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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In Rel-18, enhancements on downlink MIMO that facilitate the use of large antenna array, for both FR1 and FR2, are needed to fulfil the demand for evolution of NR deployments. As coherent joint transmission (CJT) improves coverage and average throughput in commercial deployments with high-performance backhaul and synchronization, enhancement on CSI acquisition for FDD and TDD, targeting FR1, can be beneficial in expanding the utility of multi-TRP deployments. SRS enhancement targeting TDD coherent JT is agreed as part of MIMO enhancement and corresponding objective is described in the approved WID [1]. In Rel-18, it is important to identify and specify necessary enhancements for uplink MIMO. As advanced UEs (e.g., CPE, FWA, vehicle, industrial devices) become more relevant, introducing necessary enhancements to support 8 antenna ports as well as 4 and more layers for UL transmission can offer the needed improvement for UL coverage and average throughput. SRS enhancement for 8Tx is agreed as part of MIMO enhancement and corresponding objective is described in the approved WID [1]. 
In this contribution, we provide our views on maintenance for SRS enhancement targeting TDD CJT and 8 TX operation.
Discussion on SRS enhancement targeting TDD CJT
In RAN1 #114 meeting, the following agreements were made for SRS enhancement for CJT [2]:
	Agreement
When finer time-delay-domain granularity for SRS cyclic shift hopping is configured, K is 2
· FFS (to be decided this week) Support of K=4
Agreement
For the SRS hopping formula in cyclic shift hopping or comb offset hopping except for SRS configured with TDM, let  and :
· For cyclic shift hopping: , where , and
· , 
· If cyclicShiftHoppingSubset is not configured, .  
· If cyclicShiftHoppingFinerGranularity is not configured,  and .
· If cyclicShiftHoppingFinerGranularity is configured, , and 
· If cyclicShiftHoppingSubset is configured,  denotes the th element of the configured subset,  is the number of elements in the subset, and .
· For comb offset hopping: , where , and
· , 
·  if  or UE is provided with combOffsetHoppingWithRepetition=Per-symbol; otherwise,  is the OFDM symbol index of the first symbol across the R repetitions within the slot.
· If combOffsetHoppingSubset is not configured, , and .
· If combOffsetHoppingSubset is configured,  denotes the th element of the configured subset, and  is the number of elements in the subset.
Agreement
When finer time-delay-domain granularity for SRS cyclic shift hopping is configured, K = 4 is not supported.
Agreement
When a subset of comb offsets for comb offset hopping is configured, and when a subset of cyclic shifts for cyclic shift hopping is configured, support the following option for configuring the subset S={S(0), S(1), …, S(z-1)} with , where  for comb offset hopping and  for cyclic shift hopping, and:
· Option 1b: S(0), S(1), …, S(z-1) are configured via a Z-length bitmap with S(i-1) being the i-th bit set as 1.


In the remainder of this section, we provide our views on maintenance for SRS enhancement for TDD CJT, based on the latest specification and agreements in the Rel-18 RAN WG1 meetings.
TP on resourceType for SRS with CS and Comb offset hopping  
In RAN1#112b and # RAN1#113, there is hot discussion on whether SRS comb offset hopping and/or cyclic shift hopping can be applicable to SRS with usage of ‘codebook’, ‘nonCodebook’, or ‘beamManagement’. But there is no consensus based on the situation for discussion. In other words, SRS comb offset hopping and/or cyclic shift hopping can be only applicable to SRS with usage of ‘antennaSwitching’. In current description for SRS comb offset hopping and/or cyclic shift hopping in TS 38.211 [3], there is no restriction on SRS usage for specifying comb offset hopping and/or cyclic shift hopping. Thus, the condition of usage ‘antennaSwitching’ can be added to align with the situation on SRS application range for comb offset hopping and/or cyclic shift hopping. Based on the above discussion, we propose:
Adopt the text proposal 1 on resourceType for SRS with CS and Comb offset hopping: 
	Text Proposal 1 for TS 38.211
[bookmark: _Toc19796473][bookmark: _Toc26459699][bookmark: _Toc29230349][bookmark: _Toc36026608][bookmark: _Toc45107447][bookmark: _Toc51774116][bookmark: _Toc106014807]6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter cyclicShiftHopping is not configured:

