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1. Introduction
In RAN1#106-e meeting, following agreements were made regarding study aspects on SRS enhancements [1].
	Agreement
Confirm the following WA:
For DCI indication of “t” in Rel-17 SRS triggering offset enhancement
· For both DCI that schedules a PDSCH/PUSCH and DCI 0_1/0_2 without data and without CSI request
· t is indicated by adding a new configurable DCI field (up to 2 bits)
· Applies only when there are multiple   candidate values of t configured
· No further enhancement to indicate “t” for DCI 0_1/0_2 without data and without CSI request at least when the new DCI field is configured

Agreement
Support start RB location (Noffset) hopping in different SRS frequency hopping periods for RPFS and at least periodic/semi-persistent SRS, where  Noffset  is the start RB index of the  RBs in the  RBs.
· For a given SRS transmission occasion,  , where khopping is same for all SRS occasions within a legacy FH period but changes across legacy FH periods, kF and PF are at least configured by RRC signaling (kF = {0, 1, …, PF-1}).
· Support at least one pattern for khopping in time domain, FFS detailed pattern
· Note: the legacy FH period is the period to sound the full SRS hopping bandwidth across the different subbands of  RBs each. 
· This start RB location hopping is enabled or disabled by RRC signaling.
· FFS whether MAC CE or DCI can be additionally used
· When this start RB location hopping is disabled, khopping is fixed to be 0 for all SRS symbols
· This start RB location hopping is UE optional.
· FFS 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

Agreement
For aperiodic xTyR antenna switching SRS, where xTyR is from {1T6R, 1T8R, 2T6R, 2T8R, 4T8R}, support all the non-zero integer values N<=N_max except N=1 for 1T8R 
· For each xTyR configuration, UE does not expect multiple SRS resource sets are configured or triggered in one slot
· UE does not expect that the OFDM symbols contained in one SRS resource set exceed UE capability on which OFDM symbols can be used for SRS taking guard period into account

Agreement
Support Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.
· If DCI is transmitted in slot n, and k is the legacy triggering offset, reference slot is slot n+k.
· Note: the legacy triggering offset can be 0, if slotOffset is absent.

Conclusion
MAC CE for t value update in Rel-17 is not supported.

Agreement
For antenna switching SRS, support maximum one SRS resource set for periodic SRS and maximum 2 SRS resource sets for semi-persistent SRS.
· Note: the two SP-SRS resource sets are not activated at the same time
· For xTyR where y>4, if UE does NOT support this feature, support maximum one SRS resource set for periodic SRS and maximum one SRS resource set for semi-persistent SRS
· Applies for all supported xTyR where y<=8
· For each xTyR antenna switching (except for 4T6R if supported), each periodic or semi-persistent resource set contains y/x resources.
This feature is UE optional: For UEs that do not support this feature, follow Rel-15 on the number of resource sets for periodic and semi-persistent SRS
 
Agreement
Support 4T6R SRS antenna switching in Rel-17.

Agreement
For RPFS SRS sequence generation, support 
· Alt 1: Generate length- ZC sequence.

Agreement
For SRS increased repetitions in Rel-17, support the following configurations, and no other values are supported.
· (N_symbol, R) = {(8, 1), (8, 2), (8, 4), (8, 8), (12, 1), (12, 2), (12, 3), (12, 4), (12, 6), (12, 12), (10, 1), (10, 2), (10, 5), (10,10), (14, 1), (14, 2), (14, 7), (14, 14)}
· Note: N_symbol SRS symbols are adjacent in a slot.

Agreement
· On the presence of guard symbols in Rel-17 for SRS antenna switching, down-select one of the following 
· 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
· On whether to introduce guard symbols between SRS resource sets for antenna switching, down-select one of the following
· Alt 2-0: Do not introduce guard symbols between SRS resource sets, i.e., guard symbols only appears between SRS resources in a resource set
· Alt 2-1: Introduce guard symbols between two sets mapped to consecutive slots
· Note: Rel-15 guard period symbols are supported if none of the above enhancements is agreed

Agreement
For Comb-8 SRS in Rel-17, down-select one of the following in RAN1#106bis-e
· Alt 1: The maximum number of CSs for Comb-8 is 6
· Alt 2: The maximum number of CSs for Comb-8 is 12, and introduce a rule to restrict applicable CSs when SRS sequence is shorter than the maximum number of CSs



