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1	Introduction
RAN1 and RAN4 have been considering new SRS antenna switching configurations for UEs in recent meetings, where this has been carried out in the NR MIMO Phase 5 WI in RAN1 and in the UE RF Enhancements for NR FR1/FR2 and EN-DC, Phase 4 WI in RAN4 [5].  
However, which schemes are in scope of the work, and how working groups should be involved is not sufficiently clear and in the recent RAN1 meeting there was an online discussion on this triggered by a RAN4 LS [1]. 
Therefore, in this contribution, we propose that RAN#104 clarify the scope of phase 4 UE RF enhancements for NR FR1/FR2 and EN-DC with respect to SRS antenna switching.  
[bookmark: _Ref178064866]2	Discussion
The RAN4 work on Phase 4 UE RF enhancements for NR FR1/FR2 and EN-DC includes the following in the objectives [5]:
· Specify the requirements to support SRS antenna switching including t1r6, t2r6, t3r6, t4r6 depending on UE capability
However, the Rel-17 capability that supports more than 4 Rx antennas (srs-AntennaSwitchingBeyond4RX-r17) only supports {t1r1, t2r2, t1r2, t4r4, t2r4, t1r4, t2r6, t1r6, t4r8, t2r8, t1r8}.  
Consequently, to support the new antenna switching schemes in the RAN4 WI, it would be necessary for RAN1 to add specification support, including antenna switching scheme and UE capability, for t3r6 and t4r6 as these are the schemes not currently supported in NR.  This in our understanding led RAN4 to send an LS to RAN1 in RAN1#117 [1], which made the following request:
To facilitate RAN4 discussion, RAN4 would like to ask RAN1 to consider introducing 4T6R and 3T6R SRS antenna switching in Rel-19.
Given this answer, RAN4 would know whether RAN1 specifications and UE capability would exist for 4T6R and 3T6R and could develop the corresponding specifications for the supported configurations.  
RAN1#117 could not reach consensus on how to respond, in large part due to confusion over RAN1’s role in the UE RF enhancements work item. RAN1 is not listed as a responsible working group, but RAN1 would need to be involved to specify any new antenna switching configurations.  
[bookmark: _Toc168904609]RAN guidance is needed on whether RAN1 should specify new SRS antenna switching configurations as in the RAN4 WID objectives, since some of the configurations included in the UE RF enhancements work item are not supported in the RAN1 specifications.
A second issue is that RAN1 decided in the Rel-19 phase 5 MIMO work [2] on 3 Tx to exclude 3TnR SRS antenna switching.  This decision was at the first meeting of the work item (RAN1#116) and was in our understanding made given concerns that there may not be enough time in the MIMO work, especially since performance benefits of e.g. 3T3R have been shown in RAN1 [3]. 
It is observed that half way through the WI, RAN1 MIMO WI is progressing very well on schedule and the concern on the potential lack of time to consider antenna switching is not a valid argument anymore. 
[bookmark: _Toc168904610]3 Tx antenna switching enhancements were precluded by RAN1 early in the work to ensure conservative use of time for the Rel-19 MIMO work, rather than the lack of performance benefit (which has been shown for e.g. 3T3R).
As also pointed out in the RAN4 LS to RAN1 [1], 4T6R has been considered in RAN1 in Rel-17, but support was not added for 4T6R at that time.  As described in more detail in [4], 4T6R has two possible solutions which each has its own sets of problems in our view.  
Firstly, when 4T6R is used with an unequal number of SRS ports per OFDM symbol, it achieves lower power per SRS port compared to 3T6R antenna switching for the same overhead.  Secondly, if instead an equal number of, and partially overlapping, SRS ports per symbol is used, this requires a more complex antenna-switching pattern but cannot achieve higher power per SRS port compared to 3T6R antenna switching configured with repetition, for the same overhead.  
Consequently, in our view, 4T6R is not easily specified, and it is not clear that it would have sufficient benefits over other antenna switching configurations to be specified. Therefore, we would propose that only 3 Tx SRS antenna switching schemes be considered within Rel-19.
[bookmark: _Toc168904611]4T6R was considered but not specified in Rel-17, and for a given amount of overhead tends to deliver either lower power per SRS port or have a more complex antenna switching pattern than 3T6R.
In order to proceed with any work in a focused manner, RAN1 should be tasked with which SRS antenna schemes to specify. The Rel-19 work items were often carefully crafted and limited to target commercially relevant nearer term features.  As such, if RAN1 is added to the UE RF requirements work item, it is important to clearly limit the RAN1 work to 3TnR antenna switching.  Given that the work overlaps with the Rel-19 3Tx work where antenna switching is already being considered in RAN1, we think that RAN1 can identify which of the 3TnR schemes should be specified.
[bookmark: _Toc168904612][bookmark: _Hlk168493638]Add to the Phase 4 UE RF enhancements work item that RAN1 will “study, and if needed specify, support for SRS antenna switching using 3 transmit antennas”.

From our perspective, we are supportive of standardizing Rel.19 support for at least 3T6R.
Conclusion
In this contribution, we have considered the ongoing work on SRS antenna switching schemes in RAN1 and RAN4, which leads us to propose to clarify the scope of phase 4 UE RF enhancements for NR FR1/FR2 and EN-DC with respect to SRS antenna switching.  
We made the following observations: 
Observation 1	RAN guidance is needed on whether RAN1 should specify new SRS antenna switching configurations as in the RAN4 WID objectives, since some of the configurations included in the UE RF enhancements work item are not supported in the RAN1 specifications.
Observation 2	3 Tx antenna switching enhancements were precluded by RAN1 early in the work to ensure conservative use of time for the Rel-19 MIMO work, rather than the lack of performance benefit (which has been shown for e.g. 3T3R).
Observation 3	4T6R was considered but not specified in Rel-17, and for a given amount of overhead tends to deliver either lower power per SRS port or have a more complex antenna switching pattern than 3T6R.
Given the observations, we propose the following:
Proposal 1	Add to the Phase 4 UE RF enhancements work item that RAN1 will “study, and if needed specify, support for SRS antenna switching using 3 transmit antennas”.
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