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1. Introduction
In RAN1 #96 meeting, the following on full power uplink transmission has been agreed [1].
Agreement
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)

Agreement
Down select among the following two alternatives by RAN1#96bis. As part of UE capabilities signalled 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 provide some discussions on uplink full power transmission.
2. Discussion
2.1 UE capability 2
In last meeting, 3 types of UE capability have been agreed, where UE capability 1 and capability 3 can support full power transmission for some or all non-coherent precoders, and UE capability 2 cannot support full power non-coherent based precoders. Instead, UE capability 2 can support full power transmission based on antenna virtualization. In addition to the 3 UE capabilities, another UE capability is that UE cannot support full power transmission.
For UE capability 2, to support full power transmission, regardless of indicated TPMI, UE should use antenna virtualization to keep NZP transmission from all antenna ports. Therefore for this type of UE, gNB does not need to indicate TPMI to achieve full power transmission. Instead, gNB only needs to indicate the rank of transmission. Then there are two options to implement this for 2Tx case:
Option 1: gNB configures 1-port SRS for CB, where antenna virtualization should be applied to SRS and corresponding PUSCH. To support high rank transmission, another 2-port SRS could be configured. Then the rank selection could be based on indicated SRS.
Option 2: gNB configures 2-port SRS, where the rank selection is based on the indicated precoder information, and for rank 1 transmission, gNB does not need to indicate TPMI.
Based on option 1, as UE applies the same antenna virtualization weight to SRS and PUSCH, the possibility of MCS mismatch could be reduced. For option 2, as the antenna virtualization weight cannot be observed by gNB, it would have some impact on link adaptation performance. Therefore option 1 could be slightly preferred. Then the transmission power should be scaled based on number of configured antenna ports for associated SRS instead of the maximum number of ports UE reported.
Observation 1: For UE capability 2, for 2Tx case, gNB does not need to indicate TPMI to support full power transmission.
Proposal 1: For UE capability 2, the transmission power should be scaled based on the number of configured antenna ports for the associated SRS. 
Proposal 2: For UE capability 2, gNB can configure different antenna ports for different SRS resources and precoder information should not be indicated in DCI.
2.2 UE capability signalling
Based on the agreements in last meeting, there are two options for UE to report how it supports full power transmission:
Option 1: UE reports whether it supports full power transmission per precoder
Option 2: UE reports its power scaling scheme for full power transmission
The details of option 2 is unclear. To support UE capability 1-3, the straight-forward way is to report whether UE supports full power transmission per precoder. If UE reports it supports full power transmission for all non-coherent precoders, the UE falls into UE capability 1 category. If UE reports it supports full power transmission for a subset of non-coherent transmission, the UE belongs to UE capability 3. If UE reports it cannot support full power transmission for all non-coherent precoders, the UE is for UE capability 2. Therefore option 1 could provide enough information to gNB.
Observation 2: To support UE reports whether it supports full power transmission per precoder could support all types of UE capability.
Proposal 3: On UE capability signalling, it should be supported that UE reports whether it supports full power transmission per precoder, and when UE does not report corresponding capability, it means UE does not support full power transmission for non-coherent/partial-coherent based precoders.
2.3 Full power transmission for 4Tx port
Currently in practical UE and deployment, 4Tx port is not widely used. To support full power transmission for 4Tx port case, it should be decided whether the full power transmission is needed for all ranks. Another issue is whether the transmission power should be split equally for all NZP antenna ports. Such issue is related to UE’s antenna architecture and system performance, but 4Tx UE is not widely used and more investigation is need especially for its possible antenna structure. Thus compared to 2Tx port case, to support full power transmission for 4Tx port should be deprioritized.
Observation 3: More investigation on antenna structure for 4Tx port is needed.
Proposal 4: RAN1 should prioritize full power transmission for 2Tx port case and deprioritize the full power transmission for 4Tx port case.
2.4 Full power transmission for PUSCH associated with PT-RS
In Rel-15, non-codebook based transmission could support full power transmission when PT-RS is not present. But when PT-RS is present, UE is not able to support full power transmission for rank>1 case. According to the text defined in 38.214 below, for non-codebook based transmission, the UL-PTRS-power can only be set to “00”. Thus there would be some power reduction for symbols with PT-RS, which would result in different transmission power for PUSCH symbols with and without PT-RS, as well as performance degradation. To support full power transmission for non-codebook based transmission, it should be supported that ptrs-Power could be set to “01”. 
	
When the UE is scheduled with Qp={1,2} PT-RS port(s) in uplink and the number of scheduled layers is ,





-	If the UE is configured with higher layer parameter ptrs-Power, the PUSCH to PT-RS power ratio per layer per RE  is given by , where  is shown in the Table 6.2.3.1-3 according to the higher layer parameter ptrs-Power, the PT-RS scaling factor  specified in subclause 6.4.1.2.2.1 of [4, TS 38.211] is given by and also on the Precoding Information and Number of Layers field in DCI.
-	The UE shall assume ptrs-Power in PTRS-UplinkConfig is set to state "00" in Table 6.2.3.1-3 if not configured or in case of non-codebook based PUSCH.

Table 6.2.3.1-3: Factor related to PUSCH to PT-RS power ratio per layer per RE 
	
UL-PTRS-power / 
	
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	
	All cases
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based

	00
	0
	3
	3Qp-3
	4.77
	3Qp-3
	6
	3Qp
	3Qp-3

	01
	0
	3
	3
	4.77
	4.77
	6
	6
	6

	10
	Reserved

	11
	Reserved







Observation 4: When PT-RS is present and for rank>1 non-codebook based transmission, Rel-15 UE cannot support full power transmission. 
Proposal 5: To support full power transmission, it should be supported that ptrs-Power could be set to “01” for non-codebook based transmission.
3. Conclusion
In this contribution, we discussed the mechanisms to support full power transmission for UE with multiple PAs. Based on the discussion, the following observations are achieved.
Observation 1: For UE capability 2, for 2Tx case, gNB does not need to indicate TPMI to support full power transmission.
Observation 2: To support UE reports whether it supports full power transmission per precoder could support all types of UE capability.
Observation 3: More investigation on antenna structure for 4Tx port is needed.
Observation 4: When PT-RS is present and for rank>1 non-codebook based transmission, Rel-15 UE cannot support full power transmission. 
Based on the observations above, we achieved the following proposals:
Proposal 1: For UE capability 2, the transmission power should be scaled based on the number of configured antenna ports for the associated SRS. 
Proposal 2: For UE capability 2, gNB can configure different antenna ports for different SRS resources and precoder information should not be indicated in DCI.
Proposal 3: On UE capability signalling, it should be supported that UE reports whether it supports full power transmission per precoder, and when UE does not report corresponding capability, it means UE does not support full power transmission for non-coherent/partial-coherent based precoders.
Proposal 4: RAN1 should prioritize full power transmission for 2Tx port case and deprioritize the full power transmission for 4Tx port case.
Proposal 5: To support full power transmission, it should be supported that ptrs-Power could be set to “01” for non-codebook based transmission.
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