· If the higher-layer parameter cyclicShiftHopping is configured when the higher-layer parameter usage in the SRS-ResourceSet is configured as ‘antennaSwitching’:

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 . 
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.
If the higher-layer parameter hoppingFinerGranularity is configured and the higher-layer parameter cyclicShiftHoppingSubset is not configured, , otherwise .
<Unchanged text is omitted>
[bookmark: _Toc19796474][bookmark: _Toc26459700][bookmark: _Toc29230350][bookmark: _Toc36026609][bookmark: _Toc45107448][bookmark: _Toc51774117][bookmark: _Toc106014808]6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured when the higher-layer parameter usage in the SRS-ResourceSet is configured as ‘antennaSwitching’:

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 . 
[bookmark: _Hlk144819397]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.
If the higher-layer parameter hoppingWithRepetition is configured, , otherwise .
<Unchanged text is omitted>



TP on subset restriction
In RAN1#114, it was agreed that S(0), S(1), …, S(z-1) are configured via a Z-length bitmap with S(i-1) being the i-th bit set as 1 for configuring the subset S={S(0), S(1), …, S(z-1)} with , where  for comb offset hopping and  for cyclic shift hopping. However, the values in the subset are given by high layer parameter cyclicShiftHoppingSubset, combOffsetHoppingSubset based on description of TS 38.211 [3]. This is not accurate since the values in the subset are not explicitly indicated but implicitly indicated by the bitmap. Moreover, the details on the bitmap in RAN1 agreement is not captured. Thus, we propose to show clear relation between the values in the subset and high layer parameter and to capture detail information on bitmap agreed in RAN1. Based on the above discussion, we propose:
Adopt the text proposal 2 on subset restriction: 
	Text Proposal 2 for TS 38.211
6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter cyclicShiftHopping is not configured:

· If the higher-layer parameter cyclicShiftHopping is configured:

where  and is the th entry and the cardinality of the set 

respectively, where  is determinedgiven based on the bitmap indicated by the higher-layer parameter cyclicShiftHoppingSubset if configured, otherwise . For the bitmap, the length is  and the bit with index  is the i-th bit set as 1.
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.
If the higher-layer parameter hoppingFinerGranularity is configured and the higher-layer parameter cyclicShiftHoppingSubset is not configured, , otherwise .
<Unchanged text is omitted>
6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured:

where  and is the th entry and the cardinality of the set 
respectively, where  is determinedgiven based on the bitmap indicated by the higher-layer parameter combOffsetHoppingSubset if configured, otherwise . For the bitmap, the length is  and the bit with index  is the i-th bit set as 1.
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.
If the higher-layer parameter hoppingWithRepetition is configured, , otherwise .
<Unchanged text is omitted>



TP on hopping ID for CS hopping and/or Comb offset hopping
In RAN1#112, it was agreed that the hopping pattern initialization ID determined by , where  is a new ID for cyclic shift hopping and/or comb offset hopping. There is only one new ID for cyclic shift hopping and/or comb offset hopping. However, two different values, i.e. ,  are used in TS 38.211 [3]. Thus, we propose to change  and  to  to align with RAN1 agreement. Moreover, the RRC parameter for the new hopping ID is contained in the SRS-Resource and the name is hoppingId based on the latest RRC parameter list. It is not accurate for the description “the comb hopping identity  is contained in the higher-layer parameter combOffsetHopping” since comb hopping identity is not included in the higher-layer parameter combOffsetHopping but configured by the higher-layer parameter hoppingId. Similar situation happens for the description on new hopping ID for cyclic shift hopping. Based on the above discussion, we propose:
Adopt the text proposal 3 on hopping ID for CS hopping and/or Comb offset hopping:  
	Text Proposal 3 for TS 38.211
6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter cyclicShiftHopping is not configured:

