	-17.710000000000008	-9.7980000000000018	-8.8670000000000044	-7.4080000000000013	-11.522000000000006	-4.6780000000000115	-6.1750000000000114	-3.8680000000000092	-1.0880000000000081	-0.27700000000000102	3.5049999999999955	1.6969999999999885	-3.8160000000000025	-3.6970000000000027	2.2379999999999995	4.0959999999999894	3.48599999999999	3.6569999999999965	6.7799999999999869	9.0499999999999972	9.0929999999999893	6.4369999999999976	3.4439999999999884	6.5219999999999914	8.5229999999999961	6.4259999999999877	-3.855000000000004	9.5859999999999985	16.693999999999996	20.743999999999993	23.602999999999994	26.083999999999996	28.962999999999994	32.639999999999993	36.454999999999991	39.685999999999993	42.349999999999994	44.498999999999995	45.99499999999999	46.877999999999993	47.152999999999992	46.831999999999994	46.03799999999999	44.899999999999991	43.294999999999995	40.974999999999994	38.280999999999992	35.774999999999991	33.445999999999991	30.917999999999992	28.200999999999993	24.759999999999991	20.880999999999993	17.696999999999996	16.031999999999989	15.187999999999995	14.043999999999997	12.152999999999992	8.7659999999999911	4.289999999999992	3.0769999999999982	3.4669999999999987	1.5209999999999866	-5.2330000000000041	-11.042000000000002	-0.93000000000000682	0.80799999999999272	-1.8460000000000036	-10.166000000000011	-2.8810000000000002	1.7639999999999958	-1.862000000000009	1.2879999999999967	-2.5020000000000095	-8.2940000000000111	-19.710000000000008	-20.491000000000014	-23.515000000000001	-23.812000000000012	-20.551000000000002	-18.535000000000011	-22.460000000000008	-25.295000000000002	-31.954000000000008	-22.120000000000005	-25.297000000000011	-32.042000000000002	-24.581000000000003	-26.027000000000001	-22.748000000000005	-15.515000000000001	-14.603000000000009	-29.76400000000001	-24.730000000000004	-26.829000000000008	-36.813000000000002	-32.738000000000014	-30.847000000000008	-35.919000000000011	-34.125000000000014	-32.690000000000012	-28.698000000000008	-36.146000000000001	-30.327000000000012	-24.592000000000013	-25.564000000000007	-29.282000000000011	-36.972000000000008	-24.077000000000012	-33.556000000000012	-35.365000000000009	-29.163000000000011	-22.736000000000004	-27.186000000000007	-31.978000000000009	-25.721000000000004	-36.732000000000014	-32.393000000000001	-34.231000000000009	-36.784000000000006	-26.852000000000004	-34.914000000000001	-31.923000000000002	-37.222000000000008	-32.537000000000006	-31.087000000000003	-36.569000000000003	-30.482000000000014	-30.013000000000005	-35.446000000000012	-36.718000000000004	-33.430000000000007	-36.409000000000006	-34.302000000000007	-32.138000000000005	-33.618000000000009	-35.781000000000006	-33.068000000000012	-30.864000000000004	-36.984000000000009	-33.229000000000013	-32.164000000000001	-33.907000000000011	-32.962000000000003	-32.196000000000012	-35.286000000000001	-35.81	-36.811000000000007	-32.862000000000009	-34.223000000000013	-37.224000000000004	-36.415000000000006	-34.367000000000004	-33.208000000000013	-34.999000000000009	-36.407000000000011	-37.082000000000008	-37.001000000000005	-36.919000000000011	-36.652000000000001	-33.39200000000001	-36.359000000000009	-36.789000000000001	-31.387	-31.124000000000009	-36.491000000000014	-32.867000000000004	-36.983000000000004	-30.807000000000002	-29.92	-34.956000000000003	-36.286000000000001	-36.681000000000012	-32.992000000000004	-37.046000000000006	-36.825000000000003	-33.52600000000001	-35.194000000000003	-36.719000000000008	-32.15100000000001	-37.027000000000001	-37.278000000000006	-35.999000000000009	-35.06	-36.793000000000006	-36.923000000000002	-30.613000000000014	-36.283000000000001	-25.071000000000012	-32.846000000000004	-34.721000000000004	-36.471000000000004	-32.291000000000011	-29.512	-29.924000000000007	-35.335000000000008	-27.082000000000008	-32.02300000000001	-31.342000000000013	-32.449000000000012	-30.27000000000001	-36.134	-36.854000000000013	