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In this contribution, we provide our views on flexible A-SRS triggering, and SRS coverage/capacity enhancements.
Flexible aperiodic SRS triggering
Agreements made in RAN1#103-e meeting:
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

Consider backward compatibility, we think the “reference slot” should be the SRS transmission slot indicated in R15/R16. The “t” is considered as new feature in R17. If t=0 or not be configured, it falls back to legacy behaviour. In other words, Opt. 2 is preferred.
Consider tradeoff between flexibility and overhead, RRC can configure a list of t values and the one indicated by DCI (if more than one in the list) is used for actual transmission. If the only one value in the list or list is not configured, no DCI bit is needed. Furthermore, the list can be updated by MAC CE to increase flexibility.
[bookmark: _Ref61858783]Proposal 1: For definition of “reference slot”, support 
· Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.
[bookmark: _Ref61858794]Proposal 2: For indication of t
· RRC configures a list of candidate values of t, and DCI indicates one for A-SRS transmission.
· List of t can be updated by MAC CE 
SRS coverage and capacity improvement
Agreements from RAN1#103-e meeting:
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 number of repetition symbols
As conclusion from the last meeting that discontinuous transmission could have negative impact on performance, increasing number of repetition symbols (Scheme 2-0) should be a way to proceed for coverage improvement. We will discuss what number to increase later in this section. We also think consecutive symbols transmission across slot boundary (one option in Scheme 2-1) is useful that offers system flexibility to schedule SRS resource with multiple symbols starting close to the end of a slot. For example, 4-symbol SRS resource can start from 13-th symbol, which is not allowed in R15/R16. 

Tree-structured resource allocation [1] with candidate schemes 

[bookmark: OLE_LINK2]In R17, RAN1 pursuits one (or combined) scheme(s) that can enhance both coverage and capacity. Several schemes under Class 2 and Class 3 provide ways to multiplex more users (or ports), therefore, increases capacity. From our view, a flexible resource allocation scheme that can compactly assign longer or shorter physical resource to UEs according to each individual condition (e.g., at cell center v.s. cell edge) is desired. In previous contribution [1], a tree-structured resource allocation is proposed. By that, different SRS resources (at different levels of the tree) span and overlap multiple lengths in time while the orthogonality can be preserved between users. The concept is explained and extended below. 

[bookmark: OLE_LINK12]We define physical resources and partition them in a certain domain (e.g., frequency, time, code, etc) hierarchically, we can construct a tree to represent the entire system resources. For example, in Figure 1 time domain partition of 8 symbols is illustrated. A resource at lower level represents a larger set of resources, which contains non-overlapping multiple resources at sub-level. Based on such a hierarchical partition, we construct a tree as Figure 2 (binary tree in this example) in which node  standards for the j-th resource at level i. In this way, orthogonal resources of variable length (or size) can be assigned to users as long as no ancestor node has been allocated. For example, , , 
and  are orthogonal partition and assigned to 4 UEs with 4, 2, 1, 1 symbols, respectively.
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	[bookmark: _Ref61355358]Figure 1. time domain resource hierarchy



	


	[bookmark: _Ref61807870]Figure 2. Tree structured resource allocation.



OVSF in WCDMA was an example using such a resource allocation but the tree-structured can be applied beyond code domain. Tree-structured TD-OCC (similar as OVSF) and partial frequency sounding scheme are proposed in [1]. The nodes at the same level are multiplexing by OCC codes or non-overlap frequency resource in each scheme, respectively. The variable-length OCCs and variable-size frequency resource location can be constructed recursively and assigned to nodes in the tree. 

Scheme 2-2, Scheme 3-1, Scheme 3-2 and Scheme 3-3
The tree-structured TD-OCC in [1, section 3.2.1] is an extension of Scheme 2-2 and the tree-structured partial frequency sounding [1, section 3.2.2] can apply to (and extend) either Scheme 3-1/Scheme 3-3 or Scheme 3-2. For the application to Scheme 3-1/Scheme 3-3, frequency resource is sub-divided into a contiguous smaller subset in a unit of RB or subband, the partition and tree graph can follow the details in [1, section 3.2.2]. For the Scheme 3-2 (Subcarrier-level partial frequency sounding), multi-level comb structure can be considered as shown in Figure 3. By observations that , a binary tree can be constructed such that two child nodes (derived from the same parent node) correspond to different comb offsets.  

