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Introduction
In RAN1 #109, the following agreements on SRS enhancement have been achieved.
	Agreement
For SRS EVM, adopt combined relevant parts from Rel-17 SRS EVM and Rel-18 FDD CJT EVM as starting point
· Details are provided in Appendix 3 of R1-2205330 for system-level simulations
· Details are provided in Appendix 4 of R1-2205330 for link-level simulations.
 
Agreement
For 8 Tx SRS, a starting point of UE antenna configurations can be:
· (M, N, P; Mg,Ng; Mp, Np) = (2,2,2; 1,1; 2,2), (dH, dV) = (0.5, 0.5)λ, or
· (M, N, P; Mg,Ng; Mp, Np) = (1,4,2; 1,1; 1,4), (dH, dV) = (0.5, 0.5)λ.
· FFS other 8 Tx UE antenna configuration and alignment with outcomes from other agenda items.

Agreement 
Study the potential enhancements for SRS of 8T8R with usage antennaSwitching.

Agreement 
Study the potential enhancements for SRS for 8 Tx operation
· SRS resource(s) with 8 ports are configured for codebook-based PUSCH
· Up to 8 single-port SRS resources are configured for non-codebook-based PUSCH

Agreement 
Study the following for SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS interference randomization and/or capacity enhancement
· Randomized frequency-domain resource mapping for SRS transmission
· E.g., further enhancements to frequency hopping, comb hopping
· Randomized code-domain resource mapping for SRS transmission
· E.g., cyclic shift hopping/randomization, sequence hopping/randomization, per-hop sequence from a long SRS sequence
· Randomized transmission of SRS
· E.g., pseudo-random muting of SRS transmission for periodic and semi-persistent SRS
· Per-TRP power control and/or power control of one SRS towards to multiple TRPs
· SRS TD OCC
· Increasing the maximum number of cyclic shifts 
· E.g., multiplying mask sequence to the legacy SRS sequence to effectively increase the maximum cyclic shifts
· Precoded SRS for DL CSI acquisition
· Enhanced signaling for flexible SRS transmission
· E.g., dynamic update of SRS parameters
· Partial frequency sounding extensions
· E.g., larger partial frequency sounding factor, starting RB location hopping enhancements, partial frequency hopping on other bandwidths corresponding to , besides the last bandwidth 
· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· E.g., configuration of  (sequence index within a group) per SRS resource
· E.g., configuration of cyclic shift per SRS port per SRS resource.
· Resource mapping for SRS transmission based on network-provided parameters or system parameters
· E.g., SRS resource mapping based on network-provided parameters (e.g., configurable indexes) or system parameters (e.g., slot index)
Note: PAPR performance and maintaining DFT waveform property should be considered when deciding the enhancement for Rel-18.

Agreement 
Consider the scenario where there exists SRSs sent by a UE and utilized by multiple TRPs for channel estimation, and the pathlosses between the UE and the TRPs differ by at least x dB in Rel-18 SRS study
· x can be {3,6,10}, and other values can be used.

Agreement 
For SRS enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices, study aspects include, for SRS for CB/NCB/AS, 
· Design parameters, including the maximum number of SRS resource sets, number of SRS resource sets, number of SRS resources, number of ports per resource, number of OFDM symbols, the allowed configurations for comb / comb shifts / cyclic shifts, number of simultaneous ports / resources / resource sets per OFDM symbol
· For the next decision point, study
· Whether to support 8 ports in one or multiple resources 
· Whether to support 8 ports in one or multiple OFDM symbols
· The maximum number of SRS resource sets.
· Note: For SRS for NCB, number of ports per SRS resource is still 1 (same as R15)

Agreement 
For SRS EVM, consider additional EVM as follows
· Realistic channel estimation based on sequence generation for SRS modelling, at least for TDD CJT SRS LLS and 8 Tx SRS LLS as baseline
· Evaluation metrics for 8 Tx SRS LLS can be MSE , BLER or throughput
· TDL-C for TDD CJT SRS LLS can be included as optional.




In this contribution, we provide some discussions on SRS enhancement.
SRS for CJT
The motivation for SRS enhancement for CJT is interference management and interference randomization. In RAN1 #109, the following options were agreed for possible enhancements.
	Agreement 
Study the following for SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS interference randomization and/or capacity enhancement
· Randomized frequency-domain resource mapping for SRS transmission
· E.g., further enhancements to frequency hopping, comb hopping
· Randomized code-domain resource mapping for SRS transmission
· E.g., cyclic shift hopping/randomization, sequence hopping/randomization, per-hop sequence from a long SRS sequence
· Randomized transmission of SRS
· E.g., pseudo-random muting of SRS transmission for periodic and semi-persistent SRS
· Per-TRP power control and/or power control of one SRS towards to multiple TRPs
· SRS TD OCC
· Increasing the maximum number of cyclic shifts 
· E.g., multiplying mask sequence to the legacy SRS sequence to effectively increase the maximum cyclic shifts
· Precoded SRS for DL CSI acquisition
· Enhanced signaling for flexible SRS transmission
· E.g., dynamic update of SRS parameters
· Partial frequency sounding extensions
· E.g., larger partial frequency sounding factor, starting RB location hopping enhancements, partial frequency hopping on other bandwidths corresponding to , besides the last bandwidth 
· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· E.g., configuration of  (sequence index within a group) per SRS resource
· E.g., configuration of cyclic shift per SRS port per SRS resource.
· Resource mapping for SRS transmission based on network-provided parameters or system parameters
· E.g., SRS resource mapping based on network-provided parameters (e.g., configurable indexes) or system parameters (e.g., slot index)
Note: PAPR performance and maintaining DFT waveform property should be considered when deciding the enhancement for Rel-18.




