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Introduction
The approved WID [1] includes enhancements on MIMO for NR, and main target of the enhancements is to enhance multi-beam operation, multi-TRP transmission and reception, SRS and CSI measurement and reporting. Specifically for SRS enhancements, there are three sub-topics regarding aperiodic SRS, SRS antenna switching, SRS capacity and coverage, respectively.
	3. 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 discuss the enhancements on SRS including triggering flexibility, antenna switching, coverage and capacity.
Discussion
Enhancements on aperiodic SRS
In Rel-15 NR MIMO, aperiodic SRS can be triggered by DCI per SRS resource set level except for 1T4R antenna switching. Also, each aperiodic SRS resource set has own slotOffset configured by RRC to be sounded from a slot of the triggering DCI reception. In that regard, there are several potential enhancement points on aperiodic SRS triggering. Firstly, as discussed in Rel-16 TEI [2], aperiodic SRS triggering DCI can be overloaded in a certain slot, since the slotOffset can only be configured by RRC signaling per SRS resource set. Regarding the triggering offset of aperiodic SRS, the following was discussed and agreed in previous several meetings.
	Agreement
A given aperiodic SRS resource set is transmitted in the (t+1)-th available slot counting from a reference slot, where t is indicated from DCI, or RRC (if only one value of t is configured in RRC), and the candidate values of t at least include 0. Adopt at least one of the following options for the reference slot.
· Opt. 1: Reference slot is the slot with the triggering DCI.
· Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.
· FFS the detailed definition of “available slot” considering UE processing complexity and timeline to determine available slot, potential co-existence with collision handling, etc., e.g.,
· Based on only RRC configuration, “available slot” is the slot satisfying: there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set
· FFS explicit or implicit indication of t
· FFS whether updating candidate triggering offsets in MAC CE may be beneficial

Agreement
Confirm the following working assumption with modifications
An “available slot” is a slot satisfying there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies UE capability on the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set.
· From the first symbol carrying the SRS request DCI and the last symbol of the triggered SRS resource set, UE does not expect to receive SFI indication, UL cancellation indication or dynamic scheduling of DL channel/signal(s) on flexible symbol(s) that may change the determination of “available slot”.
· Note: Collision handling between the triggered SRS and any other UL channel/signal is performed after the determination of available slot.
· FFS: Rules to handle the case of multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI

Agreement
A list of t values is configured in RRC for each SRS resource set. Adopt at least one of the following for DCI indication of t.
· In DCI format 0_1/0_2 without data and without CSI request, 
· Alt 1-1: Reuse the same scheme used for DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH
· Alt 1-2: Re-purpose unused DCI field to indicate t
· Alt 1-3: t is indicated by a configurable DCI field, where the DCI field may contain bits from unused fields and additional bits configured by gNB
· FFS design details with other potential field(s)
· FFS: whether t can be slot offset
· In DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH
· Alt 2-1: t is indicated by adding a new configurable DCI field
· Alt 2-2: t is indicated without adding DCI payload
· Note: The size of DCI payload does not change dynamically
· Note: RAN1 should strive for unified solution for different DCI formats.
· FFS: The number of RRC configured t values per SRS resource set and DCI bit field size.



Based on the above agreements, slot offset t can be indicated by triggering DCI where the slot offset should only be counted by ‘available slot’ from reference slot. There are two remaining issues, the definition of reference slot (option 1 vs. option 2) and how to indicate slot offset t with triggering DCI (explicit vs. implicit). For the first issue, we think option 1 is better and flexible solution since option 1 can easily enable/include zero-slot offset triggering from the slot of DCI reception. Regarding the second issue, we think that unified solution for different DCI formats is desirable. Alt 2-1(explicit) and alt 2-2(implicit) are in trade-off relationship, e.g., alt 2-1 is more flexible to indicate slot offset from many candidates but needs more DCI payload, alt 2-2 don’t need additional DCI payload but isn’t flexible enough to indicate a number of slot offset. Pros and cons should be carefully discussed.
Proposal #1: Support option 1 for the reference slot for flexible triggering of SRS including zero-slot offset.
Proposal #2: Support unified solution of slotOffset indication for different DCI formats.

