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Introduction
The Rel-18 WID [1] includes the following objectives regarding the SRS enhancements.
	4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.



This contribution provides our views on SRS enhancement for time-division duplex (TDD) coherent joint transmission (CJT) and 8 Tx UL operations.

SRS enhancement for interference management in TDD CJT
In TDD, SRS transmissions from UEs are a main source for CSI acquisition at gNB as to both of UL and DL channels. SRS transmissions, however, can be more congested in a multi-TRP (mTRP) scenario wherein a gNB controlling mTRP capable of CJT can support more UEs (associated with a given cell ID) and need more frequent CSI acquisition. This can result in increasing the possibility of scheduling SRS resources for multiple UEs that are overlapping in given time and frequency resources. Therefore, potential interference across SRS transmissions from multiple UEs can be severe in congested mTRP scenarios, and thus an SRS enhancement could be needed to manage inter-TRP / cross-SRS interference targeting TDD CJT.

1.1 Text proposal for cyclic shift hopping and comb-offset hopping
For Clause 6.4.1.4.2 in TS38.211, the following specification sentence can be revised considering the below aspects.
· Indication for a correct index of entry in the hopping subset for cyclic shift hopping or comb-offset hopping is needed.
· Comb-offset hopping value  shall be located in the inside of parenthesis including original comb-offset location  and additional comb-offset value for positioning SRS .
· RRC parameter for hopping identity is clarified.

Proposal 1: Support the following TP for Clause 6.4.1.4.2 in TS38.211.
	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 provided by hoppingId 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 parts are omitted >

< Unchanged parts are 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 . 
[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 provided by hoppingId contained in the higher-layer parameter combOffsetHopping.
	If the higher-layer parameter hoppingWithRepetition is configured, , otherwise .




Proposal 2: Support the following TP for Clause 6.4.1.4.2 in TS38.211.
	-	SRS cyclic shift and/or comb offset hopping ID, as defined by the higher layer parameter [hoppingID] contained in cyclicShiftHopping and/or combOffsetHopping, respectively.




1.2 Text proposal for restriction between configurations for subset and finer granularity
In RAN1#113 [2], we concluded that if a subset for cyclic shifts is configured, cyclic shift with finer granularity cannot be configured. We would like to add a corresponding sentence for Clause 6.2.1 in TS38.214. Also, a RRC parameter supporting TDMed port mapping for 8-port SRS is replaced.

Proposal 3: Support the following TP for Clause 6.2.1 in TS38.214.
	-	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]nrofSRS-Ports-n8 are configured simultaneously. If a UE is configured with [cyclicShiftHoppingSubset], the UE is not expecting to be configured with [hoppingFinerGranularity].




1.3 Text proposal for comb-offset hopping with or without repetition
For Clause 6.2.1 in TS38.214, the following specification sentence can be revised considering the below aspects.
· Since a single comb-offset hopping value is applied for a previous comb-offset, we can delete “(s)”.
· Paragraph for comb-offset hopping pattern with repetition which is separately written can be merged in a paragraph of transmission comb offset.
· A RRC parameter supporting TDMed port mapping for 8-port SRS is replaced.

Proposal 4: Support the following TP for Clause 6.2.1 in TS38.214.
	· 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 is updated as described in [clause 6,4,1,4 of [4, TS 38.211]]. For 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 every symbol index, and the comb offset hopping pattern is determined by the symbol index of the first symbol of every R repetitive symbols when the parameter is set to ‘[per-R-repetition]’. 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]nrofSRS-Ports-n8 are configured simultaneously.





SRS enhancement for 8 TX operation
1.4 Text proposal on TDMed port mapping for 8-port SRS
In case of TDMed port mapping for 8-port SRS, the following specification can be revised by using agreed RRC parameter. The enabler of TDMed port mapping for 8-port SRS is now based on a RRC parameter nrofSRS-Ports-n8, and if nrofSRS-Ports-n8 equals ‘ports8tdm’, then TDMed port mapping for 8-port SRS is enabled, and if nrofSRS-Ports-n8 equals ports8, then it is disabled. Based on this signalling structure, we would like to revise the following specification text accordingly. Also, it is further clarified that subsets of ports are transmitted only in consecutive symbols.

