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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Basic SRS function is specified in Rel-15 and enhanced in Rel-16 to support high efficiency operation in FR2. The SRS will be further enhanced with more flexible UL and DCL channel sounding procedure as listed in the approved WID[1]:
	3. Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. [bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency



In this paper, we provide our views on the enhancement on SRS regarding the flexible SRS triggering, SRS for antenna switching, coverage and capacity of SRS. 
 
Discussion
Flexible SRS triggering
Three different types of SRS can be configured for one UE. Periodic SRS is configured and triggered by RRC signal, semi-persistent SRS is configured by RRC but activated/deactivated by MAC CE. Multiple aperiodic SRS resource sets are configured by RRC and each SRS resource set is associated with one or more aperiodic SRS triggering state, i.e., the non-zero SRS request field in the DCI, by RRC configuration. One or more aperiodic SRS resource set can be triggered by the a non-zero SRS request field. It means that the association between aperiodic SRS triggering states and aperiodic SRS resource sets is fixed configured by RRC signaling.
However, the association between aperiodic CSI trigger states, i.e., non-zero CSI request field, and aperiodic CSI-RS resources is updated by MAC CE. So the triggering flexibility of aperiodic SRS is limited compared with aperiodic CSI-RS. Consider that so many aperiodic SRS resource sets with various usages, e.g., for codebook, non-codebook, beam management, antenna switching and positioning, can be configured for a UE in a BWP, similar association updating mechanism with that used for aperiodic CSI-RS can be employed for aperiodic SRS. So we propose that the association between aperiodic SRS resource sets and aperiodic SRS triggering states can be updated by MAC CE.
Proposal 1: The association between aperiodic SRS resource sets and aperiodic SRS triggering states can be updated by MAC CE.
Further, the triggering slot offset for each SRS resource set is also configured by RRC with a fixed value. For example, if triggering slot offset is set as X and triggering DCI is transmitted in slot n, SRS can only be transmitted in slot n+X. However, the triggered SRS may be dropped due to the dynamic slot format changing indicated by DCI format 2_0 or overlapping with a higher priority UL signal. This feature limits the configuration of possible PDCCH and SRS locations. So we propose that flexible triggering offset configuration or updating should be supported in Rel-17.
Proposal 2: Flexible triggering offset configuration or updating should be supported in Rel-17.

Enhancements on antenna switching
Antenna switching based SRS is supported in NR Rel-15/16 for DL CSI acquisition based on the UL-DL channel reciprocity for the UE with capability 't1r2', 't2r4', 't1r4', 't1r1', 't2r2' and 't4r4'. Up to 8 RX for a UE is possible and up to 8 layers SU-MIMO PDSCH transmission can be beneficial by using 8 SRS for antenna switching. It is reasonable to support SRS antenna switching with up to 8 antennas to enable scheduling higher downlink layer per UE. 
Totally 6 different UE capabilities can be supported according to ‘xTyR, x = {1, 2, 4} and y = {6, 8}’, i.e., 1T6R, 2T6R, 4T6R, 1T8R, 2T8R and 4T8R. And SRS for antenna switching should support all possible UE capabilities from the specification point of view. 
Proposal 3: SRS for antenna switching corresponding to all  UE capabilities with ‘t1r6’, ‘t2r6’, ‘t4r6’, ‘t1r8’, ‘t2r8’, ‘t4r8’ should be supported in Rel-17.
From our perspective, all UE capabilities can be supported, however, ‘2T8R’, ‘4T8R’ and ‘2T6R’ may have higher priority. For the SRS resource configuration, e.g., the number of resources per set can follow the principle in Rel-15. For example, the resource configuration used for 1T4R UE can also apply to 2T8R UE with the change that two antenna ports per resource instead of single antenna port per resource.
For the UE with capability ‘1T6R’ and ‘1T8R’, more SRS resource sets are required according to the Rel-16 configuration method because the SRS can only be transmitted on the last six symbols in a slot and the necessary guard symbols for antenna switching. So only six OFDM symbols for SRS transmission in one slot is not efficient for 1T6R and 1T6R SRS switching for fast CSI acquisition based on SRS switching. 
Observation 1: SRS transmission in the last six OFDM symbols of one slot only is not efficient for antenna switching for fast CSI acquisition based on SRS switching with more RX antennas.

Enhancements on coverage and capacity
Enhancement on SRS capacity is important to support more UEs to transmit SRS in hot-spot area. Rel-16 SRS can only be transmitted in the last 6 symbols in a slot. SRS resources for different antenna ports can only be differentiated by different comb and/or different CS values. More time-domain resources are required to enhance the SRS capacity. Further, all symbols in a slot in unlicensed band has been approved can be used for SRS transmission. Considering the overhead of periodic and semi-persistent SRS at the same time, we propose that all symbols in a slot can be used at least for aperiodic SRS transmission.
Proposal 4: All OFDM symbols in one slot can be used at least for aperiodic SRS transmission.
SRS coverage is critical for both UL channel sounding and DL CSI acquisition based on channel reciprocity. The straightforward way is to increase the repetition time of SRS resource like that for additional SRS specified in LTE Rel-16. 
Proposal 5: The repetition time of SRS should include 6, 7, 8, 10, 12, 14.

Conclusion
Observation 1: SRS transmission in the last six OFDM symbols of one slot only is not efficient for antenna switching for fast CSI acquisition based on SRS switching with more RX antennas.
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Proposal 2: Flexible triggering offset configuration or updating should be supported in Rel-17.
Proposal 3: SRS for antenna switching corresponding to all  UE capabilities with ‘t1r6’, ‘t2r6’, ‘t4r6’, ‘t1r8’, ‘t2r8’, ‘t4r8’ should be supported in Rel-17.
Proposal 4: All OFDM symbols in one slot can be used at least for aperiodic SRS transmission.
Proposal 5: The repetition time of SRS should include 6, 7, 8, 10, 12, 14.
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