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Introduction
In RAN#94-e, Rel-17 FeMIMO WI has been declared as compete given the core technical functionalities have been delivered till RAN1#107-e. The Rel-17 specifications capturing the agreed SRS functionalities have be approved in [2]-[4]. There are still some remaining issues to be solved for better support of these functionalities. In this contribution, we discuss the remaining issues for maintenance on the SRS enhancements. 
Remaining issues on SRS coverage and capacity enhancements
Three schemes have been agreed in to enhance SRS coverage and capacity in Rel-17, i.e., increase repetitions, RB-level partial frequency sounding (RPFS) and comb-8. We discuss the remaining details to complete these three features in this section.
Sequence length restriction on RPFS and Comb-8
We have the following agreement (marked in red) on the supported sequence length of RPFS and Comb-8, which hasn’t been reflected in the current specifications. 
	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.


As in the Rel-15/16 specifications, all the SRS sequence lengths are multiples of 6 considering that the number of legacy SRS RBs is a multiple of 4, and comb-8 is supported for positioning SRS. Hence if RPFS or comb-8 are configured in Rel-17, the resulted SRS sequence length should be restricted to a multiple of 6. Based on this, we have the following TP to TS 38.214 [4].
Proposal 1: Adopt the following TP to section 6.2.1 of TS 38.214.
	6.2.1	UE sounding procedure
<Unchanged parts are omitted>
The following SRS parameters are semi-statically configurable by higher layer parameter SRS-Resource or SRS-PosResource.
-	srs-ResourceId or SRS-PosResourceId determines SRS resource configuration identity.
[bookmark: _Hlk512512251]-	Number of SRS ports, as defined by the higher layer parameter nrofSRS-Ports and described in clause 6.4.1.4 of [4, TS 38.211]. If not configured, nrofSRS-Ports is 1.
-	Time domain behaviour of SRS resource configuration as indicated by the higher layer parameter resourceType, which may be periodic, semi-persistent, aperiodic SRS transmission as defined in clause 6.4.1.4 of [4, TS 38.211].
-	Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p or periodicityAndOffset-sp for an SRS resource of type periodic or semi-persistent. The UE is not expected to be configured with SRS resources in the same SRS resource set SRS-ResourceSet or SRS-PosResourceSet with different slot level periodicities. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a slot level offset is defined by the higher layer parameter slotOffset. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a list of zero up to four different available slot offset values from the reference slot n + k to the slot where the aperiodic SRS resource set is transmitted where n is the slot with triggering DCI and k is SlotOffset is defined by the higher layer parameter AvailableSlotOffset. The parameter AvailableSlotOffset can be configured up to 4 different values. For an SRS-PosResourceSet configured with higher layer parameter resourceType set to 'aperiodic', the slot level offset is defined by the higher layer parameter slotOffset for each SRS resource.
-	Number of OFDM symbols in the SRS resource, starting OFDM symbol of the SRS resource within a slot including repetition factor R as defined by the higher layer parameter resourceMapping and described in clause 6.4.1.4 of [4, TS 38.211]. If R is not configured, then R is equal to the number of OFDM symbols in the SRS resource.
[bookmark: _Hlk496600036]-	SRS bandwidth  and , as defined by the higher layer parameter freqHopping and described in clause 6.4.1.4 of [4, TS 38.211]. If not configured, then = 0.
-	Frequency hopping bandwidth , as defined by the higher layer parameter freqHopping and described in clause 6.4.1.4 of [4, TS 38.211]. If not configured, then = 0.
-	Defining partial frequency sounding factor and start RB index for partial frequency sounding as defined by the higher layer parameters FreqScalingFactor PF and StartRBIndex kF, respectively, and described in Clause 6.4.1.4 of [4, TS 38.211]. If not configured, then PF = 1 and kF= 0.
-	Defining start RB index hopping for partial frequency sounding in different SRS frequency hopping periods for aperiodic/periodic/semi-persistent SRS based on the hopping pattern khopping as described in clause 6.4.1.4.3 in [4, TS 38.211. If not configured, then start RB hopping is not enabled and khopping is fixed to be 0 for all SRS symbols.
-	Defining frequency domain position and configurable shift, as defined by the higher layer parameters freqDomainPosition and freqDomainShift, respectively, and described in clause 6.4.1.4 of [4, TS 38.211]. If freqDomainPosition is not configured, freqDomainPosition is zero.
-	Cyclic shift, as defined by the higher layer parameter cyclicShift-n2, cyclicShift-n4, or cyclicShift-n8 for transmission comb value 2, 4 or 8, and described in clause 6.4.1.4 of [4, TS 38.211].
-	Transmission comb value, as defined by the higher layer parameter transmissionComb described in clause 6.4.1.4 of [4, TS 38.211].
-	Transmission comb offset, as defined by the higher layer parameter combOffset-n2, combOffset-n4, and combOffset-n8 for transmission comb value 2, 4, or 8, and described in clause 6.4.1.4 of [4, TS 38.211].
-	SRS sequence ID, as defined by the higher layer parameter sequenceId in clause 6.4.1.4 of [4, TS 38.211].
[bookmark: _Hlk500903520]-	The configuration of the spatial relation between a reference RS and the target SRS, where the higher layer parameter spatialRelationInfo or spatialRelationInfoPos, if configured, contains the ID of the reference RS. The reference RS may be an SS/PBCH block, CSI-RS configured on serving cell indicated by higher layer parameter servingCellId if present, same serving cell as the target SRS otherwise, or an SRS configured on uplink BWP indicated by the higher layer parameter uplinkBWP, and serving cell indicated by the higher layer parameter servingCellId if present, same serving cell as the target SRS otherwise. When the target SRS is configured by the higher layer parameter SRS-PosResourceSet, the reference RS may also be a DL PRS configured on a serving cell or a non-serving cell indicated by the higher layer parameter dl-PRS, or an SS/PBCH block of a non-serving cell indicated by the higher layer parameter ssb-Ncell. If the UE is configured with [TCI-State]s with [tci-StateId_r17], the reference RS may additionally be an SS/PBCH block associated with a PCI different from the PCI of the serving cell.
If FreqScalingFactor or combOffset-n8 is configured, UE expects the length of the SRS sequence to be a multiple of 6.
<Unchanged parts are omitted>


