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1. Introduction

Following agreements were made in RAN1#98bis: 
Agreement
For 2Tx in mode 1, 

· For rank=1, TPMI=2, TPMI=0, TPMI=1 are included in new codebook subset for non-coherent UEs with power scaling defined as in [38.213] Rel-15 

· For rank=2, TPMI=0 is included in the new codebook subset

Agreement
For Mode2, 

· Power scaling factor is equal to 1 for the reported TPMI precoders that supports full power Tx

· for the other TPMI precoders, if only one SRS resource is configured, the power scaling factor is determined by #non-zero-PUSCH-port divided by #SRS-ports

· for the other TPMI precoders, the power scaling factor is determined by #non-zero PUSCH port/#SRS ports in the SRS resource indicated by SRI

Agreement
For Mode 1 4TX, for non-full power uplink transmission, antenna selection precoders are included in the new codebook subset following Rel-15 power scaling factor

· FFS: Whether to include antenna selection precoders for full power uplink transmission

Agreement
For full power uplink transmission Mode 1, 4TX partial-coherent, the new codebook subset includes

· Rank1(CP-OFDM): TPMI = 12,13,14,15 
· Rank1(DFT-s-OFDM): TPMI = 12,13,14,15
· FFS: TPMI=16, 17, 18, 19
· FFS: Whether clarification on which port pairs are coherent is needed

In this contribution, we discuss the remaining details on UL full power transmission.
2. Discussion
Support of UL Full power Tx 
There has been discussion on whether an UE capable of full-coherent transmission in UL also supports Rel-16 UL full power transmission feature. This is actually related to how an UE reports its capability, for example an UE with full-coherent capability can choose not to report Rel-16 UL full power transmission capability since the TPMI subset fullAndPartialAndNonCoherent is applied for full-coherent UE. From this point of view, an UE capable of full-coherent transmission, it doesn’t make sense to support Rel-16 UL full power transmission Mode 1. Now, the question is whether there is any benefit of an UE capable of full-coherent transmission supporting Rel-16 UL full power transmission Mode 2. From our point of view, there is no compelling reason for an UE with full-coherent transmission capability to also support Rel-16 UL full power transmission capability simultaneously.
Observation1:
· It is not necessary to support Rel-16 UL full power transmission for full-coherent capable UEs. 
It was also discussed in previous meetings whether PC2 UEs also support Rel-16 UL full power transmission, since earlier discussion was primarily focused on PC3 UEs. It is true that from RAN1 perspective, there is no difference in terms techniques/modes for PC2 and PC3 UEs. However, in the course of UL full power Tx discussion three UE capabilities, cap-1, cap-2 and cap-3 are considered, where the definition of cap-1 UE is that each Tx chain has full rated PAs, meaning that 2Tx UE should be have 26+26dBm PAs and 4Tx UE should have 26+26+26+26dBm PAs. This is very closely related to RAN4 RF design. On the other hand this type of UE can deliver 29dBm output power if operated in Mode1 or Mode2, which could lead to yet another high power class discussion!
Observation2: 
· Rel-16 UL full power transmission support for PC2 is very much related to RAN4 RF discussion.
Proposal1: 
· Send an LS to RAN4 on RAN1 understanding that UL full power transmission feature is supported at least for PC3 UEs in Rel-16, which is based on higher layer signaling and UE capability reporting. Whether and how Rel-16 UL full power transmission feature is supported for PC2 UEs should be discussed in RAN4.
Mode 2

There are two ways of operation in Mode 2 to achieve UL full power transmission, by configuring multiple SRS resources with different number of SRS ports or by configuring one SRS resource (or multiple SRS resources with same number of ports) and TPMI(s) specific power scaling. It has been agreed that UE can indicate the TPMI(s) which can deliver UL full power transmission, pending exact signaling design. It means that for an UE operating in Mode2, even for the UEs capable of indicating TPMI(s) which can deliver UL full power transmission, gNB can configure multiple SRS with different number of SRS ports. For the UE capable of indicating TPMI(s) which can deliver UL full power transmission, when the gNB configures one SRS resource or multiple SRS resources with same number of SRS ports, the UE follows TPMI(s) specific power scaling; when the gNB configures multiple SRS resources with different number of SRS ports the power scaling factor is determined by #non-zero PUSCH port/#SRS ports in the SRS resource indicated by SRI. For example, in the case of 2 Tx, gNB can configure 2 SRS resources, one with single port (SRS1), another with 2 ports (SRS2), to the UE operating in Mode2. When SRS1 is indicated in DCI, since it is single port SRS, there is no power scaling; when SRS2 and rank2 TPMI is indicated the power scaling factor is determined by #non-zero PUSCH port/#SRS ports which can deliver full power in UL, however when SRS2 and rank1 TPMI is indicated the power scaling factor is determined by #non-zero PUSCH port/#SRS ports which does not deliver full power in UL.
Proposal2: 
· Clarify the power scaling behavior when gNB configures multiple SRS resources with different number of ports for the UE which indicates TPMIs which can deliver full power in UL.