· If the higher-layer parameter cyclicShiftHopping is configured:

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 . 
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 configured bycontained in the higher-layer parameter cyclicShiftHoppinghoppingId.
If the higher-layer parameter hoppingFinerGranularity is configured and the higher-layer parameter cyclicShiftHoppingSubset is not configured, , otherwise .
<Unchanged text is omitted>
6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured:

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 . 
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 configured bycontained in the higher-layer parameter combOffsetHoppinghoppingId.
If the higher-layer parameter hoppingWithRepetition is configured, , otherwise .
<Unchanged text is omitted>




TP on RRC parameter names for hopping with finer granularity and comb offset hopping with repetition
In TS 38.211 [3], the higher-layer parameter for enabling CS hopping with finer granularity is denoted as ‘hoppingFinerGranularity’. The higher-layer parameter for configuring comb offset hopping time-domain hopping behavior for repetition factor R>1 is denoted as ‘hoppingWithRepetition’. However, the parameter name ‘combOffsetHoppingWithRepetition’ and ‘cyclicShiftHoppingFinerGranularity’ are used in the latest RRC parameter list [4] for these two higher-layer parameters. Thus, we need update these two RRC parameter names. Based on the above discussion, we propose:  
Adopt the text proposal 4 for updating the RRC parameter names for hopping with finer granularity and comb offset hopping with repetition:  
	Text Proposal 4 for TS 38.211
6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter cyclicShiftHopping is not configured:

· If the higher-layer parameter cyclicShiftHopping is configured:

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 . 
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.
If the higher-layer parameter hoppingFinerGranularitycyclicShiftHoppingFinerGranularity is configured and the higher-layer parameter cyclicShiftHoppingSubset is not configured, , otherwise .
<Unchanged text is omitted>
6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured:

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 . 
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.
If the higher-layer parameter hoppingWithRepetitioncombOffsetHoppingWithRepetition is configured, , otherwise .
<Unchanged text is omitted>



TP on finer granularity CS hopping
In RAN1#113, it was agreed that the finer granularity above only applies to the cyclic shift offsets when cyclic shift hopping is enabled and this feature cannot be configured if a subset for cyclic shifts is configured. In T38 38.214 [5], the UE behavior for CS hopping with finer granularity is missing when cyclicShiftHoppingFinerGranularity is configured. We prefer to add the related description. Thus, we propose:
Adopt the text proposal 5 for including UE haviour for finer granularity cyclic shift hopping:  
	Text Proposal 5 for TS 38.214
6.2.1	UE sounding procedure
<Unchanged text is 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.
-	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 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, can be configured by the higher layer parameter availableSlotOffsetList. The parameter availableSlotOffsetList 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.
-  Support of time division mapping subsets of ports of the SRS resource into S symbols (S=2), as defined by the higher layer parameter [tdm], where the SRS ports are evenly distributed in two symbols. This applies when the SRS resource set is configured with higher layer parameter usage in SRS-ResourceSet set to ‘codebook’, or ‘antennaSwitching’, and nrofSRS-Ports is set to ‘n8’.
-	Comb offset hopping pattern with repetition, as defined by the higher layer parameter [combOffsetHoppingWithRepetition], where the parameter can be set to either ‘[per-symbol]’ or ‘[per-R-repetition]’ subject to UE capability. When the parameter is set to ‘[per-symbol]’, the comb offset hopping pattern is determined by the symbol index, and the comb offset hopping pattern is determined by the symbol index of the first symbol of the repetition when the parameter is set to ‘[per-R-repetition]’. 
-	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 khop 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 khop 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]. 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. When higher layer parameter cyclicShiftHoppingSubset is not configured, a UE can be configured the higher layer parameter cyclicShiftHoppingFinerGranularity, where cyclic shift hopping with finer granularity with K=2 is performed as described in clause 6.4.1.4 of [4, TS 38.211]. The UE is not expecting that the cyclic shift hopping and the higher layer parameter [tdm] are configured simultaneously
-	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]. When comb offset hopping is configured by the higher layer parameter [combOffsetHopping] for an SRS resource in an SRS resource set with the usage configured as ‘antennaSwitching’, subject to UE capabilities, transmission comb offset(s) are updated as described in [clause 6,4,1,4 of [4, TS 38.211]]. For the comb offset hopping, a UE can be configured with a subset of comb offsets by the higher layer parameter [combOffsetHoppingSubset], where the comb offset hopping is performed only across the comb offsets configured in the subset. The UE is not expecting that the comb offset hopping and the higher layer parameter [tdm] are configured simultaneously. 
-	SRS sequence ID, as defined by the higher layer parameter sequenceId in clause 6.4.1.4 of [4, TS 38.211].
-	SRS cyclic shift and/or comb offset hopping ID, as defined by the higher layer parameter [hoppingID]
-	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 dl-OrJointTCI-StateList or ul-TCI-StateList, the reference RS may additionally be an SS/PBCH block associated with a PCI different from the PCI of the serving cell.
<Unchanged text is omitted>