Correction on SRS resource mapping formula for RPFS
In the current TS 38.211 [2], when calculating frequency-domain starting position of an SRS resource,  is used, where  is the SRS sequence length. However, RPFS means to transmit SRS only in partial RBs of  RBs for one frequency hop. It shouldn’t change the legacy frequency hopping pattern. That is, to calculate , we should use , which is same as legacy FH, instead of . Therefore,  should be 

We have the following TP to correct this error in SRS resource mapping formula.
Proposal 2: Adopt the following TP to section 6.4.1.4.3 of TS 38.211.
	[bookmark: _Toc19796474][bookmark: _Toc26459700][bookmark: _Toc29230350][bookmark: _Toc36026609][bookmark: _Toc45107448][bookmark: _Toc51774117][bookmark: _Toc90901933]6.4.1.4.3	Mapping to physical resources
<Unchanged parts are omitted>
The length of the sounding reference signal sequence is given by




where  is given by a selected row of Table 6.4.1.4.3-1 with  where  is given by the field b-SRS contained in the higher-layer parameter freqHopping if configured, otherwise . The row of the table is selected according to the index  given by the field c-SRS contained in the higher-layer parameter freqHopping. The quantity  is given by the higher-layer parameter FreqScalingFactor if configured, otherwise .
The frequency-domain starting position  is defined by

where
[bookmark: _Hlk88657864] 



and
-	 is given by the higher-layer parameter StartRBIndex if configured, otherwise ; 
-	 is given by Table 6.4.1.4.3-3 with


	if the higher-layer parameter EnableStartRBHopping is configured, otherwise .
<Unchanged parts are omitted>


Support of 4 ports for RPFS
The following conclusion was achieved in RAN1#107-e.
	Conclusion
No consensus to have further restriction on the number of RBs for RPFS in Rel-17.
· No introduction of new sequence length