DCI indication for Mode 2 
For UL full power transmission with Mode 2 operation, when multiple SRS resources with different SRS ports are configured, if precoding information and number of layers field size is dynamically determined by SRS resource indicator field, it shall increase the complexity of the UE blind decoding due to the DCI size is variable. e.g.for a 4Tx non-coherent capable UE, when 2 SRS resources are configured and maxRank=1, the 1st SRS resource has 2 SRS ports and the 2nd SRS resource has 4 SRS ports, the precoding information and number of layers field size is 2 and 3 bits for 2 and 4 SRS ports respectively. 
To reduce the UE blind decoding complexity, the maximum SRS port number can be applied to determine precoding information and number of layers field size. As depicted in Figure 1, the precoding information and number of layers field size is following the maximum SRS port number and always fixed to 3 bits. When the 2nd SRS resource with 2 SRS ports are indicated, the most significant bit shall be reserved or invalid.


[image: image1]
Figure1. An example of precoding information and number of layers indication for Mode2

Proposal3: 
· For mode2, when multiple SRS resources with different number of SRS ports are configured, precoding information and number of layers field size is determined by the maximum SRS port number.
-
If the configured SRS port number is less than the maximum SRS port number, the most significant bit(s) shall be reserved or invalid.
UE capability signaling
For a UE working with Mode 2 operation, for TPMIs/TPMI group reporting, since UE RF architecture are very diverse, to reduce UE capability reporting overhead, utilization of antenna virtualization implicitly indicates UE RF architecture and which TPMI group can achieve UL full power transmission is an efficient way. The details of TPMIs/TPMI group reporting are shown in Table 1-3.
Table 1: For Mode 2, TPMIs/TPMI group reporting for non-coherent UE with 2Tx 
	TPMIs/TPMI group reporting index
	Codebook subset restriction for full power transmission

	0
	1 layer: TPMI={0, 1}


Table 2: For Mode 2, TPMIs/TPMI group reporting for non-coherent UE with 4Tx 
	TPMIs/TPMI group reporting index
	Codebook subset restriction for full power transmission

	0
	1 layer: TPMI={0-3}

	1
	2 layers: TPMI={0-5}

	2
	3 layers: TPMI=0

	3
	reserved


Table 3: For Mode 2, TPMIs/TPMI group reporting for partial-coherent UE with 4Tx 
	TPMIs/TPMI group reporting index
	Codebook subset restriction for full power transmission

	0
	1 layer: TPMI={0-3}

	1
	1 layer: TPMI={4-11}, and 2 layers: TPMI={0-5}

	2
	3 layers: TPMI=0

	3
	reserved


Proposal4: 
· For Mode 2, support TPMIs/TPMI group reporting in Table 1-3 for UE capability signaling.
3. Conclusion

In this contribution, we discussed remaining issues on UL full power transmission with the following proposals:
Observation1:
· It is not necessary to support UL full power transmission for full-coherent capable UEs. 
Observation2: 
· UL full power transmission support for PC2 is very much related to RAN4 RF discussion.
Proposal1: 
· Send an LS to RAN4 on RAN1 understanding that UL full power transmission feature is supported at least for PC3 UEs in Rel-16, which is based on higher layer signaling and UE capability reporting. Whether and how Rel-16 UL full power transmission feature is supported for PC2 UEs should be discussed in RAN4.
Proposal2: 

· Clarify the power scaling behavior when gNB configures multiple SRS resources with different number of ports for the UE which indicates TPMIs which can deliver full power in UL.

Proposal3: 
· For mode2, when multiple SRS resources with different number of SRS ports are configured, precoding information and number of layers field size is determined by the maximum SRS port number.
-
If the configured SRS port number is less than the maximum SRS port number, the most significant bit(s) shall be reserved or invalid.
Proposal4: 
· For Mode 2, support TPMIs/TPMI group reporting in Table 1-3 for UE capability signaling.
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The 1st SRS resource with 4 SRS ports, 3bits 





The 2nd SRS resource with 2 SRS ports, 3bits 
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