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Introduction
In this contribution, we provide our views on SRS enhancements for flexible A-SRS triggering, SRS coverage and capacity and improvement regarding antenna switching.
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. In particular, two main cases below are in consideration.
· PDCCH congestion
In current NR, DCI (carried by PDCCH) in slot n triggers A-SRS transmission in slot n+SlotOffset by the RRC IE slotOffset for resourceType=aperiodic. In other words, if the A-SRS is to be scheduled in slot n+SlotOffset, triggering the A-SRS from DCI in a different slot other than slot n is impossible. This is shown in Figure 1. 



[bookmark: _Ref47349842]Figure 1. A-SRS triggering by DCI
· Dynamic slot format change
In NR, DCI format 2_0 can change slot format which defines the allocation of UL/DL symbols in a slot. The dynamic slot format changed by DCI provides flexibility of UL/DL scheduling. However, for a configured SRS resource, which includes parameters startPosition to indicate the symbol location (within a lot) where SRS starts, the SRS resource may not be in valid UL symbols after slot format change. In such a case, the SRS is either dropped or not even triggered at all. Figure 2 illustrates the issue.    


[bookmark: _Ref47350837]Figure 2. Missing SRS sounding opportunity due SFI change

To handle the aforementioned issues, the solution can be based on two approaches considered below.
1. Flexible triggering by DCI
Additional information (dynamic part) can be carried by DCI which facilitates flexible A-SRS triggering. For example, additional slot offset can be indicated by DCI which allows PDCCH in different slots to trigger an A-SRS (Figure 3)


[bookmark: _Ref47354505]Figure 3. A-SRS trigger from different PDCCH
Other information carried by DCI is also possible. For example, to handle the dynamic slot format change issue, it may introduce additional symbolOffset to align the SRS start position.
2. Use MAC CE to update associated SRS trigger list
[bookmark: OLE_LINK1]Another approach to provide flexibility of A-SRS triggering is to configure multiple SRS Resource Sets, each can have different parameters (e.g., SlotOffset or startPosition). According to the dynamic of the system, gNB triggers the one that aligns with current situation via SRS request field (in DCI) and configured aperiodicSRS-ResourceTriggerList. To handle various possible configurations (e.g., slot formats), the SRS request may require many bits to accommodate the worst case scenario. This overhead can be alleviated by using MAC CE to update the aperiodicSRS-ResourceTriggerList associated with each SRS Resource Set. 
Proposal 1: Consider one or both approaches below for flexible A-SRS triggering
· Introduce dynamic signalling in DCI of slot/symbol offset to trigger A-SRS
· Flexible SRS triggering by configuring multiple SRS Resources (Sets) 
· use MAC CE to update associated trigger list for each SRS Resource Set.

SRS coverage and capacity improvement
In view of more and more use cases of utilizing DL/UL reciprocity and multiple panels/TRPs, the demands for SRS will likely be increased in future deployment. Furthermore, a UE may have limited power for UL transmission or in the cell edge so the sounding quality is compromised. Possible ways to improve sounding quality are discussed in this section.
nrofSymbols in SRS Resource
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In Rel-16, SRS’s startPosition can be any symbol within a slot. However, the nrofSymbols is limited up to 4 in each SRS resource. Increase nrofSymbols is one simple way to improve coverage. The extended length of SRS symbols can coherently combined to have more reliable channel sounding or hopping across different frequency bands using existing hopping pattern.
[bookmark: OLE_LINK11]Proposal 2: Increase SRS nrofSymbols to X
· Candidate value X=14
SRS slot bundling
Another way to increase number of SRS symbols is to bundle symbols across slots. This is particularly useful for aperiodic SRS. Two different SRS slot bundling schemes 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. Figure 4 upper part shows an example.
2. Non-contiguous symbols
Symbols in different slot can also be scheduled in a non-contiguous fashion, like shown in Figure 4 lower part. In this case, impact of phase discontinuity need to be considered for coherent sounding. When coherency across slot cannot be maintained (e.g., a low cost UE), the non-contiguous scheduling can be used for inter-slot hopping. 


[bookmark: _Ref47615717][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Figure 4. Contiguous and non-contiguous allocation
Observation 1: Phase discontinuity can potentially impact coherent sounding performance. Slot bundling with contiguous allocation has less concern.
We therefore have following proposals:
Proposal 3: For SRS slot bundling
· For coherent sounding, consider contiguous symbols allocation first 
· Study impact of performance due to phase discontinuity

Low PAPR SRS waveform
Last but not least, in to order to improve SRS coverage in power limited cases, in addition to SRS sounding over multiple symbols, the PAPR of SRS waveform should also to be reviewed. In particular, Rel-16 [1] introduced time domain type 2 Low-PAPR sequence for UL DMRS and showed better PAPR statistics than ZC type sequence. It is reasonable to extend SRS to the new type of sequence. 
Proposal 4: Adopt Rel-16 type 2 Low-PAPR sequence in Rel-17 SRS
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. Although antenna switching with fewer Tx implies taking more time (including gaps) and using more resources, it is sometimes desired when considering UE implementation and usage scenarios, e.g., in a scenario without mobility like CPE or laptop. From our view, all combinations above should be included in candidate values for UE capability report.
Proposal 5: {1t6r,2t6r,4t6r,1t8r,2t8r,4t8r} are included in candidate values for UE capability report.
SRS usage reduction
Another improvement to reduce overhead by companies (e.g., [2],[3]) 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 apply the same antenna virtualization (if any) for both PUSCH and PDSCH (recall that SRS antenaswitching is to get DL CSI). This imposes restrictions on UE’s implementation that need to be discussed carefully before making any decision. Some questions are better to be clarified: for example, can SRS resource with usage=antennaSwitching also be used for codebook? Is there any additional restriction on sharing SRS resource across different usage, e.g., specific pair (x,y) value for xTyR? 
From our views, the physical resource can be reused but UE should know explicitly that the SRS is used for, i.e., codebook , antennaSwitching or both. Some signalling enhancement can be defined later accordingly.
Proposal 6: For sharing SRS resource across usage
· The implication on UE implementation need to be carefully discussed.
· UE should know the SRS use purpose (codebook, antennaSwitching, or both) explicitly.
Conclusions
Proposal 1: Consider one or both approaches below for flexible A-SRS triggering
· Introduce dynamic signalling in DCI of slot/symbol offset to trigger A-SRS
· Flexible SRS triggering by configuring multiple SRS Resources (Sets) 
· use MAC CE to update associated trigger list for each SRS Resource Set.
Proposal 2: Increase SRS nrofSymbols to X
· Candidate value X=14
Observation 1: Phase discontinuity can potentially impact coherent sounding performance. Slot bundling with contiguous allocation has less concern.
Proposal 3: For SRS slot bundling
· For coherent sounding, consider contiguous symbols allocation first 
· Study impact of performance due to phase discontinuity
Proposal 4: Adopt Rel-16 type 2 Low-PAPR sequence in Rel-17 SRS
Proposal 5: {1t6r,2t6r,4t6r,1t8r,2t8r,4t8r} are included in candidate values for UE capability report.
Proposal 6: For sharing SRS resource across usage
· The implication on UE implementation need to be carefully discussed.
· UE should know the SRS use purpose (codebook, antennaSwitching, or both) explicitly.
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