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In RAN4#107, 2Tx TRP test method was discussed and the WF was approved in [1]. In this meeting, we provide our views on TRP test method for single-layer UL MIMO and TxD.
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Single-layer UL-MIMO TRP test method 
General
For single-layer UL-MIMO TRP test method, the test method was discussed per the UE capability of whether supporting coherent UL MIMO and the following agreements were captured in [1]:
	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 
· [bookmark: OLE_LINK3]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.  



Firstly, companies need to align the TPMI(s) supported by UE for coherent and non-coherent UL-MIMO capabilities. 
Non-coherent/partial-coherent UE
The motivation of introducing full power transmission in Rel-16 is full power cannot be delivered with non-coherent/partial-coherent precoders. To solve the issue, three modes, i.e., Mode 0/1/2 were specified. 
In mode 0, the rel-15 power scaling factor is removed and TPMI index 0/1 is used. Therefore, in mode 0, two antennas are not transmitted simultaneously. So, for the UE supported mode 0, it is not in the scope of 2Tx TRP test method discussion.
In mode 1, UEs use full coherent precoders via transparent S-CDD implementation. And only TMPI index= 2, i.e., [1 1] is allowed as specified in Table 7.3.1.1.2-5A of TS 38.212.
Table 7.3.1.1.2-5A: Precoding information and number of layers, for 2 antenna ports or Second Precoding information, if transform precoder is enabled and ul-FullPowerTransmission = fullpowerMode1, or if transform precoder is disabled, maxRank = 1, and ul-FullPowerTransmission = fullpowerMode1
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved



In mode 2, UE could signal which TPMI can support full power. As specified in TS 38.306, for two ports, only TPMI index = 0 and TPMI index =1 can be indicated.
	ul-FullPwrMode2-TPMIGroup-r16 
Indicates the UE supported TPMI group(s) which delivers full power. The capability signalling comprises the following values: 
- twoPorts-r16 indicates a 2-bit bitmap, where the leading / leftmost bit (bit 0) corresponds to {TPMI index = 0}. The next bit (bit 1) corresponds to {TPMI index = 1} and the TPMI index is as specified in Table 6.3.1.5-1 of TS 38.211 [6] 
- fourPortsNonCoherent-r16 indicates the TPMI groups {G0-3} 
- fourPortsPartialCoherent-r16 indicates the TPMI groups {G0-6} 



Observation 1: For the non-coherent/partial-coherent 2Tx UE supporting full power transmission, RAN4 should only consider the TRP test method for fullpowerMode1 and TPMI index can only be set as 2 for fullpowerMode1.
With Observation 1, the way of measuring the TRP for the non-coherent/partial-coherent 2Tx UE is to use single-TPMI-based test method, i.e., measure TRP given TPMI index=2.
Proposal 1: For the non-coherent/partial-coherent 2Tx UE, RAN4 to consider single TPMI based test method, i.e., measure TRP given TPMI index=2.
For the single TPMI based test method, the variation of TRP is similar to TxD case. They could be studied and solved together.
Proposal 2: The variation of TRP with the single TPMI based test method is similar to TxD case. RAN4 to study and solve the variation of TRP issue for non-coherent/partial-coherent 2Tx and TxD testing. The following options could be considered. 
· Option 1: A MU element and additional TT are introduced. 
· Option 2: No new MU element is needed, similar to RxD test case.
· Option 3: New test procedure to ensure a more statistical measurement.
· Option 3a: Define a min. EIRP averaging time.
· Option 3b: Measure multiple times and take the average of measured TRPs.

Coherent UE
For the UE that supports coherent UL-MIMO, it is natural that UE needs to support TPMI index 2/3/4/5. As discussed in RAN4#107, we further analyze Option 1a and Option 1c.
For Option 1a, [2] provides the theoretical derivation which shows that Option 1a could eliminate the impact of random phase difference between two antennas. And the average of TRP with TPMI index 2~5 or 2&3 or 4&5 is equal to sum of TRP of antenna 1 and antenna 2. Therefore, the measurement of Option 1a aligns with the TRP concept which is to indicate the sum of the TRP of the two antennas.
Observation 2:  Option 1a could eliminate the impact of random phase difference between two antennas and aligns with the TRP concept which is to indicate the sum of the TRP of the two antennas.
For Option 1c, the best EIRP at each test point is recorded and integrated by sweeping over all applicable TPMIs. In the real network, the TPMI is selected/scheduled by gNB based on the SRS transmitted by UE. Since the fading channel changes fast, and the scheduling algorithm of the gNB is based on the implementation in the reality, it cannot be guaranteed that the UE will always use the best TPMI for UL transmission. In this case, Option 1c will significantly improve the measurement results which is not reflecting the real radiated performance for 2Tx UE. In addition, traditionally, TRP is measured via surface integral of measured EIRP with a fixed antenna pattern. For example, in LTE/FR1 TRP measurement, the antenna switching is disabled, i.e., the antenna pattern is fixed during the TRP measurement. Similarly, in FR2 TRP measurement, Tx beam should be locked by UBF function when measuring the TRP in the chamber. 
Observation 3: Option 1c will significantly improve the measurement results which is not reflecting the real radiated performance for 2Tx UE. And Option 1c does not align with the traditional TRP definition which might cause the confusion for legacy TRP definition.
With the above, we have the following proposal for the 2Tx TRP test method of coherent UE.
Proposal 3: For coherent 2Tx UE, RAN4 to consider option 1a as the baseline.

