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Introduction
In RAN1#102-e meeting [1], the following agreements are made:
Agreement
Enhance the determination of aperiodic SRS triggering offset, with at least one of the following alternatives
· Alt 1: Delay the SRS transmission to an available slot later than the triggering offset defined in current specification, including possible re-definition of the triggering offset
· Alt 2: Indicate triggering offset in DCI explicitly or implicitly
· Alt 3: Update triggering offset in MAC CE
· Further consideration aspects may include the cost v.s. the total combinations PDCCH and SRS locations for gNB to choose, DCI overhead, multi-UE SRS multiplexing, CA aspect, whether to have multiple opportunities to transmit SRS, etc.
Agreement
For SRS coverage/capacity enhancements, evaluate and, if needed, specify one or more from three categories based on the following definition. 
· Class 1 (Time bundling): Utilize relationship among two or more occasions of one or more SRS resources in one or more slots to enable joint processing within time domain.
· Study aspects include the issue of phase discontinuity, interruption of SRS transmission by other UL signals, etc..
· Class 2 (Increase repetition): Change the legacy SRS pattern in one resource and one occasion from time domain by increasing SRS symbols for repetition. 
· Study aspects include to use TD-OCC to compensate the negative impact on SRS capacity, inter-cell interference randomization, whether these SRS symbols are in one slot or consecutive slots, etc..
· Class 3 (Partial frequency sounding): Support more flexibility on SRS frequency resources to allow SRS transmission on partial frequency resources within the legacy SRS frequency resources.
· Study aspects include the partial frequency resources are with RB level or subcarrier level (e.g., larger comb, partial bandwidth), PAPR issue, etc..
Agreement
Study the following two alternatives in the scope to enhance at least one DCI format for aperiodic SRS triggering 
· Alt 1: Use UE-specific DCI, e.g., extending DCI 0_1 without uplink data and without CSI
· Alt 2: Use group-common DCI, e.g., extending DCI 2_3 for cases other than carrier switching
· Further consideration aspects may include simultaneous or CC-specific SRS triggering for multiple CCs, dynamic indication of SRS frequency resources, etc..
Agreement
For SRS overhead reduction, study reusing same resources among multiple usages, at least for “codebook” and “antenna switching”. Study aspects include
· Whether implementation approach based on legacy SRS configuration is sufficient
· If not, and if there are benefits other than RRC overhead reduction, study further on the case that antenna switching and PUSCH have different number of Tx antennas, whether UL BWP for different SRS usages is the same or different, whether and how to ensure UE to use same virtualization, the set of applicable usages, UE implementation complexity and overhead, etc..
Agreement
For SRS antenna switching up to 8Rx, study the configuration of {1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R}.
· Study points may include CSI latency, performance considering aspects like insertion loss, use cases, antenna structure, UE power saving, SRS resource configuration, etc..

In this contribution, we provide our views on SRS enhancements.
Flexible aperiodic SRS triggering
Aperiodic SRS (A-SRS) is a UL resource by which a UE only transmits A-SRS according to request. This makes A-SRS flexible and the physical resources can be shared by multiple users. However, in current NR (Release 15 and 16), A-SRS triggering is not flexible enough which limits the way of resource scheduling or reduces UE’s sounding opportunity. 
Three alternatives are discussed in the last meeting:
· [bookmark: OLE_LINK23][bookmark: OLE_LINK24]Alt. 1: Delay the SRS transmission to an available slot later than the triggering offset defined in current specification, including possible re-definition of the triggering offset
· Alt. 2: Indicate triggering offset in DCI explicitly or implicitly
· Alt. 3: Update triggering offset in MAC CE

