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Introduction
[bookmark: _GoBack]The selection of UMa and UMi scenarios for 2x2 and 4x4 FR1 MIMO OTA test cases was made without evaluation of the suitability of the channel models for a given test scenario. This contribution evaluates the characteristics of the models and provides a TP measurement example to highlight the problems with the CDL-A UMi model for 4x4 testing. It is shown that CDL-A UMi channel model characteristics are better suited for 2-layer testing, while the CDL-C UMa model provides more realistic conditions for 4-layer testing. Therefore, we suggest change the mapping of channel models for test cases such that CDL-C UMa model is used for 4x4 test and CDL-A UMi is used for 2x2 test.
Discussion
The CDL-A UMi model has one dominant spatial cluster when BS beamforming is applied. Therefore, the two strongest beams, specified to be used for the 4x4 test, illuminate the same cluster. While the BS beamforming is applied by selecting two strongest beams from the fixed beam grid as explained in 38.827, we find that two strongest beams assumed in current CDL-A UMi model illuminate the same cluster, not necessarily the two strongest clusters. It is obvious that the correlation between the two beams becomes high in this case. Therefore, the Tx-antenna correlation between co-polarized ports 1 and 3 in UMi CDL-A model for 4x4 test is close to 1 as indicated in Figure 1. It is commonly known that high antenna correlation results in bad MIMO performance and generally leads to low rank conditions. The eigenvalue distributions of the CDL-A model were simulated with an example UE antenna of two dual polarized +/-45˚ slanted elements with 0.5 lambda spacing. The eigenvalue distributions clearly show that there are two strong eigenvalues and two weak eigenvalues, as expected based on the Tx-antenna correlations. Therefore, it is likely that also in the OTA test, the realized channel model for certain UE antenna configuration can result in a rank 2 propagation condition, and it may be uncertain to achieve 4-layer transmission with reasonable SNR in the test. This may lead to failure in achieving the target TP, as the required SNR becomes non-feasible. CDL-A model with the specified BS beams is obviously a rank 2 channel by its nature. In addition to assuming theoretical UE antenna patterns, measured UE antenna patterns of a production UE were used (using RTS) which yielded the same observations. The experimental data of the cable-conducted test table also uses the real measured UE antenna, the correlation for UE side is low.
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[bookmark: _Ref53690317]Figure 1. Simulated TX-antenna correlation and eigenvalue distribution of CDL-A UMi scenario with example dual-polarized XX UE antenna.

The CDL-C UMa model has multiple strong spatial clusters, and the two strongest BS beams are pointed towards different strong clusters with sufficient angular separation in this model. This results as low correlation between the BS beams as shown in Figure 2. The eigenvalue distributions also indicate that the spread between the strongest and weakest eigenvalues (condition number) is much lower and the weakest eigenvalues are much stronger than in case of CDL-A UMi model. These model characteristics indicate much better likelihood for rank 4 conditions with lower SNR requirement compared to CDL-A model.
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[bookmark: _Ref53691642]Figure 2. Simulated TX-antenna correlation and eigenvalue distribution of CDL-C UMa scenario with example dual-polarized XX UE antenna.

Cable-conducted throughput experiments under UMi CDL-A channel model were performed using below setup on FDD Band3 with LTE device: 

Hardware setup: BS emulator + channel emulator + one LTE device supporting 4x4 test with 4 layers 
The test results are summarized in Table 1. The required power is about -31dBm/10MHz (1dB cable loss) for each UE input port to reach 95% of maximum throughput.  To reach 70% the required power is about -39dBm/10MHz (1dB cable loss) for each DUT input port. This required power level is too high to be satisfied for MIMO OTA Lab, and corresponds to  EPRE = -31 - 27.8 + 6 (overall power for 4 channel) = -52.8dBm/15KHz, this high power requirement is due to the high correlation for Tx side for UMi CDL-A configuration


[bookmark: _Ref54341252]Table 1: Example of cable-conducted throughput test measurement with 5G NR 4x4 UMi CDL-A channel model
	CE Port #1 measured output power (dBm/10MHz)
	Modulation
	MCS
	BLER (%)
	Throughput
(%)

	-30
	64QAM
	19
	~3
	~97

	-38
	64QAM
	19
	~25
	~75

	-45
	16QAM
	16
	~3
	~97

	-51
	16QAM
	16
	~20
	~80


Conclusion
It was shown by channel model characteristics evaluation and an example TP measurement that CDL-A UMi model is not suitable for 4x4 4-layer performance testing. It was also shown that CDL-C UMa model characteristics are much better suited for 4-layer testing. Therefore, we propose to change the mapping of channel models for test cases such that CDL-C UMa model is used for 4x4 test and CDL-A UMi is used for 2x2 test.
Proposal: It is proposed to adopt CDL-C UMa model for 4x4 testing and CDL-A UMi model for 2x2 testing.
image1.png
Ant1
Ant2
Ant3
Ants

Ant1

Ant2

Ant3

Ants




image2.png
FR1-MIMO-OTA-CDLA-UMi

—— steigval

01

o
-100 80 60 -40 20
eigenvalue (dB)




image3.png
Ant1
Ant2
Ant3
Antd





image4.png
FR1-MIMO-OTA-CDLC-UMa

1
— 1st eigval
09f |——2ndeigval
3¢d eigval
08 |——dtheigval
§°'7
2o0s
v
% 05
z
304
go.s
02
0
60 50 40 30 20 10 0 10

eigenvalue [dB]

20




