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Diverse aspects of requirements can be figured out during NR implementation. This contribution mainly discuss the issues concerning SRS enhancement in Rel-17. 
Flexible triggering and DCI overhead reduction
	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


In previous release, the slot offset of SRS resource is configured by high layer signaling and one trigger state can be associated with multiple resource sets. Due to the semi-static feature of SRS slot offset values, frequent collisions may occur between SRS transmission and DL symbols. For solving this issue, dynamic explicit/implicit signaling of SRS slot offset will surely provide more flexibility. 
For the listed two options above, specification impact of option-1 seems a little larger than option-2. Both options requires new field in DCI, where the legacy indication of SRS slot offset should be omitted in option-1. From our perspective, option-2 seems to be a simple and straightforward solution. However, the benefit of updating candidate triggering offsets in MAC CE should be carefully investigated. Unless there is remarkable performance enhancement, otherwise RRC/DCI is sufficient.  
Observation 1: Whether introducing new MAC CE for updating candidate triggering offsets depends on the relevant performance enhancement.
Proposal 1: For options for reference slot of aperiodic SRS resource set, we support Option 2.

Increasing Rx number for antenna switching
	Agreement
For antenna switching up to 8Rx, support SRS resource configurations for {1T6R, 1T8R, 2T6R, 2T8R, [4T6R], 4T8R}.


Taking diverse implementation requirements into account, all combinations may find their relevant application scenarios. From that sense, 4T6R could be meaningful for some kinds of current/future product. Specifically, as shown in Fig.1 two SRS resources are needed for 4T6R, with 4-port and 2-port, respectively. 
Further, regarding all the possible combinations, we list their possible resource assignments in Table-1.
	Combinations
	Resource assignment

	1T6R
	3 slots, each slot has 2 SRS resources/2 slots, each slot has 3 SRS resource/1 slot, 6 SRS resources

	1T8R
	2 slots, each slot has 4 SRS resources

	2T6R
	2 slots, one slot has 1 SRS resource, the other slot has 2 SRS resource/1 slot, 3 SRS resources

	2T8R
	1 slot, 4 SRS resources

	4T6R
	1 slot, 2 SRS resources (4 ports, or one is 4 ports, the other is 2 ports)

	4T8R
	1 slot, 2 SRS resources


Table-1 Resource assignment for all combinations


Fig.1 SRS resource configurations for 4T6R 
Besides, during the discussion of Rel-16 TEI session, a UE supporting 1T4R could also support 1T1R, 1T2R and 1T4R. Similar to the TEI discussion, a UE support 2T8R may also support 1T4R, 1T2R, 1T1R, etc. Therefore, new capabilities including multiple combinations of xiTyjR should be considered
Proposal 2: The resource assignment for all combinations in Table-1 can be supported.
Proposal 3: Combinations of newly introduced xiTyjR should be considered as new UE capability.

Enhance SRS capacity and/or coverage
	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



Increase repetition
In Rel-15/16, the supported set of repetition numbers for SRS is {1, 2, and 4}. For NR-U in Rel-16, SRS can start from any symbol in a slot which could also be viewed as a common enhancement for other scenarios.
For SRS coverage enhancement, a simple solution is to increase the number of SRS symbols up to 14. 
Proposal 4: Support Scheme 2-0, where the supported values for SRS repetition number can be enlarged up to 14.
Partial sounding across frequency 



Fig.2 Different partial sounding patterns
From our perspective, both Scheme 3-1 and Scheme 3-2 are favorable.
The granularity of legacy SRS transmission is 4 RBs, which could be the baseline assumption for SRS partial sounding procedure. Then, we need to discussion the supported partial pattern(s) within 4 RBs. In Fig.2, we list two general cases with 4 options for each. The first 4 options (1-a/1-b/1-c/1-d) correspond only 1 out of 4 RB can transmit SRS, the rest correspond 2 out of 4 RB can transmit SRS. Different pattern can lead to different performance, which needs careful study. 
Besides, it is not necessary to require every 4 RBs to transmit SRS all the time. It is better to introduce mechanism to disable/enable SRS transmission in some of these 4 RBs.
From our understanding, Scheme 3-3 can be viewed as a special case of Scheme 3-1 by setting 4 RBs as the subband size.
Proposal 5: Support Scheme 3-1 and/or Scheme 3-2.
Proposal 6: Based on the assumption of 4 RB granularity for partial sounding, gNB can use a bitmap to disable/enable the SRS transmission on some of these 4 RBs.

Conclusions
In this contribution, we have the following observation and proposals: 
Observation 1: Whether introducing new MAC CE for updating candidate triggering offsets depends on the relevant performance enhancement.
Proposal 1: For options for reference slot of aperiodic SRS resource set, we support Option 2.
Proposal 2: The resource assignment for all combinations in Table-1 can be supported.
Proposal 3: Combinations of newly introduced xiTyjR should be considered as new UE capability.
Proposal 4: Support Scheme 2-0, where the supported values for SRS repetition number can be enlarged up to 14.
Proposal 5: Support Scheme 3-1 and/or Scheme 3-2.
Proposal 6: Based on the assumption of 4 RB granularity for partial sounding, gNB can use a bitmap to disable/enable the SRS transmission on some of these 4 RBs.

References
Draft Report of 3GPP TSG RAN WG1 #103e
image2.emf
1-a       1-b      1-c      1-d 2-a       2-b      2-c      2-d


Microsoft_Visio___1.vsdx
1-a       1-b      1-c      1-d
2-a       2-b      2-c      2-d



image1.emf
4-port SRS

2-port SRS


Microsoft_Visio___.vsdx
4-port SRS
2-port SRS



