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Introduction
[bookmark: _Ref494215420]In RAN#102 meeting, the new SID of ‘NR MIMO Phase 5’ was approved [1]. Based on the WID, the objective corresponding to 3-antenna-port codebook-based transmissions is copied below.
	4. Specify non-coherent UL codebook to facilitate 3-antenna-port codebook-based transmissions, without enhancement on UL full power transmission and without enhancement on SRS resource
Note: UL full power transmission mode 1 and 2 are not supported.


As more products support 3Tx uplink transmission, the corresponding PUSCH transmission should also be enhanced accordingly. We will analyze its potential standard impacts in this contribution.

Discussion
In order to support 3-port/3-layer codebook-based PUSCH transmission, the first problem to consider is that we do not have a matched 3-port SRS resource. Currently, the supported port numbers for a SRS resource are 1, 2, 4 and 8. Without enhancement on SRS resource, we can consider using the existing 1, 2, 4, and 8 port SRS resource(s) to transmit 3 antenna ports.


1-port SRS only:                           1/2-port SRS: 


4-port SRS: 


8-port SRS: 
Figure-1 Formation of 3-port SRS
Basically, for 1-port/2-port SRS resource, we can use combination method to constitute 3 antenna ports, e.g., via three 1-port SRSs or one 1-port SRS plus one 2-port SRS as shown in Figure-1. For port# greater than 3, finer granularity indication can be executed within one SRS resource to identify 3 ports. Specifically, without allowing overlapping ports indication, one 3-port SRS and two 3-port SRSs can be figured for 4-port SRS and 8-port SRS, respectively. However, this may result power imbalance among different REs where REs with 2-port has larger power than REs with 1-port. Such imbalance issue may cause PAPR issue at UE side as well as causing receiving difficulty at gNB-side. Further studies are needed aiming at solving or alleviating this imbalance issue in Rel-19.
Proposal 1: Use legacy 1/2/4/8-port SRS to transmit 3 antenna ports in Rel-19.
Proposal 2: Power imbalance issue for 3-port SRS could be further investigated in Rel-19.
Given the constraint that UL full power transmission mode 1 and 2 are not supported, we can directly use the following non-coherent codebook for 3 Tx, shown as below.

Layer-1: ，，
Layer-2: ，，
Layer-3: 
Proposal 3: Non-coherent codebook for 3 Tx can be introduced in Rel-19: ，，, ，，and  .
.
We support to use 3-antenna-port codebook-based transmissions for both dynamic and CG scheduled PUSCH. Additionally, codebook-based M-TRP transmission could also adopt 3-Tx feature. While for the purpose of consistency, certain constraint for two related SRS resource set could be considered.
Proposal 4: Support 3-antenna-port codebook-based transmissions for both dynamic and CG scheduled PUSCH.
Proposal 5: 3-Tx codebook-based M-TRP transmission should also be further studied in Rel-19.
Accordingly, 3Tx based antenna switching should also be enhanced. For example, detailed SRS resource assignment for T3R4/T3R6/T3R8 could be thoroughly discussed in Rel-19.
[bookmark: _Hlk157419483]Proposal 6: Antenna switching for T3R4/T3R6/T3R8 should be further studied in Rel-19.
After introducing 3-port codebook-based PUSCH transmission, there might be issues for power scaling of PUSCH. 
Legacy power scaling for PUSCH:
· 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.
Different methods of 3-port SRS formation may or may not impact the explanations above, which can be pay attention to in Rel-19.
Proposal 7: Power scaling for PUSCH can be further studied in Rel-19.


Conclusion
In this contribution, we provided our views 3-antenna-port codebook-based transmissions. The following observations and proposals are made:
Proposal 1: Use legacy 1/2/4/8-port SRS to transmit 3 antenna ports in Rel-19.
Proposal 2: Power imbalance issue for 3-port SRS could be further investigated in Rel-19.
Proposal 3: Non-coherent codebook for 3 Tx can be introduced in Rel-19: ，，, ，，and  .
Proposal 4: Support 3-antenna-port codebook-based transmissions for both dynamic and CG scheduled PUSCH.
Proposal 5: 3-Tx codebook-based M-TRP transmission should also be further studied in Rel-19.
Proposal 6: Antenna switching for T3R4/T3R6/T3R8 should be further studied in Rel-19.
Proposal 7: Power scaling for PUSCH can be further studied in Rel-19.
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