In this contribution, we discuss possible SRS enhancements focusing on aforementioned study aspects captured in agreements from RAN1#104bis-e meeting.
2. Flexible aperiodic SRS triggering
2.1 Differentiation between DCI format 0_1/0_2 with and without data/CSI
During RAN1#103-e meeting, it was agreed for A-SRS triggering to support UE specific DCI formats, DCI 0_1 and 0_2 without uplink data and CSI (i.e., dedicated to enhanced A-SRS triggering). Note that, one of the main purposes of this enhancement is to effectively utilize UL resources, i.e. when there is no UL data or CSI but if gNB wants to trigger A-SRS, it can trigger A-SRS without triggering dummy data or CSI. On the other hand, with this enhancement, UEs will have to differentiate between DCI format 0_1/0_2 scheduling uplink data and/or CSI and DCI format 0_1/0_2 NOT scheduling uplink data or CSI (which is dedicated to enhanced A-SRS triggering). It is because UE should understand whether to read or ignore some DCI fields (e.g., for data scheduling or CSI triggering). 
We generally see two alternatives: one is to introduce a new RNTI for enhanced A-SRS triggering, and the other is to specify a new special combination of the existing DCI fields. The former one, new RNTI introduction, could be simpler as just to define a new RNTI is sufficient from specification perspective, while it impacts on RAN2 in addition to RAN1. The later one, new special combination of the existing DCI fields, could be supported in a similar manner to the existing specification for activating/deactivating type 2 configured grant PUSCH transmission without RAN2 impact. Thus, we prefer to support a new special combination of the existing DCI fields for the differentiation. 
Here we try to investigate how to define an exact new special combination of the existing fields in DCI format 0_1 for enhanced A-SRS triggering. Note that, as well as type 2 CG activation/release, we consider using DCI format 0_1 with CRC scrambled by CS-RNTI. With the DCI format 0_1, activate/release type 2 CG PUSCH transmission is indicated when at least NDI is set to all “0”s and RV is set to all “0”s in Rel-16 NR. To support additional special combination for enhanced A-SRS triggering, we believe similar approach can be considered. For example, defining enhanced A-SRS triggering as a DCI format 0_1/0_2 with NDI is set to all “0”s while RV is set to e.g., all “1”s, it can be differentiated from the existing ones.

Proposal 1:
· Introduce a new special combination of the existing DCI field(s) to differentiate between DCI format 0_1/0_2 with data/CSI report scheduling and DCI format 0_1/0_2 without data/CSI report scheduling (i.e., dedicated to an enhanced A-SRS triggering)
·  For example, DCI format 0_1/0_2 with CRC scrambled by CS-RNTI with NDI set to all “0” and RV set to all “1” is considered as an enhanced A-SRS triggering by DCI format 0_1/0_2 without data/CSI in Rel-17

2.2 Repurposing DCI fields in DCI formats 0_1 and 0_2 without scheduling data and CSI
When an enhanced A-SRS transmission is triggered by DCI format 0_1/0_2 without UL data/CSI report scheduling, some DCI fields may be left unused as most of the existing DCI fields are dedicated to UL data/CSI report scheduling. To enhance the flexibility on A-SRS triggering and its configuration, which is one of the main targets in this agenda, reuse/repurpose of the existing DCI fields for indicating A-SRS related information is beneficial in our view. Below are the agreement RAN1 made so far:
	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


Also, we try to investigate which DCI field(s) can be reused/re-purposed for enhanced A-SRS triggering in the following:
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Figure 2-1: Available fields in DCI format 0_1 [2]  
Among the categories captured above, we believe at least CAT E (i.e., extend the number of DCI codepoints for aperiodic SRS triggering states) should be considered in this WI, because it is the simplest approach. We are also open to consider the other categories. For example, CAT A can be considered for indicating t value without increasing DCI payload. CAT C can also be another option, which can achieve sophisticated TPC with small specification impacts. 
On available DCI field(s), we think the existing SRS request field and some other field(s) can be considered to achieve CAT E. Candidate fields could be the one(s) which always exist in the DCI formats, e.g., FDRA, MCS, TPC and etc. Extension of SRS request field itself can also be considered. For CAT C, we believe reusing TPC command for scheduled PUSCH should be a starting point. Below is an example we have in our mind:
Table 2-1: Example of interpretation of DCI fields for A-SRS triggering DCI without data/CSI.
	Name of DCI fields 
	Interpretation after repurposing for flexible A-SRS triggering

