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1 Introduction
In RAN4 #92 meeting, probes layout for FR1 MPAC was discussed, the agreed WF [1] is cited as below for convenience. There are two options to be down selected. Because different probes configurations may have different spatial correlation error, therefore “UE vendors are encouraged to study the impact of RMS correlation error on TP performance”. Based on the proposals in RAN4 #92 meeting [2],[3], this document further discusses the impact of RMS correlation error and other potential concerns. A probes configuration for FR1 MPAC system is proposed as the conclusion.
Test methods for FR1
· Probes configuration
· Option 1: 16 probes with 8 uniformly spaced probes (to guarantee LTE backward compatibility) and remaining 8 probes aligned on a 2D sector for NR FR1
· Option 2: 16 probes ring (uniformly spaced) for NR FR1 MPAC system
· Weighted RMS spatial correlation error
· Weighted-RMS Spatial correlation error of LTE MIMO OTA channel model (i.e. UMi and UMa) is considered as a reference (i.e. the error between ideal channel model correlation and  theoretical LTE 8 probes correlation within 1l)
· Use the weighted RMS correlation error for NR FR1
· UE vendors are encouraged to study the impact of RMS correlation error on TP performance

2	Discussion
2.1 LTE reference
In the WF [1], it was mentioned that “Weighted-RMS Spatial correlation error of LTE MIMO OTA channel model (i.e. UMi and UMa) is considered as a reference”. LTE uses 8 probes ring as minimal configuration, many chamber are equipped with 16 probes ring for various purposes. The corresponding spatial correlation errors had been extensively discussed during LTE study [4]. Figure 1a and 1b show the result for SCME UMa/UMi channel models [4]. Figure 1a and 1b do not use optimization techniques for the error of the sampled spatial correlation e.g. prefaded signals synthesis, plane wave synthesis etc. [11]
Figure1c translates them into the new defined “Weighted/Non-Weighted RMS spatial correlation error” for different test zone sizes. (Note: the source data is extracted from figure1a/1b, they may not be that accurate to 0.001, but should be enough for discussion purpose.)
[image: ][image: ]
					Figure 1a (from[4])							Figure 1b (from[4])
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Figure 1c

Observation 1: In LTE MIMO OTA, Weighted RMS spatial correlation errors are approximately as below table1 for test zone size of 1λ and 1.6λ.

Table 1 Weighted RMS spatial correlation errors in LTE MIMO OTA
	
	1λ 
(UMa/ UMi)
	1.6λ
(UMa/ UMi)

	8 probes ring
	0.069/0.105
	0.147/0.415

	16 probes ring
	0.003/0.004
	0.008/0.006



In order to understand “the impact of RMS correlation error on TP performance”, tests in real chamber environments were conducted in [5], [6].
In [5], 4 DUTs with different sizes were tested for LTE B41. Each DUT was tested with 8 probes and 16 probes configurations of the same chamber. Among all test cases, including UMa/UMi channel models and Portrait 45° and landscape 45° orientations, the differences between the average results of 8 and 16 probes configurations are very small i.e. lower than 0.4dB and with no clear trend. The differences are really small compared with the measurement uncertainty, which is  in CTIA and  in 3GPP for 95% confidential level [9] [10]. 
On the other hand, there are significant difference in terms of weighted RMS error. As in table 2, for UMi and different DUT sizes, the weighted RMS errors are 0.006 for 16 probes ring configuration, and between [0.307, 0.415] for 8 probes ring configuration. 


Table 2 Weighted RMS spatial correlation errors of 4 DUTs in [5]
	Band
	Devices
	length
	wide
	diagonal length
	diagonal length in λ
	weighted RMS error, 8 probes, UMa
	weighted RMS error, 16 probes, UMa
	weighted RMS error, 8 probes, UMi
	weighted RMS error, 16 probes, UMi

	B41
	DUT1
	158.2 mm
	77.9 mm
	176.3 mm
	1.56
	0.147
	0.008
	0.415
	0.006

	
	DUT2
	141.8 mm
	72.5 mm
	159.2 mm
	1.40
	0.144
	0.006
	0.362
	0.006

	
	DUT3
	130.8 mm
	67.1 mm
	147.0 mm
	1.30
	0.133
	0.005
	0.307
	0.006

	
	DUT4
	158.1 mm
	77.8 mm
	176.2 mm
	1.56
	0.147
	0.008
	0.415
	0.006



Similar results were observed in [6], cited in figure 2. Data throughput for different antenna separations were tested in an 8-probes-ring chamber for B13, as below figure 2. There were no significant difference among the tested various antenna separations from 0.47λto 1.53λ, which correspond to about 0.01 to 0.4 in terms of weighted RMS error. 
More precisely, there are ECC (envelope correlation coefficient) measurements show the correlation increase up to 0.4 at 1.53λ, compared to lower than 0.1 at 0.47/0.7/0.97λ. And, the measured data throughputs are similar for all these different antennas separations/correlation.
[image: ]
Figure 2 (from [6])

So, to answer “the impact of RMS correlation error on TP performance”

Observation 2: In LTE MIMO OTA, RMS correlation errors of 0.4 in UMi has not significant impact on TP performance. The measured data throughputs have not significant difference for antenna correlations smaller than 0.4. 
(Whether there will be impact for values bigger than above 0.4/0.4 has not been tested.)

