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Introduction
Sounding Reference Signal (SRS) has been widely used for various functionalities in NR, e.g., antenna switching for DL CSI, beam management, codebook based PUSCH and non-codebook based PUSCH. After extensive discussions for Rel-17 MIMO enhancement, some potential enhancements for SRS were agreed in the WID of FeMIMO for Rel-17[1]. RAN1#106bis-e achieved the following agreements [2]:
	Agreement
For two SRS resource sets of an xTyR antenna switching located in two consecutive slots, if UE is capable of transmitting SRS in all symbols in one slot, a minimum gap period of Y symbols 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
· The value of Y is same as the inter-resource GP defined in Rel-15 
· FFS: Whether or not the minimum GP exists can be RRC configurable subject to UE capability
· Whether this inter-set GP is needed for 4T6R can be discussed later per the decision on 4T6R configuration.
· FFS: How/Whether to handle the case where the interval between SRS resource sets is larger than Y

Agreement
For the detailed pattern of khopping when start RB location hopping across legacy FH periods is enabled, support the following
· For PF = 2, khopping = {0, 1}
· For PF = 4, khopping = {0, 2, 1, 3}
· Note: [image: 1]  means [image: 2] for the (n+1)-th legacy FH period, where n = {0, 1, 2, 3, …}
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Agreement
Bit width of SOI depends on the maximum number of “t” values configured for any of the aperiodic SRS resource sets (FFS: across all CCs or across a CC/BWP)
· The SOI field is 0 bit if the maximum number of ‘t’ values is one
· If at least one resource set has “t” configured
· For the resource sets with “t” value configured, each of them is configured with K values of “t”, where 1<=K<=4
· t=0 applies for the resource set(s) without “t” configured in RRC
· If none of the resource sets is configured with “t” values, follow Rel-15 approach to determine slot offset

Agreement
For comb-8 SRS in Rel-17, the maximum number of CSs is 6.
· FFS: Whether a maximum number of 12 CSs is supported

Agreement
For extension of aperiodic antenna switching SRS configurations for <=4Rx, support N=4 for 1T4R and N=2 for 1T2R/2T4R.
· The above extension is UE optional

Agreement
On SRS configuration for 4T6R, select at least one from the following three alternatives in RAN1#107e
· Alt 1: 4 + 2
· Alt 2: 2+2+2
· Alt 2-1: 
· No guard symbols exist between the 1st and the 2nd transmission. Y guard symbol(s) exist between 2nd and 3rd transmission, where Y is same as the value defined in the current specification for different SCSs
· Alt 2-2: 
· For SCS=15, 30 and 60KHz: No guard symbols exist
· For SCS=120 KHz: No guard symbols exist between the 1st  and the 2nd transmission, and 1 guard symbol exists between the 2nd and 3rd transmission
· Clarification on the notation:  means totally K resources are needed, where the k-th resource contains  ports, 1<=k<=K



In this contribution, we will continue to discuss remaining issues of flexible SRS triggering, SRS antenna switching and enhancement for improving the SRS capability and coverage.
Flexible SRS triggering
RAN1 has agreed a new configurable DCI field with up to 2 bits to provide more flexible SRS triggering. In RAN1#106bis-e meeting, it was agreed to determine the size of this configurable DCI filed (SOI, SRS offset indicator field) based on the maximal number of “t” values for any of the aperiodic SRS resource sets. However, there is a remaining issue:  should we consider the aperiodic SRS resource sets across all CCs, or for the corresponding CC, or for a corresponding BWP?  In different frequency band, the DL-UL configuration may be different. For example, operators may configure more UL slots/symbols for UL-centric service in one frequency band and configure more DL slots/symbols for DL-centric services in another frequency band. Generally, the configuration of DCI-based SRS offset indication is highly depending on the DL-UL configuration. For a CC with more UL slots, gNB may only use legacy R15/16 SRS mechanism since there are sufficient UL resources for SRS transmission. Thus, it is not attracting to consider the SRS resource sets across all CCs. Since many DCI fields depend on the configuration of a BWP, it is straightforward to also consider all the aperiodic SRS resource sets for a BWP. Thus, we have the following the proposal:
 Proposal 1: For the determination of SOI field, the maximum numbers of “t” values is determined based on all the aperiodic SRS resource sets on the corresponding BWP.
There may exist such case that for a given triggered SRS resource, the number of configured “t” values is less than the one that can be indicated by this new DCI field. For example, a triggered SRS resource is configured with 2 “t” values, but this new DCI field is with 2 bits, which can indicate up to 4 values. For this case, the spec should clarify the mapping between these “t” values and the codepoints of the new DCI filed. A simple way to address this issue is that some codepoints of this new DCI field is reserved for this triggered SRS resource, i.e., when these codepoints is indicated by this new DCI field, the triggering offset is determined by Rel-15/16 legacy mechanism. Thus, we have the following proposal:
 Proposal 2: For a given triggered SRS resource, if the number (X) of configured “t” values is less than the number (Y) that can be indicated by this new DCI field,  when one of the largest (Y-X) codepoints is indicated by the new DCI field,  the slot for the transmission of this triggered SRS resource is determined by Rel-15/16 mechanism

