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In RAN1 #1901, three different capabilities were agreed to support full TX power UL transmission at least for codebook based UL transmissions for power class 3 and whether all three capabilities or a subset would be specified need further discussions [1].
	Agreements
Full TX power UL with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs. The support of this feature is indicated by the UE as part of UE capability signalling. For power class 3:
·  UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability
· FFS: detailed power scaling description 
· Note: Full Tx power means UE delivers total power of 23dBm for PC3
· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 
· FFS: detailed design
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability
FFS: Whether all three capabilities will be specified or a subset will be specified
FFS: UE capability signalling/reporting details
Note: Two or more of the above capabilities could be merged depending on the further details.


In RAN1 96, UE capability 1 and 3 were agreed that can be supported full power transmission and UE capability 2 was under working assumption [2].
	Agreements
Note: UE capability 1, 2, 3 agreed in RAN1#AH1901 mean the PA architectures
At least for PC3, UE capability 1, 3 can support full power transmission.
Working assumption: For PC3, UE capability 2 can support full power transmission.
· Companies to check for any implementation issues and/or performance of Rel-16 full power transmission compared to Rel-15 non-coherent codebook subset uplink transmission.


During the last meeting, it has agreed to support capability 2, and some candidate solutions to capability 2 were also listed for down-selection [3]. 
	
Agreements
RAN1 will select one of the alternative solutions below to support UE capability 2. Further clarification or details are needed for Alt1, Alt3-1, Alt3-2, and Alt5. Email discussion by 17th of April for companies to provide clarification on Alt1, Alt3-1, Alt3-2, and Alt5. To be coordinated by Rakesh (vivo).
· Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)
· Alt3-1: Option3+Option2 (Multiple SRS resources with different number of SRS port(s) in each resource)
· FFS: Whether to additionally support Option 1-2
· Alt3-2: Option3+Option2+ Option1-1 (Multiple SRS resources with different number of SRS port(s) in each resource)
· Alt5: FDM multi-port simultaneous transmission


In this contribution, we will provide our opinions on the solutions to support UE capability 2.

Discussion
Alt. 1 requires a new codebookSubset for the rank value(s) where full power transmission in UL is not achievable for UE capability 2. For example, for the non-coherent transmission capable UE with [20dBm, 17dBm, 20dBm, 17dBm] PAs, instead of supporting  for rank 1 transmission,  should be selected. Therefore, it can provide some necessary precoder options that are current excluded for non-coherent and partial-coherent UEs based on this solution. On the other side, power control mechanism (Option 3) need also be modified, as it cannot achieve full power transmission for PUSCH if reuse the power scaling defined in R15.  
For Alt. 3-1, multiple SRS resources with different number of SRS port(s) in each resource is supported. For example, if a UE with non-full rated PA structure of [17dBm, 17 dBm, 17 dBm, 17 dBm], in order to support full power transmission for each rank, the UE can report three SRS resources in a set. In the first SRS resource, it can virtualize four Tx chains into one SRS port to support full power transmission in rank 1. In the second SRS resource, two SRS ports can be supported for rank 2 where each SRS port is virtualized from two Tx chain and in the final SRS resource, a four-SRS-ports resource can be reported for higher ranks. In this way, there is no need to introduce new codebookSubset in uplink codebook.
However, this option potentially would bring about system overhead for  different port number for each SRS resource in a set. On the other hand, multiple SRS resources need to be configured or triggered which would increase time latency. Considering all these issues, Alt 3-1 should be further studied. 
During the email discussions, UE can be configured with one SRS resource (without virtualization) is proposed for Alt. 3-2. To some extent, in our opinion it could be merged with Alt. 1.
Observation 1: Alt. 3-2 could be merged with Alt.1.
Besides, FDM multi-port simultaneous transmission (Alt. 5) were proposed and discussed. This solution divides the scheduled RBs into several RB sets, and each of which is associated with a respective antenna port or antenna port set (ports of which should be coherent). It can be applicable to both CP-OFDM and DFT-s-OFDM waveforms. Although this solution can fulfil the full power transmission in another way, several impacts and problems also arise. Firstly, it has large spec impact on the UL resource allocation in frequency domain, UL RS sequence generation and mapping, frequency hopping and spatial relation. Secondly, this will bring complexity and cost of implementation when two DFT/IFFT are needed from the UE point of view. Finally, there have no results showing there is better performance than others. Therefore, Alt. 5 should not be supported. 
Observation 2: Alt. 5 should not be supported considering spec impact, implementation complexity and performance.
Proposal 1: Alt. 1 can be supported for UE capability 2.
· FFS: whether to support Alt. 3-1 considering spec impact, the signaling overhead and time latency.

Conclusion
In this contribution, we provide our opinions on the solutions to support UE capability 2. Based on the discussion, we have the following observations and proposal:
Observation 1: Alt. 3-2 could be merged with Alt.1.
Observation 2: Alt. 5 should not be supported considering spec impact, implementation complexity and performances.
Proposal 1: Alt. 1 can be supported for UE capability 2
· FFS: whether to support Alt 3-1 considering spec impact, the signaling overhead and time latency.
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