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Introduction
In RAN1#114bis meeting, Rel-18 SRS enhancement was discussed with the following agreements:
Agreement
Adopt the text proposal for TS38.211 on cyclic shift / comb offset hopping ID notation:
	6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
The pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame for which , where the cyclic-shift hopping identity  is contained in the higher-layer parameter cyclicShiftHopping.
<Unchanged text is omitted>
6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
The pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame for which , where the comb hopping identity  is contained in the higher-layer parameter combOffsetHopping.
<Unchanged text is omitted>


· Additional information
· Reason for change: It was agreed that the same ID is to be used for comb offset hopping and cyclic shift hopping, if both are configured for a same SRS resource. Current spec uses different notations for the ID in comb offset hopping and cyclic shift hopping.
· Summary for change: Update with the same hopping ID notation.
· Consequences if not approved: Confusion may arise regarding whether a same hopping ID shall be used.
· TP is for TS38.211 v18.0.0.

Agreement
Adopt the text proposal for TS38.211 on cyclic shift / comb offset hopping subset entry indexing:
	6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
where  and is the th entry and the cardinality of the set 

respectively, where  is given by the higher-layer parameter cyclicShiftHoppingSubset if configured, otherwise . 
<Unchanged text is omitted>
6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
where  and is the th entry and the cardinality of the set 

respectively, where  is given by the higher-layer parameter combOffsetHoppingSubset if configured, otherwise . 
<Unchanged text is omitted>


· Additional information
· Reason for change: Array index of n should correspond to (n+1)th entry of the array, if the index starts from 0.
· Summary for change: Correct the array index of n to (n+1).
· Consequences if not approved: Incorrect entry may be used.
· TP is for TS38.211 v18.0.0.

Agreement
Adopt the text proposal for TS38.211 on cyclic shift / comb offset hopping subset bitmap:
	6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
where  and is the (+1)th entry and the cardinality of the set 

respectively, where  is given by the higher-layer parameter cyclicShiftHoppingSubset if configured, otherwise . The higher-layer parameter [cyclicShiftHoppingSubset] includes a bitmap of  bits with  bits being set to 1, where the (n+1)th bit being set to 1 corresponds to  
<Unchanged text is omitted>
6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
where  and is the (+1)th entry and the cardinality of the set 

respectively, where  is given by the higher-layer parameter combOffsetHoppingSubset if configured, otherwise . The higher-layer parameter [combOffsetHoppingSubset] includes a bitmap of  bits with  bits being set to 1, where the (n+1)th bit being set to 1 corresponds to 
<Unchanged text is omitted>


· Additional information
· Reason for change: The hopping subset is not described.
· Summary for change: Describe the hopping subset based on the configured RRC parameter. Also correct the array index of n to (n+1).
· Consequences if not approved: RAN1 specs may be incomplete and it is unclear how to interpret/use the configured RRC parameter.
· TP is for TS38.211 v18.0.0.

Agreement
SRS comb offset hopping / cyclic shift hopping can be configured for a SRS resource in a SRS resource set with usage ‘codebook’. 
· SRS comb offset hopping / cyclic shift hopping are not supported for a SRS resource in a SRS resource set with usage ‘nonCodebook’ or ‘beamManagement’.

Agreement
Adopt the text proposal for TS38.214 on cyclic shift hopping subset and finer granularity configuration:
	6.2.1	UE sounding procedure
	<Unchanged text is omitted>
	-	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]. When cyclic shift hopping is configured by the higher layer parameter [cyclicShiftHopping] for an SRS resource in an SRS resource set with the usage configured as ‘antennaSwitching’, subject to UE capabilities, cyclic shift is updated at every symbol as described in [clause 6,4,1,4 of [4, TS 38.211]]. For the cyclic shift hopping, a UE can be configured with a subset of cyclic shifts by the higher layer parameter [cyclicShiftHoppingSubset], where the cyclic shift hopping is performed only across the cyclic shifts configured in the subset. For the cyclic shift hopping, a UE can be configured with finer hopping granularity of  by the higher layer parameter [hoppingFinerGranularity]. The UE is not expecting that [hoppingFinerGranularity] is configured when [cyclicShiftHoppingSubset] is configured for an SRS resource. The UE is not expecting that the cyclic shift hopping and the higher layer parameter [tdm] are configured simultaneously for an SRS resource. 
<Unchanged text is omitted>