[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Among all alternatives, Alt. 1 may have the least specification impact at the first glance but it does not really provide enough flexibility to the issue. Consider dynamic allocation of PDCCH, to make Alt. 1 useful, it is likely to configure a small SlotOffset value so multiple DCI locations can trigger the first available SRS slot after SlotOffset but cannot trigger slots after that. In order to trigger SRS in later slots, it still needs configure multiple SRS resource sets (with different SlotOffset) and indicate one of them in DCI. Furthermore, if re-define the interpretation of triggering offset, it could result in that Rel-17 is not backward compatible with Rel-15/Rel-16, which is not desired.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]On the other hand, Alt 2 and Alt 3 provide more flexibility. Alt 2 provides the most flexibility and can fast adapt to dynamic allocation of PDCCH and SRS location while it incurs more DCI overhead. On the other hand, Alt 3 can also do the dynamic adjustment without DCI overhead but with a larger delay. From our view, Alt 2 and/or Alt 3 can be considered. 
Proposal 1: Support Alt 2 and/or Alt 3 for flexible A-SRS triggering.

SRS coverage and capacity improvement
Three classes for SRS coverage/capacity enhancement are discussed in the last meeting:
· Class 1: Time bundling
· Class 2: Increase repetition
· Class 3: Partial frequency sounding
We discuss solutions in each class in this section.
SRS slot bundling (Class 1)
Two different SRS slot bundling configurations can be considered:
1. [bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Contiguous symbols
In this case, symbols scheduled across slots are contiguous in time. Contiguous transmission assures UL waveform won’t be suffered from phase discontinuity due to transmission switching on/off in time. Figure 1 upper part shows an example.
2. [bookmark: OLE_LINK18][bookmark: OLE_LINK19]Non-contiguous symbols
Symbols in different slot can also be scheduled in a non-contiguous fashion, like shown in Figure 1 lower part. In this case, phase discontinuity could cause performance degradation when coherent process non-contiguous SRS symbols and therefore need to be carefully studied. 
From our view, whether it can support coherent non-contiguous multi-slot transmission should depend on UE’s implementation and is UE’s capability. When coherency across slots cannot be maintained properly (e.g., a low cost UE), the non-contiguous scheduling can be used for inter-slot hopping (similar Rel-15 behaviour). 


[bookmark: _Ref47615717][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Figure 1. Contiguous and non-contiguous allocation
We therefore have following proposal:
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Proposal 2: For SRS slot bundling, support both contiguous and non-contiguous symbols configuration:
· [bookmark: OLE_LINK1]For coherent multi-slot transmission/receiving, consider contiguous symbols configuration first.
· Non-contiguous configuration can be used with inter-slot frequency hopping

Symbol repetition with TD-OCC (Class 2) and partial frequency sounding (Class 3)
Increasing symbol repetition is an easy and effective way to improve coverage. However, based on Rel-15/Rel-16, it wastes resource due to that physical resources in the repeated symbols are used by a single UE. Solutions based on two directions, i.e., TD-OCC and subcarrier partial frequency sounding, are proposed in this section. 
TD-OCC
TD-OCC used in other RS (e.g., DMRS) can provide orthogonal channels by which multiple UEs can share the same time/frequency resource.  Figure 2 shows an example with length N=4 for 4 UEs.
	[image: ]

	[bookmark: _Ref53577316]Figure 2. TD-OCC with length N=4



Based on basic TD-OCC concept, two different approaches can be further classified.
Fixed length TD-OCC 
All codes are with the same length (N) and span N-symbol time. Figure 3 is an example of 8 users with N=8. When N=1, the OCC will be a scalar (=1) and it falls back to Rel-15 behaviour in which the resource is occupied by only one UE.

	[image: ]

	[bookmark: _Ref53578130]Figure 3. TD-OCC with fixed length-8 and  code/time/frequency resource allocation for UEs


[bookmark: _Ref54213579]
In view of simple TD-OCC’s length is power of 2, we have the following proposal.
[bookmark: OLE_LINK11]Proposal 3: Increase SRS nrofSymbols and repetitionFactor up to X, where X≥8