-25.432000000000002	-36.92	-33.509	-28.744000000000014	-24.736000000000004	-27.846000000000004	-28.905000000000001	-27.911000000000001	-35.809000000000012	-32.367000000000004	-31.987000000000009	-26.88000000000001	-26.774000000000001	-30.194000000000003	-26.846000000000004	-23.625000000000014	-28.163000000000011	-31.422000000000011	-26.923000000000002	-33.854000000000013	-33.116000000000014	-31.746000000000009	-32.879000000000005	-33.288000000000011	-35.39200000000001	-33.365000000000009	-33.843000000000004	-29.445000000000007	-35.42	-33.707000000000008	-26.609000000000009	-26.802000000000007	-33.53	-31.593000000000004	-29.426000000000002	-31.013000000000005	-36.687000000000012	-29.311000000000007	-28.299000000000007	-34.188000000000002	-30.697000000000003	-29.795000000000002	-28.792000000000002	-33.061000000000007	-29.862000000000009	F.699-8	-179	-178	-177	-176	-175	-174	-173	-172	-171	-170	-169	-168	-167	-166	-165	-164	-163	-162	-161	-160	-159	-158	-157	-156	-155	-154	-153	-152	-151	-150	-149	-148	-147	-146	-145	-144	-143	-142	-141	-140	-139	-138	-137	-136	-135	-134	-133	-132	-131	-130	-129	-128	-127	-126	-125	-124	-123	-122	-121	-120	-119	-118	-117	-116	-115	-114	-113	-112	-111	-110	-109	-108	-107	-106	-105	-104	-103	-102	-101	-100	-99	-98	-97	-96	-95	-94	-93	-92	-91	-90	-89	-88	-87	-86	-85	-84	-83	-82	-81	-80	-79	-78	-77	-76	-75	-74	-73	-72	-71	-70	-69	-68	-67	-66	-65	-64	-63	-62	-61	-60	-59	-58	-57	-56	-55	-54	-53	-52	-51	-50	-49	-48	-47	-46	-45	-44	-43	-42	-41	-40	-39	-38	-37	-36	-35	-34	-33	-32	-31	-30	-29	-28	-27	-26	-25	-24	-23	-22	-21	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2.9	-2.8	-2.7	-2.6	-2.5	-2.4	-2.2999999999999998	-2.2000000000000002	-2.1	-2	-1.9	-1.8	-1.7	-1.6	-1.5	-1.4	-1.3	-1.2	-1.1000000000000001	-1	-0.9	-0.8	-0.7	-0.6	-0.5	-0.4	-0.3	-0.2	-0.1	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	1.1000000000000001	1.2	1.3	1.4	1.5	1.6	1.7	1.8	1.9	2	2.1	2.2000000000000002	2.2999999999999998	2.4	2.5	2.6	2.7	2.8	2.9	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-19.888674034813263	-19.797050182653138	-19.704646543654043	-19.611449730672966	-19.517446008840295	-19.422621283411814	-19.326961087085486	-19.230450566754534	-19.13307446966644	-19.034817128955623	-18.935662448515593	-18.835593887173744	-18.734594442130245	-18.632646631619259	-18.529732476748457	-18.425833482469507	-18.320930617629301	-18.215004294047937	-18.108034344566065	-18	-17.890879864938746	-17.78065189231237	-17.669293356656119	-17.556780825989208	-17.443090132221194	-17.328196339992466	-17.212073713848376	-17.094695683638882	-16.976034808027343	-16.856062735983123	-16.734750166122822	-16.612066803754217	-16.487981315465461	-16.362461281089189	-16.235473142857316	-16.106982151547037	-15.976952309401852	-15.845346309592919	-15.712125471966246	-15.577249674798587	-15.440677282261035	-15.302365067262009	-15.162268129312046	-15.020339807019781	-14.876531584792502	-14.730792993274406	-14.583071503011396	-14.43331241078171	-14.281458717976882	-14.127451000356423	-13.971227268431377	-13.81272281765591	-13.651870067520662	-13.48859838854672	-13.322833916071389	-13.154499349597174	-12.983513736339539	-12.80979223745635	-12.633245875269182	-12.453781259591089	-12.271300291053606	-12.085699839073435	-11.896871391812283	-11.70470067515501	-11.509067237356099	-11.309843995574212	-11.106896740019721	-10.900083590869983	-10.689254402448405	-10.474250108400469	-10.254902000712839	-10.031030934389676	-9.802446448392935	-9.5689457920393508	-9.3303128443835917	-9.0863169121546861	-8.8367113894896576	-8.5812322599475124	-8.3195964179933881	-8.0514997831990556	-7.776615175662478	-7.4945899154202493	-7.2050431016748746	-6.9075625191821786	-6.6017011087568918	-6.2869729260563787	-5.9628484969471884	-5.6287494579976496	-5.2840423458568182	-4.9280313679915579	-4.5599499474739034	-4.1789507835554787	-3.7840941039746809	-3.3743336992704513	-2.9485002168009444	-2.5052810427901449	