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1 Introduction
In RAN1#103e and RAN1#104e 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
For Rel-17 SRS capacity and coverage enhancement, support the following
· Increase the maximum number of repetition symbols in one slot and one SRS resource to S
· Support at least one S value from {8, 10, 12, 14}
· FFS other candidate values
· Support to transmit SRS only in  contiguous RBs in one OFDM symbol, where  indicates the number of RBs configured by BSRS and CSRS
· Support at least one PF value from {2, [3], 4, 8}
· FFS other candidate values, e.g., non-integer values for PF
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· No new sequence including length is introduced
· FFS it is applicable to frequency hopping and non-frequency hopping
· FFS detailed signaling mechanism to determine PF and the location of the  RBs
· Support Comb 8
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· FFS whether and if needed, how to use harmonized approach to define the three supported schemes
· Note: other schemes for SRS capacity and coverage enhancements are not supported in Rel-17.

Agreement
· For aperiodic antenna switching SRS, support to configure N <=N_max resource sets, where totally K resources are distributed in the N resource sets flexibly based on RRC configuration.
· For 1T6R, K=6, N_max = [4], and each resource has 1 port.
· For 1T8R, K=8, N_max = [4], and each resource has 1 port.
· For 2T6R, K=3, N_max = [3], and each resource has 2 ports.
· For 2T8R, K=4, N_max = [4], and each resource has 2 ports.
· (Working Assumption) For 4T8R, K=2, N_max = [2], and each resource has 4 ports.
· FFS the number of supported candidate values of N for each xTyR.
· FFS extension to increase N_max for 1T4R, 2T4R, T=R and 1T2R cases for aperiodic, periodic and semi-persistent SRS resources
· FFS the number of resources and resource sets for semi-persistent and periodic antenna switching SRS
· Note: SRS could be transmitted over the last 6 OFDM symbols, or over any OFDM symbols within the slot subject to UE capability.
Agreement 
Further study whether and if needed, how to achieve further enhancements on aperiodic SRS triggering and resource management based on repurposing unused fields in DCI format 0_1/0_2 without data and without CSI. Consider the following examples
· CAT A: Time-domain parameters
· A-1: Indication of available slot position, i.e., the t values
· A-2: Indication of slot offset
· A-3: Indication of SRS symbol-level offset
· A-4: Indication of time-domain behavior for SRS transmission over multiple OFDM symbols, e.g., repetition, hopping, and/or splitting
· CAT B: Frequency-domain parameters
· B-1: Indication of a group of CCs for SRS transmission
· B-2: Indication of frequency domain resource in a BWP for SRS transmission
· B-3: Indication of whether DL/UL BWP is applied for SRS transmission
· CAT C: Power control parameters
· C-1: Re-purpose ‘TPC command for PUSCH’ as ‘TPC command for SRS’
· FFS impact on power control, impact from triggering a group of CCs for SRS
· C-2: Indication of open loop power control parameter e.g., p0.
· CAT D: Spatial-domain parameters, i.e., indication of SRS port and beamforming
· CAT E: Extend the number of DCI codepoints for aperiodic SRS trigger states
· Other examples are not precluded
Agreement
A list of t values is configured in RRC for each SRS resource set. Adopt at least one of the following for DCI indication of t.
· In DCI format 0_1/0_2 without data and without CSI request, 
· Alt 1-1: Reuse the same scheme used for DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH
· Alt 1-2: Re-purpose unused DCI field to indicate t
· Alt 1-3: t is indicated by a configurable DCI field, where the DCI field may contain bits from unused fields and additional bits configured by gNB
· FFS design details with other potential field(s)
· FFS: whether t can be slot offset
· In DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH
· Alt 2-1: t is indicated by adding a new configurable DCI field
· Alt 2-2: t is indicated without adding DCI payload
· Note: The size of DCI payload does not change dynamically
· Note: RAN1 should strive for unified solution for different DCI formats.
· FFS: The number of RRC configured t values per SRS resource set and DCI bit field size.
Agreement
Confirm the following working assumption with modifications
An “available slot” is a 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 UE capability on the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set.
· From the first symbol carrying the SRS request DCI and the last symbol of the triggered SRS resource set, UE does not expect to receive SFI indication, UL cancellation indication or dynamic scheduling of DL channel/signal(s) on flexible symbol(s) that may change the determination of “available slot”.
· Note: Collision handling between the triggered SRS and any other UL channel/signal is performed after the determination of available slot.
· FFS: Rules to handle the case of multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI
In this contribution, we provided our views on the enhancements on SRS.
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Triggering offset
It was agreed 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. One remaining issue for aperiodic SRS triggering is definition of the reference slot. 
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 it was agreed that a list of t values is configured in RRC for each SRS resource set, and the value of t is indicated in DCI. To achieve flexibility and considering the limited required number of bits for value t, adding a new configurable DCI field is preferred, and the uniform scheme can be applied both cases of DCI format 0_1/0_2 without data and without CSI request and DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH.
Proposal 2: For indication of value t, a new configurable DCI field is added in DCIs with and without data. 
And based on Opt.2, there are actually two candidate slots for SRS transmission, one is the reference slot (indicated by the legacy triggering offset), the other one is the (t+1)-th available slot. In this case, it’s more flexible for SRS transmission, for example, the slot indicated by the legacy triggering offset may not be changed, and still be available for SRS transmission, in this case, SRS can be transmitted in the reference slot, ignoring the value of t (i.e. legacy SRS triggering is applied), otherwise, the (t+1)-th available slot is applied for SRS transmission.
Coverage/capacity enhancement
For SRS coverage and capacity enhancement, partial frequency sounding with reduced number of RBs was agreed, and regarding the use case, at least it can be applied to frequency hopping.  
And considering non-frequency hopping, it should also be supported to increase coverage and capacity, otherwise the scheme is incomplete. While the structure for SRS sequence design should be studied considering PAPR. As property of ZC sequence with a single long sequence is broken, in this case, a separate sequence for each contiguous RBs can be applied. 
Proposal 3: For partial frequency sounding with reduced number of RBs, it should be applied to both frequency hopping and non-frequency hopping. And sequence structure in case of non-frequency hopping can be studied considering PAPR issue. 
[bookmark: _GoBack]Repurposing unused fields
Regarding repurposing the unused field in DCI without data and without CSI request, the DCI can also be used for dynamic beam indication for joint or separate DL/UL TCI state as discussed in AI 8.1.1, as discussed in our companion contribution [2]. And after network receiving the triggered SRS resource, the beam indication can be regarded as successful.
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 4: Support configuration of 4T6R for antenna switching. 
Proposal 5: 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 indication of value t, a new configurable DCI field is added in DCIs with and without data. 
Proposal 3: For partial frequency sounding with reduced number of RBs, it should be applied to both frequency hopping and non-frequency hopping. And sequence structure in case of non-frequency hopping can be studied considering PAPR issue. 
Proposal 4: Support configuration of 4T6R for antenna switching. 
Proposal 5: 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.
4 [bookmark: _Ref344215723]References
[1] Chairman’s notes, RAN1#104-e, January 25th – February 5th, 2021.
[2] R1-2103521, Discussion on multi-beam operation, NEC, RAN1#104bis-e, April 12th – 20th, 2021.
3

image2.png
MRS, Bsgs




image3.png
\SRS.Bsps




image1.png
\SRS.Bsps