[bookmark: _Ref54255824]Variable length TD-OCC
TD-OCC can also be designed with variable lengths with a tree structure (so known as OVSF) as shown in Figure 4. The construction of the code tree can be done recursively by 

where   is the j-th node in the i-th layer and .
Codes with length N span over N symbols while the orthogonality between codes is preserved if no child nodes are assigned to other users. As an example, an instance of assignment is shown in Figure 5.  
Observation 1: 
· With variable length scheme, UEs with different repetition length can be co-scheduled in the same time/frequency resource. 
Observation 2:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Fixed length scheme is a special case of variable length scheme where all users use the nodes in the same level of the tree.
Some benefits of variable length TD-OCC:
· Depend on UE’s capability/channel condition, some UEs (e.g., in cell edges) may need more symbols to get reasonable sounding performance while other UEs (e.g., in cell center) may just need few symbols. 
· By this tree structure design, allocation resource to UEs can be more flexible. 
· Similar to fixed length TD-OCC, when a UE is operated in root node (), it falls back to R15 behavior and the resource is used by a single UE.
Figure 6 shows an example of packing UE in with difference length TD-OCC. It is noted that from this example, we can multiplex multiple lower spreading-factor UEs in time, as UE1-x (x=1,2,3,4) in the figure while they co-exists with higher spreading-factor UEs (e.g., UE2,UE3, or UE4-y).  
	[image: ]

	[bookmark: _Ref53578701]Figure 4. Tree structure variable-length TD-OCC
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	[bookmark: _Ref53581395]Figure 5. Orthogonal assignment of UEs with different length TD-OCC
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	[bookmark: _Ref53582121]Figure 6. TD-OCC with variable length-8 and code/time/frequency resource allocation for UEs


[bookmark: OLE_LINK22]Subcarrier level partial frequency sounding
FDM is another way for multi-UE multiplexing with efficient resource utilization. In particular, a subcarrier level partial frequency sounding scheme is considered here. Consider for the given frequency domain comb assignment (i.e., from RRC), a UE only use subset of REs in the configured comb while use the same size of subset REs over multiple OFDM symbols. Compare to TD-OCC, one of the benefits of this FDM scheme is the easiness of maintaining orthogonality in time varying channel. 
Similar as TD-OCC discussion above, we can consider two different approaches.
[bookmark: _Ref54213681]Partial frequency sounding with fixed length
In this case, the allocated frequency resource (i.e., REs) based on Rel-15/Rel-16 are partitioned into multiple same size non-overlapped subsets, and one UE is assigned by a subset. UE transmits SRS with the same frequency pattern over multiple OFDM symbols. An example with 4 UEs are shown in Figure 7, in which each UE uses ¼ resource of allocated comb resource. 
Subcarrier level frequency hopping can be considered on top of the partial frequency sounding. With frequency hopping, UEs hop to different non-overlapped subset of RE locations in each symbol to get more uniform sounding in the frequency band. Figure 8 illustrates frequency hopping with fixed length partial frequency sounding.  
	[image: ]

	[bookmark: _Ref53583697]Figure 7. Partial sounding with fixed length (no hopping)

	[image: ]

	[bookmark: _Ref53584253]Figure 8. Partial sounding with fixed length (with hopping)


Partial frequency sounding with fixed length
Partial frequency sounding can also be designed in a way that different UE can use different size resource in frequency domain (i.e., RE) and in time domain (repeated OFDM symbols). In particular, a similar tree structure as variable length TD-OCC in section 3.2.1.2 is designed and shown in Figure 9. The Bi,j in the figure indicates the allocation of the frequency resource which is equally partitioned into i parts. The value 1 indicates the active resources subset in used for sounding and value 0 means not in used. The tree can also be constructed recursively by simple rule: value 1 in the parent node spawn two child nodes with [1 0] and [0 1], which means activate either lower half band or higher half band; and value 0 in the parent node is replaced by [0 0] in the child nodes. 
[image: ]
The orthogonality is maintained as long as no child node is assigned to other user. 
Observation 1, Observation 2 and benefits for variable length TD-OCC discussed in section 3.2.1.2 also apply to partial frequency sounding with variable length. Figure 10 illustrates one instance of UE assignment.


