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1. Introduction

Following agreements were made in RAN1#96bis: 
Agreement

For the the 2TX and 4TX case, the linear value of power after power scaling, is divided equally among the non-zero PUSCH ports

· The above applies for the cases including when UE transmitting at P_c_max

Agreement

Supported UE capabilities and supported scheme for UE capability 1

· Option 3

· FFS: Whether to additionally support Option 1-2

Agreement

Regardless of UE capability 1, 2, or 3, signalling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability

· FFS: For UE capability 1, if any other information is necessary

· For UE capability 2 and UE capability 3, in addition to signalling “UL full power tx capability”, further information on UE capability are signalled if needed

· FFS: Details such as support of UE capability signaling of supported one or group of TPMI precoder(s) for full power transmission, support different number of SRS ports for resources for codebook, and other UE capability signaling can be introduced

· FFS: Whether full uplink TX power capability can be explicitly/implicitly derived from the TPMI/TPMI group precoders for full power transmission

UEs with full power uplink transmissions are those Rel-16 UEs which can transmit at full power at least for rank1

The signalling of above information does not imply any specific UE PA architecture implementation.

Agreement

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.
· 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

Further email discussion was organized to clarify the alternative schemes to support full power transmission for UE capability 2. 
In this contribution, we discuss different alternatives schemes and potential way forward on compromised solution. We also provide system level simulation results for UL 2 Tx comparing alt 1 with Rel-15 scheme 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. 
A CR [3] on PUSCH power scaling was agreed in RAN1#96bis, which means for codebook based PUSCH transmission of single antenna port scheduled by DCI format 0_1, PUSCH power is not scaled down and full power transmission is supported. 
From above discussion, it is clear that for any PA architecture (coherent or non-coherent) the UE in codebook based transmission has to support full Tx power in UL when configured with single SRS port for single layer transmission scheduled by DCI 0_1. 
Alternative solutions for UE capability 2
Further clarification on alt1, alt3-1, alt3-2 and alt 5 were made in email discussion [2], however there are still some open issues on each alternatives. According to our understanding, we further clarify the alternatives below.
Alt1: in this scheme a new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable, the TPMI precoders in codebookSubset fullyAndPartialAndNonCoherent defined in Rel-15 are considered however there are two slight different options within this alternative. 

Option 1: Only a subset of the non-antenna selection TPMI precoder(s) is(are) supported.

Option 2: All of the non-antenna selection TPMI precoders are supported
Alt3-1: in this scheme a UE is configured with multiple SRS resources in a set where each resource is configured with different number of ports, one SRS resource is configured with one port while other resource is configured with multiple ports. When SRI in the DCI indicates the SRS resource with one port then the UE transmits PUSCH with virtualized antenna similarly as the one port SRS is transmitted. When SRI in the DCI indicates multi-port SRS resource which is intended for higher rank transmission, then the UE transmits PUSCH same as SRS. Since in the agreed CR [3] UE doesn’t scale power when single port SRS is configured, rank 1 transmission can achieve full power transmission.
Alt3-2: in this scheme when a UE is configured with one or multiple SRS resources in a set with same number of ports in each resource, a new codebooksubset is introduced similarly to alt1 to achieve full power. When a UE is configured with multiple SRS resources in a set with different number of ports in each resource, this alternative is same as alt 3-1.
Alt5: in this scheme the allocated PUSCH resource is split into two or more RB sets, for example in the case of rank1 transmission 2Tx UE splits PUSCH resources into two RB sets and transmits each set from each antenna; similarly 4Tx UE splits into 4 RB sets for rank 1 transmission. Some concerns were raised on UE complexity, performance and specification impact during the email discussion.
Among alternatives 1, 3-1 and 3-2, alt 3-2 accommodates both alt1 and alt3-1. In alt 3-2, when the UE is configured with one or more SRS resources in a set with same number of ports as in Rel-15, then full power transmission in UL is achieved by introducing non-antenna selection TPMIs as proposed in alt1. When the UE is configure with multiple SRS resources in a set with different number of ports each, for example 1 SRS resource is configured with 1 port and another SRS resource is configured with 2 ports, then gNB indicates rank 1 or rank 2 through SRI. Thus a potential way forward on merged scheme to support both alt1 and alt3-1 could be as below:
For non-coherent capable UEs, when an UE is configured with multiple SRS resources with same number of ports on each resource UL full Tx power is achieved by introducing new non-antenna selection TPMIs for the rank values where full power is not achieved in Rel-15, and when the multiple SRS resources are configured with different number of ports UL full Tx power is achieved by SRI indicating the SRS resource with single port for rank 1 and with multiple ports for rank>1.
With this approach, now, there are two alternatives schemes on the table to down select in RAN1#97:

Option A: merged scheme of alt1, alt 3-1 and alt 3-2

Option B: alt 5 from RAN1#96bis
Evaluation results
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. 
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: down select a scheme to support UL full power Tx from options A and B in RAN1#97. 
UE capability signaling
Following agreements were reached in RAN1#96bis on UE capability signaling:
Agreement

Regardless of UE capability 1, 2, or 3, signalling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability

· FFS: For UE capability 1, if any other information is necessary

· For UE capability 2 and UE capability 3, in addition to signalling “UL full power tx capability”, further information on UE capability are signalled if needed

· FFS: Details such as support of UE capability signaling of supported one or group of TPMI precoder(s) for full power transmission, support different number of SRS ports for resources for codebook, and other UE capability signaling can be introduced

· FFS: Whether full uplink TX power capability can be explicitly/implicitly derived from the TPMI/TPMI group precoders for full power transmission

UEs with full power uplink transmissions are those Rel-16 UEs which can transmit at full power at least for rank1

The signalling of above information does not imply any specific UE PA architecture implementation.

It has been agreed to support “UL full power tx capability” for all UE capability 1, 2 and 3; for the UE supporting UE capability 1 it is not necessary to indicate any other information. For the UE capability 2 and 3, the other information depends on which scheme is supported for full power transmission. If the merged scheme (option A) as described above is agreed then a further capability distinguishing new codebooksubset and SRS resource may be necessary. If the scheme described in alt 5 (option B) is agreed then further capability information on PUSCH resource splitting may be needed.
Proposal3: for UL full power transmission, additional signaling is not needed for the UE capability 1, additional signaling is needed for UE capability 2, 3 which depends on the supported scheme.   
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 [3] 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, there is no way to reach full Tx power transmission if nothing is specified.
3. Conclusion

In this contribution, we evaluate 2Tx UL MIMO transmission with new non-antenna selection TPMI precoders. With the above analysis and evaluation results we have following proposals  
Proposal1: at least for the UE with 2Tx in UL, UE capability 2 supports full power transmission.

Proposal2: down select a scheme to support UL full power Tx from options A and B in RAN1#97. 
Proposal3: for UL full power transmission, additional signaling is not needed for the UE capability 1, additional signaling is needed for UE capability 2, 3 which depends on the supported scheme.   
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Appendix A

SLS simulaiton assumptions

	Parameter
	Value

	Carrier frequency
	4 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	Dense Urban

	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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