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Background
[bookmark: _GoBack]At RAN#86, a new work item on “Further enhancements on MIMO for NR” was agreed [1], and the revised WID was agreed at RAN#89-e [2]. In the WID, the following objectives were agreed for SRS enhancement.
	3.  Enhancement on SRS, targeting both FR1 and FR2:
0. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
0. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
0. 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 RAN1#103-e meeting, some agreements were made for SRS enhancement. In this contribution, we share our views on SRS enhancement.
 
Discussions
1.1. Flexible trigger of aperiodic SRS
In the last meeting, the following agreements were made for flexible trigger of aperiodic SRS.
	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.,
a) 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 the last meeting, the indication of the slot of SRS transmission via DCI and delaying SRS transmission are not mutually exclusive, and the agreements were made as a merged solution. In our understanding, difference between Alt. 1 and Alt. 2 is whether legacy triggering offset is used or not. In our views, we don’t need to redefine the legacy triggering offset, and Option 2 has less the specification impacts. Therefore,
Proposal 1: RAN1 should adopt Option 2.

Another discussion point is the definition of “available slot”. In our view, UL or flexible symbols configured only in RRC.
Proposal 2: Available slot is defined as UL or flexible slots configured only in RRC

1.2. Flexible DCI
In the last meeting, the following agreements were made for flexible DCI for aperiodic SRS.
	Agreement
Support at least DCI 0_1 and 0_2 to trigger aperiodic SRS without data and without CSI.
· FFS whether/how to re-purpose the unused fields, e.g., the triggering offset(s) and the frequency resources for triggering A-SRS on one or more component carriers, SFI-index, etc.
· FFS UL/DL DCI with data for aperiodic SRS
· FFS group common DCI 



In our view, the group common DCI can be beneficial in some scenarios, e.g. MU-MIMO. Therefore, group common DCI based trigger should be studied.
Proposal 3: Group common DCI should be studied

1.3. Capacity enhancement
The following agreements were made for SRS capacity enhancement.
	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




In the last meeting, classes 2 and 3 were agreed. Regarding the class 2, our preference is scheme 2-0 is a starting point and schemes 2-2 and 2-3 can be discussed after scheme 2-0 is agreed.
For Scheme 2-1, this is related to inter-slot repetition. 
Observation 1: Scheme 2-0 and schemes 2-2/2-3 are not mutually exclusive 
Proposal 4: Scheme 2-0 should be a starting point

For class 3 (partial frequency sounding), schemes 3-1 and 3-2 can also be applied to scheme 3-3. The original intentions of scheme 3-1 and scheme 3-2 are non-contiguous RB and larger comb respectively in case that the subband consists of contiguous PRBs. Regarding scheme 3-1 and scheme 3-2, we slightly prefer to scheme 3-2 considering the PAPR, but which to take can be discussed further.
Proposal 5: Scheme 3-3 is introduced

Conclusion
In this contribution, we have the following observation and proposals:
Proposal 1: RAN1 should adopt Option 2 (Reference slot is the slot indicated by the legacy triggering offset).
Proposal 2: Available slot is defined as UL or flexible slots configured only in RRC.
Proposal 3: Group common DCI should be studied
Observation 1: Scheme 2-0 and schemes 2-2/2-3 are not mutually exclusive 
Proposal 4: Scheme 2-0 should be a starting point
Proposal 5: Scheme 3-3 is introduced
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