Scheme 2-3
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]The main motivation of Scheme 2-3 (Repetition with CS hopping) is to reduce strong inter-cell interference by means of randomizing circular shifts (CS) hopping, but not to increase capacity. However, as CS of SRS offers a way to partition resource (in terms of non-overlap delay window), it fits to the aforementioned framework well. More specifically, the CSs with  is a subset of CSs with  for m>1, and the tree can be constructed accordingly. Note that the tree can be built as an m-ary tree or m could be changed level by level, though in this case it will lose simple recursive formulation to describe the tree.  
We believe in R15/R16, different CS window sizes for different UEs can already be done by proper RRC configuration. The way to describe in tree structure help to make it systematic and concise, and could be benefit for signalling design.  
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	[bookmark: _Ref61428532]Figure 3. Resource partition of subcarrier level partial frequency sounding (multi-level comb)


Resource hopping (for Scheme 2-3, Scheme 3-1, Scheme 3-2 and Scheme 3-3)
In some scenarios, like Scheme 2-3 and partial frequency sounding (Scheme 3-1 to Scheme 3-3), hopping over different resources is needed to improve performance or frequency coverage. Both deterministic hopping pattern and (pseudo-)random hopping can be considered. 
As a by-product, we note that for some configurations, multi-level comb scheme mentioned above (as a realization of Scheme 3-2) with deterministic hopping across different offsets can result in the same SRS pattern as R16 position SRS. This allows two types of SRS (MIMO and position) co-schedule and share the same time/frequency resources. 

Repetition symbols length
According to above discussion and consider binary tree is the most common option, we think increase to 23 = 8 symbols is a good choice for SRS coverage improvement.


[bookmark: _GoBack]We conclude this section with proposals:
[bookmark: _Ref61858802]Proposal 3: Scheme 2-0: Increase the number of repetition symbols in one slot.
· increase to 8 symbols
[bookmark: _Ref61858809]Proposal 4: Scheme 2-1: Support inter-slot repetition on consecutive symbols.
[bookmark: _Ref61858820]Proposal 5: Support tree-structured variable length/size resource allocation with repetition symbols and down select one of scheme below: 
· Scheme 2-2: Repetition with TD-OCC
· Scheme 2-3: Repetition with CS hopping
· Scheme 3-1: RB-level partial frequency sounding
· Scheme 3-2: Subcarrier-level partial frequency sounding by multi-level comb
· Scheme 3-3: Subband-level partial frequency sounding
[bookmark: _Ref61858829]Proposal 6: Resource (e.g., frequency or CS) hopping can be enabled for Scheme 2-3, Scheme 3-1, Scheme 3-2 and Scheme 3-3
Conclusions
For flexible A-SRS triggering, 
Proposal 1: For definition of “reference slot”, support
· Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.
Proposal 2: For indication of t
· RRC configures a list of candidate values of t, and DCI indicates one for A-SRS transmission.
· List of t can be updated by MAC CE 

For SRS coverage and capacity improvement, 
Proposal 3: Scheme 2-0: Increase the number of repetition symbols in one slot.
· increase to 8 symbols
Proposal 4: Scheme 2-1: Support inter-slot repetition on consecutive symbols
Proposal 5: Support tree-structured variable length/size resource allocation with repetition symbols and down select one of scheme below:
· Scheme 2-2: Repetition with TD-OCC
· Scheme 2-3: Repetition with CS hopping
· Scheme 3-1: RB-level partial frequency sounding
· Scheme 3-2: Subcarrier-level partial frequency sounding by multi-level comb
· Scheme 3-3: Subband-level partial frequency sounding
Proposal 6: Resource (e.g., frequency, CS) hopping can be enabled for Scheme 2-3, Scheme 3-1, Scheme 3-2 and Scheme 3-3
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