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Introduction
[bookmark: _Hlk54209646]Rel-17 RAN1 work-item on further enhanced MIMO (FeMIMO) [1] has scoped the following on SRS enhancement for both FR1 and FR2.  
	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 continue the discussion of the remaining issues related to A-SRS triggering, SRS antenna switching and SRS coverage and capacity enhancement. 
Remaining issues on SRS enhancements
Issue #1: Maximum value of available slot offset ‘t’
The RRC parameter ‘AvailableSlotOffset’ is a list of up-to 4 values where each entry in the list can take values from the list {0,1,2,3 …,7}. In some slot format configuration that is DL heavy, e.g., DDDDDDDDDU, when network configures and triggers SRS set with indicated available slot offset of t=7, the UE needs to keep the bookkeeping up to 80 slots which exceeds legacy UE behaviour where maximum of value of slot offset is 32 physical slots from the triggering DCI. 
Observation 1: The maximum value of available slot offset ‘t=7’ in some slot format pattern maps into large number of physical slots offsets from triggering DCI which increase UE overhead for bookkeeping.

To resolve this issue, UE should drop the triggered A-SRS set after a certain span of time if the indicated available slot is not met. 
Proposal 1: UE drops the triggered A-SRS if the available slot offset is not reached within a specific span of time. 


[bookmark: _Ref61871724]Issue #2: Guard period between two SRS sets
Rel-15 specification introduced guard symbol(s) band between SRS resources. The minimum guard period between two SRS resources of an SRS resource set for antenna switching is listed in Table 6.2.1.2-1 which depends on the SCS [38.214-clause 6.2.1.2]. 
Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
[image: ]
Now, for case of SRS antenna switching xTyR with multiple SRS resource sets, two sets could be configured on consecutive slot. In the RAN1 meeting #106b-e, it was agreed that guard period exits between two SRS sets across two consecutive slots where the guard period Y is similar to release 15 inter SRS resource guard period. Regarding the length of the guard period interval between SRS sets, we believe that gNB by proper scheduling and configuration of the SRS sets should create the minimal required guard period. Regardless the length of the guard period, the UE is not expected to transmit any signal. This is the same principles of Rel-15 of inter-resources guard period.
Observation 2: The length of the guard period between two SRS sets in two consecutive slots should be handled by gNB proper scheduling and configuration of the SRS sets to create the minimal required guard period. 
Proposal 2: UE is not expected to transmit any other signal within the inter-set guard period. 
· Endorse TP#1 for 38.214

	TP #1 for 38.214 (Clause 6.2.1.2)
The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set. For two SRS resource sets of an antenna switching located in two consecutive slots, if UE is capable of transmitting SRS in all symbols in one slot, a guard period of Y symbols, in which the UE does not transmit any other signal, exists between the last OFDM symbol occupied by the SRS resource set in the first slot and the first OFDM symbol occupied by the SRS resource set in the second slot.




Issue #3: Maximum number of configured SRS sets
For SRS antenna switching 1T2R, 2T4R and 1T4R, Rel-17 introduced two new features for extending the maximum number of SRS sets based on UE capability indication. However, there is some confusion regarding the maximum number of configured P/SP/AP SRS sets for antenna switching sets when either one of the two capabilities is reported and should be clarified [2].  When the UE doesn’t support either capability, then Rel-15 specification is followed where maximum of two sets with different values of resource type (P, SP, AP) could be configured. When the UE supports both capability of extending number of SRS sets, then up to five sets (2 SP sets plus 1 P SRS set plus 2 AP sets) for 1T2R/2T4 and up to seven sets (2 SP sets plus 1 P set plus 4 AP sets) for 1T4R. However, the confusion comes when UE supports only of the extension’s features. Taking SRS antenna switching of 1T2R/2T4R as an example, then when the UE supports only extension of AP sets, it needs to be clarified whether the UE can be configured with maximum of 3 SRS sets (e.g., 1 P set + 2 AP set) or not. In addition, when the UE supports only extension of SP/S sets, it needs to be clarified whether Rel-15 restrictions are completely relaxed, or it means increasing the maximum number of sets to three. 
Proposal 3: For 1T2R, 2T4R and 1T4R, further clarify the maximum number of configured SRS sets for antenna switching when the UE supports only the extension of maximum number of AP sets.
Proposal 4: For 1T2R, 2T4R and 1T4R, further clarify the maximum number of configured SRS sets for antenna switching when the UE supports only the extension of maximum number of SP/P sets.
Issue #4: Applicability to non-frequency hopping
In RAN1 meeting #107e, it was heavily discussed whether partial frequency is applicable only to frequency hopping scenario only or it can be supported for non-frequency hopping scenario. In our views, we believe partial frequency sounding should be supported at only when frequency hopping is enabled. There are no benefits to extend the support of partial frequency sounding for non-hopping scenario as it represents a redundant solution for the current 3GPP flexible configuration.
Proposal 5: Support partial frequency sounding only when frequency hopping is enabled.  
Conclusion 
In this contribution, we presented our views on the SRS enhancements techniques. Below is the summary of our conclusion:
Observation 1: The maximum value of available slot offset ‘t=7’ in some slot format pattern could results into large number of physical slots from triggering DCI which increase UE overhead for bookkeeping.

Observation 2: The length of the guard period between two SRS sets in two consecutive slots should be handled by gNB proper scheduling and configuration of the SRS sets to create the minimal required guard period. 
Proposal 1: UE drops the triggered A-SRS if the available slot offset is not reached within a specific span of time. 

Proposal 2: UE is not expected to transmit any other signal within the inter-set guard period. 
· Endorse TP#1 for 38.214

	TP #1 for 38.214 (Clause 6.2.1.2)
The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set. For two SRS resource sets of an antenna switching located in two consecutive slots, if UE is capable of transmitting SRS in all symbols in one slot, a guard period of Y symbols, in which the UE does not transmit any other signal, exists between the last OFDM symbol occupied by the SRS resource set in the first slot and the first OFDM symbol occupied by the SRS resource set in the second slot.




Proposal 3: For 1T2R, 2T4R and 1T4R, further clarify the maximum number of configured SRS sets for antenna switching when the UE supports only the extension of maximum number of AP sets.
Proposal 4: For 1T2R, 2T4R and 1T4R, further clarify the maximum number of configured SRS sets for antenna switching when the UE supports only the extension of maximum number of SP/P sets.
Proposal 5: Support partial frequency sounding only when frequency hopping is enabled.  
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