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Introduction
In Rel-18, as part of the approved WID in RP-213598, [1], the following two objectives are considered for SRS enhancement 
	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:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· 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
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
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.



In last RAN1 meeting #109e [2], the following agreement/conclusion were reached regarding Rel-18 SRS enhancement 
	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[image: ] ,[image: ] besides the last bandwidth[image: ] 
· 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 general, Rel-18 SRS enhancement has two direction 
· SRS enhancement for Coherent Joint Transmission (CJT)
· SRS enhancement to support 8 Tx UL operation 
In contribution, we provide our views on SRS enhancement in the above two directions 
SRS Enhancement for 8 Tx UL Operation 
NR supports 4 different usage of SRS, i.e., “beamManagement”, “codebook”, “nonCodebook”, “antennaSwitching”. 8 Tx UL operation requires SRS enhancement on 3 usage, i.e., “codebook”, “nonCodebook”, “antennaSwitching”. 
For “antennaSwitching” usage, in terms of the resource and resource set configuration, we should support SRS resource with 8 ports, and other configuration should follow similar design as 1T1R/2T2R/4T4R in current TS38.214.
Proposal 1, For SRS enhancement to support 8 Tx UL operation, for “antennaSwitching” usage
· Support 8 port SRS resource which is also required for “codebook” usage 
· For resource configuration, follow similar design as 1T1R/2T2R/4T4R in current TS38.214

For “codebook” usage, we should consider supporting 8 port SRS resource. The design could follow COMB 8 design in Rel-17 to support 4 port SRS, i.e., depending on the maximum number of cyclic shifts, one or multiple equally spaced combOffset can be used to support 8 port SRS resource. The table below provides more details 





Table 1 SRS enhancement to support 8 port SRS resource
	
	
	Design Principle

	2
	8
	Single combOffset can be used to support 8 SRS ports by using all the SRS cyclic shifts

	4
	12
	2 equally spaced combOffset can be used to support 8 SRS ports. Each combOffset uses 4 equally spaced cyclic shifts

	8
	6
	4 equally spaced combOffset can be used to support 8 SRS ports. Each combOffset uses 2 equally spaced cyclic shifts



Proposal 2, For SRS enhancement to support 8 Tx UL operation, for “codebook” usage, to support 8 port SRS resource
· For comb size 2, single combOffset can be used to support 8 SRS ports by using all the SRS cyclic shifts
· For comb size 4, 2 equally spaced combOffset can be used to support 8 SRS ports, each combOffset uses 4 equally spaced cyclic shifts
· For comb size 8, 4 equally spaced combOffset can be used to support 8 SRS ports, each combOffset uses 2 equally spaced cyclic shifts

For “nonCodebook” usage, we should consider supporting SRS-ResourceSet with usage = “nonCodebook” configured with 8 SRS-Resource. Baseline SRI design is 8 bit bitmap, further SRI enhancement can be considered for overhead reduction with reduced scheduling flexibility
Proposal 3, For SRS enhancement to support 8 Tx UL operation, for “nonCodebook” usage, to support 8 port SRS resource
· Support SRS-ResourceSet with usage = “nonCodebook” configured with 8 SRS-Resource. 
· Baseline SRI design is 8 bit bitmap
· Further SRI enhancement can be considered for overhead reduction with reduced scheduling flexibility
SRS Enhancement for CJT
For SRS enhancement CJT, we do not observe a necessary need. Therefore, we think this objective should be deprioritized compared to 8 Tx UL operation. 

One direction we can consider is to enhance power control to ensure SRS transmission can be reliably received by all TRPs. There are two possible directions for enhancement 

· SRS-ResourceSet configured with more than 1 set of power control parameters. The power control parameters may include one or multiple of the following, pathlossReferenceRS, alpha, p0 
· Power control mechanism can be enhanced considering multiple power control parameters 
· Note: This assumes each SRS-Resource can be received by all TRPs
· In the same SRS-ResourceSet, different SRS-Resource can be configured with different power control parameter setting
· This assumes each SRS-Resource corresponds to a different TRP

Proposal 4, Deprioritize SRS enhancement for CJT. If needed, power control enhancement can be considered.
Conclusion
In contribution, we provide our views on how Rel-18 MIMO SRS enhancement. There are two objectives for Rel-18 MIMO SRS enhancement, i.e., 
· SRS enhancement for Coherent Joint Transmission (CJT)
· SRS enhancement to support 8 Tx UL operation 
To address those two objectives, we have the following proposals
Proposal 1, For SRS enhancement to support 8 Tx UL operation, for “antennaSwitching” usage
· Support 8 port SRS resource which is also required for “codebook” usage 
· For resource configuration, follow similar design as 1T1R/2T2R/4T4R in current TS38.214

Proposal 2, For SRS enhancement to support 8 Tx UL operation, for “codebook” usage, to support 8 port SRS resource
· For comb size 2, single combOffset can be used to support 8 SRS ports by using all the SRS cyclic shifts
· For comb size 4, 2 equally spaced combOffset can be used to support 8 SRS ports, each combOffset uses 4 equally spaced cyclic shifts
· For comb size 8, 4 equally spaced combOffset can be used to support 8 SRS ports, each combOffset uses 2 equally spaced cyclic shifts

Proposal 3, For SRS enhancement to support 8 Tx UL operation, for “nonCodebook” usage, to support 8 port SRS resource
· Support SRS-ResourceSet with usage = “nonCodebook” configured with 8 SRS-Resource. 
· Baseline SRI design is 8 bit bitmap
· Further SRI enhancement can be considered for overhead reduction with reduced scheduling flexibility

Proposal 4, Deprioritize SRS enhancement for CJT. If needed, power control enhancement can be considered.
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