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1 Introduction
In RAN1#103e meeting [1], agreements for SRS enhancements were achieved as:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Agreement
A given aperiodic SRS resource set is transmitted in the (t+1)-th available slot counting from a reference slot, where t is indicated from DCI, or RRC (if only one value of t is configured in RRC), and the candidate values of t at least include 0. Adopt at least one of the following options for the reference slot.
· Opt. 1: Reference slot is the slot with the triggering DCI.
· Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.
· FFS the detailed definition of “available slot” considering UE processing complexity and timeline to determine available slot, potential co-existence with collision handling, etc., e.g.,
· Based on only RRC configuration, “available slot” is the slot satisfying: there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set
· FFS explicit or implicit indication of t
· FFS whether updating candidate triggering offsets in MAC CE may be beneficial
Agreement
In Rel-17 SRS coverage and capacity enhancement, support at least one scheme from Class 2 and Class 3, and deprioritize Class 1.
· Note: Extensions of Rel-15/16 frequency hopping are included in Classes 2 and 3, e.g. where UE hops once per symbol within a Rel-17 SRS resource.
Agreement
Candidate schemes for Class 2:
· Scheme 2-0: Increase the number of repetition symbols in one slot
· Scheme 2-1: Inter-slot repetition on consecutive symbols or non-consecutive symbols across slots
· Scheme 2-2: Repetition with TD-OCC
· Scheme 2-3: Repetition with CS hopping
Candidate schemes for Class 3:
· Scheme 3-1: RB-level partial frequency sounding
· Scheme 3-2: Subcarrier-level partial frequency sounding
· Scheme 3-3: Subband-level partial frequency sounding
· Scheme 3-4: Partial-frequency sounding schemes assisted with CSI-RS, where SRS is transmitted in a subset of RBs of the original SRS frequency resource
· Scheme 3-5: Dynamic change of SRS bandwidth with RB-level subband size scaling
· Note: Consider issues like gNB receiver complexity,  PAPR, etc., with above schemes
· Note: Joint operation between Class 2 and Class 3 schemes can be considered
Agreement
For antenna switching up to 8Rx, support SRS resource configurations for {1T6R, 1T8R, 2T6R, 2T8R, [4T6R], 4T8R}.
In this contribution, we provided our views on the enhancements on SRS.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Triggering offset
It was agreed in last meeting that aperiodic SRS resource set is transmitted in the (t+1)-th available slot counting from a reference slot, and t is dynamically indicated via DCI for flexibility. 
Regarding the flexibility, two options for the reference slot were listed as slot with the triggering DCI (Opt.1) or slot indicated by the legacy triggering offset (Opt.2). Considering the tradeoff between flexibility and overhead, reference slot to be slot indicated by the legacy triggering offset (Opt.2) is better. As legacy configured triggering offset has already considered the SRS triggering and scheduling requirement, the target to introduce more flexible triggering offset is to encounter dynamic changing of slot format and less opportunity for SRS triggering, so only adjusting the transmission by several slots is sufficient, otherwise, the SRS transmission may be useless if the slot for SRS transmission is delayed too much. In this case, the number of candidate values for t doesn’t need to be large, for example, up to 2 or 4 values (1 or 2 bits) are enough. So we propose that:
Proposal 1: For AP SRS triggering, support Opt.2 (i.e. Reference slot is the slot indicated by the legacy triggering offset). And up to 1 or 2 bits in DCI to indicate t is sufficient. 
And regarding the definition of “available slot”, an example was listed in the agreement, i.e. the slot is only based on RRC configuration, “available slot” is the slot satisfying: there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set. Based on this, the slot for SRS transmission is clear between network and UE, and no impact on collision handling, so we support this definition.
Proposal 2: For AP SRS triggering, the “available slot” is defined only based on RRC configuration, and satisfying there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set. 
Coverage/capacity enhancement
For SRS coverage and capacity enhancement, Class 2 (Increase repetition) and Class 3 (Partial frequency sounding) were agreed, and candidate schemes were listed. 