As the conclusion indicates there is no further restriction on the number of RBs for Rel-17 RPFS except the restriction on the sequence length, 1-RB SRS can be allocated for comb-2, and 2-RB SRS can be allocated for comb-4 and comb-2 as these cases do not introduce new sequence length. This means the minimum length of SRS sequence for comb-2 and comb-4 can be 6. However, as the maximum CS for comb-2 and comb-4 is 8 and 12, respectively, length-6 sequence is not sufficient to allocate 4 ports in one comb offset for comb-2 and comb-4 due to  = 2 or 3 in these cases.
In RAN1#107-e, we have the following WA to solve the issue of supporting 4 ports for  in comb-8.
	Working assumption
To support 4 ports with Max CS = 6, 
· Port 0 and Port 2 locate in n_CS and (n_CS+3) mod 6 in comb offset k_TC, respectively. 
· Port 1 and Port 3 locate in n_CS and (n_CS+3) mod 6 in comb offset (k_TC + 4) mod 8, respectively. 
· Note: n_CS and k_TC are the configured CS and comb offset values.
· Note: This working assumption can be revisited if Max CS = 12 is agreed.


This WA can also be used to solve the issue described above, and it has been captured in the current TS 38.211 [2]. The only missing part is to clarify that  for comb-2 and comb-4 when the SRS sequence length is 6, which is a fact as the maximum number of CSs cannot be larger than 6 for length-6 sequence. Hence we have the following proposal.
Proposal 3: Clarify in TS 38.211 that  for comb-2 and comb-4 if the length of SRS sequence is 6.
Support of RPFS in non-frequency hopping case
One remaining issue as an editor’s note in [2] is whether RPFS is applicable to the case that frequency hopping is not enabled. We think one way to resolve this issue is to introduce a UE capability for the non-FH case. This new UE feature should use 23-8-6 (support of RPFS) as the prerequisite. If this capability is not reported, the UE cannot be configured with partial frequency sounding for non-FH case. Therefore, we have the following proposal, and the details of this new FG can be found in our companion contribution [5].
Proposal 4: Support of RPFS for non-FH case is an optional UE feature for UEs supporting RPFS.
Conclusion
In this contribution, we discuss the remaining issues on SRS enhancements for Rel-17. We have the following proposals.
Proposal 1: Adopt the following TP to section 6.2.1 of TS 38.214.
	6.2.1	UE sounding procedure
<Unchanged parts are omitted>
The following SRS parameters are semi-statically configurable by higher layer parameter SRS-Resource or SRS-PosResource.
-	srs-ResourceId or SRS-PosResourceId determines SRS resource configuration identity.
-	Number of SRS ports, as defined by the higher layer parameter nrofSRS-Ports and described in clause 6.4.1.4 of [4, TS 38.211]. If not configured, nrofSRS-Ports is 1.
[bookmark: _GoBack]-	Time domain behaviour of SRS resource configuration as indicated by the higher layer parameter resourceType, which may be periodic, semi-persistent, aperiodic SRS transmission as defined in clause 6.4.1.4 of [4, TS 38.211].
-	Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p or periodicityAndOffset-sp for an SRS resource of type periodic or semi-persistent. The UE is not expected to be configured with SRS resources in the same SRS resource set SRS-ResourceSet or SRS-PosResourceSet with different slot level periodicities. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a slot level offset is defined by the higher layer parameter slotOffset. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a list of zero up to four different available slot offset values from the reference slot n + k to the slot where the aperiodic SRS resource set is transmitted where n is the slot with triggering DCI and k is SlotOffset is defined by the higher layer parameter AvailableSlotOffset. The parameter AvailableSlotOffset can be configured up to 4 different values. For an SRS-PosResourceSet configured with higher layer parameter resourceType set to 'aperiodic', the slot level offset is defined by the higher layer parameter slotOffset for each SRS resource.
-	Number of OFDM symbols in the SRS resource, starting OFDM symbol of the SRS resource within a slot including repetition factor R as defined by the higher layer parameter resourceMapping and described in clause 6.4.1.4 of [4, TS 38.211]. If R is not configured, then R is equal to the number of OFDM symbols in the SRS resource.
