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1. Introduction
[bookmark: _Hlk168389079]In RAN#102 meeting, a new WID of NR MIMO phase 5 for Rel-19 has been approved, and enhancement on 3-antenna-port codebook-based transmissions was included in the WID [1]. Due to the good progress on 3 TX UL transmission in RAN1, the core part of 3 TX objective has almost completed, including SRS for codebook-based transmission, non-coherent UL codebook design, TPMI indication, PTRS-DMRS association for both S-TRP and M-TRP transmission. Given that there seems to be extra TU left in Rel-19 3 Tx agenda, we discuss additional features that have been precluded from RAN1 conclusion or was not in the scope of the WID to fulfill this objective, including SRS antenna switching to ensure 3 TX UE work more effectively in TDD systems, and partial-coherent UL codebook to consider potential product for 3 TX UE in the future.
	…
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.
…



2. Discussion on SRS antenna switching for 3 TX UL transmission 
In the WID of NR MIMO phase 5, SRS antenna switching is included in the objective of 3 TX UL transmission. Whether ‘3TnR’ SRS antenna switching should be supported for Rel-19 was discussed in RAN1#116, and the following conclusion was reached precluding ‘3TnR’ SRS antenna switching in Rel-19. 
	Conclusion
There is no consensus in RAN1 to support antenna switching for 3TX UE in Rel-19


However, during RAN#103, a new WID for UE RF enhancements was agreed that includes specifying requirements for 6 Rx UE [2]. 
	Core part
· Specify the core requirements to enable 6Rx for higher frequency bands (>2.5GHz) targeting at support of handheld UE for NR FR1 single carrier scenario
· Example bands: n41, n77/n78, n79, n104
· Support 4 MIMO layers at least, and study the gain and feasibility and if feasible, support 6 MIMO layers
· Specify the Rx requirements including reference sensitivity requirements for support 6Rx
· Note: the specified requirements can be applicable to both handheld UE and FWA devices
· Specify the requirements to support SRS antenna switching including t1r6, t2r6, t3r6, t4r6 depending on UE capability
· Study the issue of insertion loss imbalance across SRS ports, and if justified, specify the corresponding solution


Furthermore, RAN4 sent LS to RAN1 [3], and respectfully asks RAN1 to consider introducing 3T6R SRS antenna switching. During RAN1#117 meeting, the LS has been discussed, and the consensus in RAN1 is to let the discussion of working on the introduction of 3T6R and 4T6R SRS antenna switching in Rel-19 continue in the upcoming RAN plenary [4].
	RAN4 respectfully asks RAN1 to consider introducing 4T6R and 3T6R SRS antenna switching in Rel-19.


In TDD system, SRS antenna switching is widely used in the network for DL CSI acquisition, which is beneficial to reduce the CSI-RS resource overhead for DL channel measurement and reduce the UL reporting overhead for PMI reporting. For the 3 TX UE commercialization in TDD system in the future, supporting of ‘3TnR’ SRS antenna switching is essential and beneficial for both UE and network. Given the requirement from RAN4 and TDD system, we think ‘3TnR’ SRS antenna switching should be revisited. 
1) Firstly, UEs that support 3 Tx chains are expected to support at least 3 Rx chains, so SRS antenna switching for 3T3R can be considered. For 3T3R, one 4-port SRS resource where one port is muted can be configured for antenna switching. In this case, all three ports can be transmitted in one OFDM symbol. This configuration is easy to specify and has low SRS overhead.
2) Secondly, the commercial UEs in current network include 1T2R, 1T4R, and 2T4R. UEs with 4 Rx are typical and widely commercialized in the market, so 3T4R is a potential type of commercial UE in the future. Therefore, support SRS antenna switching for 3T4R is useful to consider potential product. First way for 3T4R SRS antenna switching is to configure a 4-port SRS resource where one port is muted and a 1-port SRS resource, however, this will lead to power imbalance among different SRS ports. Second way is to configure two 2-port SRS resources, where the 4 Rx ports are sounded as 2T4R SRS antenna switching that has already been supported, however, the resource for SRS antenna switching and SRS for codebook could not be reused, which will increase the overhead of SRS resources. Third way is to configure two 4-port SRS resources, where one port is muted for the first SRS resource and two port is muted for the second SRS resource. The 4-port SRS resources where one port is muted could be reused with SRS for antenna switching. The muting mechanism could ensure power balance between different SRS ports. The muting mechanism could be also extended to xTyR SRS antenna switching, where x cannot be evenly divided by y. For example, SRS antenna switching for 4T6R can be supported by configuring two 4-port SRS resources, where 2 ports in the second resource are muted.
3) Thirdly, RAN4 has asked RAN1 to consider introducing 3T6R SRS antenna switching in Rel-19. In this case, 1 SRS resource set with two 4-port SRS resources where one port is muted for each resource can be configured for antenna switching. This configuration is easy to specify and has low SRS overhead.
Proposal 1: Support SRS antenna switching for 3T3R, 3T4R, and 3T6R in Rel-19 NR MIMO Phase 5.
Proposal 2: Support unified design for xTyR SRS antenna switching, where x cannot be evenly divided by y, e.g., by configuring two x-port SRS resources, where the (y-x) port(s) are transmitted for the second SRS resource.

3. Discussion on partial-coherent codebook for 3 TX UL transmission 
In the WID of NR MIMO phase 5, 3Tx was limited to quite small scope only supporting non-coherent UL codebook. Considering the practical implementation of 3Tx UE, it is most possible to be used in the foldable phones which is popular in the market. For foldable phones, it is potential to apply with multi-panel antennas, where one of the panels is configured with two antennas and is capable of coherent transmission, and another panel is configured with one antenna. It may be more appropriate to support partial coherent codebook for multi-panel based 3Tx to be able to utilize the full capability of such kind of UE implementation, and PUSCH transmission with partial-coherent codebook could achieve higher SNR than with a non-coherent codebook.
Proposal 3: Support partial-coherent UL codebook for multi-panel based 3Tx in Rel-19 NR MIMO Phase 5.

4. Conclusion 
This contribution provides our views on the scope of 3 TX in Rel-19 NR MIMO Phase 5. Based on the above discussions, the proposals are as follows:
Proposal 1: Support SRS antenna switching for 3T3R, 3T4R, and 3T6R in Rel-19 NR MIMO Phase 5.
Proposal 2: Support unified design for xTyR SRS antenna switching, where x cannot be evenly divided by y, e.g., by configuring two x-port SRS resources, where the (y-x) port(s) are transmitted for the second SRS resource.
Proposal 3: Support partial-coherent UL codebook for multi-panel based 3Tx in Rel-19 NR MIMO Phase 5.
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