Secondly, UE-specific DCI without data and without CSI for SRS triggering had been agreed to be enhanced as follows.
	Agreement
Support at least DCI 0_1 and 0_2 to trigger aperiodic SRS without data and without CSI.
· FFS whether/how to re-purpose the unused fields, e.g., the triggering offset(s) and the frequency resources for triggering A-SRS on one or more component carriers, SFI-index, etc.
· FFS UL/DL DCI with data for aperiodic SRS
· FFS group common DCI

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



Regarding enhancement on DCI without data and without CSI, unused fields related with data scheduling can be exploited to indicate symbol-level offset (A-3), e.g., MCS field, RV field, Antenna port(s) field. Since SRS symbol-level position can be anywhere in a slot as enhanced in Rel-16 NR-U which is also applicable to NR licensed band [3], the update or indication of SRS symbol-level position by MAC CE and/or DCI can give a benefit from multi-UE SRS multiplexing perspective. It can also be helpful for the case of increased number of SRS symbols as agreed in this agenda, to avoid multi-UE SRS collision in a busy UL slot or to avoid DL portion in a flexible slot. Additionally, to trigger PUSCH-less SCell SRS, carrier switching or cell indication field can be included in the above unused fields. 
On the other hand, DL grant DCI without data can also be considered for SRS triggering. In the current specification regarding DL grant DCI (format 1_1), in order to indicate dormancy SCell group ID without explicit SCell dormancy indication field, PDSCH scheduling can be ‘off’ by specific indication. For this operation, all bits of frequency domain resource assignment are set to 0 for resource allocation type 0 or set to 1 for resource allocation type 1 or set to 0 or 1 for dynamic switch resource allocation type. In this case, unused fields related with data scheduling can also be used to indicate SRS-related parameters above.
Proposal #3: In order to trigger aperiodic SRS without data and without CSI, unused fields related with data scheduling can be exploited to indicate symbol-level offset (A-3), e.g., MCS field, RV field, Antenna port(s) field.
· Further consider SRS request by DL grant DCI without data.

Moreover, only one SRS resource set can be triggered by single DCI triggering, because only a single SRS resource set can be mapped to each codepoint of SRS request field except for antenna switching case (i.e., especially in case of 1T4R). To reduce DCI overhead, one potential enhancement is to support multiple SRS resource sets and/or multi-shot SRS to be triggered by a single DCI.
Lastly, in the current specification, sounding bandwidth can only be configured by RRC signaling per SRS resource so multiple SRS resource configuration is required to support dynamic switching of sounding band. This can also be a potential enhancement point for aperiodic SRS. Dynamic indication of SRS band may require additional DCI bits. If we’d like to avoid this issue, it is considerable to align SRS band with PUSCH and/or PDSCH band. This approach has a clear benefit to reuse former sounded/scheduled bandwidth with good channel quality and to avoid multi-UE SRS collision based on the multi-UE PUSCH/PDSCH multiplexing. This can be realized by reusing PUSCH/PDSCH FDRA field in the SRS triggering DCI for SRS bandwidth.
Proposal #4: Support triggering multiple SRS resource sets and/or triggering multi-shot SRS by a single DCI for DCI overhead reduction.
Proposal #5: Support dynamic SRS sounding bandwidth indication, e.g., SRS bandwidth can be inherited from PUSCH/PDSCH FDRA field.

SRS antenna switching up to 8 antennas
In Rel-15 NR MIMO, it is supported up to 8 MIMO layers for DL data transmission. However, in the current specification, up to 4 Rx SRS antenna switching is supported for DL CSI acquisition. For that reason, introducing SRS antenna switching up to 8 Rx antennas can be beneficial in eMBB scenario. For SRS antenna switching up to 8 Rx antennas, legacy NR SRS antenna switching mechanism should be inherited as much as possible. In previous meetings, it had been agreed regarding supportable configurations of SRS antenna switching up to 8 antennas as below.
	Agreement
For antenna switching up to 8Rx, support SRS resource configurations for {1T6R, 1T8R, 2T6R, 2T8R, [4T6R], 4T8R}.