TxD test method 
For TxD test method, the following agreements were captured in [1]. 
	Issue 1-3-1: TxD test procedure for 2Tx simultaneously (2Tx-based TxD) 
Agreement: 
· RAN4 target to introduce test methods which can take UE implementation agonistic 
· Encourage companies bring more analysis on the impact with different UE implementation under different test methods. 
· Test time impact also need to be considered 

Issue 1-3-2: TxD phase shift issue for 2Tx-based TxD
· Proposals
· Option 1: A new 2Tx test mode can resolve/stabilize potential 2Tx-based TxD phase variation. 
· Option 2: A new 2Tx test mode can not resolve/stabilize the phase variation, given this could be physical basis of some TxD implementation approaches. Similar to RxD, no test mode is needed currently.
· Option 3: others
· Agreements:
· RAN4 to further discussion the above options

Issue 1-3-3: If 2Tx-based TxD power variation is not resolved fundamentally, how to consider this impact
· Proposals
· Option 1: A MU element and additional TT for 2Tx-based TxD test case. 
· Option 2: No new MU element is needed, similar to RxD test case.
· [bookmark: OLE_LINK1]Option 3: new test procedure to ensure a more statistical TxD measurement, e.g. define a min. EIRP averaging time.
· Agreements:
· RAN4 further discuss above options. Other approach is not precluded



For TxD test method, the main remaining issues are: 1). Whether a new 2Tx test mode which can resolve/stabilize potential 2Tx-based TxD phase variation should be introduced. 2). If 2Tx-based TxD power variation is not resolved fundamentally, how to consider this impact.
For 1), the TRP of UE that supports TxD can be calculated as follows:
,
where Pt is the transmit power of UE,  is the antenna gain of UE at direction .  is the phase between two antennas at direction  which is time-varying. 
If the phase is fixed via applying a new test mode, then TRP will highly rely on the initial phase which is decided by test function. For example, the fixed phase offset of 0deg phase will result in constructive signal level while the fixed offset of 180deg will result in destructive signal level. In addition, implementing a new test mod will lead to the extra efforts for the UE/chipset vendors which should be avoided. With that, we have the following proposals:
Proposal 4: RAN4 should not consider the test mode to resolve/stabilize the phase variation.
Proposal 5: The following options could be considered to resolve the impact of phase variation.
· Option 1: A MU element and additional TT are introduced. 
· Option 2: No new MU element is needed, similar to RxD test case.
· Option 3: New test procedure to ensure a more statistical measurement.
· Option 3a: Define a min. EIRP averaging time.
· Option 3b: Measure multiple times and take the average of measured TRPs.
Conclusion
In this paper, we provided our views on FR1 2Tx TRP test method. We have the following observations and proposals:
Observation 1: For the non-coherent/partial-coherent 2Tx UE supporting full power transmission, RAN4 should only consider the TRP test method for fullpowerMode1 and TPMI index can only be set as 2 for fullpowerMode1.
Proposal 1: For the non-coherent/partial-coherent 2Tx UE, RAN4 to consider single TPMI based test method, i.e., measure TRP given TPMI index=2.
Proposal 2: The variation of TRP with the single TPMI based test method is similar to TxD case. RAN4 to study and solve the variation of TRP issue for non-coherent/partial-coherent 2Tx and TxD testing. The following options could be considered. 
· Option 1: A MU element and additional TT are introduced. 
· Option 2: No new MU element is needed, similar to RxD test case.
· Option 3: New test procedure to ensure a more statistical measurement.
· Option 3a: Define a min. EIRP averaging time.
· Option 3b: Measure multiple times and take the average of measured TRPs.

Observation 2:  Option 1a could eliminate the impact of random phase difference between two antennas and aligns with the TRP concept which is to indicate the sum of the TRP of the two antennas.
Observation 3: Option 1c will significantly improve the measurement results which is not reflecting the real radiated performance for 2Tx UE. And Option 1c does not align with the traditional TRP definition which might cause the confusion for legacy TRP definition.
Proposal 3: For coherent 2Tx UE, RAN4 to consider option 1a as the baseline.
Proposal 4: RAN4 should not consider the test mode to resolve/stabilize the phase variation.
Proposal 5: The following options could be considered to resolve the impact of phase variation.
· Option 1: A MU element and additional TT are introduced. 
· Option 2: No new MU element is needed, similar to RxD test case.
· Option 3: New test procedure to ensure a more statistical measurement.
· Option 3a: Define a min. EIRP averaging time.
· Option 3b: Measure multiple times and take the average of measured TRPs.
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