TP on CS/Comb offset hopping combined with group/sequence hopping
In RAN1#112b, it was agreed that whether SRS comb offset hopping can be combined with one of group /sequence hopping on a SRS resource depends on UE feature/capability design. In RAN1#113, it was agreed that whether SRS cyclic shift hopping can be combined with one of group/sequence hopping on a SRS resource depends on UE feature/capability design. In TS 38.214 [5], the description is missing, which is related with UE behavior for SRS comb offset hopping and SRS cyclic shift hopping combined with one of group/sequence hopping on a SRS resource. We prefer to add the related description. Thus, we propose:
Adopt the text proposal 6 for including UE haviour for CS/Comb offset hopping combined with group/sequence hopping:  
	Text Proposal 6 for TS 38.214
[bookmark: _Toc11352157][bookmark: _Toc20318047][bookmark: _Toc27299945][bookmark: _Toc29673219][bookmark: _Toc29673360][bookmark: _Toc29674353][bookmark: _Toc36645583][bookmark: _Toc45810632][bookmark: _Toc130409839]6.2.1	UE sounding procedure
<Unchanged text is 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 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, can be configured by the higher layer parameter availableSlotOffsetList. The parameter availableSlotOffsetList 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.
-  Support of time division mapping subsets of ports of the SRS resource into S symbols (S=2), as defined by the higher layer parameter [tdm], where the SRS ports are evenly distributed in two symbols. This applies when the SRS resource set is configured with higher layer parameter usage in SRS-ResourceSet set to ‘codebook’, or ‘antennaSwitching’, and nrofSRS-Ports is set to ‘n8’.
-	Comb offset hopping pattern with repetition, as defined by the higher layer parameter [combOffsetHoppingWithRepetition], where the parameter can be set to either ‘[per-symbol]’ or ‘[per-R-repetition]’ subject to UE capability. When the parameter is set to ‘[per-symbol]’, the comb offset hopping pattern is determined by the symbol index, and the comb offset hopping pattern is determined by the symbol index of the first symbol of the repetition when the parameter is set to ‘[per-R-repetition]’. 
-	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 khop 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 khop 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]. 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. The UE is not expecting that the cyclic shift hopping and the higher layer parameter [tdm] are configured simultaneously. The UE can be configured with SRS cyclic shift hopping combined with one of group/sequence hopping on an SRS resource subject to UE capability.
-	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]. When comb offset hopping is configured by the higher layer parameter [combOffsetHopping] for an SRS resource in an SRS resource set with the usage configured as ‘antennaSwitching’, subject to UE capabilities, transmission comb offset(s) are updated as described in [clause 6,4,1,4 of [4, TS 38.211]]. For the comb offset hopping, a UE can be configured with a subset of comb offsets by the higher layer parameter [combOffsetHoppingSubset], where the comb offset hopping is performed only across the comb offsets configured in the subset. The UE is not expecting that the comb offset hopping and the higher layer parameter [tdm] are configured simultaneously. The UE can be configured with SRS comb offset hopping combined with one of group/sequence hopping on an SRS resource subject to UE capability.
-	SRS sequence ID, as defined by the higher layer parameter sequenceId in clause 6.4.1.4 of [4, TS 38.211].
-	SRS cyclic shift and/or comb offset hopping ID, as defined by the higher layer parameter [hoppingID]
-	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 dl-OrJointTCI-StateList or ul-TCI-StateList, the reference RS may additionally be an SS/PBCH block associated with a PCI different from the PCI of the serving cell.
<Unchanged text is omitted>