	NDI
	Set to all ‘0’s (for DCI differentiation)

	RV
	Set to all ‘1’s (for DCI differentiation)

	SRS request
	[X] bits (can be extended from the existing size) (for CAT E)

	TPC command
	TPC for the triggered A-SRS (for CAT C)

	TDRA
	t value (for CAT A)

	…
	…







Proposal 2:
· Support at least one of the following to reuse/repurpose of the existing DCI fields to indicate information related to enhanced A-SRS triggering,  
· CAT E by extending SRS request field by repurposing unused DCI field(s) (e.g. at least one of FDRA, MCS, TPC command)
· CAT C by reusing TPC command for scheduled PUSCH
· CAT A by reusing e.g., TDRA

2.3 Support of enhanced A-SRS triggering when explicit t value indication is not configured
As per the agreements from RAN1#104-e meeting, a list of t values is configured using RRC signalling for each SRS resource set. Also, a working assumption was made at RAN1#104bis-e, saying that a new configurable DCI field (up to 2 bits) is used for indicating t only when there are multiple candidate values of t. Figure 2-4 depicts this in case of with/without data/CSI scheduling respectively.      
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Figure 2-2: Structure of the DCI with newly added DCI field for indicating t value  
Note here that, the new DCI field can only exist when multiple candidate values of t are configured, i.e., depending on RRC configuration. With the addition of new DCI field for indicating t value, the DCI payload size increases. 
Observation 1:
· Adding a new DCI field to indicate t value increases the DCI payload size
Another solution for indicating t value using DCI would be to repurpose unused DCI fields, as described in an earlier section. However, this solution is mainly applicable for the DCI formats 0_1 and 0_2 without data and CSI scheduling since in UE-specific DCI with data and CSI scheduling, almost all of the DCI fields are used for its original purposes and difficult to repurpose. 
We believe it would also be worth discussing how to inform of t by enhanced A-SRS triggering DCI with data/CSI request when the new DCI field for t indication is NOT configured and when multiple candidate t values are configured. This approach can easily achieve DCI size alignment with other existing DCI scheduling data, so it does not impact on BD number of PDCCH monitoring. By supporting this, flexible A-SRS triggering can be achieved via more types of DCI formats, which makes the introduction of the flexible A-SRS triggering to the existing NW much easier. For example, when RRC configures one or more candidate t value(s), and when the new DCI field is NOT configured, t value determination can follow pre-defined rule(s), e.g., minimum value among the RRC-configured candidate values. Accordingly, we make the following proposal.
Proposal 3:
· For the indication of parameter t using DCI formats 0_1/0_2:
· When RRC does NOT configure the new DCI field of t indication:
· In case that DCI without data and CSI scheduling is used, repurpose one of the existing DCI field(s) (which is not used for data and CSI scheduling) to indicate t value
· In case that DCI with data or CSI scheduling is used, t value is selected by pre-determined rule from the list configured by higher layer signaling


2.4 Extending number of DCI codepoints for A-SRS trigger states
During RAN1#104e-meeting, there were some discussions on the requirement of extending number of DCI codepoints for A-SRS trigger states. As per our view, this is particularly important to support DL CSI acquisition with newly proposed transceiver architectures. 
Further, we think that extending DCI codepoints to support 7 A-SRS trigger states (currently there are only 3 trigger states available) may be sufficient and hence adding additional 1-bit (currently max. 2-bits are used) to the SRS request field is enough. In order to control the DCI overhead, it is possible to configure the size of SRS request field within DCI using RRC signaling similar to srs-RequestDCI-0-2 parameter configuring the SRS request field size in DCI format 0_2. Accordingly, we make the following proposal.      
Proposal 4:
· Support extending number of DCI codepoints to have at least 7 A-SRS trigger states 