In previous RAN1 meetings, there were some discussions on whether or not to introduce dropping rule when collision happens among multiple aperiodic SRS resource sets in a same CC or different CCs, but no consensus was achieved so far. In Rel-15/16, the flexibility of DCI-triggered SRS is limited to the RRC configured slot offset. However, Rel-17 has introduced more flexible triggering based on DCI-indicated slot offset. Based on Rel-17 mechanism, gNB can adjust three factors to control the target slot(s) for SRS transmission
· The slot for the DCI that triggers the SRS transmission
· The legacy slot offset for each SRS resource set
· The new available slot information indicated by the new configurable DCI filed
In this sense, gNB has quite good flexibility and can avoid the unintended collision by scheduling. We failed to see the motivations to introduce some new dropping rules for SRS transmission. 
Observation 1: The motivation of new dropping rules for SRS transmission is not clear.
Proposal 3: For the flexible SRS triggering, no new dropping rules for SRS transmission is introduced in R17 unless some critical use case(s) is justified. 

SRS antenna switching
Regarding the SRS configuration for 4T6R, there were three alternatives identified in RAN1#106bis-e. Alt.1 is the most straightforward way to support 4T6R antenna switching. Alt.2-1 and Alt.2-2 are used to support 2T6R antenna switching rather than 4T6R antenna switching. Thus, we propose to support Alt.1 for the SRS configuration of 4T6R antenna switching
Proposal 4: On the SRS configuration of 4T6R, support Alt.1
· Alt.1: 4 + 2 
In Rel-15/16 antenna switching, there is a guard period between the SRS resources within the same slot. In Rel-17, there are some discussion to further reduce or modify the guard period. The following alternatives were discussed in previous meetings:
· Alt 1-0: Guard symbols are always-on, which is same as Rel-15
· Alt 1-1: Guard symbols are configurable subject to UE capability
The guard period between the SRS resources within the same SRS resource set is based on the transient period of SRS switching recommended by RAN4. After the corresponding RAN4 LS, RAN1 hasn’t received any updated information from RAN4 on this transient period. That means the hardware capability doesn’t have any significant improvement or change. As a result, the Alt.1-1 cannot be supported since the feasibility is not well justified and Alt.1-0 should be the only choice. 
Proposal 5: For the presence of guard symbols in Rel-17 for SRS antenna switching, Rel-17 supports the following alternative for intra SRS resource set
· Alt 1-0: Guard symbols are always-on, which is same as Rel-15 (for intra SRS resource set)

In RAN1#106bis-e meeting, it was agreed to support a minimum gap period for the two SRS resource sets located in two consecutive slots, but with two remaining issues:
· FFS: Whether or not the minimum GP exists can be RRC configurable subject to UE capability
· FFS: How/Whether to handle the case where the interval between SRS resource sets is larger than Y
According to the agreement, gNB should choose the proper configuration to ensure there will be a minimum gap period. Otherwise, the UE behavior will be undefined. Thus, there will be no additional RRC signaling needed for this case.
If the interval between SRS resource sets is larger than Y, then there will be more resource for UE to switching the antennas. In order to save resource for UL transmission, one way is to only restrict no UL transmission in the first Y symbols of the interval.
In summary, we have the following proposal:
Proposal 6: For two SRS resource sets of an xTyR antenna switching located in two consecutive slots:
· gNB should ensure that there will be a minimum gap between the two SRS resource sets
· When the interval between SRS resource sets is larger than Y (if it is allowed), the first Y symbols of the interval are not used for UL transmission.

