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Introduction
In RAN1 #110, the following agreements on SRS enhancement have been achieved.
	Agreement
For Rel-18 reference signal enhancements, support and specify the following features (the agreed WID scopes apply):
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization;
· RAN1 should strive to minimize the number of schemes supported in Rel-18
· SRS enhancements to enable 8 Tx UL operation and 8T8R SRS for DL operation.
· Target usage includes antenna switching, codebook/non-codebook based SRS

Agreement
For 8 Tx SRS, at least support
· 8 ports in 1 SRS resource for ‘antennaSwitching’;
· FFS 8 ports in one or multiple SRS resources for ‘codebook’ 
Above does not imply support for 8 ports in one or multiple OFDM symbols

Agreement
For the maximum number of SRS resource sets for SRS with 8T8R with ‘antennaSwitching’, keep the existing value of the maximum number of SRS resource sets (as provided in Rel-17 antenna switching nTnR)

Agreement
For an 8-port SRS resource in an SRS resource set with usage antennaSwitching (i.e., for 8T8R antenna switching), the 8-port SRS resource is transmitted in at least one OFDM symbol.
· FFS: the resource transmitted in multiple OFDM symbols where different ports are mapped to different symbols.

Agreement
For SRS resource set(s) with usage ‘nonCodebook’ support 8 1-port SRS resources in one or multiple OFDM symbols. 
· Note: The maximum number of simultaneous SRS resources is determined via UE-capability signalling.




In this contribution, we provide some discussions on SRS enhancement.
SRS for CJT
In RAN1 #110, it was agreed as follows that RAN1 will specify SRS enhancement for interference management and interference randomization.
	Agreement
For Rel-18 reference signal enhancements, support and specify the following features (the agreed WID scopes apply):
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization;
· RAN1 should strive to minimize the number of schemes supported in Rel-18
· SRS enhancements to enable 8 Tx UL operation and 8T8R SRS for DL operation.
· Target usage includes antenna switching, codebook/non-codebook based SRS




For CJT, the UE may need to transmit SRS for antenna switching (AS) to multiple TRPs. One SRS instance may be received by one TRP or multiple TRPs. The SRS may also produce strong interference to some other TRPs. For other type of SRS, the UE may only need to transmit the SRS to one TRP – the best TRP. Then there could be no interference related issue for SRS other than SRS for AS. With regard to the interference management and randomization, two schemes can be considered: power control enhancement for SRS and precoded SRS. 
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Figure 1: A scenario for SRS transmission for CJT
Proposal 1: The SRS enhancement for CJT should focus on enhancement for SRS for antenna switching.
Proposal 2: The SRS enhancement for CJT should consider the case with more than 1 target receiving TRPs for an SRS instance.
Proposal 3: The SRS enhancement for CJT should consider the case with at least 1 victim TRP for an SRS instance.
Power control enhancement for SRS
With regard to interference management, power control enhancement for SRS is one possible way to reduce the interference to victim TRPs. The gNB can provide two lists of power control parameter sets for an SRS resource set. The first list is used for signal reception for the target receiving TRP(s) and the second list is for interference management to determine the upper bound for the transmission power to the victim TRP(s).
The UE can calculate a transmission power from power control parameter set k in list j. Then the UE can derive the transmission power from the first list as the averaging transmission power among all the transmission power derived from each power control parameter set as follows:

Where K1 denotes the number of power control parameter sets in the first list for signal reception.
From the second list for interference reduction, the UE can derive the upper bound for the transmission power based on the transmission power derived from each power control parameter set in the second list for interference management as follows:

Where K2 denotes the number of power control parameter sets in the first list for interference management.
Then the transmission power for the SRS can be derived based on minimal value between the upper bound for interference management and the transmission power for the signal reception as follows:

Proposal 4: Support to configure 2 list of power control parameter set(s) for an SRS resource set for antenna switching
· The first list is used for transmission power selection for target TRPs 
· The second list is used to determine the upper bound for the transmission power with regard to the interference to victim TRPs.

Precoded SRS
For precoded SRS for AS, the interference to the victim TRP(s) could be reduced since the SRS is directional. However, in some cases, the interference may be increased if the victim TRP(s) happen to be at similar direction as the preordered SRS. Therefore, the precoder selection should consider both the channel from the receiving TRP(s) and the victim TRP(s). Thus, the gNB may configure two sets of CSI-RS resource(s) associated with an SRS resource set for AS, where the first set is used for precoder selection for the target receiving TRP(s) and the second set is used for precoder adjustment with regard to the direction for the victim TRP(s) as shown in Figure 2.
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Figure 2: Precoder selection based on two sets of associated CSI-RS resources
In addition, the UE needs to report the precoder to the network, where the precoder can be reported as a UCI on PUCCH or PUSCH. For aperiodic precoded SRS, the precoder can be reported by UCI on the triggered PUSCH. The associated CSI-RS resource set(s) can also be triggered by the same DCI that triggers the SRS transmission. For periodic or semi-persistent SRS, the precoder can be reported by periodic or semi-persistent PUCCH resources.
Proposal 5: Support to configure two sets of CSI-RS resource(s) for a precoded SRS resource set
· The first CSI-RS resource set is used for precoder selection for the target receiving TRP(s)
· The second CSI-RS resource set is used for precoder adjustment with regard to the channel for the victim TRP(s)
Proposal 6: Support to report the precoder for precoded SRS as UCI on PUCCH or PUSCH.