	[image: ]

	[bookmark: _Ref53584818]Figure 9. Tree structure of variable-length partial frequency sounding
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	[bookmark: _Ref53585836]Figure 10. Orthogonal assignment of UEs with different length partial frequency sounding


Similar consideration as mentioned in section 3.2.2.1, UE can apply frequency hopping to get more uniform sounding in the band. Figure 11 and Figure 12 show examples of UE allocation (in time/frequency) with and without hopping.
	[image: ]

	[bookmark: _Ref53586670]Figure 11. Partial sounding with variable length (no hopping)
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	[bookmark: _Ref53586673]Figure 12. Partial sounding with variable length (with hopping)


We have follow proposal:
Proposal 4: Support the following scheme in R17 SRS:
· Variable length TD-OCC for UE multiplexing 
· Subcarrier level partial frequency sounding with variable length for UE multiplexing 
· Frequency hopping can be enabled with partial frequency sounding

SRS for Antenna Switching
We discuss two aspects on SRS enhancement for antenna switching in this section.
SRS switching for up to 8 antennas
As PDSCH can support up to 8 layers, SRS for antenna switching up to 8R should also be supported. The typical configurable pairs are {1t6r,2t6r,4t6r,1t8r,2t8r,4t8r} for supporting 6R and 8R. Depending on scenarios and implementation, e.g., CPE/laptop without mobility or for power saving purpose, it is sometimes desired to use fewer Tx antennas. From that view, all combinations above should be included in candidate values for in UE capability.
Proposal 5: {1t6r,2t6r,4t6r,1t8r,2t8r,4t8r} are included in candidate values for UE capability report.
SRS usage reduction
[bookmark: OLE_LINK2]Another discussed improvement to reduce overhead is to share SRS resource for both “codebook” and “antennaSwitching” usage. In order to do that, from UE’s side, it is assumed to use the same analog beam and imply the same antenna virtualization (if any) for both PUSCH and PDSCH (recall that SRS antennaSwitching is to get DL CSI). This imposes restrictions on UE’s implementation that need to be discussed carefully before making any decision. 
Also, resource reuse between “codebook” and “antennaSwitching” based on legacy framework could also cause some ambiguous behaviours, and sometimes are undesired. For example, when antennaSwitching SRS for 2t4r UE is also used for 2Tx codebook PUSCH, gNB has no knowledge which 2Tx (among 4) in the SRS are eventually used for PUSCH. 
To avoid potential ambiguity between gNB and UE, it can limit the scope of the reuse cases. For example, it can be only applied to T=R cases. Furthermore, a signal can be added to RRC IE to indicate the SRS resource is intended for both usages, so UE need to apply the same beam/antenna virtualization as DL.


Proposal 6: For sharing SRS resource between “codebook” and “antennaSwitching, 
· Limited resource reuse scope can be considered to avoid ambiguity between gNB and UE:
· Only when T=R
· Introduce signalling (e.g., in RRC) to indicate a SRS resource is for both usages.
Conclusions
Proposal 1: Support Alt 2 and/or Alt 3 for flexible A-SRS triggering.

Proposal 2: For SRS slot bundling, support both contiguous and non-contiguous symbols configuration:
· For coherent multi-slot transmission/receiving, consider contiguous symbols configuration first.
· Non-contiguous configuration can be used with inter-slot frequency hopping

Proposal 3: Increase SRS nrofSymbols and repetitionFactor up to X, where X≥8

Observation 1: 
· With variable length scheme, UEs with different repetition length can be co-scheduled in the same time/frequency resource. 
Observation 2:
· Fixed length scheme is a special case of variable length scheme where all users use the nodes in the same level of the tree.

Proposal 4: Support the following scheme in R17 SRS:
· Variable length TD-OCC for UE multiplexing 
· Subcarrier level partial frequency sounding with variable length for UE multiplexing 
· Frequency hopping can be enabled with partial frequency sounding
Proposal 5: {1t6r,2t6r,4t6r,1t8r,2t8r,4t8r} are included in candidate values for UE capability report.
Proposal 6: For sharing SRS resource between “codebook” and “antennaSwitching, 
· Limited resource reuse scope can be considered to avoid ambiguity between gNB and UE:
· Only when T=R
· Introduce signalling (e.g., in RRC) to indicate a SRS resource is for both usages.
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