Remaining issues on SRS enhancement for 8Tx UL operation
TP on RRC parameter name for SRS resource with 8 ports with TDM
For SRS resource configured with 8 ports, whether TDM scheme is configured by configured a higher layer parameter tdm set to enabled according to the agreed higher layer parameters list. However, another parameter ports8tdm is used in TS38.211. To align with the agreed RRC parameters list, we propose:
Adopt the text proposal 7 on RRC parameter name for SRS resource with 8 ports with TDM:
	Text Proposal 7 for TS 38.211
--------------------------------------------unchanged parts are omitted --------------------------------------------
6.4.1.4.2	Sequence generation
The sounding reference signal sequence for an SRS resource shall be generated according to
	
	
[bookmark: _Hlk136870708]	
where  is given by clause 6.4.1.4.3,  is given by clause 5.2.2 with  and the transmission comb number  is contained in the higher-layer parameter transmissionComb. The quantity  is the OFDM symbol number within the SRS resource.
The quantity  is given by
-	if the higher-layer parameter nrofSRS-Ports-n8 equals ports8tdm nrofSRS-Ports is set to ‘n8’ and higher-layer parameter tdm is set to ‘enabled’

-	otherwise

The cyclic shift  for antenna port  is given as 

where

where  is contained in the higher layer parameter transmissionComb. The maximum number of cyclic shifts  is given by Table 6.4.1.4.2-1.
[bookmark: _Hlk144502516]The quantities  and  are given by
[bookmark: _Hlk144819461]-	if the higher-layer parameter nrofSRS-Ports-n8 equals ports8tdm nrofSRS-Ports is set to ‘n8’ and higher-layer parameter tdm is set to ‘enabled’.

-	otherwise 
--------------------------------------------unchanged parts are omitted --------------------------------------------

6.4.1.4.3	Mapping to physical resources
--------------------------------------------unchanged parts are omitted --------------------------------------------
If , frequency hopping is enabled and the frequency position indices  are defined by

where  is given by Table 6.4.1.4.3-1,


and where  regardless of the value of . The quantity  counts the number of SRS transmissions. For the case of an SRS resource configured as aperiodic by the higher-layer parameter resourceType, it is given by  within the slot in which the  symbol SRS resource is transmitted. The quantity  is given by  if the higher-layer parameter nrofSRS-Ports-n8 equals ports8tdm nrofSRS-Ports is set to ‘n8’ and higher-layer parameter tdm is set to ‘enabled’, otherwise . The quantity  is the repetition factor given by the field repetitionFactor if configured, otherwise .
--------------------------------------------unchanged parts are omitted --------------------------------------------



TP on 8T8R SRS resource sets for antenna switching
Similar with SRS for antenna switching specified in Rel-17, the restriction “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” should only applied to the case the xTyR with x<y, thus 8T8R should be excluded for this case. Based on the above discussion, we propose:
Adopt the text proposal 8 on 8T8R SRS resource sets for antenna switching:
	Text Proposal 8 for TS 38.214
[bookmark: _Toc11352159][bookmark: _Toc20318049][bookmark: _Toc27299947][bookmark: _Toc29673221][bookmark: _Toc29673362][bookmark: _Toc29674355][bookmark: _Toc36645585][bookmark: _Toc45810634][bookmark: _Toc130409841]6.2.1.2	UE sounding procedure for DL CSI acquisition
--------------------------------------------unchanged parts are 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 parts are omitted --------------------------------------------