Proposal 5: Support the following TP for Clause 7.3 in TS38.213.
	For SRS, 
-	if a UE is provided nrofSRS-Ports-n8 set to ‘ports8tdm’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.
-	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.




Proposal 6: Support the following TP for Clause 6.2.1 in TS38.214.
	-  Support of time division mapping subsets of ports of the SRS resource into S consecutive symbols (S=2), as defined by the higher layer parameter [tdm]nrofSRS-Ports-n8, 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’ nrofSRS-Ports-n8 is set to ‘ports8tdm’.




Proposal 7: Support the following TP for Clause 6.2.1 in TS38.214.
	-	Number of SRS ports, as defined by the higher layer parameter nrofSRS-Ports or nrofSRS-Ports-n8 and described in clause 6.4.1.4 of [4, TS 38.211]. If not configured, nrofSRS-Portsthe number of SRS ports is 1.




1.5 Text proposal on 8-port indication
For Clause 6.4.1.4.1 in TS38.211, the following specification sentence can be revised by using agreed RRC parameter. Since there are separate RRC parameters nrofSRS-Ports and nrofSRS-Ports-n8 which indicate the number of ports as one of 1, 2, or 4, and indicate the number of ports as 8, respectively, we would like to revise the following specification text accordingly.

Proposal 8: Support the following TP for Clause 6.4.1.4.1 in TS38.211.
	An SRS resource is configured by the SRS-Resource IE or the SRS-PosResource IE and consists of
-	 antenna ports , where the number of antenna ports is given by the higher layer parameter nrofSRS-Ports or nrofSRS-Ports-n8 if configured, otherwise , and  when the SRS resource is in a SRS resource set with higher-layer parameter usage in SRS-ResourceSet not set to 'nonCodebook', or determined according to [6, TS 38.214] when the SRS resource is in a SRS resource set with higher-layer parameter usage in SRS-ResourceSet set to 'nonCodebook'





1.6 Text proposal on 8T8R
For Clause 6.2.1.2 in TS38.214, since the discussion on corresponding UE capability supporting 8T8R is ongoing, and it is true regardless of UE capability discussion supporting 8T8R that 8T8R is not indicated by supportedSRS-TxPortSwitch which is Rel-15/16 UE capability, but is indicated by a new UE capability. Considering this, we propose to adopt the following TP.

Proposal 9: Support the following TP for Clause 6.2.1.2 in TS38.214.
	When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with only one of the following configurations depending on the indicated UE capability supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't1r1-t1r2' for 1T=1R/1T2R, 't2r4' for 2T4R, 't1r4' for 1T4R, 't8r8' for 8T8R, 't1r1-t1r2-t1r4' for 1T=1R/1T2R/1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r1-t1r2-t2r2-t2r4' for 1T=1R/1T2R/2T=2R/2T4R, 't1r1-t1r2-t2r2-t1r4-t2r4' for 1T=1R/1T2R/2T=2R/1T4R/2T4R, 't1r1' for 1T=1R, 't2r2' for 2T=2R, 't1r1-t2r2' for 1T=1R/2T=2R, 't4r4' for 4T=4R, or 't1r1-t2r2-t4r4' for 1T=1R/2T=2R/4T=4R) or the UE may be configured with only one of the following configurations depending on the indicated UE capability supportedSRS-TxPortSwitchBeyond4Rx (‘t1r1’ for 1T=1R, ‘t2r2’ for 2T=2R, ‘t1r2’ for 1T2R, ‘t4r4’ for 4T=4R, ‘t2r4’ for 2T4R, ‘t1r4’ for 1T4R, ‘t2r6’ for 2T6R, ‘t1r6’ for 1T6R, ‘t4r8’ for 4T8R, ‘t2r8’ for 2T8R, ‘t1r8’ for 1T8R) or the UE may be configured with only one of the following configurations depending on the indicated UE capability [newUECapabilitySupporting8T8R] [(‘t8r8’ for 8T=8R)]:




Conclusion
In this contribution, the following observations and proposals are made:

Proposal 1: Support the following TP for Clause 6.4.1.4.2 in TS38.211.
	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 provided by hoppingId 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 parts are omitted >

< Unchanged parts are 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 provided by hoppingId contained in the higher-layer parameter combOffsetHopping.
	If the higher-layer parameter hoppingWithRepetition is configured, , otherwise .