2.2 NR consideration
For the agreed NR FR1 MIMO OTA channel model (CDL-C UMa and CDL-A UMi), very fine simulations have been done in [2][7][8]. According to below figure 3 and 4 from [7], RMS correlation error of 16 probes ring for different NR bands can be estimated as table 3 and table4 for different calculating methods. 
· Option 5 in [7]
(Note: simulations in [7] were done with test zone size D=40cm, however the agreed NR test zone size is D=20cm. here we use 32 probes of D=40cm as the reference for 16 probes of D=20cm)
[image: ][image: ]32 probes for test zone size D=40cm (option 5)

Figure 3 (from [7] for D=40cm i.e. radius=20 cm)

Table 3 Weighted RMS correlation error (option 5) of 32 probe ring/D=40cm, used as reference for 16 probe ring/D=20cm
	
	32 probe ring, D=40cm

	3.5GHz
	0.02

	5GHz
	?

	7.125GHz
	CDL-A UMi  0.17
CDL-C UMa  0.05



· Option 6 in [7]
[image: A close up of a map

Description generated with very high confidence] [image: ]16 probes for test zone size D=20cm (option 6) 

Figure 4 (from keysight)

Table 4 Weighted RMS correlation error (option 6) of 16 probe ring/D=20cm
	
	32 probe ring, D=40cm

	3.5GHz
	CDL-A UMi  0.13
CDL-C UMa  0.09

	5GHz
	?

	7.125GHz
	CDL-A UMi  0.29
CDL-C UMa  0.22



Observation 3: For agreed NR MIMO OTA channel model, weighted RMS correlation errors of 16 probes ring configuration are expected to be 0.1 for 3.5GHz frequency, and no more than 0.3 for the worst case of CDL-A UMi at 7.125GHz, which is less than LTE 8 probes worst value at 1.6λ (0.415).
In the MPAC MIMO OTA system, N uniformly spaced probes sample the theoretically continuous PAS (power angular spectrum) of the channel model, which leads to spatial correlation errors compared to ideal value. By concentrating or aligning the probes to the specific channel implementation, we can certainly get better correlation error, but cost is the generality and extendibility of the chamber. 
· Regarding generality, 16-probe-ring is more compatible to various use cases e.g. carrier aggregation with limited channel emulator bandwidth (figure 5a), concurrent TX/RX (figure 5b) etc.
· For extendibility, 
· MIMO extension is a highly possible case. As pointed out in [3], probes sector method is based on the assumption of 2 strongest beams for 4x4 MIMO (each beam provides two orthogonal signals with cross-polarization). Ring layouts are more compatible with possible MIMO extension e.g. 8x4 or 8x8.
· Channel model extension is another case. Currently selected CDL-C Uma/CDL-A UMi is only one “drop” of stochastic model, other CDL models or drops might be introduced in the future. It is important to keep a general layout.
(Note: by preliminary estimation, rearranging probes will take about 2 months, including time to reconstruct components and absorber, system integration, training etc. And it can be very costly.)
[image: ][image: ] 
Figure 5a (carrier aggregation)           Figure 5b (concurrent Tx/Rx)

Observation 4: 16 probes ring configuration provide better tradeoff among backward compatibility, channel implementation accuracy, generality and extendibility.
During the discussion, one concern of 16 probes ring is the cost of channel emulator. 16 dual-polarization probes will need channel emulator of 32 paths, which can be more expensive than LTE 16 paths emulator. Another observation is that the agreed NR FR1 MIMO OTA channel model and BS filter of two beams do create the channel with narrow angle spread, i.e. 90.64% energy is within azimuth angle spread of 120.23o for CDL-C (UMa), and CDL-A (UMi) is much narrower [8]. It was further analysed that 99% energy of CDL-C (UMa) is covered in about 160o angle spread, and the simulation do show similar performance between “8 probes, sector 99%” and “16 probes, sector 100%” [2].
Observation 5: for the agreed NR FR1 MIMO OTA channel models, 8 probe in about 160o angle spread provide similar performance as 16 probes ring and can reduce the cost of channel emulator.
Therefore, as summary of the above discussions, we propose:
Proposal 1: Adopt option2 i.e. 16 probes ring (uniformly spaced) for NR FR1 MPAC system. Study the number of probes which is needed for each case.
Proposal 2: Start with 8 probes within 157.5 o of 16 probes ring for UMa CDL-C with 2 BS beams. The required probes number of UMi CDL-A should be less than UMa CDL-C.

[image: ]
Figure 6: the proposed NR FR1 MIMO OTA MPAC system layout
3	Conclusions
In this contribution, we further discuss probes configuration for FR1 MPAC system and propose a solution.
Observation 1: In LTE MIMO OTA, Weighted RMS spatial correlation errors are approximately as table1 for test zone size of 1λ and 1.6λ.
Observation 2: In LTE MIMO OTA, RMS correlation errors of 0.4 in UMi has not significant impact on TP performance. The measured data throughputs have not significant difference for antenna correlations smaller than 0.4. (Whether there will be impact for bigger values than above 0.4/0.4 has not been tested.)
Observation 3: For agreed NR MIMO OTA channel model, weighted RMS correlation errors of 16 probes ring configuration are expected to be 0.1 for 3.5GHz frequency, and no more than 0.3 for the worst case of CDL-A UMi at 7.125GHz, which is less than LTE 8 probes worst value at 1.6λ (0.415).
Observation 4: 16 probes ring configuration provide better tradeoff among backward compatibility, channel implementation accuracy, generality and extendibility.
Observation 5: for the agreed NR FR1 MIMO OTA channel models, 8 probe in about 160o angle spread provide similar performance as 16 probes ring and can reduce the cost of channel emulator.
[bookmark: _GoBack]Proposal 1: Adopt option2 i.e. 16 probes ring (uniformly spaced) for NR FR1 MPAC system. Study the number of probes which is needed for each case.
Proposal 2: Start with 8 probes within 157.5 o of 16 probes ring for UMa CDL-C with 2 BS beams. The required probes number of UMi CDL-A should be less than UMa CDL-C.
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image3.png
RMS Spatial correlation error for LTE SCME with 8/16 probes ring layout
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