SRS for 8Tx
The enhancement for SRS for 8Tx should consider the enhancement for different transmission schemes: codebook based and non-codebook based transmission.
Codebook based transmission
For 8Tx codebook based transmission, 8 ports SRS should be supported. The problem is how to multiplex the 8 antenna ports for the SRS transmission. Current SRS supports comb 2/4/8 based transmission. To transmit the 8 ports SRS in one symbol, the 8 ports can be multiplexed in CDM/FDM manner. Currently, the maximum cyclic shifts for comb 2/4/8 are defined as Table 1. 
Table 1: Maximum cyclic shifts for comb 2/4/8
	
	

	2
	8

	4
	12

	8
	6



It can be observed that at least for comb 8, without increasing the maximum number of cyclic shifts, to multiplex 8 ports SRS in CDMed is not feasible. Besides, there is another issue for comb-4 that it is hard to create the 8 ports uniformly distributed in code domain. Thus, for comb 4/8, the 8 ports should be multiplexed in CDM/FDM manner, and for comb 2, CDM manner should be sufficient. For comb 4, the 8 ports can be multiplexed based on 4 cyclic shifts and 2 comb offset. For comb 8, the 8 ports can be multiplexed based on 1 cyclic shift and 8 comb offsets. Figure 3 illustrates the resource mapping for 8 ports SRS.


Figure 3: Resource mapping for 8 ports SRS

Proposal 7: For comb 2 based 8 ports SRS for codebook, support to transmit the SRS with 8 cyclic shifts.
Proposal 8: For comb 4 based 8 ports SRS for codebook, support to transmit the SRS with 4 cyclic shifts and 2 comb offsets.
Proposal 9: For comb 8 based 8 ports SRS for codebook, support to transmit the SRS with 1 cyclic shift and 8 comb offsets.
Non-codebook based transmission
In RAN1 #110, it was agreed that the number of SRS resources for NCB should be 8.
	Agreement
For SRS resource set(s) with usage ‘nonCodebook’ support 8 1-port SRS resources in one or multiple OFDM symbols. 
· Note: The maximum number of simultaneous SRS resources is determined via UE-capability signalling.




One open issue is whether the 8 SRS resources should be in a single resource set or multiple SRS resource sets. In Rel-17, two SRS resource sets are considered as an implicit indication to enable uplink mTRP operation for PUSCH. It is unnecessary to configure the 8 SRS resources in more than 1 SRS resource sets.
Proposal 10: Support to configure up to 8 SRS resources in one SRS resource set for non-codebook.

Conclusion
In this contribution, we provided discussion on SRS enhancement. Based on the discussion, the following proposals have been achieved.
Proposal 1: The SRS enhancement for CJT should focus on enhancement for SRS for antenna switching.
Proposal 2: The SRS enhancement for CJT should consider the case with more than 1 target receiving TRPs for an SRS instance.
Proposal 3: The SRS enhancement for CJT should consider the case with at least 1 victim TRP for an SRS instance.
Proposal 4: Support to configure 2 list of power control parameter set(s) for an SRS resource set for antenna switching
· The first list is used for transmission power selection for target TRPs 
· The second list is used to determine the upper bound for the transmission power with regard to the interference to victim TRPs.
Proposal 5: Support to configure two sets of CSI-RS resource(s) for a precoded SRS resource set
· The first CSI-RS resource set is used for precoder selection for the target receiving TRP(s)
· The second CSI-RS resource set is used for precoder adjustment with regard to the channel for the victim TRP(s)
Proposal 6: Support to report the precoder for precoded SRS as UCI on PUCCH or PUSCH.
Proposal 7: For comb 2 based 8 ports SRS for codebook, support to transmit the SRS with 8 cyclic shifts.
Proposal 8: For comb 4 based 8 ports SRS for codebook, support to transmit the SRS with 4 cyclic shifts and 2 comb offsets.
Proposal 9: For comb 8 based 8 ports SRS for codebook, support to transmit the SRS with 1 cyclic shift and 8 comb offsets.
Proposal 10: Support to configure up to 8 SRS resources in one SRS resource set for non-codebook.
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