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1
Introduction
During the RAN#88-e meeting a new Work Item on Multiple Input Multiple Output (MIMO) Over-the-Air (OTA) performance requirements for NR UEs was approved in [1]. 
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This contribution provides our views on the core part objectives of NR MIMO OTA WI.
2 Discussion
2.1 On Down-selecting RMC for performance requirement
The test parameters for gNodeB emulator are defined in the Clause 8 in TR 38.827 v16.0.0 [2]. Only one type RMC parameters is defined for FR1 FDD MIMO OTA testing, i.e. 10 MHz with 64 QAM for FR1 FDD 2x2 MIMO in Table 8.2-2, and 10 MHz with 16 QAM for FR1 FDD 4x4 MIMO in Table 8.2-4. 

However, there are two options for FR1 TDD configurations, 40 MHz or [20] MHz with 64 QAM for FR1 TDD 2x2 in Table 8.2-3, and 40 MHz or [20] MHz with 16 QAM for FR1 TDD 4x4 in Table 8.2-5. Hence, down-selecting of RMC parameters is required for FR1 TDD MIMO OTA.    
Observation 1: One type RMC is defined for FR1 FDD MIMO OTA. Only down-selecting of RMC parameters for FR1 TDD MIMO OTA is needed.
As the initial step toward specifying the performance requirement for FR1 MIMO OTA, it is very important to make decisions on the RMC parameters at an early stage to provide guidance on the following steps. Considering high-speed data throughput is one of the key characteristics of NR and FR1 TDD bands always support 100 MHz bandwidth, so 40 MHz RMC is the proper setting for FR1 TDD testing.  
Proposal 1: Select 40 MHz with 64 QAM for FR1 TDD 2x2 MIMO OTA requirement, 40 MHz with 16 QAM for FR1 TDD 4x4 MIMO OTA requirement.

Regarding the RMC parameters for FR2, the channel bandwidth is clearly specified that only 100 MHz is adopted (in Table 8.2-7 and Table 8.2-8 in [2]). However, there are also two options of DL modulation, i.e. 16 QAM or 64 QAM, for down-selection to specify FR2 MIMO OTA requirement. 

In previous RAN4 meeting, FR2 3D-MPAC SNR analysis has been discussed in several contributions [3] [4], SNR range and selected channel model was agreed for RMC down-selection consideration. Although the final SNR range is not stabilized, it is aligned understanding that the SNR value in the centre of the test zone is based on single-probe SNR estimation plus additional small value from multi-probes weights. 
In general, the SNR range of 3D-MPAC could be much lower than single-probe RRM/Demod system defined in TR 38.810, because of the large physical path loss of channel emulator (~23dB per port @ 2.6 GHz under bypass mode, can be optimized to 18dB if high-gain mode is active) and additional loss of operated fading channel model. 

From the measurement uncertainty assessment perspective, as we know that the MU of FR2 RF system for power measurement is around 5 dB, however, the final MU value of FR2 3D-MPAC is assumed much larger because of the much more complexity. Besides, high order modulation with SNR close to the system dynamic-range boundary may further increase the measurement uncertainty (e.g. PA linear range and signal distortion). Therefore, it is recommended to select the 16 QAM for FR2 MIMO OTA in order to specify the repeatable and trustable performance requirements for NR UEs and prevent the MU of FR2 3D-MPAC system from further increasing. 
Observation 2: The SNR range of 3D-MPAC could be much lower than single-probe RRM/Demod test system defined in TR 38.810, because of the large physical path loss of channel emulator and additional loss of operated fading channel model. 
Observation 3: High-order modulation with SNR close to the system dynamic-range boundary may further increase the measurement uncertainty of 3D-MPAC system.