2.5 MAC CE for enhancing flexibility in aperiodic SRS triggering 
A-SRS is useful in practical networks which enables efficient UL resource utilization with SRS transmission. DCI code point of SRS request field can correspond to one or multiple SRS resource set(s). Further, DCI-level flexible indication of SRS resources is supported in Rel-15/16. However, we have observed following issues pertaining to the configuration of A-SRS:
· Some of the parameters (e.g. slotOffset) are RRC configured and hence, using MAC CE or DCI, they cannot be updated
· The number of configurable SRS resource sets for some SRS usages are limited, especially for usage set to ‘codebook’, ‘non-codebook’, and ‘antennaSwitching’
For example, if we look at slotOffset configured in a SRS resource set with usage set to ‘codebook’, only one SRS resource set can be configured. This is because, slotOffset is higher layer configured per SRS resource set and hence, can’t be modified using different DCI codepoints.
In order to improve the flexibility of triggering A-SRS, we propose it is better to involve MAC CE as well for configuring/triggering an A-SRS. In particular, following three alternatives, Alt.1, Alt. 2 and Alt. 3 illustrated in Fig. 2-6, 2-7, and 2-8, respectively, should be considered for triggering aperiodic SRS. 
Proposal 5:
· Introduce MAC CE to improve the flexibility for triggering aperiodic SRS, and following alternatives should be considered
· Alt.1) MAC CE activates/deactivates one or multiple SRS resource sets, and only active SRS resource set(s) can be triggered by SRS request field of DCI
· Alt.2) MAC CE updates the mapping b/w DCI codepoint of SRS request field and aperiodicSRS-ResourceTrigger
· Alt. 3) MAC CE updates specific parameter (e.g. slotOffset) in SRS resource sets/SRS resource directly
· For Alt. 1/2, the number of configurable SRS resource sets for a given usage is increased.
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Figure 2-3: Proposed Alt.1
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Figure 2-4: Proposed Alt.2
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Figure 2-5: Proposed Alt.3
3. SRS resource(s) with multiple usages
For SRS overhead reduction, reusing same SRS resource(s) among multiple usages (especially between ‘codebook’ and ‘antennaswitching’) was identified as one viable solution. After RAN1#104-e meeting, there was an offline discussion on how to configure an SRS resource to share between different usages. It is worth remarking here that the current specification does not restrict configuring an SRS resource to be shared between different usages. However, as per the offline discussion, one major issue in such a configuration is that, the specification does not clearly define what antenna virtualization and power allocation UE should consider for a shared SRS resource. Five different alternatives were identified during the offline discussion which are captured below.
Alt 0: Offline conclusion:  When a UE is configured an x-port SRS in a set with usage “codebook”, the gNB can assume that the UE transmits these SRS resources in the same way (e.g. same virtualization) as if the set would have been configured with usage ‘antennaswitching’ with xTxR. Hence, it is RAN1 understanding that the SRS measurement for ‘codebook’ based uplink in this case can also be used for downlink reciprocity based operation.

Alt 0’: In Rel-15, UE is allowed to choose any implementation operation for CB SRS 
· It is up to gNB implementation whether to derive DL precoder based on CB SRS or not
This should be the baseline for comparison with other alternatives for SRS with dual usage
Alt 1: At least for a UE supporting maxNumberMIMO-LayersCB-PUSCH = x, and, maxNumberMIMO-LayersPDSCH = x, and, supportedSRS-TxPortSwitch = ’t2r2’ / ’t4r4’ / 't1r1-t2r2’ / 't1r1-t2r2-t4r4', when a UE is configured only one x-port SRS resource in a set with usage “antennaswitching” with xTxR for DL CSI acquisition, the gNB can assume that the UE transmits this SRS resource in the same way (e.g. same virtualization) as if the set would have been configured with usage “codebook”, and such x-port SRS resource can be used for an x-port UL MIMO precoder selection (i.e TPMI selection) by the gNB
· A RRC parameter is introduced to enable the feature, which is subjected to UE capability
· Above at least applies for single-TRP operation and when uplink full power mode 1 or mode 2 is not enabled
· FFS: other cases
Alt 2:
· An RRC parameter is introduced to enable the sharing of SRS resource for CB and AS
· The shared SRS resource is configured to be included in set 1 for CB and in set 2 for AS
· A UE capability signaling is introduced to report what SRS resource can be shared for CB and AS
· Only apply for single-TRP operations
· Note: Rel-15/16 UL transmission operation is single-TRP operation