-2.0431959004398195	-1.5605670205551547	-1.055482368347981	-0.52574989159953134	3.1159976179278459E-2	0.61818737241734922	1.2387769655431526	1.8970004336018818	2.5977185236079663	3.3467991080440527	4.1514161923290835	5.0204688488093794	5.9651828710443731	7	8.143937264016877	9.4227503252014131	10.87254899964358	12.546218740408911	14.525749891599528	16.948500216800941	20.071968632008439	20.440050052526097	20.821049216444521	21.215905896025316	21.625666300729549	22.051499783199059	22.494718957209848	22.956804099560181	23.439432979444845	23.944517631652019	24.474250108400469	25.031159976179275	25.618187372417349	26.238776965543153	26.897000433601882	27.59771852360797	28.346799108044049	29.15141619232908	30.020468848809379	30.965182871044373	32	33.143937264016877	34.07454047249422	34.07454047249422	34.07454047249422	36.250593750000007	40.5045	43.81309375	46.176375	47.59434375	48.067	47.59434375	46.176375	43.81309375	40.5045	36.250593750000007	34.07454047249422	34.07454047249422	34.07454047249422	33.143937264016877	32	30.965182871044373	30.020468848809379	29.15141619232908	28.346799108044049	27.59771852360797	26.897000433601882	26.238776965543153	25.618187372417349	25.031159976179275	24.474250108400469	23.944517631652019	23.439432979444845	22.956804099560181	22.494718957209848	22.051499783199059	21.625666300729549	21.215905896025316	20.821049216444521	20.440050052526097	20.071968632008439	16.948500216800941	14.525749891599528	12.546218740408911	10.87254899964358	9.4227503252014131	8.143937264016877	7	5.9651828710443731	5.0204688488093794	4.1514161923290835	3.3467991080440527	2.5977185236079663	1.8970004336018818	1.2387769655431526	0.61818737241734922	3.1159976179278459E-2	-0.52574989159953134	-1.055482368347981	-1.5605670205551547	-2.0431959004398195	-2.5052810427901449	-2.9485002168009444	-3.3743336992704513	-3.7840941039746809	-4.1789507835554787	-4.5599499474739034	-4.9280313679915579	-5.2840423458568182	-5.6287494579976496	-5.9628484969471884	-6.2869729260563787	-6.6017011087568918	-6.9075625191821786	-7.2050431016748746	-7.4945899154202493	-7.776615175662478	-8.0514997831990556	-8.3195964179933881	-8.5812322599475124	-8.8367113894896576	-9.0863169121546861	-9.3303128443835917	-9.5689457920393508	-9.802446448392935	-10.031030934389676	-10.254902000712839	-10.474250108400469	-10.689254402448405	-10.900083590869983	-11.106896740019721	-11.309843995574212	-11.509067237356099	-11.70470067515501	-11.896871391812283	-12.085699839073435	-12.271300291053606	-12.453781259591089	-12.633245875269182	-12.80979223745635	-12.983513736339539	-13.154499349597174	-13.322833916071389	-13.48859838854672	-13.651870067520662	-13.81272281765591	-13.971227268431377	-14.127451000356423	-14.281458717976882	-14.43331241078171	-14.583071503011396	-14.730792993274406	-14.876531584792502	-15.020339807019781	-15.162268129312046	-15.302365067262009	-15.440677282261035	-15.577249674798587	-15.712125471966246	-15.845346309592919	-15.976952309401852	-16.106982151547037	-16.235473142857316	-16.362461281089189	-16.487981315465461	-16.612066803754217	-16.734750166122822	-16.856062735983123	-16.976034808027343	-17.094695683638882	-17.212073713848376	-17.328196339992466	-17.443090132221194	-17.556780825989208	-17.669293356656119	-17.78065189231237	-17.890879864938746	-18	-18.108034344566065	-18.215004294047937	-18.320930617629301	-18.425833482469507	-18.529732476748457	-18.632646631619259	-18.734594442130245	-18.835593887173744	-18.935662448515593	-19.034817128955623	-19.13307446966644	-19.230450566754534	-19.326961087085486	-19.422621283411814	-19.517446008840295	-19.611449730672966	-19.704646543654043	-19.797050182653138	-19.888674034813263	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	-20	Angle [deg]
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Gain [dBi]
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Gain [dBi]
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