Dropping rule for 8-port SRS resource with TDM factor s=2
Another issue is how to handle the case when part of SRS resource with TDM factor s = 2 is dropped. With Rel-17 specifcation, the UE only drop the conflicting symbols and the remianing symbols are still transmitted. The situation is the same as the SRS transmission for antenna switching over multiple symbols. With the remianing undropped symbols, the gNB can still obtain partial channel informance for UL or DL scheduling. When the other parts of the SRS resource in other repetitions can be transmitted, the gNB can obtain the full channel for UL scheduling or for DL scheduling. In other words, there is no need to drop all the SRS symbols for a SRS resource.
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, 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 remianing SRS symbols are still transmitted.

Conclusion
In this contribution document, we show our views on SRS enhancement targeting CJT scenarios, as well as 8Tx UL operation. Based on the discussion points in the document, we have the following proposals:
1. Adopt the text proposal 1 on resourceType for SRS with CS and Comb offset hopping: 
	Text Proposal 1 for TS 38.211
6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter cyclicShiftHopping is not configured:

· If the higher-layer parameter cyclicShiftHopping is configured when the higher-layer parameter usage in the SRS-ResourceSet is configured as ‘antennaSwitching’:

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 . 
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.
If the higher-layer parameter hoppingFinerGranularity is configured and the higher-layer parameter cyclicShiftHoppingSubset is not configured, , otherwise .
<Unchanged text is omitted>
6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured when the higher-layer parameter usage in the SRS-ResourceSet is configured as ‘antennaSwitching’:

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 . 
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.
If the higher-layer parameter hoppingWithRepetition is configured, , otherwise .
<Unchanged text is omitted>


Adopt the text proposal 2 on subset restriction: 
	Text Proposal 2 for TS 38.211
6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter cyclicShiftHopping is not configured:

· If the higher-layer parameter cyclicShiftHopping is configured:

where  and is the th entry and the cardinality of the set 

respectively, where  is determinedgiven based on the bitmap indicated by the higher-layer parameter cyclicShiftHoppingSubset if configured, otherwise . For the bitmap, the length is  and the bit with index  is the i-th bit set as 1.
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.
If the higher-layer parameter hoppingFinerGranularity is configured and the higher-layer parameter cyclicShiftHoppingSubset is not configured, , otherwise .
<Unchanged text is omitted>
6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured:

where  and is the th entry and the cardinality of the set 
respectively, where  is determinedgiven based on the bitmap indicated by the higher-layer parameter combOffsetHoppingSubset if configured, otherwise . For the bitmap, the length is  and the bit with index  is the i-th bit set as 1.
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.
If the higher-layer parameter hoppingWithRepetition is configured, , otherwise .
<Unchanged text is omitted>


Adopt the text proposal 3 on hopping ID for CS hopping and/or Comb offset hopping:  
	Text Proposal 3 for TS 38.211
6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter cyclicShiftHopping is not configured:

· If the higher-layer parameter cyclicShiftHopping is configured:

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 . 
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 configured bycontained in the higher-layer parameter cyclicShiftHoppinghoppingId.
If the higher-layer parameter hoppingFinerGranularity is configured and the higher-layer parameter cyclicShiftHoppingSubset is not configured, , otherwise .
<Unchanged text is omitted>
6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured:

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 . 
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 configured bycontained in the higher-layer parameter combOffsetHoppinghoppingId.
If the higher-layer parameter hoppingWithRepetition is configured, , otherwise .
<Unchanged text is omitted>


Adopt the text proposal 4 for updating the RRC parameter names for hopping with finer granularity and comb offset hopping with repetition:  
	Text Proposal 4 for TS 38.211
6.4.1.4.2	Sequence generation
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter cyclicShiftHopping is not configured:

· If the higher-layer parameter cyclicShiftHopping is configured:

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 . 
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.
If the higher-layer parameter hoppingFinerGranularitycyclicShiftHoppingFinerGranularity is configured and the higher-layer parameter cyclicShiftHoppingSubset is not configured, , otherwise .
<Unchanged text is omitted>
6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured:

