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1	Introduction
In [1], a work item for further enhancements to NR MIMO was agreed. One objective of the work item concerns enhancements to SRS:
Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. 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 this contribution, we provide our views on the enhancements on SRS flexibility, switching, coverage and capacity. 
[bookmark: _Ref178064866]2   Discussion
2.1 Aperiodic SRS offset for increased flexibility in triggering
In RAN1#102-e meeting, the following agreement has been made on SRS triggering flexibility [2]:
	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.




In Rel-16, Aperiodic SRS is triggered by the SRS request field in the scheduling DCI on PDCCH. SRS codepoint is used to represent the SRS resource sets to be transmitted. Since the triggering offset is semi-statically configured by RRC, the triggered SRS resource sets should only be transmitted in the specific timeslot by an offset from the scheduled DCI slot. The SRS transmission may be cancelled due to the collision with DL timeslot/symbols or some higher priority UL transmissions. This mechanism has very tight timing restrictions that does not provide enough flexibility for the aperiodic triggering. One direct result is the PDCCH congestion in a specific DL slots.
The alternatives given above for further discussion each have both pros and cons. 
Alt.1 as SRS delaying or postponing is a simplest approach with small spec impact and no additional overhead. There may be cases that UE need to buffer multiple postponed SRS transmissions and may also cause a congestion. 
In [3], a method was given that to assign one or multiple SRS transmission occasions by RRC configuration which may get multiple benefits by configuring a repetition number for thee SRS resource set. Here considering the merge with alt.1, we suggest to delay one or multiple times of transmission of the SRS resource set(s) from the first available slot later than the triggering offset defined in current specification continuously for K times, K is the number of repetitions configured by RRC. This way would highly alleviate the possibility of congestion for both the PDCCH and SRS.
Alt.2 and alt.3 differs in promptness and efficiency with additional signaling overhead, may all have certain use cases. Alt.3 with MAC-CE approach to facilitate a more flexible triggering offset indication would be enough which better tradeoffs between latency and flexibility without additional DCI overhead. Alt.2 with group DCI approach is also preferred with better efficiency for the UE and the whole system.

Proposal 1: Suggest Alt.1 with the approach to delay one or multiple times of transmission of the SRS resource set(s) from the first available slot later than the triggering offset defined in current specification continuously for K times, K is the number of repetitions configured by RRC considering detailed real deployment. 
Proposal 2：Alt.3 with MAC-CE approach is more preferred.
Proposal 3: Alt.2 with group DCI is also preferred.

In RAN1#102-e meeting, the following agreement has been made on SRS triggering flexibility [2]:
	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..




In the current spec, aperiodic SRS can be triggered with either DCI format 0_1 or DCI format 1-1. But for DCI format 0_1, SRS cannot be triggered without data scheduling and without CSI request. Since aperiodic SRS plays very important roles for various applications, this restriction will have an effect on the performance of the network for cases beam management and CSI acquisition, interference probing, and preparation for the scheduling before the scheduling of the DL/UL data. This restriction should be relaxed to achieve the goal that SRS can be triggered when needed.
Alt.1 is a way straight forward and has very small spec impact to relax the restriction, just to relax the SRS triggering with UL-SCH=0 and zero CSI request. For Alt.2 using the group DCI for the triggering of aperiodic SRS can help save PDCCH resources and reduce latency for a group of UEs. Extending the current DCI field for each UE like in DCI format 2_3 is preferred.
Currently the transmission of the triggered AP-SRS is on the same carrier on which the PDCCH is received and cross component CC(UL-CA) SRS triggering is not allowed. So multiple PDCCHs of different CC need to be transmitted which may cause congestion.  The current group common DCI 2_3 is restricted to “antenna switching” usage. 

Proposal 4：The restriction should be relaxed in spec just to allow AP-SRS triggering with UL-SCH=0 and zero “CSI request”.
Proposal 5: Use group DCI for the triggering of AP-SRS by extending the current DCI field for each UE in DCI format 2_3 is also preferred, also take the indication of the scheduled triggering offset into account.

2.2 Enhancement on SRS usage reduction
In RAN1#102-e meeting, the following agreement has been made on SRS usage/overhead reduction [2]:
	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..




Currently, the SRS resource set can be configured with different usages such as “beam management”, “codebook”, “non-codebook” or “antenna switching”. And an SRS resource set cannot be configured of either “codebook” or “antenna switching”. For case like 2T2R, two separate SRS resource sets have to be configured to support the UL MIMO and DL MIMO respectively. But the spec does not restrict the same SRS resource configured for different SRS resource sets. This leads to a waste of RRC signaling overhead. So SRS resource set for “codebook” can also be used for the “antenna switching” at least for UE with xTxR. Actually same for the cases of UE with xTyR, at least a subset of the configuration of SRS resource set “antenna switching” can be shared to be configured as SRS resource set “codebook”. The premise of this resource sharing scheme is that to ensure UE applies the same antenna virtualization when SRS resource for “antenna switching” is also used for UL CSI acquisition, but currently this cannot be ensured, extra efforts are needed. So the benefits of this resource sharing motivation other than RRC overhead reduction is limited to us.

Proposal 6：It is feasible that the SRS resource configured in the SRS resource set for “antenna switching” can be used also for UL CSI acquisition, both for UE with xTxR, but also for UE with xTyR, with the same antenna virtualization implementation ensured.
Proposal 7: The benefits including RRC overhead reduction is limited. 