Agreement
· For aperiodic antenna switching SRS, support to configure N <=N_max resource sets, where totally K resources are distributed in the N resource sets flexibly based on RRC configuration.
· For 1T6R, K=6, N_max = [4], and each resource has 1 port.
· For 1T8R, K=8, N_max = [4], and each resource has 1 port.
· For 2T6R, K=3, N_max = [3], and each resource has 2 ports.
· For 2T8R, K=4, N_max = [4], and each resource has 2 ports.
· (Working Assumption) For 4T8R, K=2, N_max = [2], and each resource has 4 ports.
· FFS the number of supported candidate values of N for each xTyR.
· FFS extension to increase N_max for 1T4R, 2T4R, T=R and 1T2R cases for aperiodic, periodic and semi-persistent SRS resources
· FFS the number of resources and resource sets for semi-persistent and periodic antenna switching SRS
· Note: SRS could be transmitted over the last 6 OFDM symbols, or over any OFDM symbols within the slot subject to UE capability.



For aperiodic SRS, supportable configurations including the max number of SRS resource sets and the number of resources per single xTyR configuration were agreed. Additionally, for the configuration that y cannot be divided by x in xTyR, e.g., 4T6R, UE behavior should be defined for different SRS transmission occasions by multiple SRS resources, if supported. In this case, there should be common sounding ports (maybe 2 ports) between first 4T SRS and second 4T SRS transmission instance. This common sounding ports can be configured by gNB to jointly process with the different SRS transmission instances within 4T6R.
On the other hand, in order to support 2T8R, the same issue as when designing 1T4R antenna switching occurs, i.e., 4 SRS resources which contains 2 different Rx antenna ports cannot be sounded within a slot in case of insufficient space for UE specific SRS symbol region, considering 3 gap symbols between 4 SRS resources. This issue becomes more severe if 1T8R antenna switching is considered, since 7 gap symbols are needed in total with 8 SRS resources due to the transient time for RF switching. It may require two or more SRS resource sets which have different values of slotOffset in order to enable 1T8R antenna switching. It means that a single antenna switching behavior can be spread across 3 different slots, which may lead to time varying phase rotation of each Rx/Tx antenna port. 
Proposal #6: For antenna switching across multiple slots (e.g., 3 slots) or with large number of switching, the impact of time varying channel and phase rotation should be taken into account.
· Entire transmission instances for single xTyR configuration should be within contiguous slots or within a given period.

From UE implementation perspective, 6 or 8 Rx antenna ports are likely to be implemented with multiple panels in both FR1 and FR2. In this regard, the design of SRS antenna switching should take multiple UE panels into account with consideration of Rel-17 multi-panel UE related enhancements. As a starting point, the discussion outcome of Rel-16 multi-panel UE can be considered, which are captured in Table 1. 
Proposal #7: Antenna switching across UE multiple panels should be considered.

Table 1. Multi-panel UE related agreements in Rel-16 NR MIMO multi-beam enhancement
	Agreement@RAN1#95
In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific UL transmission is supported, where detailed usages for the panel-specific UL transmission are FFS
· The ID should be defined considering the possibility to reuse/modification of Rel-15 specification support or introducing new ID
· Note: RAN1 to avoid unnecessary specification support requiring UE to explicitly disclose its UL antenna panel implementation
· FFS: Whether UE capability signalling is introduced for panel-specific UL transmission

Agreement@RAN1#AH1901
An identifier (ID), agreed in RAN1#95, that can be used at least for indicating panel-specific UL transmission is to be down-selected or merged from the following alternatives in next RAN1 meeting:
· Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)
· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 
· Alt.3: an ID, which can be assigned for a target RS resource or resource set
· Alt.4: an ID which is additionally configured in spatial relation info

For purpose of further discussion on this topic for RAN1#96 and future meetings
Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15, if needed.
· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
· MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission
Note: Above does not imply the support of either one or both of the categories but is only for efficient discussions at least for this meeting, which may also be updated further. Whether to support either one or both categories will depend on subsequent discussions
Note: There is no consensus among the companies in RAN1 whether MPUE-Assumption2 is in the work scope of Rel-16 WI

Working Assumption@RAN1#96bis
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.
· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.
FFS on whether the ID can be used for panel-specific PRACH transmission, if supported.

