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1 Introduction
In last RAN4 meeting, WF on SRS antenna switching for FR2 was agreed in [1]. The following aspects shall be further studied:

· SRS antenna switching time for FR2 applies for switching cases both in the same panel and between two panels
· SRS antenna switching time for FR2 study both SCSs 60kHz and 120kHz
· Whether SRS antenna switching can be less than 8.93us will be further studied in next RAN4 meeting
The contribution provides further consideration and analysis for SRS antenna switching based on [2]. 
2 Discussion

2.1 Use cases for antenna switching
During the discussion of SRS antenna switching, one aspect with uncertainty other than those mentioned in the WF is the use cases for antenna switching for FR2. The following discussion is somehow related to RAN1 physical layer design and based on that we will extend the analysis to UE implementation and specific requirements from RAN4 perspective. 
In LTE, when UL/DL channel reciprocity is assumed at UE and eNB side, eNB may obtain the DL CSI based on the measurement of SRS for the UE. However, for the UE with different DL and UL capabilities, e.g., 1T2R, it can only transmit SRS on one antenna at one time, and only part of DL CSI can be obtained by eNB based on measurement of the SRS. In order to get full DL CSI, SRS antenna switching is supported in LTE for UE to transmit one-port SRS on two different antennas in different time. 

In NR, it was agreed to support the maximal 12 orthogonal DL DMRS ports for MU-MIMO. For SU-MIMO, the maximal DMRS port number is 8 ports. However, the UE may support less simultaneously transmitted UL ports due to UE capability, which also requires SRS antenna switching for reciprocity based CSI measurement.

What’s more, it is beneficial for uplink transmission as well if the SRS antenna switching is supported. And gNB can obtain all possible UL CSIs through UL SRS antenna port switching. Then gNB chooses the best transmit antenna ports of the UE for UL transmission according to full channel measurement based on SRS antenna switching. Therefore, the blockage probability can be reduced, and the energy efficiency can be improved by avoiding UL transmission on antenna ports with worse CSI.  
In clause 6.2 of TS 38.214, the usage for SRS-ResourceSet are differentiated for four cases, i.e. 'antennaSwitching', 'BeamManagement', 'codebook' and 'nonCodebook'. Among these usage sets, antenna switching is related to DL CSI and other usage sets can be categorized to UL transmission for UL CSIs. 
Usage set: antenna switching
For antenna switching, the UE capability in the feature list is copied as below. The switching only happens for the capabilities when T<R for the purpose of DL CSI. For FR2, usually we consider T=R, but T<R cannot be ruled out, e.g. for the case that Tx could use single polarization while Rx uses dual polarization, which depends on UE implementation [3]. 
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For other usage sets, as the purpose is different from that of antenna switching, though it could have the similar interruption time when the switching occurs between two panels, the impact to requirements would be different. 
RAN1 status for multi-panel transmission

Multi-panel transmission is one topic under discussion in RAN1. Based on the status below, it can be seen that there is no conclusion on multi-panel transmission. 
	For purpose of further discussion on this topic for RAN1#96 and future meetings

Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15, if needed.

· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
· MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission
Note: Above does not imply the support of either one or both of the categories but is only for efficient discussions at least for this meeting, which may also be updated further. Whether to support either one or both categories will depend on subsequent discussions
Note: There is no consensus among the companies in RAN1 whether MPUE-Assumption2 is in the work scope of Rel-16 WI

Agreement

If RAN1 cannot agree on the support of at least one of MPUE-Assumption1, MPUE-Assumption2, MPUE-Assumption3, enhancements on panel-specific beam selection for uplink will not be supported in Rel-16.

· Deadline for decision: RAN1#96bis


2.2 Implementation capability and the requirement
In the WF [2], it mentioned that both 60kHz and 120kHz SCS should be studied. From implementation point of view, the switching time for both SCSs is the same. As discussed in section 2.1, here we only consider the usage set for antenna switching. And for this scenario, antenna switching only occurs for T<R based on UE reported capability. The WF also says both the same panel and cross panel cases should be considered. In our view, the switching time in the same panel is very short. For the SRS antenna switching across two panels, it is also related to the conclusion of the MPUE-Assumption in RAN1.
Observation: SRS antenna switching time for FR2 is related to the conclusion of the MPUE-Assumption in RAN1.

Based on the preliminary feedback from RAN4 on SRS antenna switching time, RAN1 specified the guard period between two SRS resources of an SRS resource set for antenna switching in TS 38.214 as below. 
	Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
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It noted that the guard period defined in RAN1 spec is only for antenna switching usage set. In RAN4 specification, the requirements for FR1 is also specified for antenna switching usage set.
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Figure 6.3.3.6-5: FR1 Time mask for 15 kHz and 30 kHz SCS for the case when consecutive SRS switching usage is between antenna switching & other sets 


Right now, the SRS antenna switching time is not captured in the FR2 specification. How to capture the switching time for the time mask is FFS.
3 Conclusion

SRS antenna switching for FR2 is further discussed in the paper. 
Proposal 1: It is proposed to study the antenna switching time across panels after there is a conclusion of multi-panel transmission in RAN1. 

Proposal 2: The FR2 SRS antenna switching requirement should be defined based on agreement reached on the switching time. 
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