Proposal 2: Select 16 QAM DL modulation for FR2 2x2 MIMO OTA performance requirement. 
2.2  Down-selecting of Channel models in TR38.827 for performance requirement
In TR 38.827, the following agreements have been captured:
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NR FR1 supports both 2Rx and 4Rx operation, and “only specify 4x4 MIMO OTA requirement for 4Rx antenna bands” is captured in the WID, so both UMi CDL-A and Uma CDL-C shall be kept for 4x4 and 2x2 MIMO OTA testing, respectively. There is no need for down-selection of FR1 channel model. 
Proposal 3: Keep both FR1 UMi CDL-A and FR1 UMa CDL-C for 4 Rx bands and 2Rx bands, respectively.

Regarding the two agreed channel models for FR2, further down-selection is required for the final FR2 2x2 performance requirement. FR2 InO CDL-A and FR2 UMi CDL-C have different spatial characteristics which was presented in previous analysis paper for FR2 3D-MPAC system layout discussion. However, the FR2 UE performance under different channel model has not been demonstrated. We suggest to make the down-selection of FR2 channel model based on simulation results or measurement results. Views on how to select FR2 channel model from CE vendors are encouraged to make decision on this topic ASAP.   
Observation 4: One type channel model is defined for FR1 2x2 and 4x4 MIMO OTA. Only down-selecting of channel models for FR2 MIMO OTA is needed.
Proposal 4: Suggest to make decision on FR2 channel model down-selection based on simulation results or measurement results.
2.3  On channel model validation and pass/fail limit
In the WID, the scope related to channel model validation is listed:
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One of the key targets for core part work is specifying the channel model validation pass/fail limit, this is important for checking the feasibility of MIMO OTA system and Lab quality control. According to the Work Plan of the WI [5], simulation analysis and measurement results from CE vendors and Labs are encouraged to specify the pass/fail limit as soon as possible. This process shall be one of the main conditions that MIMO-results-submitting companies need to meet to define the final UE performance requirements.  
Proposal 5: Simulation analysis and measurement results from CE vendors and Labs are encouraged to specify the pass/fail limit as soon as possible.   
Proposal 6: Channel model validation results shall be one of the main conditions that MIMO-results-submitting companies need to meet to define the final performance requirements. 

3
Conclusion

This contribution provides our views on the core part objectives of NR MIMO OTA WI:
Observation 1: One type RMC is defined for FR1 FDD MIMO OTA. Only down-selecting of RMC parameters for FR1 TDD MIMO OTA is needed.
Observation 2: The SNR range of 3D-MPAC could be much lower than single-probe RRM/Demod test system defined in TR 38.810, because of the large physical path loss of channel emulator and additional loss of operated fading channel model. 
Observation 3: High-order modulation with SNR close to the system dynamic-range boundary may further increase the measurement uncertainty of 3D-MPAC system.

Observation 4: One type channel model is defined for FR1 2x2 and 4x4 MIMO OTA. Only down-selecting of channel models for FR2 MIMO OTA is needed.
Proposal 1: Select 40 MHz with 64 QAM for FR1 TDD 2x2 MIMO OTA requirement, 40 MHz with 16 QAM for FR1 TDD 4x4 MIMO OTA requirement.

Proposal 2: Select 16 QAM DL modulation for FR2 2x2 MIMO OTA performance requirement. 

Proposal 3: Keep both FR1 UMi CDL-A and FR1 UMa CDL-C for 4 Rx bands and 2Rx bands, respectively.

Proposal 4: Suggest to make decision on FR2 channel model down-selection based on simulation results or measurement results.

Proposal 5: Simulation analysis and measurement results from CE vendors and Labs are encouraged to specify the pass/fail limit as soon as possible.   

Proposal 6: Channel model validation results shall be one of the main conditions that MIMO-results-submitting companies need to meet to define the final performance requirements. 
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4.1	Objective of Core part WI


The objective of this Work Item is to specify MIMO OTA performance requirements for NR FR1 and FR2 UEs， including both SA and NSA. The Work Item’s outcome shall be captured in TS 38.xyz. 