Alt 3: 
· No spec change or new conclusion.
Regarding the proposed Alt 2, it seems that this does not address the original issue of the ambiguity on antenna virtualization and power control applicable to the shared SRS resource between multiple usages. On the other hand, Alt 0 and Alt 1 address the antenna virtualization and power control issue associated with the shared SRS resource. 
Observation 2:
· Both Alt 0 and Alt 1 configure the specific antenna virtualization and power control associated with the shared SRS resource among multiple usages.
Compared to proposed conclusion under Alt 0, Alt 1 requires additional UE capability reporting and separate RRC configuration to enable the sharing of an SRS resource among multiple usages. As per our understanding, Alt 1 provides more flexibility and control. Further, there can be some backward compatibility issues with the proposed Alt 0. Due to those reasons, we slightly prefer Alt 1 over Alt 0. Accordingly, we make the following proposal.
Proposal 6:
· Slightly prefer Alt 1 which proposes additional UE capability reporting and separate RRC configuration to enable the sharing of an SRS resource among multiple usages.
For the transceiver architecture xTyR where x<y, by configuring shared SRS resources between ‘codebook’ and ‘antennaswitching’, it is possible to achieve antenna selection for PUSCH transmission. This is because, the channel estimations obtained using one or more SRS resource sets with usage ‘antennaswitching’ can be used for identifying which antennas are more preferable for PUSCH transmission. Subsequently, using SRI, associated SRS resource can be indicated to the UE. This is particularly important for handling UL inter-cell interference issues and hand blocking of terminal antennas. Accordingly, we make the following proposal. 
Proposal 7:
· For xTyR case (x<y) with SRS resources shared between multiple usages, channel estimations obtained using one or more SRS resource sets with usage ‘antennaswitching’ can be used for identifying which antennas are more preferable for PUSCH transmission.

4. SRS switching for DL CSI acquisition with up to 8 Rx antenna ports
In the previous RAN1 meetings following new transceiver architectures, 1T6R, 1T8R, 2T6R, 2T8R, 4T6R and 4T8R were agreed to support for antenna switching. Further, during RAN1#104-e meeting, it was agreed to flexibly allocate SRS resources among SRS resource sets for aperiodic antenna switching SRS. That is, for each newly introduced transceiver architecture, specification defines total number of available SRS resources and SRS resource sets. How to allocate these total number of SRS resources among SRS resource sets is flexible. We propose to introduce UE capability to report one of the agreed transceiver architectures: 
Proposal 8:
· Following new capability indications should be reported by UE capability signaling to capture new transceiver architectures supported with SRS antenna switching
· 't1r6' for 1T6R
· ‘t2r6' for 2T6R
· 't1r1-t1r2-t1r4-t1r6’ for 1T=1R/1T2R/1T4R/1T6R
· 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6' for 1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R
· ‘t1r6-t2r6' for 1T6R/2T6R
· ‘t1r8' for 1T8R
· ‘t2r8' for 2T8R
· 't1r1-t1r2-t1r4-t1r6-t1r8’ for 1T=1R/1T2R/1T4R/1T6R/1T8R
· 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6-t1r8-t2r8' for 1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R/1T8R/2T8R
· ‘t1r8-t2r8' for 1T8R/2T8R
· ‘t4r6' for 4T6R
· ‘t4r8' for 4T8R
· 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6-t4r6-t1r8-t2r8-t4r8' for               			1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R/4T6R/1T8R/2T8R/4T8R

It is worth remarking here that, in order to reduce time associated with DL CSI acquisition (especially when there are multiple slots involved) considering SRS antenna switching, it is better to support zero-symbol gap SRS resource configuration. This can be useful for those capable UEs which can handle zero-symbol gap antenna switching. UE can report whether it can support zero-symbol gap antenna switching as part of its capability reporting. NW can then configure zero-symbol gap SRS resources only to those capable UEs. This issue was discussed at the last e-meeting, resulting in the following agreement capturing alternatives. We support Alt 1-1. 