· Additional information
· Reason for change: Cyclic shift finer hopping granularity is not described in TS38.214, and the agreement that finer hopping granularity and hopping subset cannot be configured to the same SRS resource is not reflected.
· Summary for change: Describe the cyclic shift finer hopping granularity based on the configured RRC parameter. Add that finer hopping granularity and hopping subset cannot be configured to the same SRS resource. Also clarify that ‘configured simultaneously’ means ‘configured simultaneously for an SRS resource’.
· Consequences if not approved: RAN1 specs may be incomplete regarding cyclic shift finer hopping granularity.
· TP is for TS38.214 v18.0.0.

Agreement
Adopt the text proposal for TS38.211 on cyclic shift hopping finer granularity:
	6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
If the higher-layer parameter hoppingFinerGranularity is configured and the higher-layer parameter cyclicShiftHoppingSubset is not configured, , otherwise .
<Unchanged text is omitted>


· Additional information
· Reason for change: Finer hopping granularity and hopping subset cannot be configured to the same SRS resource, and thus the second part of the If condition should be removed.
· Summary for change: Remove ‘and the higher-layer parameter cyclicShiftHoppingSubset is not configured’.
· Consequences if not approved: Confusion may arise regarding the ‘otherwise’ part.
· TP is for TS38.211 v18.0.0.

Agreement
Adopt the text proposal for TS38.214 on the frequency hopping behavior when TDM or comb offset hopping is configured:
	6.2.1	UE SRS frequency hopping procedure
If for a SRS resource, the higher-layer parameter [tdm] is configured or higher-layer parameter [combOffsetHopping] is configured, the corresponding UE SRS frequency hopping procedure is specified in clause 6.4.1.4.3 of [4, TS 38.211]. If for a SRS resource, the higher-layer parameter [tdm] is not configured and higher-layer parameter [combOffsetHopping] is not configured, the UE SRS frequency hopping procedure is specified in clause 6.4.1.4.3 of [4, TS 38.211] and this clause.
<Unchanged text is omitted>


· Additional information
· Reason for change: TS38.214 Clause 6.2.1.1 describes the SRS frequency hopping procedure. However, the description covers only the cases without TDM and without comb offset hopping.
· Summary for change: Add description of SRS frequency hopping procedure with TDM or with comb offset hopping by referring to TS38.211.
· Consequences if not approved: TS38.214 Clause 6.2.1.1 is incomplete.
· TP is for TS38.214 v18.0.0.

Agreement
Adopt the text proposal for TS38.214 on removing the limitation of no more than one SRS resource set to be triggered/configured:
	6.2.1.2	UE sounding procedure for DL CSI acquisition
	<Unchanged text is omitted>
For 1T2R, 1T4R, 2T4R, 1T6R, 1T8R, 2T6R, 2T8R, or 4T8R, or 8T8R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same slot. For 1T=1R, 2T=2R 4T=4R, or 8T=8R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same symbol.
	<Unchanged text is omitted>


· Additional information
· Reason for change: The per-slot restriction for antennaSwitching applies to xTyR where x<y, but 8T8R was included.
· Summary for change: Remove 8T8R from the per-slot restriction.
· Consequences if not approved: Unnecessary restriction for 8T8R.
· TP is for TS38.214 v18.0.0.