There were also some discussions on the dynamic change of antenna switching in the latest RAN1 meetings. The related proposal on the table is as below:
	Support gNB indicating the used SRS resources from the configured SRS resources in SRS resource set(s) for antenna switching via MAC CE.
· Applicable to at least one of the following two cases
· Case 1: aperiodic SRS
· Case 2: periodic or semi-persistent SRS
· Support UE reporting of one preferred antenna switching configuration via MAC CE
· This The gNB indicated or UE reported preferred antenna switching configuration is one ofbelongs to the supported antenna switching reported by UE capability signaling
· FFS whether DCI can be additional used to indicate the used antenna switching configuration
Note: Any change on the configured number of Tx antennas in each SRS resource is precluded in either the gNB indication or UE reporting



However, different companies had different understandings on the “yR” receive antennas. Some companies thought the “yR” received antennas in antenna switching configuration are also the physical antennas for all reception. That is to say, if “1T2R” is configured, then only two Rx antennas are used for the reception of PDSCH. In fact, this understanding is not aligned with the typical implementation of commercial UEs in the market. One type of typical commercial UEs in the market is with 4 Rx antennas for the PDSCH reception, which is mandatory for some frequency bands, but only supports “1T2R” antenna switching due to the complexity and cost of the hardware for “1T4R” antenna switching.  From the perspective of specification, we should make it clear to avoid any ambiguity since such ambiguity may encourage inconsistent product implementation and lead to more workload for IODT testing. 
Moreover, the hardware for antenna switching is usually the same for intra-band carriers. Thus, this flexible antenna switching mechanism should apply to the all CCs within the same frequency band.
Based on the above discussion, we propose a modified version of the original proposal from RAN1#106e meeting as below (Highlighted by RED):
Proposal 7-1: (Version 1) Support gNB indicating the used SRS resources from the configured SRS resources in SRS resource set(s) for antenna switching via MAC CE.
· Applicable to at least one of the following two cases
· Case 1: aperiodic SRS
· Case 2: periodic or semi-persistent SRS
· Applicable to all CCs within in the same frequency band
· Support UE reporting of one preferred antenna switching configuration via MAC CE 
· The gNB indicated or UE reported preferred antenna switching configuration is one ofbelongs to the supported antenna switching reported by UE capability signaling
· FFS whether DCI can be additional used to indicate the used antenna switching configuration
· Note: Any change on the configured number of Tx antennas in each SRS resource is precluded in either the gNB indication or UE reporting
· Note: the “yR” in the “xTyR” antenna switching is independent from the number of Rx antennas for PDSCH reception. 

If companies prefer UE to report the Rx antennas for PDSCH reception rather than the antenna switching configuration, we are also open with it. According the above proposal is modified as below: 
Proposal 7-2: (Version 2) Support gNB indicating the used SRS resources from the configured SRS resources in SRS resource set(s) for antenna switching via MAC CE.
· Applicable to at least one of the following two cases
· Case 1: aperiodic SRS
· Case 2: periodic or semi-persistent SRS
· Applicable to all CCs within in the same frequency band
· Support UE reporting of one preferred antenna switching configuration via MAC CE 
· Support UE reporting of the number of Rx antennas for PDSCH reception via MAC CE
· The gNB indicated or UE reported preferred antenna switching configuration is one ofbelongs to the supported antenna switching reported by UE capability signaling
· FFS whether DCI can be additional used to indicate the used antenna switching configuration
· Note: Any change on the configured number of Tx antennas in each SRS resource is precluded in either the gNB indication or UE reporting

SRS capacity and/or coverage enhancement
RB-level partial sounding 
Since SRS sequence shorter than the minimum length supported in the current specification is not pursued, it’s necessary to restriction PF value under different frequency parameters. For the combination of mSRS,b and PF, four alternatives were identified by RAN1 for down-selection:
· Alt 1: [image: a] is an integer value
· Alt 2: [image: a] is an integer value with minimum value 4
· Alt 3: [image: a] is a multiple of 4
· Alt 4: Round [image: a] to a multiple of 4 in case of Alt 1 or Alt 2
In the current SRS design of Rel-15/16, an SRS resource is always transmitted to continuous frequency subband with multiple of 4 RBs. UE implementation is also optimized to match the configuration. Thus, we support to maintain the same restriction as Rel-15/16 for [image: a].
Proposal 8: For the RB-level partial frequency sounding, support Alt.3 that [image: a] is a multiple of 4.
 