-	SRS bandwidth  and , as defined by the higher layer parameter freqHopping and described in clause 6.4.1.4 of [4, TS 38.211]. If not configured, then = 0.
-	Frequency hopping bandwidth , as defined by the higher layer parameter freqHopping and described in clause 6.4.1.4 of [4, TS 38.211]. If not configured, then = 0.
-	Defining partial frequency sounding factor and start RB index for partial frequency sounding as defined by the higher layer parameters FreqScalingFactor PF and StartRBIndex kF, respectively, and described in Clause 6.4.1.4 of [4, TS 38.211]. If not configured, then PF = 1 and kF= 0.
-	Defining start RB index hopping for partial frequency sounding in different SRS frequency hopping periods for aperiodic/periodic/semi-persistent SRS based on the hopping pattern khopping as described in clause 6.4.1.4.3 in [4, TS 38.211. If not configured, then start RB hopping is not enabled and khopping is fixed to be 0 for all SRS symbols.
-	Defining frequency domain position and configurable shift, as defined by the higher layer parameters freqDomainPosition and freqDomainShift, respectively, and described in clause 6.4.1.4 of [4, TS 38.211]. If freqDomainPosition is not configured, freqDomainPosition is zero.
-	Cyclic shift, as defined by the higher layer parameter cyclicShift-n2, cyclicShift-n4, or cyclicShift-n8 for transmission comb value 2, 4 or 8, and described in clause 6.4.1.4 of [4, TS 38.211].
-	Transmission comb value, as defined by the higher layer parameter transmissionComb described in clause 6.4.1.4 of [4, TS 38.211].
-	Transmission comb offset, as defined by the higher layer parameter combOffset-n2, combOffset-n4, and combOffset-n8 for transmission comb value 2, 4, or 8, and described in clause 6.4.1.4 of [4, TS 38.211].
-	SRS sequence ID, as defined by the higher layer parameter sequenceId in clause 6.4.1.4 of [4, TS 38.211].
-	The configuration of the spatial relation between a reference RS and the target SRS, where the higher layer parameter spatialRelationInfo or spatialRelationInfoPos, if configured, contains the ID of the reference RS. The reference RS may be an SS/PBCH block, CSI-RS configured on serving cell indicated by higher layer parameter servingCellId if present, same serving cell as the target SRS otherwise, or an SRS configured on uplink BWP indicated by the higher layer parameter uplinkBWP, and serving cell indicated by the higher layer parameter servingCellId if present, same serving cell as the target SRS otherwise. When the target SRS is configured by the higher layer parameter SRS-PosResourceSet, the reference RS may also be a DL PRS configured on a serving cell or a non-serving cell indicated by the higher layer parameter dl-PRS, or an SS/PBCH block of a non-serving cell indicated by the higher layer parameter ssb-Ncell. If the UE is configured with [TCI-State]s with [tci-StateId_r17], the reference RS may additionally be an SS/PBCH block associated with a PCI different from the PCI of the serving cell.
If FreqScalingFactor or combOffset-n8 is configured, UE expects the length of the SRS sequence to be a multiple of 6.
<Unchanged parts are omitted>


Proposal 2: Adopt the following TP to section 6.4.1.4.3 of TS 38.211.
	6.4.1.4.3	Mapping to physical resources
<Unchanged parts are omitted>
The length of the sounding reference signal sequence is given by




where  is given by a selected row of Table 6.4.1.4.3-1 with  where  is given by the field b-SRS contained in the higher-layer parameter freqHopping if configured, otherwise . The row of the table is selected according to the index  given by the field c-SRS contained in the higher-layer parameter freqHopping. The quantity  is given by the higher-layer parameter FreqScalingFactor if configured, otherwise .
The frequency-domain starting position  is defined by

where
 



and
-	 is given by the higher-layer parameter StartRBIndex if configured, otherwise ; 
-	 is given by Table 6.4.1.4.3-3 with


	if the higher-layer parameter EnableStartRBHopping is configured, otherwise .
<Unchanged parts are omitted>


Proposal 3: Clarify in TS 38.211 that  for comb-2 and comb-4 if the length of SRS sequence is 6.
Proposal 4: Support of RPFS for non-FH case is an optional UE feature for UEs supporting RPFS.
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