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 . 
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.
If the higher-layer parameter hoppingWithRepetitioncombOffsetHoppingWithRepetition is configured, , otherwise .
<Unchanged text is omitted>


Adopt the text proposal 5 for including UE haviour for finer granularity cyclic shift hopping:  
	Text Proposal 5 for TS 38.214
6.2.1	UE sounding procedure
<Unchanged text is 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.
-	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 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, can be configured by the higher layer parameter availableSlotOffsetList. The parameter availableSlotOffsetList 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.
-  Support of time division mapping subsets of ports of the SRS resource into S symbols (S=2), as defined by the higher layer parameter [tdm], where the SRS ports are evenly distributed in two symbols. This applies when the SRS resource set is configured with higher layer parameter usage in SRS-ResourceSet set to ‘codebook’, or ‘antennaSwitching’, and nrofSRS-Ports is set to ‘n8’.
-	Comb offset hopping pattern with repetition, as defined by the higher layer parameter [combOffsetHoppingWithRepetition], where the parameter can be set to either ‘[per-symbol]’ or ‘[per-R-repetition]’ subject to UE capability. When the parameter is set to ‘[per-symbol]’, the comb offset hopping pattern is determined by the symbol index, and the comb offset hopping pattern is determined by the symbol index of the first symbol of the repetition when the parameter is set to ‘[per-R-repetition]’. 
-	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 khop 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 khop 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]. 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. When higher layer parameter [cyclicShiftHoppingSubset] is not configured, a UE can be configured the higher layer parameter [cyclicShiftHoppingFinerGranularity], where cyclic shift hopping with finer granularity with K=2 is performed as described in [clause 6.4.1.4 of [4, TS 38.211]]. The UE is not expecting that the cyclic shift hopping and the higher layer parameter [tdm] are configured simultaneously
-	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]. When comb offset hopping is configured by the higher layer parameter [combOffsetHopping] for an SRS resource in an SRS resource set with the usage configured as ‘antennaSwitching’, subject to UE capabilities, transmission comb offset(s) are updated as described in [clause 6,4,1,4 of [4, TS 38.211]]. For the comb offset hopping, a UE can be configured with a subset of comb offsets by the higher layer parameter [combOffsetHoppingSubset], where the comb offset hopping is performed only across the comb offsets configured in the subset. The UE is not expecting that the comb offset hopping and the higher layer parameter [tdm] are configured simultaneously. 
-	SRS sequence ID, as defined by the higher layer parameter sequenceId in clause 6.4.1.4 of [4, TS 38.211].
-	SRS cyclic shift and/or comb offset hopping ID, as defined by the higher layer parameter [hoppingID]
-	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 dl-OrJointTCI-StateList or ul-TCI-StateList, the reference RS may additionally be an SS/PBCH block associated with a PCI different from the PCI of the serving cell.
<Unchanged text is omitted>


