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1. Introduction

Following agreements were made in RAN1#96: 
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 system level simulation results for UL 2 Tx with different schemes and further discuss signaling of UE capabilities.
2. Discussion
Following is captured in 38.214 “If PUSCH is scheduled by DCI format 0_0, the PUSCH transmission is based on a single antenna port.” That means the PC3 UE with ‘n’ Tx antenna(s) supports max output power of 23dBm, it is up to UE implementation how to support full power transmission. 
Furthermore, for DCI format 0_1, following is captured in 38.212, 
Precoding information and number of layers – number of bits determined by the following:
-
0 bits if the higher layer parameter txConfig = nonCodeBook;
-
0 bits for 1 antenna port and if the higher layer parameter txConfig = codebook;
which means, for txConfig set to codebook, TPMI field is not present in DCI when SRS port is configured with 1 port. The PC3 UE with more than 1 Tx antenna configured with 1 port SRS should support max output power of 23dBm, it is up to UE implementation how to support full power transmission.
However, following conclusion on power control was made in RAN1#96. 

Conclusion

RAN1 confirms that a Rel-15 UE that supports a maximum number of SRS ports in one SRS resource, Ntx, that is configured with one SRS port and for codebook based operation transmits at most

· Pcmax,f,c(i) for DCI format 0_0, and 

· Pcmax,f,c(i)/Ntx for DCI format 0_1

From above discussion, it is clear that for any PA architecture (coherent or non-coherent) the UE has to support full Tx power in UL for single layer transmission in Rel-15 when scheduled by DCI 0_0. 
Following description is captured in 38.213:
“If the PUSCH transmission is scheduled by a DCI format 0_1 and when txConfig in PUSCH-Config is set to 'codebook', the UE scales the linear value by 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. The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power.”
where power is scaled by the maximum number of SRS ports supported by the UE in one SRS resource, that means full Tx power is not achieved for the UE configured with less number of SRS ports than the maximum supported SRS ports, e.g. the UE with 2 Tx supports maximum number of 2 SRS ports in on SRS resource, when configured with 1 SRS port and scheduled by DCI 0_1 cannot achieve max output power if the UE transmits with only 1 antenna. There are two options to address this issue in Rel-16
Option1: change “maximum supported SRS ports” to “configured SRS ports” in power scaling description
Option2: add a phrase “when an SRS resource that has more than one port.” in power scaling description
To further verify the performance 2Tx codebook based UL transmission, we evaluate performance of following schemes with/without phase error, detailed simulation assumptions can be found in annex. 
· Scheme1: Non-coherent UE (baseline)

· Scheme2: Non-coherent full power UE with UE capability 1

· Scheme3: Coherent UE

· Scheme4: Non-coherent full power UE with UE capability 2 (with new codebook subset)
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Figure1. Spectral efficiency evaluation results of 2Tx UE

Observation: For 2Tx, performance of UL full power transmission with UE capability 2 (with new codebook subset) has gain over baseline scheme.

Proposal1: at least for the UE with 2Tx in UL, UE capability 2 supports full power transmission.

So far, RAN4 hasn’t specified any requirements on 4Tx UEs, thus it is unclear if RAN4 can provide meaningful information on PA architecture design for 4Tx. Following the same principle for 2Tx, UE capability 1 and 2 above can be easily extended to 4Tx case. However, UE capability 3 where the PA architecture is such that a subset of Tx chains have full rated PAs, there could be many varieties (combinations) of PA architectures. It is not reasonable and not possible to optimize power scaling scheme for each of the PA architectures. And, it is not practical and should not be required for a UE to report its PA architecture. In this sense, the power scaling for UE capability 3 should either follow the scheme for UE capability 1 or the scheme for UE capability 2.
UE capability signaling
Following agreements were reached in RAN1#96 on UE capability signaling:
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

And, RAN4 has sent reply LS [4] where it is mentioned that “4Tx: RAN4 had no discussion and specification for 4 port Tx for NR.” It is clear from RAN4 perspective and real deployment in near future that UEs will not support 4Tx in UL. Thus, to simplify the discussion, the focus should be on 2Tx UEs which has clear market need. 

For 2Tx case, non-coherent with and without virtualization, the UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power, i.e. UE capability signaling of power scaling schemes for full power transmission should be supported without requiring UE to reveal its actual PA architecture design.
In the case of 4Tx, partial-coherent with virtualization, the UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. For partial-coherent without virtualization, the power scaling scheme depends on actual PA architecture. Thus, how to support full power transmission for 4Tx is for further study.
Proposal2: for UL full power transmission, “UE capability signaling of power scaling schemes for full uplink power transmission” is supported. 
On full coherence capability and UL full Tx power capability
There was discussion in last RAN1 meeting whether full coherence UE capability and full Tx power UE capability 1 should be supported together. It is clear from the UE feature list [4] that full coherence capability (copied below) is an optional feature, meaning that a typical UE may or may not support full coherence capability. And, UL full Tx power capability itself is an optional feature, thus there is no sense in discussing whether full coherence UE capability and full Tx power UE capability 1 should be supported together at this moment. If an UE supports both full coherence capability and full Tx power capability, it should report both capabilities.
	
	2-13
	PUSCH codebook coherency subset
	1. Supported codebook coherency subset type: 
	2-12
	Yes
	Only non-coherent codebook subset is supported
	Type 1
	N.A.
	N.A.
	
	
	
	Optional with UE capability

Candidate value set: {non-coherent, partial/non-coherent, full/partial/non-coherent}
	Optional with UE capability

Candidate value set: {non-coherent, partial/non-coherent, full/partial/non-coherent}


In addition, for UL fully coherent transmission case, gNB always can schedule fully coherent TPMIs to reach full Tx power transmission. There is no need to optimize for this case. However, for some non-coherent and partial coherent codebooks as shown in appendix, there is no way to reach full Tx power transmission if nothing is specified.
3. Conclusion

In this contribution we evaluated 2Tx schemes with UL full power transmission and discussed the UE capability signaling. From RAN4 perspective and real deployment the focus of UL full power transmission should be on 2Tx. We have following observation and proposals: 
Observation: For 2Tx, performance of UL full power transmission with UE capability 2 (with new codebook subset) has gain over baseline scheme.

Proposal1: at least for the UE with 2Tx in UL, UE capability 2 supports full power transmission.

Proposal2: for UL full power transmission, “UE capability signaling of power scaling schemes for full uplink power transmission” is supported. 
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Appendix A

Simulaiton assumptions

	Parameter
	Value

	Carrier frequency
	4 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD

	BS antenna configuration
	(M, N, P, Mg, Ng) = (4,4,2,1,1), (0.8, 0.5)λ (V,H)-element spacing


	UE antenna configuration
	ULA: (M,N,P)= (2,1,2) 

	Cell layout
	21 sectors in total

	UE Tx power 
	Pcmax = 23dBm, P0=-86, alpha=0.8

	Traffic model
	Full buffer

	UE distribution
	80% indoor, 20% outdoor

	UE speed 
	3 km/h (indoor) and 30 km/h (outdoor)

	Scheduling 
	PF

	Transmission rank
	Dynamic rank adaptation

	HARQ
	Max 4 retransmissions

	Transmission scheme
	Codebook based

	Tx chain phase error 
	[-180°,180°]
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