Conclusion@RAN1#98
· From RAN1 point of view, a “UE panel” would be a logical entity and how to map physical UE antennas to the logical entity is up to UE implementation. 
· (Informative) For certain condition(s), gNB can assume the mapping between UE’s physical antennas to the logical entity “UE panel” activated for transmission will not be changed 
· FFS: Whether “UE panel” is transparent to gNB
· FFS: UE capability includes at least the number of “UE panels”.
· FFS: Whether/how to define the certain condition(s)
· For example: The duration of time over which the gNB assumes there will be no change
· For example: Until next update or report from UE
· (Informative) Depending on UE’s own implementation, a “UE panel” can have at least the following functionality as an operational role of 
· Unit of antenna group to control its Tx beam independently



Enhancements on SRS capacity and/or coverage
In RAN1#104-e meeting, three schemes were agreed to be supported for SRS capacity and/or coverage enhancements as follows.
	Agreement
For Rel-17 SRS capacity and coverage enhancement, support the following
· Increase the maximum number of repetition symbols in one slot and one SRS resource to S
· Support at least one S value from {8, 10, 12, 14}
· FFS other candidate values
· Support to transmit SRS only in  contiguous RBs in one OFDM symbol, where  indicates the number of RBs configured by BSRS and CSRS
· Support at least one PF value from {2, [3], 4, 8}
· FFS other candidate values, e.g., non-integer values for PF
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· No new sequence including length is introduced
· FFS it is applicable to frequency hopping and non-frequency hopping
· FFS detailed signaling mechanism to determine PF and the location of the  RBs
· Support Comb 8
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· FFS whether and if needed, how to use harmonized approach to define the three supported schemes
· Note: other schemes for SRS capacity and coverage enhancements are not supported in Rel-17.



Regarding increased number of repetition symbols, the maximum number of repetition symbols can be 12 or more, since the maximum configurable number of symbols for an SRS resource was increased to 12 in Rel-16 positioning, i.e., . Also, similar enhancement was done for LTE in Rel-16 as well.
Proposal #8: The maximum number of repetition symbols in one slot and one SRS resource can be 12 or more.

Additionally, subcarrier-level and RB-level partial frequency sounding was agreed to be supported. Especially for RB-level partial frequency sounding, partial bandwidth information and the starting position of partial bandwidth should be configured to UE. Based on the RB-level partial frequency sounding, coverage-limited UE can be configured with additional partial bandwidth information which is narrower than configured SRS bandwidth, then the UE can sound partial bandwidth to achieve power boosting gain, by gNB configuration/indication. For multi-UE SRS multiplexing, starting position of partial bandwidth can be indicated by SRS triggering DCI.
Proposal #9: For RB-level partial frequency sounding, partial bandwidth information (PF) can be additionally configured by RRC and starting position can be indicated by DCI.

Conclusion
In this contribution, we discuss our views for Rel-17 enhancements on SRS, and propose the followings based on the discussion.
Proposal #1: Support option 1 for the reference slot for flexible triggering of SRS including zero-slot offset.
Proposal #2: Support unified solution of slotOffset indication for different DCI formats.
Proposal #3: In order to trigger aperiodic SRS without data and without CSI, unused fields related with data scheduling can be exploited to indicate symbol-level offset (A-3), e.g., MCS field, RV field, Antenna port(s) field.
· Further consider SRS request by DL grant DCI without data.
Proposal #4: Support triggering multiple SRS resource sets and/or triggering multi-shot SRS by a single DCI for DCI overhead reduction.
Proposal #5: Support dynamic SRS sounding bandwidth indication, e.g., SRS bandwidth can be inherited from PUSCH/PDSCH FDRA field.
Proposal #6: For antenna switching across multiple slots (e.g., 3 slots) or with large number of switching, the impact of time varying channel and phase rotation should be taken into account.
· Entire transmission instances for single xTyR configuration should be within contiguous slots or within a given period.
Proposal #7: Antenna switching across UE multiple panels should be considered.
Proposal #8: The maximum number of repetition symbols in one slot and one SRS resource can be 12 or more.
Proposal #9: For RB-level partial frequency sounding, partial bandwidth information (PF) can be additionally configured by RRC and starting position can be indicated by DCI.
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