The motivation for the listed potential study points could be different. With regard to different motivations, the study points above can be categorized as follows:
· Cat 1 (Interference randomization): 
· Randomized FD/CD/TD resources for SRS
· Cat 2 (Interference management):
· Power control enhancement for SRS
· Precoded SRS for DL CSI acquisition
· Cat 3 (Capacity enhancement):
· SRS TD-OCC
· Increasing number of cyclic shifts
· Partial frequency sounding extensions 
· Cat 4 (Configuration update)
· Dynamic update of SRS parameters
· Change the granularity for some configurations, e.g. per resource/port sequence/cyclic shift

According to the WID, the SRS enhancement should focus on interference management/randomization and capacity enhancement. Thus the study points in Cat 4 should be deprioritized. Regarding the remaining categories, the study points seem to be valid and could provide some benefits. However it is not feasible to specify all the study points within one release. Therefore, we recommend RAN1 specify one enhancement for Cat 1/2/3.
For Cat 1, the interference randomization for aperiodic SRS should not be a problem, since at least gNB can trigger such SRS at different location. So the enhancement of interference randomization should focus on the enhancement for periodic/semi-persistent SRS. The interference could be randomized with randomized FD/CD/TD resources for SRS. However, compared to randomized CD resources for SRS, the randomized FD/TD resource could bring in additional complexity for scheduling to gNB. Thus, the randomized CD resources for SRS should be prioritized. 
Proposal 1: Support enhancement of cyclic shift randomization for a SRS resource for interference randomization.
For Cat 2, for interference management, a straight-forward solution is to control the transmission power for an SRS. Thus, the power control enhancement for SRS can be considered. For example, gNB may dynamically select the open-loop power control parameters for a SRS resource set, which is similar to PUSCH.  The precoded SRS may be helpful to reduce the interference for SRS to neighbor cell. However, it may produce more interference to the neighbor cell, which depends on the channel and selected precoder.
Proposal 2: Support power control enhancement for SRS with regard to interference management to neighbor cells.
For Cat 3, Rel-17 supports mTRP operation from 2 TRPs. For CJT, the network may transmit downlink signals from up to 4 TRPs. Therefore, to increase the capacity as twice as Rel-17 SRS seems to be sufficient. The SRS capacity has been enhanced since Rel-17. Therefore, the SRS capacity enhancement should not be prioritized in Rel-18. Thus, RAN1 should strive to pick up a solution with minimum spec impact. For all the possible solutions, to increase the number of cyclic shifts could be the one with less spec impact compared to other solutions. Thus, for Cat 3, increasing the number of cyclic shifts is preferred.
Proposal 3: Support to increase the number of cyclic shifts for SRS capability enhancement.

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 1 illustrates the resource mapping for 8 ports SRS.


[bookmark: _GoBack]Figure 1: Resource mapping for 8 ports SRS

Proposal 4: For comb 2 based 8 ports SRS for codebook, support to transmit the SRS with 8 cyclic shifts.
Proposal 5: For comb 4 based 8 ports SRS for codebook, support to transmit the SRS with 4 cyclic shifts and 2 comb offsets.
Proposal 6: 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
For SRS for non-codebook based transmission, to support 8Tx operation, the number of SRS resources for each resource set should be increased to 8. However, when the number of SRS resources increases, the DCI field for SRI indication could get increased, where 4 additional bits may need to be added. The 4 additional bits in DCI could reduce the link budget for PDCCH. Thus it is necessary to study schemes to reduce the DCI overhead for SRI indication.
Proposal 7: Support to configure up to 8 SRS resources per SRS resource set for non-codebook.
Proposal 8: Study how to reduce the overhead for SRI(s) indication in DCI for 8Tx non-codebook based transmission scheme. 

Conclusion
In this contribution, we provided discussion on SRS enhancement. Based on the discussion, the following proposals have been achieved.
Proposal 1: Support enhancement of cyclic shift randomization for a SRS resource for interference randomization.
Proposal 2: Support power control enhancement for SRS with regard to interference management to neighbor cells.
Proposal 3: Support to increase the number of cyclic shifts for SRS capability enhancement.
Proposal 4: For comb 2 based 8 ports SRS for codebook, support to transmit the SRS with 8 cyclic shifts.
Proposal 5: For comb 4 based 8 ports SRS for codebook, support to transmit the SRS with 4 cyclic shifts and 2 comb offsets.
Proposal 6: For comb 8 based 8 ports SRS for codebook, support to transmit the SRS with 1 cyclic shift and 8 comb offsets.
Proposal 7: Support to configure up to 8 SRS resources per SRS resource set for non-codebook.
Proposal 8: Study how to reduce the overhead for SRI(s) indication in DCI for 8Tx non-codebook based transmission scheme. 
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