From our view, the RB-level partial frequency sounding is only used for frequency hopping. For the non-frequency hopping cases, SRS transmitted at the fixed frequency position and the network can select suitable parameters and  are able to achieve the same purpose of RB-level partial frequency sounding. That is to say, RB-level partial frequency sounding cannot offer any new value compared to the current Rel-15 SRS design. 
[bookmark: OLE_LINK6]Proposal 9: Rel-17 doesn’t support RB-level partial frequency sounding for non-frequency SRS hopping cases

Regarding the start RB location hopping, there are still some remaining issues:
· Whether the start RB location hopping can be enabled or disable by MAC CE or DCI in additional to RRC signaling
· whether start RB location hopping is also applicable on SRS occasion(s) within one FH period (e.g., when R>1) and/or on aperiodic SRS, if so, how
From our view, the proposals in these remaining issues are not well justified from technical point of view:
· In theory, more flexibility can be provided by these proposals. However, we don’t see the benefits or performance gain. 
· The spec and product implementation will become much more complicated. We should avoid over-optimization.
Thus, we don’t see strong motivation to introduce these proposals. 
Proposal 10: Rel-17 doesn’t support MAC CE or DCI to enable or disable the start RB location hopping.
Proposal 11: Rel-17 doesn’t support the start RB location hopping on SRS occasion(s) within on FH period or on aperiodic SRS. 
There was also another discussion on the additional value of PF for RPFS. From our understanding, the most typical values of {2,4} have been supported. The motivation/benefit to introduce additional values is not well justified. Thus, we have the following proposal:
Proposal 12: For RPFS in Rel-17, no other value(s) in addition to {2, 4} is supported. 

Flexible DCI format
In the RAN1 NR #104e meeting, we have agreed to support DCI format 0_1/0_2 to trigger SRS without data and without CSI request:
Agreement 
Further study whether and if needed, how to achieve further enhancements on aperiodic SRS triggering and resource management based on repurposing unused fields in DCI format 0_1/0_2 without data and without CSI. Consider the following examples:
· CAT A: Time-domain parameters
· A-1: Indication of available slot position, i.e., the t values
· A-2: Indication of slot offset
· A-3: Indication of SRS symbol-level offset
· A-4: Indication of time-domain behavior for SRS transmission over multiple OFDM symbols, e.g., repetition, hopping, and/or splitting
· CAT B: Frequency-domain parameters
· B-1: Indication of a group of CCs for SRS transmission
· B-2: Indication of frequency domain resource in a BWP for SRS transmission
· B-3: Indication of whether DL/UL BWP is applied for SRS transmission
· CAT C: Power control parameters
· C-1: Re-purpose ‘TPC command for PUSCH’ as ‘TPC command for SRS’
· FFS impact on power control, impact from triggering a group of CCs for SRS
· C-2: Indication of open loop power control parameter e.g., p0.
· CAT D: Spatial-domain parameters, i.e., indication of SRS port and beamforming
· CAT E: Extend the number of DCI codepoints for aperiodic SRS trigger states
· Other examples are not precluded
We think repurpose unused fields in DCI format 0_1/0_2 without data and without CSI is a lower priority issue. The occasion is rare and we didn’t see any necessary benefits to enhance this capability. The intension of repurposing unused fields in DCI is to dynamically change some parameter(s) for SRS transmission. For example, CAT A-2 is to indicate slot offset, the mainly purpose to revise slot offset is to avoid the collision between a bunch of SRS resource sets. However, one aperiodic SRS trigger state will trigger more than one SRS resource sets. Thus, repurposing unused fields to indicate slot offset still cannot handle collision problem for SRS resource sets with the same trigger state. For CAT A-1, we expect for a common solution for DCI format 0_1/0_2 without data and without CSI request and DCI scheduling a PDSCH or PUSCH. Considering we are approach R17 completion, we suggest Rel1-7 not support the repurposing unused fields for SRS transmission.  
Observation 2: The use case of repurposing unused fields in DCI is not clear. 
Proposal 13: Rel-17 doesn’t not support the repurposing unused fields for SRS transmission.  

