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1. Introduction
In RAN#85, the WID of Enhancements on MIMO for NR was updated in [1], in which the following objective for RAN4 is added:
· Specify core requirements associated with the items specified by RAN1 [RAN4]

· Specify RRM requirements

· Identify impact on RF requirements for the reduced PAPR pi/2-BPSK DMRS and, if needed, specify RF requirements 
· Identify impact on RF requirements for the uplink full power transmission and, if needed, specify RF requirements 
In this newly added part, it has been mentioned that the uplink full power transmission and possible RF requirements need analysis. In this paper we try to discuss this issue and give our views.
2. Discussion
In [2] a quite thorough and up to date summary of RAN1 work is provided in which the R15 power scaling restriction for non-coherent UE, the concept of full power UL transmission and RAN1’s work progress is  introduced. One of the key idea which would have RAN4 impact is try to set specific scheme to enable full transmission power using multiple RF links, which is closely related to the verification of Tx Diversity. 
In RAN4, currently the test of UL-MIMO is based on 2-layer transmissions and there is no test requirements were defined specifically for Tx Diversity. Though seems not officially agreed, a list of measurement methods proposals for multi-antenna transmissions was provided in [3] and was frequently used later such as [4][2]. 
Proposal 1: The total output power shall be the sum of the powers of the individual antenna ports

Proposal 2: For 1-layer operation the EVM shall be met on a per antenna basis. 

Proposal 3: The individual powers at the 2 antennas shall be summed as a function of frequency and compared with the SEM mask. 

Proposal 4: The sum of the powers of the individual antenna shall meet 31 dB ACLR for PC2

Proposal 5: The MPR and AMPR values that shall apply at each antenna port are those corresponding to the power class of the UE calculated from the sum of the powers of the individual antenna.  In other words, for a UE delivering PC2 by combining two PC3 chains, each antenna port shall be individually afforded the PC2 MPR/A-MPR.

The latest WF [5] still leave it open on how to verify Tx Diversity and listed below:
· No specific requirements for TX diversity is written in RAN4 specification. 
· RAN4 will follow RAN1 agreements and is discussing possibility for RAN4 requirements to accommodate TX diversity
· LS to RAN5 will be sent to ask them to confirm feasibility of TX diversity testing
It should be noted that the multi-antenna measurements currently discussed is closely related to what full Tx power transmission discussed in Rel-16. 
Observation 1: Full Tx Power testing is closely related to the Tx Diverstiy Test discussing in Rel-15.
For 2Tx with rank 2 transmission, the UE can deliver full power, it is out of the scope of Rel-16 MIMO enhancement. So we do not have to consider rank 2 in this WI. In addition, current Rel-15 UL-MIMO already covers 2Tx with rank 2 transmission case.
Proposal 1: No rank 2 configuration need to be considered for possible Full Tx power requirements and test.

For a non-coherent UE works in Mode 1, it was agreed at least a new TMPI precoder [image: image2.png]


 will be introduce to support UL full Tx power transmission. This is one of the main features that was different from Rel-15 in that a more detailed scheme was specified. If new verification is discussed it is proposed to start with this configuration.
Proposal 2: Rank 1 test for Mode 1 can be prioritized for Full Tx power verification if new requirements or test are introduced. The measurement methods are aligned with Rel-15 Tx Diversity.
For Mode 2, UL 1 port transmission can be virtualized by 2 physical antennas and this virtualization concept is basically the same to Rel-15 single antenna port transmission. In this sense, the priority of Mode 2 rank 1 verification could be lower compared to Mode 1. 
For the measurement methods, it seems that no matter for Mode 1 rank 1 or Mode 2 rank 1 transmission, what had been discussed for multiple antenna connector tx are still valid here. There seems also no reason why the requirements should be different, so it is not necessary for a UE to do duplicate verification for both Mode 1 and Mode 2.

However, since how to define the capability of Mode 1 and Mode 2 is still on going, there is still possibility to introduced such configuration in verification, e.g. in case Mode 1 is not supported while Mode 2 is.

Proposal 3. Rank 1 test for Mode 2 can also be considered for Full Tx power. However, it is not necessary for a UE to do duplicate verification for both Mode 1 and Mode 2.
Actually, the possible measurement methods and even requirements should be quite aligned with R15 Tx diversity. There is a possibility that we may share one set of test between them. That is to say, verify either the R15 Tx diversity or R16 Full Tx Power is enough since all of them are multi-antenna rank1 test.

Proposal 4. Considering only verify either the R15 Tx diversity or R16 Full Tx Power for one UE since all of them are multi-antenna rank1 test.

Furthermore, it can be further discussed whether we can reuse some current requirements for UL-MIMO. This topic could also be combined with current discussion for Tx diversity.
Proposal 5: The discussion on requirements needed can be combined with current discussion for Tx diversity.
3. Conclusion

This paper discussed some considerations for Full Tx Power verification. The following observation and proposals were provided :
Observation 1: Full Tx Power testing is closely related to the Tx Diverstiy Test discussing in Rel-15.
Proposal 1: No rank 2 configuration need to be considered for possible Full Tx power requirements and test.

Proposal 2: Rank 1 test for Mode 1 can be prioritized for Full Tx power verification if new requirements or test are introduced. The measurement methods are aligned with Rel-15 Tx Diversity.
Proposal 3. Rank 1 test for Mode 2 can also be considered for Full Tx power. However, it is not necessary for a UE to do duplicate verification for both Mode 1 and Mode 2.
Proposal 4. Considering only verify either the R15 Tx diversity or R16 Full Tx Power for one UE since all of them are multi-antenna rank1 test.

Proposal 5: The discussion on requirements needed can be combined with current discussion for Tx diversity.
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