Proposal 2: Support the following TP for Clause 6.4.1.4.2 in TS38.211.
	-	SRS cyclic shift and/or comb offset hopping ID, as defined by the higher layer parameter [hoppingID] contained in cyclicShiftHopping and/or combOffsetHopping, respectively.




Proposal 3: Support the following TP for Clause 6.2.1 in TS38.214.
	-	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]nrofSRS-Ports-n8 are configured simultaneously. If a UE is configured with [cyclicShiftHoppingSubset], the UE is not expecting to be configured with [hoppingFinerGranularity].




Proposal 4: Support the following TP for Clause 6.2.1 in TS38.214.
	· 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 is updated as described in [clause 6,4,1,4 of [4, TS 38.211]]. For 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 every symbol index, and the comb offset hopping pattern is determined by the symbol index of the first symbol of every R repetitive symbols when the parameter is set to ‘[per-R-repetition]’. 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]nrofSRS-Ports-n8 are configured simultaneously.




Proposal 5: Support the following TP for Clause 7.3 in TS38.213.
	For SRS, 
-	if a UE is provided nrofSRS-Ports-n8 set to ‘ports8tdm’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.
-	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.




Proposal 6: Support the following TP for Clause 6.2.1 in TS38.214.
	-  Support of time division mapping subsets of ports of the SRS resource into S consecutive symbols (S=2), as defined by the higher layer parameter [tdm]nrofSRS-Ports-n8, 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’ nrofSRS-Ports-n8 is set to ‘ports8tdm’.




Proposal 7: Support the following TP for Clause 6.2.1 in TS38.214.
	-	Number of SRS ports, as defined by the higher layer parameter nrofSRS-Ports or nrofSRS-Ports-n8 and described in clause 6.4.1.4 of [4, TS 38.211]. If not configured, nrofSRS-Portsthe number of SRS ports is 1.




Proposal 8: Support the following TP for Clause 6.4.1.4.1 in TS38.211.
	An SRS resource is configured by the SRS-Resource IE or the SRS-PosResource IE and consists of
-	 antenna ports , where the number of antenna ports is given by the higher layer parameter nrofSRS-Ports or nrofSRS-Ports-n8 if configured, otherwise , and  when the SRS resource is in a SRS resource set with higher-layer parameter usage in SRS-ResourceSet not set to 'nonCodebook', or determined according to [6, TS 38.214] when the SRS resource is in a SRS resource set with higher-layer parameter usage in SRS-ResourceSet set to 'nonCodebook'





Proposal 9: Support the following TP for Clause 6.2.1.2 in TS38.214.
	When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with only one of the following configurations depending on the indicated UE capability supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't1r1-t1r2' for 1T=1R/1T2R, 't2r4' for 2T4R, 't1r4' for 1T4R, 't8r8' for 8T8R, 't1r1-t1r2-t1r4' for 1T=1R/1T2R/1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r1-t1r2-t2r2-t2r4' for 1T=1R/1T2R/2T=2R/2T4R, 't1r1-t1r2-t2r2-t1r4-t2r4' for 1T=1R/1T2R/2T=2R/1T4R/2T4R, 't1r1' for 1T=1R, 't2r2' for 2T=2R, 't1r1-t2r2' for 1T=1R/2T=2R, 't4r4' for 4T=4R, or 't1r1-t2r2-t4r4' for 1T=1R/2T=2R/4T=4R) or the UE may be configured with only one of the following configurations depending on the indicated UE capability supportedSRS-TxPortSwitchBeyond4Rx (‘t1r1’ for 1T=1R, ‘t2r2’ for 2T=2R, ‘t1r2’ for 1T2R, ‘t4r4’ for 4T=4R, ‘t2r4’ for 2T4R, ‘t1r4’ for 1T4R, ‘t2r6’ for 2T6R, ‘t1r6’ for 1T6R, ‘t4r8’ for 4T8R, ‘t2r8’ for 2T8R, ‘t1r8’ for 1T8R) or the UE may be configured with only one of the following configurations depending on the indicated UE capability [newUECapabilitySupporting8T8R] [(‘t8r8’ for 8T=8R)]:
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