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[bookmark: _Ref494215420]Introduction
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.


During last meeting, UE capability 1 and 3 were agreed that can be supported full power transmission and UE capability 2 was under working assumption. On the other hand, two different UE capabilities signaling need to be down selected in RAN1 #96bis [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.

Agreements
Down select among the following two alternatives by RAN1#96bis. As part of UE capabilities signaled the following is included:
Alt1: UE capability signaling of supported one or group of TPMI precoder(s)
Alt3: UE capability signaling of power scaling schemes for full uplink power transmission.
· Note: This does not imply any restriction on UE antenna virtualization.
· FFS: Whether full uplink power transmission needs to be supported for all precoders


In this contribution, we will analyze the feasibility of UE capability 2 to support full power transmission and provide our opinions on the UE capability signaling.

Discussion
Analysis on the UE capability 2 to support the full TX power for UL transmission
In order to achieve full TX power UL transmission, this capability can be achieved by two different methods:
Option 1: Apply small delay cyclic delay diversity (S-CDD) or linear delay diversity to all the configured antenna ports where each antenna port corresponds to one Tx chain.
Option 2: Apply virtualization to multiple Tx chains to form one antenna port. 
For the first method, each antenna port corresponds to one Tx chain. We can adopt S-CDD or linear delay diversity where delays could be applied to the ports with zero PUSCH power in R15 non-coherent and partial-coherent transmission. For example, when  is configured as the precoder by TPMI, UE could use two antenna ports but with the second port has a small cyclic delay  to achieve the full power transmission. 
For the second method, each antenna port corresponds to multiple Tx chains. For example, if a UE equipped with four PAs which are all 17 dBm, in order to achieve 23dBm full TX power UL transmission for 2Tx, the UE can virtualize two PAs together to form one antenna port and the other two PAs to form the other antenna port.
This capability is attractive for the UEs equipped with no full rated PAs, which are less rigorous for the product requirements.
Observation 1: UE capability 2 is attractive for the UE with no full rated PAs.
Proposal 1: Support UE capability 2 to satisfy different UE types for full TX power UL transmission.

Analysis on the UE capability signaling
Although we should strive to find a unified solution for both 2Tx and 4Tx, considering that RAN4 had no discussion and specification for 4Tx for NR [3], in our opinion 2Tx should be firstly discussed.
Proposal 2:  2Tx case should be firstly discussed.
· Alt 1
Alt 1 allows UE capability signalling of supported one or group of TPMI precoders. In order to indicate whether UE can use full power transmission, new TPMI precoders perhaps should be introduced. 
Taking the single-layer transmission with two antenna ports as an example, if the PA architecture is based on UE capability 1 and 3, UE can use the precoder  or  to demonstrate to support the full power transmission. It should be noted that, due to only the subset of Tx chains equipped with full rated PAs for UE capability 3, the antenna switching based approach would be utilized which may result in the PUSCH scheduling latency. On the other hand, although no Tx chains equipped with full rated PAs are with UE capability 2, the UE can still select the potential precoders  or  by virtualizing antenna ports from multiple Tx chains (e.g. two antenna ports each connected to two 20 dBm PAs). Based on the above analysis, it could be seen that one new TPMI precoder  could be introduced to indicate to support full power transmission for UE capability 1, 2 and 3
Observation 2: New TPMI precoder(s), e.g., precoder   for 2Tx, should be introduced in uplink codebook for Alt 1 to indicate whether UE can use full power transmission.
· Alt 3
In NR R15, the power scaling is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource [5]. As can be seen, if the non-zero PUSCH transmission ports are less than the maximum number of SRS ports supported by the UE in one SRS resource, the UE cannot support full uplink power transmission based on this power scaling scheme. Therefore, in order to solve this issue, the power scaling factor should always be 1 regardless of whether the number of antenna ports with a non-zero PUSCH transmission power is equal to the number of SRS ports in the SRS resource indicated by SRI in R16.
Alt 3 allows UE capability signalling of power scaling scheme for full uplink power transmission. One simple example is that UE could report to gNB that it supports the power scaling factor equals to 1. After receiving this capability signalling, if gNB wants UE to be full power transmission, it could schedule the proper precoders existed in R15 UL codebboks, e.g., . In this way, there is no need to introduce new codebookSubset in uplink codebook.  
Proposal 3: Support Alt 3 UE capability signaling of power scaling schemes for full uplink power transmission.

Conclusion
[bookmark: _GoBack]In this contribution, we analyze UE capability 2 and provide our opinions for the UE capability signaling. Based on the discussion, we have the following observations and proposals:
Observation 1: UE capability 2 is attractive for the UE with no full rated PAs.
Observation 2: New TPMI precoder(s), e.g., precoder   for 2Tx, should be introduced in uplink codebook for Alt 1 to indicate whether UE can use full power transmission.
Proposal 1: Support UE capability 2 to satisfy different UE types for full TX power UL transmission.
Proposal 2:  2Tx case should be firstly discussed.
Proposal 3: Support Alt 3 UE capability signaling of power scaling schemes for full uplink power transmission.
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