Conclusions
In this contribution, we discussed remaining issues and potential solutions for Rel-17 SRS enhancement. The observations and proposals are summarized as below:
Observation 1: The motivation of new dropping rules for SRS transmission is not clear.
Observation 2: The use case of repurposing unused fields in DCI is not clear. 

Proposal 1: For the determination of SOI field, the maximum numbers of “t” values is determined based on all the aperiodic SRS resource sets on the corresponding BWP.
  Proposal 2: For a given triggered SRS resource, if the number (X) of configured “t” values is less than the number (Y) that can be indicated by this new DCI field,  when one of the largest (Y-X) codepoints is indicated by the new DCI field,  the slot for the transmission of this triggered SRS resource is determined by Rel-15/16 mechanism
Proposal 3: For the flexible SRS triggering, no new dropping rules for SRS transmission is introduced in R17 unless some critical use case(s) is justified. 
Proposal 4: On the SRS configuration of 4T6R, support Alt.1
· Alt.1: 4 + 2 
Proposal 5: For the presence of guard symbols in Rel-17 for SRS antenna switching, Rel-17 supports the following alternative for intra SRS resource set
· Alt 1-0: Guard symbols are always-on, which is same as Rel-15 (for intra SRS resource set)
Proposal 6: For two SRS resource sets of an xTyR antenna switching located in two consecutive slots:
· gNB should ensure that there will be a minimum gap between the two SRS resource sets
· When the interval between SRS resource sets is larger than Y (if it is allowed), the first Y symbols of the interval are not used for UL transmission.
Proposal 7-1: (Version 1) Support gNB indicating the used SRS resources from the configured SRS resources in SRS resource set(s) for antenna switching via MAC CE.
· Applicable to at least one of the following two cases
· Case 1: aperiodic SRS
· Case 2: periodic or semi-persistent SRS
· Applicable to all CCs within in the same frequency band
· Support UE reporting of one preferred antenna switching configuration via MAC CE 
· The gNB indicated or UE reported preferred antenna switching configuration is one ofbelongs to the supported antenna switching reported by UE capability signaling
· FFS whether DCI can be additional used to indicate the used antenna switching configuration
· Note: Any change on the configured number of Tx antennas in each SRS resource is precluded in either the gNB indication or UE reporting
· Note: the “yR” in the “xTyR” antenna switching is independent from the number of Rx antennas for PDSCH reception. 
Proposal 7-2: (Version 2) Support gNB indicating the used SRS resources from the configured SRS resources in SRS resource set(s) for antenna switching via MAC CE.
· Applicable to at least one of the following two cases
· Case 1: aperiodic SRS
· Case 2: periodic or semi-persistent SRS
· Applicable to all CCs within in the same frequency band
· Support UE reporting of one preferred antenna switching configuration via MAC CE 
· Support UE reporting of the number of Rx antennas for PDSCH reception via MAC CE
· The gNB indicated or UE reported preferred antenna switching configuration is one ofbelongs to the supported antenna switching reported by UE capability signaling
· FFS whether DCI can be additional used to indicate the used antenna switching configuration
· Note: Any change on the configured number of Tx antennas in each SRS resource is precluded in either the gNB indication or UE reporting
Proposal 8: For the RB-level partial frequency sounding, support Alt.3 that [image: a] is a multiple of 4.
Proposal 9: Rel-17 doesn’t support RB-level partial frequency sounding for non-frequency SRS hopping cases
Proposal 10: Rel-17 doesn’t support MAC CE or DCI to enable or disable the start RB location hopping.
Proposal 11: Rel-17 doesn’t support the start RB location hopping on SRS occasion(s) within on FH period or on aperiodic SRS. 
Proposal 12: For RPFS in Rel-17, no other value(s) in addition to {2, 4} is supported. 
Proposal 13: Rel-17 doesn’t not support the repurposing unused fields for SRS transmission.  
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