In Rel-16, the candidate OFDM symbols for SRS transmission has been updated to be any OFDM symbol in a slot, not limited to be last 6 symbols. Based on this precondition, increasing the number of repetition symbols in a slot is natural and has no large spec impact, while inter-slot repetition seems not good with the discontinuity between slots. In addition, TD-OCC between repetitions can be considered to increase the capacity. Based on this, we propose:
Proposal 3: For Class 2 (Increase repetition), Scheme 2-0 (Increase the number of repetition symbols in one slot) and Scheme 2-2 (Repetition with TD-OCC) are supported. 
Regarding Class 3, partial frequency sounding is a good candidate for SRS coverage enhancement. And there may be some points to be well designed for this scheme.
For SRS without hopping, partial sounding may break the property of ZC sequence, the structure for SRS sequence design should be studied. Or subcarrier-level partial frequency sounding can be used in this case, and the ZC sequence property will not be broken. 
And for SRS transmission with hopping, partial sounding across frequency can be achieved based on reducing the size of subband for SRS transmission or based on reducing the number of hoppings within the sounding bandwidth, and current nested hopping bandwidth structure can be taken as a starting point. 
Proposal 4: For Class 3 (Partial frequency sounding), Scheme 3-2 (Subcarrier-level partial frequency sounding) and Scheme 3-3 (Subband-level partial frequency sounding) are preferred. And for Scheme 3-3, either reducing the subband size or reducing the number of hoppings can be considered.
SRS antenna switching
For SRS antenna switching, configurations of {1T6R, 1T8R, 2T6R, 2T8R, 4T8R} were agreed, and 4T6R needs further decision. To cater for different services and requirements, we think 4T6R should also be supported. 
And current antenna switching framework can be taken as starting point, with enhancement on number of SRS resources or number of SRS ports within a resource. In addition, the number of SRS resources for antenna switching is increased, for example, 8 SRS resources are needed for 1T8R, collision probability increases and opportunity for SRS triggering may decrease. As even part of the SRS resource transmission is dropped, the result of antenna switching is incomplete, which will impact on channel measurement. So configuration of SRS resources for antenna switching should also guarantee the whole SRS resources transmission can be finished. For example, taking 1T8R for example, more than 8 SRS resources can be configured, and UE can select 8 available SRS resources (e.g. first 8 available SRS resources) for transmission from the more than 8 SRS resources. In this case, even collision on part of SRS resources, a whole antenna switching can be achieved.
Proposal 5: Support configuration of 4T6R for antenna switching. 
[bookmark: _GoBack]Proposal 6: Considering collision probability increasing in case of large number of SRS resources for antenna switching, configuration for SRS resources should be considered to guarantee enough SRS resources can be transmitted as much as possible, for example, more SRS resources than needed can be configured.
3 Conclusion
In this contribution, we provided our views on SRS enhancement, and we proposed that:
Proposal 1: For AP SRS triggering, support Opt.2 (i.e. Reference slot is the slot indicated by the legacy triggering offset). And up to 1 or 2 bits in DCI to indicate t is sufficient. 
Proposal 2: For AP SRS triggering, the “available slot” is defined only based on RRC configuration, and satisfying there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set. 
Proposal 3: For Class 2 (Increase repetition), Scheme 2-0 (Increase the number of repetition symbols in one slot) and Scheme 2-2 (Repetition with TD-OCC) are supported. 
Proposal 4: For Class 3 (Partial frequency sounding), Scheme 3-2 (Subcarrier-level partial frequency sounding) and Scheme 3-3 (Subband-level partial frequency sounding) are preferred. And for Scheme 3-3, either reducing the subband size or reducing the number of hoppings can be considered.
Proposal 5: Support configuration of 4T6R for antenna switching. 
Proposal 6: Considering collision probability increasing in case of large number of SRS resources for antenna switching, configuration for SRS resources should be considered to guarantee enough SRS resources can be transmitted as much as possible, for example, more SRS resources than needed can be configured.
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