	Agreement
· On the presence of guard symbols in Rel-17 for SRS antenna switching, down-select one of the following 
· 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
· On whether to introduce guard symbols between SRS resource sets for antenna switching, down-select one of the following
· Alt 2-0: Do not introduce guard symbols between SRS resource sets, i.e., guard symbols only appears between SRS resources in a resource set
· Alt 2-1: Introduce guard symbols between two sets mapped to consecutive slots
· Note: Rel-15 guard period symbols are supported if none of the above enhancements is agreed




As captured in the second bullet in the agreement above, whether to introduce guard symbol(s) between SRS resource sets for antenna switching is also under the discussion. As antenna switching, which requires guard symbols, can happen regardless of adjacent SRSs are in the same resource set or different resource sets in our understanding, we believe Alt 2-1 has to be supported. If configurability is supported in Alt 1-1, Alt 2-1 can also consider having such configurability as well. 

Proposal 9:
· Support Alt 1-1 (i.e., zero-symbol gap for antenna switching, subject to UE capability)
· Support Alt 2-1 (i.e., introduce guard symbols between two sets mapped to consecutive slots)
· Having configurability can also be considered for Alt 2-1 if Alt 1-1 is supported. 

5. Coverage and capacity enhancements
Below are agreements in RAN1#104bis-e and RAN1#106-e:
	Agreement
· For RPFS in Rel-17, support PF = {2, 4}.  
· FFS  3, 8, 12, 16 or fractional numbers 
· Support at least one of the following alternatives (to be decided in RAN1#105-e)
· Alt 1: [image: ] is an integer value
· Alt 2: [image: ] is an integer value with minimum value 4
· Alt 3: [image: ] is a multiple of 4
· Alt 4: Round [image: ] to a multiple of 4 in case of Alt 1 or Alt 2
Agreement
Support start RB location (Noffset) hopping in different SRS frequency hopping periods for RPFS and at least periodic/semi-persistent SRS, where  Noffset  is the start RB index of the  RBs in the  RBs.
· For a given SRS transmission occasion,  , where khopping is same for all SRS occasions within a legacy FH period but changes across legacy FH periods, kF and PF are at least configured by RRC signaling (kF = {0, 1, …, PF-1}).
· Support at least one pattern for khopping in time domain, FFS detailed pattern
· Note: the legacy FH period is the period to sound the full SRS hopping bandwidth across the different subbands of  RBs each. 
· This start RB location hopping is enabled or disabled by RRC signaling.
· FFS whether MAC CE or DCI can be additionally used
· When this start RB location hopping is disabled, khopping is fixed to be 0 for all SRS symbols
· This start RB location hopping is UE optional.
· FFS 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

· 


For the first agreement above made at RAN1#104bis-e, whether to support larger value(s) for , and the potential restriction(s) on the RPFS SRS bandwidth calculated based on , if needed, should be discussed further. With the understanding that RPFS is motivated to at least improve coverage of SRS, we believe larger value(s) than 4 could be beneficial to achieve the goal. In that case, some restriction(s) on the exact RPFS SRS bandwidth should be considered as it could be different value(s) than the existing ones, e.g., less than 4 or not multiple of 4. For the minimum RBs, we prefer to keep 4 since it can avoid to specify new computer generated sequence with different length from the existing length (i.e. 6, 12, 18, and 24), and may also achieve easy FDM scheduling with the existing SRS. Meanwhile, we are open to either to have multiple of 4 only or not. 
For the second agreement made at RAN1#106-e, N_offset hopping was supported per FH period. One remaining FFS is whether the hopping is also applicable on SRS occasion(s) within a FH period. As we do not see any need to support this functionality, and given that only two e-meetings are left for Rel-17 completion, we prefer to at least deprioritize the discussion on this FFS. If it is deemed as essential by companies, we could live with supporting it, while we would like to introduce RRC-level turning off of this feature as well as N_offset hopping per FH period to make NW operation simpler in some cases. 
Proposal 10:
· Support  and  indication in dynamic manner (i.e., DCI and/or MAC CE) 
· Support larger 
· Support at least Alt-2 (i.e., integer with minimum 4 RB) on the restriction on the exact RPFS SRS bandwidth 
· Deprioritize the discussion on whether to support N_offset hopping within FH period
· Even if it is specified, RRC should be able to turn off N_offset hopping per FH period

