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[bookmark: OLE_LINK15][bookmark: OLE_LINK4]1	Introduction
[bookmark: _GoBack]In RAN4#107 meeting, the considerations on Single-layer UL MIMO TRP test method has been discussed, as captured in WF [1].
	Sub-topic 1-2 Single-layer UL-MIMO TRP test method
Issue 1-2-1: For non-coherent UE support fullpowerMode1 TPMI index 2
Agreements:
· FFS, RAN4 targets to finalize the TPMI index selection for non-coherent UE in August RAN4 meeting.

Issue 1-2-2: For fully Coherent UE support multiple TPMI index 2~5  
· Proposals
· Option 1: multi-TPMI based test method 
· Option 1a: measure TRP under each TPMI, and then average TRPs as final performance metric. FFS TPMI index: TPMI 2~5 or 2&3 or 4&5;
· FFS the naming of the performance metric, e.g. keep current  or new term as combined-TRP 
· Option 1b: measure TRP under each TPMI with index 2~5, no further processing. How to define requirement is FFS. FFS TPMI index: TPMI 2~5 or 2&3 or 4&5;
· Option 1c: measure and record best EIRP at each test point (swept over all applicable TPMIs at each measurement grid), and then integrate all the measured best EIRPs into a TRP-like performance metric. TPMI index 2~5;
· FFS the naming of the performance metric, e.g. keep current  or new term as FR1 averaged spherical coverage;
· Option 2: single-TPMI based test method
· Option 2a: measure TRP under TPMI index 2, as the final performance metric;
· Option 2b: measure TRP under one of TPMI index within 3~5, as the final performance metric; 
Agreement: 
· RAN4 target to finalize this issue on TPMI index selection for single layer UL-MIMO in August RAN4 meeting
· Encourage companies to bring more analysis on test time and performance impact with above list candidate options. 



In this contribution, we share our views on test method for 2Tx TRP.
2 [bookmark: OLE_LINK3]Discussion
2.1	single layer UL MIMO
Regarding the potential methods for single-layer UL-MIMO TRP testing, it is divided into two main options:  single-TPMI based and multi-TPMI based test method, and five sub-options are summarized based on this. RAN4 target to finalize this issue on TPMI index selection for single layer UL-MIMO in this meeting [1].
For multi-TPMI based test method, different TPMI indexes introduce different additional phase differences between two antenna ports, where the TPMI index 2/3/4/5 corresponds to 0°/180°/90°/-90° additional phase differences respectively. Theoretical derivations are given in [2] along with measured results for all 6 TPMI index configurations, the observations show that 2TX TRP value with a single TPMI index is randomized by the phase difference between the two antennas, thus it is not suitable to be the merit of 2TX TRP performance. Further analysis of the test results reveals that the variation range of TRP values for the same DUT under different TPMI configurations is as follows:
	
	Variation of TRP value for single-TPMI based approach (TPMI=2/3/4/5) 
	Variation of TRP value for multi-TPMI based approach
(TPMI 2&3, 4&5, and 2~5)

	Phone 1
	1.02 dB
	0.01 dB

	Phone 2
	1.27 dB
	0.09 dB

	Phone 3
	0.59 dB
	0.01 dB


Although the accurate deviation of 2Tx TRP values cannot be obtained from the measurement data of a small number of mobile phones, it can be seen that the variation range of TRP results under different TPMI configurations can exceed 1dB, indicating that testing under a single TPMI index cannot accurately evaluate the single-layer UL-MIMO TRP performance of 2Tx UE.
Observation 1: For coherent 2Tx UE, single-TPMI based test method is not suitable to evaluate the the single-layer UL-MIMO TRP performance.
One potential solution to eliminate the randomness introduced by phase difference is to apply multi-TPMI based test method. The measurement results of 3 NR smartphones indicate that when TPMI = 2&3, 4&5, and 2~5, the variation of combined-TRP values of several combinations are within 0.1dB.
The main drawbacks of this method is the increase in testing time caused by moving from a single TPMI index to multiple TPMI indexes and additional update from TE side to support TPMI sweeping. Considering the short testing time of TRP, which is approximately 10 minutes per channel per scenario for 5G TRP. And based on feedback from TE vendor, TPMI can be flexible modified at each test point when performing EIRP measurement. Therefore, the testing time consumption after using a subset of TPMI 2~5 is acceptable. And according to the feedback from TE vendor, the TPMI can be flexible modified when performing EIRP measurement, and option 1a could be the most feasible solution at present.
Observation 2: The combined-TRP values with TPMI = 2&3, 4&5, and 2~5 remain almost unchanged with a variation of within 0.1dB.
Option 1c deviates from the legacy TRP concept based on fixed pattern testing by measuring and recording the best EIRP of each test point (swept over all applicable TPMIs at each point), and then integrating all the measured best EIRPs into a TRP-like performance metric. However, in LTE/NR FR1 TRP measurement, TAS OFF is applied during TRP measurement. In NR FR2 TRP measurement, the Tx beam should be locked by UBF during the measurement, which means that the existing test method are based on a fixed pattern during the measurement.
Moreover, it is beneficial to have some comparability between 1Tx and 2Tx OTA performance metrics, so from the point of view of developing performance requirement, a test method based on a fixed pattern should be followed to avoid confusion.
Proposal 1: For coherent UE, select option1a as final performance metric to specify performance requirement for single-layer UL-MIMO TRP testing.
Proposal 2: To reduce test complexity and save time, the TPMI index configuration for UL-MIMO TRP testing should be defined as 2&3 or 4&5. 
Option 1c can be captured in the TR annex as an informative test method to help manufactures better understand the optimal Tx performance of the 2Tx UE. 
Proposal 3: Option 1c can be captured in the TR annex as an informative test method. 
Furthermore, it is worth noting that not all UEs can support all TPMI indexes from 2 to 5. For non-coherent UE, only TPMI=2 is configurable, so multi-TPMI based test method is not feasible for such UEs. The UL MIMO test method can be determined based on the UE capability, and for non-coherent UE, a single TPMI index 2 could be used for TRP testing.
Proposal 4: For non-coherent UEs, measure TRP under TPMI=2 as the final performance metric.
3	Conclusion
This contribution makes the following observations and proposals.
Observation 1: For coherent 2Tx UE, single-TPMI based test method is not suitable to evaluate the the single-layer UL-MIMO TRP performance.
Observation 2: The combined-TRP values with TPMI = 2&3, 4&5, and 2~5 remain almost unchanged with a variation of within 0.1dB.
Proposal 1: For coherent UE, select option1a as final performance metric to specify performance requirement for single-layer UL-MIMO TRP testing.
Proposal 2: To reduce test complexity and save time, the TPMI index configuration for UL-MIMO TRP testing should be defined as 2/3 or 4/5. 
Proposal 3: Option 1c can be captured in the TR annex as an informative test method. 
Proposal 4: For non-coherent UEs, measure TRP under TPMI=2 as the final performance metric.
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