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1 Background
In RAN4#92 meeting there is agreement on FR1 MIMO OTA test methods captured in WF [1] focusing on probe configuration and spatial correlation error, reproduce as following：· 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

And it is also captured in WF [1] that upper limit of RMS error will be decided in this RAN4 meeting.
[bookmark: _Ref4666338]This paper elaborates our view on spatial correlation error and FR1 probe layout.
Discussion
MIMO OTA is designed to evaluate UE’s DL MIMO performance over the air with the channel models aligned with real network status as much as possible. However, the agreed channel model for NR FR1 MIMO OTA is already an approximation due to channel model narrow down and 2D scaling, etc. Spatial correlation error is used as a verdict to the similarity between the agreed channel model and standardized probe configuration. From this point of view, spatial correlation error is only partial error factor of the whole approximation, illustrated as below figure:
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Fig.2-1 illustration of relationship between spatial correlation error and whole approximation
[bookmark: _Ref1149432]Observation 1:	spatial correlation error (standardized) is only partial error factor of the whole approximation.
In the WF [2] of RAN4#90bis, it is agreed that “Number of probes and placement of probes for MPAC system for FR1 and FR2 have to be standardized in the MIMO OTA SI”. Once number of probes and placement of probe is standardized, the spatial correlation error between the agreed channel model and standardized probe layout will be a factor without uncertainty, which means that spatial correlation error here can be regarded as an approximation to the channel model in a fixed direction. So the spatial correlation error doesn’t affect the monotonicity of different UEs’ TP performance test results.
Observation 2:	spatial correlation error (standardized) doesn’t affect the monotonicity of different UEs’ TP performance test results.
Though the spatial correlation error between agreed channel model and standardized probe layout is factor without uncertainty, the spatial correlation error between standardized probe layout and the implemented probe layout is a factor with uncertainty, which should be the key point of spatial correlation error verification. To distinguish the two kinds of spatial correlation error factors, we can name them as standardized spatial correlation error and implemented spatial correlation error respectively, illustrated as below figure:
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Fig.2-2 standardized spatial correlation error vs implemented spatial correlation error
Since the standardized spatial correlation error is a factor without uncertainty, its RMS error limit can be defined with a moderate value. For the implemented spatial correlation error which has direct contribution to measurement uncertainty, its RMS error limit can be defined with a relative restrict value.
[bookmark: _Ref1149451]Proposal 1:	Distinguish spatial correlation error as “standardized spatial correlation error” and “implemented spatial correlation error”. For the standardized spatial correlation error which is not a random factor, its RMS error limit can be defined with a moderate value; For the implemented spatial correlation error which has direct contribution to measurement uncertainty, its RMS error limit can be defined with a relative restrict value.
Look back to the FR1 probe layout options in WF [1], reproduced as following:· 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

The intention of Option 1 is to offer better standardized spatial correlation error. But the procedures to upgrade LTE chambers is more complicated and cost is higher than Option 2. Moreover, the distance between adjacent probes in the sector is more close to each other than Option 2. In the simulation of spatial correlation error, the size of probe is assumed as zero, so the gap between adjacent probes could be infinitely close. However, the size of dual polarized probe can be large or small depending on implementation. A too close gap between adjacent probes may lead to collision or mutual coupling of adjacent probes. And Option 1 provides separate probes for LTE and NR, which increase possibility of collision of probes.
Proposal 2:	for Option 1 probes configuration, LTE probes shall be reused for NR MIMO OTA test, and the angular sector shall not be too small, to avoid collision or mutual coupling of adjacent probes.
Based on above analysis on spatial correlation error, a moderate RMS error limit for the standardized spatial correlation error is enough. From this point of view, the measurement accuracy of Option 2 is no problem as long as the implemented spatial correlation error limit is guaranteed.
On the other hand, the channel model characteristics for NR FR1 is different from LTE. As shown in the paper [3], 99% of DL signal energy is distributed within about 180 angular sector, 90% DL signal energy within 100 angular sector. Consequently it is a waste of resource to configure all the 16 probes for NR. Only 8 probes within 180 angular sector with 99% signal energy is enough.
Proposal 3:	for Option 2 probes configuration, there is no issue on standardized spatial correlation error, but it is enough just to enable 8 probes within 180 angular sector for NR. 16 probes ring (uniformly spaced) shall be kept to be compatible with LTE.
Proposal 4:	Base on proposal 2 and proposal 3, Option 1 and Option 2 can be combined into one.
Conclusion
Observation 1:	spatial correlation error (standardized) is only partial error factor of the whole approximation.
Observation 2:	spatial correlation error (standardized) doesn’t affect the monotonicity of different UEs’ TP performance test results.
Proposal 1:	Distinguish spatial correlation error as “standardized spatial correlation error” and “implemented spatial correlation error”. For the standardized spatial correlation error which is not a random factor, its RMS error limit can be defined with a moderate value; For the implemented spatial correlation error which has direct contribution to measurement uncertainty, its RMS error limit can be defined with a relative restrict value.
Proposal 2:	for Option 1 probes configuration, LTE probes shall be reused for NR MIMO OTA test, and the angular sector shall not be too small, to avoid collision or mutual coupling of adjacent probes.
Proposal 3:	for Option 2 probes configuration, there is no issue on standardized spatial correlation error, but it is enough just to enable 8 probes within 180 angular sector for NR. 16 probes ring (uniformly spaced) shall be kept to be compatible with LTE.
Proposal 4:	Base on proposal 2 and proposal 3, Option 1 and Option 2 can be combined into one.
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