Adopt the text proposal 6 for including UE haviour for CS/Comb offset hopping combined with group/sequence hopping:  
	Text Proposal 6 for TS 38.214
6.2.1	UE sounding procedure
<Unchanged text is 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.
-	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 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, can be configured by the higher layer parameter availableSlotOffsetList. The parameter availableSlotOffsetList 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.
-  Support of time division mapping subsets of ports of the SRS resource into S symbols (S=2), as defined by the higher layer parameter [tdm], where the SRS ports are evenly distributed in two symbols. This applies when the SRS resource set is configured with higher layer parameter usage in SRS-ResourceSet set to ‘codebook’, or ‘antennaSwitching’, and nrofSRS-Ports is set to ‘n8’.
-	Comb offset hopping pattern with repetition, as defined by the higher layer parameter [combOffsetHoppingWithRepetition], where the parameter can be set to either ‘[per-symbol]’ or ‘[per-R-repetition]’ subject to UE capability. When the parameter is set to ‘[per-symbol]’, the comb offset hopping pattern is determined by the symbol index, and the comb offset hopping pattern is determined by the symbol index of the first symbol of the repetition when the parameter is set to ‘[per-R-repetition]’. 
-	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 khop 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 khop 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]. 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. The UE is not expecting that the cyclic shift hopping and the higher layer parameter [tdm] are configured simultaneously. The UE can be configured with SRS cyclic shift hopping combined with one of group/sequence hopping on an SRS resource subject to UE capability.
-	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]. When comb offset hopping is configured by the higher layer parameter [combOffsetHopping] for an SRS resource in an SRS resource set with the usage configured as ‘antennaSwitching’, subject to UE capabilities, transmission comb offset(s) are updated as described in [clause 6,4,1,4 of [4, TS 38.211]]. For the comb offset hopping, a UE can be configured with a subset of comb offsets by the higher layer parameter [combOffsetHoppingSubset], where the comb offset hopping is performed only across the comb offsets configured in the subset. The UE is not expecting that the comb offset hopping and the higher layer parameter [tdm] are configured simultaneously. The UE can be configured with SRS comb offset hopping combined with one of group/sequence hopping on an SRS resource subject to UE capability.
-	SRS sequence ID, as defined by the higher layer parameter sequenceId in clause 6.4.1.4 of [4, TS 38.211].
-	SRS cyclic shift and/or comb offset hopping ID, as defined by the higher layer parameter [hoppingID]
-	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 dl-OrJointTCI-StateList or ul-TCI-StateList, the reference RS may additionally be an SS/PBCH block associated with a PCI different from the PCI of the serving cell.
<Unchanged text is omitted>


Adopt the text proposal 7 on RRC parameter name for SRS resource with 8 ports with TDM:
	Text Proposal 7 for TS 38.211
--------------------------------------------unchanged parts are omitted --------------------------------------------
6.4.1.4.2	Sequence generation
The sounding reference signal sequence for an SRS resource shall be generated according to
	
	
	
where  is given by clause 6.4.1.4.3,  is given by clause 5.2.2 with  and the transmission comb number  is contained in the higher-layer parameter transmissionComb. The quantity  is the OFDM symbol number within the SRS resource.
The quantity  is given by
-	if the higher-layer parameter nrofSRS-Ports-n8 equals ports8tdm nrofSRS-Ports is set to ‘n8’ and higher-layer parameter tdm is set to ‘enabled’

-	otherwise

The cyclic shift  for antenna port  is given as 

where

where  is contained in the higher layer parameter transmissionComb. The maximum number of cyclic shifts  is given by Table 6.4.1.4.2-1.
The quantities  and  are given by
-	if the higher-layer parameter nrofSRS-Ports-n8 equals ports8tdm nrofSRS-Ports is set to ‘n8’ and higher-layer parameter tdm is set to ‘enabled’.

-	otherwise 
--------------------------------------------unchanged parts are omitted --------------------------------------------

6.4.1.4.3	Mapping to physical resources
--------------------------------------------unchanged parts are omitted --------------------------------------------
If , frequency hopping is enabled and the frequency position indices  are defined by

where  is given by Table 6.4.1.4.3-1,


and where  regardless of the value of . The quantity  counts the number of SRS transmissions. For the case of an SRS resource configured as aperiodic by the higher-layer parameter resourceType, it is given by  within the slot in which the  symbol SRS resource is transmitted. The quantity  is given by  if the higher-layer parameter nrofSRS-Ports-n8 equals ports8tdm nrofSRS-Ports is set to ‘n8’ and higher-layer parameter tdm is set to ‘enabled’, otherwise . The quantity  is the repetition factor given by the field repetitionFactor if configured, otherwise .
--------------------------------------------unchanged parts are omitted --------------------------------------------


Adopt the text proposal 8 on 8T8R SRS resource sets for antenna switching:
	Text Proposal 8 for TS 38.214
6.2.1.2	UE sounding procedure for DL CSI acquisition
--------------------------------------------unchanged parts are 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 parts are omitted --------------------------------------------


For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, 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 remianing SRS symbols are still transmitted.
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