6. Summary
In this contribution, we have discussed possible approaches for enhancing SRS transmission in NR Rel. 17. Based on the discussion, we have made following proposals.
Proposal 1:
· Introduce a new special combination of the existing DCI field(s) to differentiate between DCI format 0_1/0_2 with data/CSI report scheduling and DCI format 0_1/0_2 without data/CSI report scheduling (i.e., dedicated to an enhanced A-SRS triggering)
·  For example, DCI format 0_1/0_2 with CRC scrambled by CS-RNTI with NDI set to all “0” and RV set to all “1” is considered as an enhanced A-SRS triggering by DCI format 0_1/0_2 without data/CSI in Rel-17
Proposal 2:
· Support at least one of the following to reuse/repurpose of the existing DCI fields to indicate information related to enhanced A-SRS triggering,  
· CAT E by extending SRS request field by repurposing unused DCI field(s) (e.g. at least one of FDRA, MCS, TPC command)
· CAT C by reusing TPC command for scheduled PUSCH
· CAT A by reusing e.g., TDRA
Observation 1:
· Adding a new DCI field to indicate t value increases the DCI payload size
Proposal 3:
· For the indication of parameter t using DCI formats 0_1/0_2:
· When RRC does NOT configure the new DCI field of t indication:
· In case that DCI without data and CSI scheduling is used, repurpose one of the existing DCI field(s) (which is not used for data and CSI scheduling) to indicate t value
· In case that DCI with data or CSI scheduling is used, t value is selected by pre-determined rule from the list configured by higher layer signaling
Proposal 4:
· Support extending number of DCI codepoints to have at least 7 A-SRS trigger states 
Proposal 5:
· Introduce MAC CE to improve the flexibility for triggering aperiodic SRS, and following alternatives should be considered
· Alt.1) MAC CE activates/deactivates one or multiple SRS resource sets, and only active SRS resource set(s) can be triggered by SRS request field of DCI
· Alt.2) MAC CE updates the mapping b/w DCI codepoint of SRS request field and aperiodicSRS-ResourceTrigger
· Alt. 3) MAC CE updates specific parameter (e.g. slotOffset) in SRS resource sets/SRS resource directly
· For Alt. 1/2, the number of configurable SRS resource sets for a given usage is increased.
Observation 2:
· Both Alt 0 and Alt 1 configure the specific antenna virtualization and power control associated with the shared SRS resource among multiple usages.
Proposal 6:
· Slightly prefer Alt 1 which proposes additional UE capability reporting and separate RRC configuration to enable the sharing of an SRS resource among multiple usages.
Proposal 7:
· For xTyR case (x<y) with SRS resources shared between multiple usages, channel estimations obtained using one or more SRS resource sets with usage ‘antennaswitching’ can be used for identifying which antennas are more preferable for PUSCH transmission.
Proposal 8:
· Following new capability indications should be reported by UE capability signaling to capture new transceiver architectures supported with SRS antenna switching
· 't1r6' for 1T6R
· ‘t2r6' for 2T6R
· 't1r1-t1r2-t1r4-t1r6’ for 1T=1R/1T2R/1T4R/1T6R
· 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6' for 1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R
· ‘t1r6-t2r6' for 1T6R/2T6R
· ‘t1r8' for 1T8R
· ‘t2r8' for 2T8R
· 't1r1-t1r2-t1r4-t1r6-t1r8’ for 1T=1R/1T2R/1T4R/1T6R/1T8R
· 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6-t1r8-t2r8' for 1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R/1T8R/2T8R
· ‘t1r8-t2r8' for 1T8R/2T8R
· ‘t4r6' for 4T6R
· ‘t4r8' for 4T8R
· 't1r1-t1r2-t2r2-t1r4-t2r4-t1r6-t2r6-t4r6-t1r8-t2r8-t4r8' for               			1T=1R/1T2R/2T=2R/1T4R/2T4R/1T6R/2T6R/4T6R/1T8R/2T8R/4T8R
Proposal 9:
· Support Alt 1-1 (i.e., zero-symbol gap for antenna switching, subject to UE capability)
· Support Alt 2-1 (i.e., introduce guard symbols between two sets mapped to consecutive slots)
· Having configurability can also be considered for Alt 2-1 if Alt 1-1 is supported. 
Proposal 10:
· Support  and  indication in dynamic manner (i.e., DCI and/or MAC CE) 
· Support larger 
· Support at least Alt-2 (i.e., integer with minimum 4 RB) on the restriction on the exact RPFS SRS bandwidth 
· Deprioritize the discussion on whether to support N_offset hopping within FH period
· Even if it is specified, RRC should be able to turn off N_offset hopping per FH period
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