Agreement
Adopt the text proposal for TS38.214 on allowing 2 SP SRS resource sets for 8T8R per UE capability:
	6.2.1.2	UE sounding procedure for DL CSI acquisition
	<Unchanged text is omitted>
-	For 1T=1R, or 2T=2R, 4T=4R or 8T=8R, up to two SRS resource sets each with one SRS resource can be configured, where the number of SRS ports for each resource is equal to 1, 2, 4 or 8 if the UE is not indicating srs-AntennaSwitching2SP-1Periodic. Two SRS resource sets configured with resourceType in SRS-ResourceSet set to 'semi-persistent' and one SRS resource set configured with resourceType in SRS-ResourceSet set to 'periodic' can be configured and the two SRS resource sets configured with 'semi-persistent' are not activated at the same time, or up to two SRS resource sets can be configured, if the UE is indicating srs-AntennaSwitching2SP-1Periodic or [srs-AntennaSwitching2SP-1Periodic8T8R], where each SRS resource set has one SRS resource, the number of SRS ports for each resource is equal to 1, 2, 4[, or 8] or
	<Unchanged text is omitted>


· Additional information
· Reason for change: It was agreed that 8T8R can have the same maximum number of SRS resource sets configured.
· Summary for change: Remove the brackets for 8 ports, and add the capability for 8T8R with 2 semi-persistent and 1 periodic SRS resource set.
· Consequences if not approved: Incomplete support for 8T8R.
· TP is for TS38.214 v18.0.0.

Conclusion
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ / ‘antennaSwitching’ and with TDM factor s = 2, the 8 ports being fully/partially coherent, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped, the UE still transmits the SRS on the rest of OFDM symbols within the group of {1, 2, …, s}. 
· Above does not imply that UE can or cannot maintain phase coherence from partially dropped SRS resource to the next PUSCH transmission
· (Agreement) Prepare a LS to inform RAN4 and ask if the UE can or cannot maintain phase coherence
No additional RAN1 spec change will be introduced to support this feature
LS to RAN4 is endorsed in R1-2310645

In this contribution, we will discuss the remaining issues for SRS enhancement in Rel-18.
Discussion
· Issue #1
In RAN1#113 meeting, the following was agreed for SRS power scaling of 8 ports TDMed SRS. 
	Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, the UE splits a linear value  of SRS transmission power equally across the SRS ports configured on each OFDM symbol, if the UE is capable of transmitting at  per OFDM symbol with 8/s ports, where  is specified in the current specifications.
· Note: This may be captured in the specification in a few different but equivalent ways, and it is up to the editor to decide.


In current 38.213, the UE splits a linear value of SRS transmission power equally across the SRS ports configured on each OFDM symbol. However, this can only be applied to a UE capable of transmitting at  per OFDM symbol. For a UE without this capability, the UE behaviour should also be defined, otherwise the transmit power in one symbol may exceed the maximal power supported by UE. Considering the limited time for maintenance, a simple solution with minimized standardization effort is preferred. For example, TDM-based 8Tx SRS (s=2) is not supported by UE not capable of transmitting at PCMAX per OFDM symbol with 8/s ports. This can be captured in 38.213 or UE capability of TDMed 8 ports SRS.
Proposal: A UE supporting TDMed 8 ports SRS should be able to transmit at  per OFDM symbol with 4 ports.
· Issue #2
Reason for change: For TDMed SRS transmission, different SRS symbol may be overlapped with different signal in time domain. If the total power in the overlap symbol exceeds the maximal power UE supported, power scaling is possible for the SRS ports in overlapped symbol. In this case, the power imbalance among ports would impact the performance of UL CSI measurement. It is expected that the power scaling is applied to both symbols and the same transmit power can be ensured for the two symbols. 
Summary of change: Add a restriction that the same transmit power is expected for the s symbols of an TDMed SRS resource.
Consequences if not approved: There may be power imbalance among SRS ports in different symbols, which would impact the CSI measurement. 
Text proposal for 38.213:
	[bookmark: _Toc12021449][bookmark: _Toc20311561][bookmark: _Toc26719386][bookmark: _Toc29894817][bookmark: _Toc29899116][bookmark: _Toc29899534][bookmark: _Toc29917271][bookmark: _Toc36498145][bookmark: _Toc45699171][bookmark: _Toc146214394]7.3	Sounding reference signals
For SRS, 
-	if a UE is provided tdm for an SRS resource with 8 ports in an SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, the UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports on each symbol for SRS transmission, and the same transmit power is expected for the s symbols of an SRS resource.
-	else, a UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports for SRS. 



Conclusion
In this contribution, we discuss the remaining issues for SRS enhancement in Rel-18 with one TP and one proposal. 
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