Investigate and specify the following aspects:


-	The work is based on the outcome of SI in TR38.827.


-	Define requirements for the following device types:


-	Smartphone is the first priority


-	Tablet


-	Wearable device


-	Fixed wireless access (FWA) terminal


-	Laptops


-    The performance requirement shall include both NSA and SA


-    Down-selecting of parameters for RMC in TR38.827


 -	Down-selecting of Channel models in TR38.827 for performance requirement 


-    Specify up to spatial multiplexing rank 4 requirements for FR1 and up to spatial multiplexing rank 2 requirements for FR2


-	Define the pass/fail criteria for channel model validation, both FR1 and FR2


Comparison among radius of 5cm and 10cm PSP validation results is needed for FR2 3D-MPAC systems.


Further check if we need to specify the reference antenna for FR2 validation 


Further check whether vertical polarization is sufficient for FR1 Spatial Correlation validation 


-	Consider the SNR analysis for RMC down selection and FR2 requirements definition


-	MIMO OTA performance requirement with head/hand phantoms is second priority – this will be in collaboration with CTIA who plan to work on these aspects


-	Consider positioner blocking effect on specifying performance requirement for FR2


-	Identify exceptional requirements that need to be tested for NSA TRMS


Example: NSA TRMS requirements for potential UE self-interference due to IMD3 in EN-DC


-	Define how to process the measurement data for FR2 


Averaging of the measured sensitivity points, or define sensitivity value based on the CCDF


Other approach is not precluded


-	Potential optimization of test methods for FR1 and FR2 is not precluded: e.g. 


Further work is suggested to illustrate the DUT rotations


For FR2, further work to check if test points rotations are to be implemented per channel model to compensate for channel model rotations


For FR2, re-positioning of the NR MIMO probes to align the probes with NR FR2 RRM probe configurations.


For FR2, alternative probe configurations (different locations and different number of probes) regardless of probe implementation.


The Measurement Uncertainty (MU) aspects, including potentially test tolerances, and test procedures will be handled in RAN WG5. During the course of this work item, ongoing communication with 3GPP RAN WG5, CTIA OTA Working Group (MOSG, 5G mm-wave OTA Sub-Working group and MUSG), and CCSA TC9 WG1 shall be maintained to ensure industry coordination on this topic.


4.2	Objective of Performance part WI


Specify the FR1 MIMO OTA requirements:


FR1 TRMS requirements for NSA and SA


For NSA mode, only NR MIMO OTA requirements will be specified and no additional LTE MIMO OTA requirements will be introduced. 


Define the detailed Figure of Merit for TRMS, e.g. TRMS@70% or 95% Max-Throughput 


Band n41, n77,n78 and n79 are the first priority 


Requirements for SA are the first priority 


Only specify 4x4 MIMO OTA requirement for 4Rx antenna bands


Specify the FR2 MIMO OTA requirements:


Define the detailed Figure of Merit for FR2 


Based on how to process the data, specify the sensitivity value 


FR2 requirements


Band n257, n258, n260 and n261 are the first priority





FR1 scenarios:


For 2x2 MIMO: Urban Macro


For 4x4 MIMO: Urban Micro


FR2 static testing scenarios:


Urban Micro street canyon and Indoor


…


For NR MIMO OTA testing, the following channel models are required to be measured: FR1 UMi CDL-A in table 7.1.1-1, FR1 UMa CDL-C in table 7.2.1-8; FR2 InO CDL-A in table 7.2.2-6, FR2 UMi CDL-C in table 7.2.2-3.





-	Define the pass/fail criteria for channel model validation, both FR1 and FR2


Comparison among radius of 5cm and 10cm PSP validation results is needed for FR2 3D-MPAC systems.


Further check if we need to specify the reference antenna for FR2 validation 


Further check whether vertical polarization is sufficient for FR1 Spatial Correlation validation 