2.3 Enhancement on SRS antenna switching up to 8Rx
In RAN1#102-e meeting, the following agreement has been made on SRS antenna switching up to 8Rx [2]:
	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..




Currently, UEs support up to 4T4R for antenna switching capability in spec. For SRS antenna switching enhancement, with up to 8Rx, more transmission layers of up to 8 is feasible. Considering practical cases, different configurations OF {1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R} may have use cases either in FR1 or in FR2.
· The SRS resource configurations is listed below:

Table.1 possible SRS configuration for antenna switching
	Antenna switching capability
	Number of SRS resources per set
	Number of SRS resource set

	1T6R
	6
	1

	
	3
	2

	
	2
	3

	2T6R
	3
	1

	
	1+2
	2

	
	1
	3

	4T6R
	2
	1

	
	1
	2

	1T8R
	8
	1

	
	4
	2

	
	2
	4

	2T8R
	4
	1

	
	2
	2

	
	1
	4

	4T8R
	2
	1

	
	1
	2




· The configuration especially with {1T6R, 1T8R} leads to long CSI latency considering the symbol format within the slot and the gap between SRS resources for “antenna switching”, the last 6 symbols that can transmit SRS is quite a restriction, insertion loss on performance of CSI and UE power saving can be alleviated if this restriction can be relaxed. 

Proposal 8: The current restriction that SRS transmitting within the last 6 symbols should be reconsidered to support the antenna switching up to 8 Rx. 
Proposal 9: All OFDM symbols within a slot can be used for SRS transmission.
Proposal 10: The configuration of the number of SRS set /SRS resource per set should be considered to support the antenna switching up to 8Rx.

2.4 Enhancement on SRS capacity/coverage
In RAN1#102-e meeting, the following agreement has been made on SRS coverage/capacity enhancements [2]:
	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..




For the uplink coverage/capacity enhancement, SRS enhancement are considered to evaluate with all the possible techniques. 
· Time bundling: To improve the SRS coverage, both intra-slot and inter-slot time bundling can be considered with same or different SRS resources. Intra-slot bundling is similar to the increased repetition  in Class 2 if continuous symbol configuration can be ensured. For discontinuous SRS resources especially  inter-slot bundling, phase coherency would be hard to compensate. Above that, the interference among different slots can be quite different, it is also hard for the joint channel estimation. So we degrade this scheme because it can only apply to very limited scenarios.   



· Increase repetition: The transmission of SRS is within the last 6 symbols of a slot, and this leads to SRS coverage limitation. In NR-U, SRS can be transmitted from any symbol within the slot, and SRS for positioning has been enhanced to transmit up to 12 symbols. To increase the repetition of SRS transmission can enhance the coverage, but also not to degrade the capacity and performance. TD-OCC is used to maintain the UE multiplexing capability but the restriction for the same time domain configurations of different SRS resources can be hardly maintained. The orthogonality for SRS multiplexing among UEs need to be carefully considered. Flexible frequency allocation can help to make this scheme more feasible, like frequency sparse SRS with comb-8 applied, which has been adopted for SRS for positioning.

· Partial frequency sounding: Partial frequency sounding can enhance the coverage due to power boosting, and can enhance the capacity too due to the partial frequency used. But the performance loss should have more impact on DL CSI acquisition due to frequency selective precoding than on the UL CSI acquisition. This can be applied to scenarios when UL BWP is much smaller than the DL BWP, Compared with subcarrier lever, PRB level or sub-band level is preferred.

Evaluations on the proper gains of the above methods should be further looked into.

Proposal 11: SRS repetition and partial frequency sounding are more preferred than SRS time bundling.
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3	Conclusion
In this contribution, we provide our views of the enhancements on SRS, our proposals are as follows:
Proposal 1: Suggest Alt.1 with the approach to delay one or multiple times of transmission of the SRS resource set(s) from the first available slot later than the triggering offset defined in current specification continuously for K times, K is the number of repetitions configured by RRC considering detailed real deployment. 

Proposal 2：Alt.3 with MAC-CE approach is more preferred.

Proposal 3: Alt.2 with group DCI is also preferred.

Proposal 4：The restriction should be relaxed in spec just to allow AP-SRS triggering with UL-SCH=0 and  zero “CSI request”. 

Proposal 5:  Use group DCI for the triggering of AP-SRS by extending the current DCI field for each UE in DCI format 2_3 is also preferred, also take the indication of the scheduled triggering offset into account.

Proposal 6：It is feasible that the SRS resource configured in the SRS resource set for “antenna switching” can be used also for UL CSI acquisition, both for UE with xTxR, but also for UE with xTyR, with the same antenna virtualization implementation ensured.

Proposal 7: The benefits including RRC overhead reduction is limited. 

Proposal 8: The current restriction that SRS transmitting within the last 6 symbols should be reconsidered to support the antenna switching up to 8 Rx. 

Proposal 9: All OFDM symbols within a slot can be used for SRS transmission.

Proposal 10: The configuration of the number of SRS set /SRS resource per set should be considered to support the antenna switching up to 8Rx.

Proposal 11: SRS repetition and partial frequency sounding are preferred than SRS time bundling.
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