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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 #110e [2], the following agreement/conclusion were reached regarding Rel-18 SRS enhancement 
	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 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 “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 1, For SRS enhancement to support 8 Tx UL operation, for “codebook” usage
· At least support 8 ports in 1 SRS-Resource for SRS-ResourceSet with usage = “codebook”
· The number of  SRS-Resource per SRS-ResourceSet can follow Rel-15/16 design
· When full power mode 2 is not configured, maximum 2 SRS-Resource per SRS-ResourceSet with usage = “codebook”
· When full power mode 2 is configured, maximum 4 SRS-Resource per SRS-ResourceSet with usage = “codebook”

Proposal 2, For SRS enhancement to support 8 Tx UL operation, to support 8 ports in 1 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, when SRS-ResourceSet with usage = “nonCodebook” configured with 8 1-port 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, 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
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]
Proposal 4, For  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 “codebook” usage
· At least support 8 ports in 1 SRS-Resource for SRS-ResourceSet with usage = “codebook”
· The number of  SRS-Resource per SRS-ResourceSet can follow Rel-15/16 design
· When full power mode 2 is not configured, maximum 2 SRS-Resource per SRS-ResourceSet with usage = “codebook”
· When full power mode 2 is configured, maximum 4 SRS-Resource per SRS-ResourceSet with usage = “codebook”

Proposal 2, For SRS enhancement to support 8 Tx UL operation, to support 8 ports in 1 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, when SRS-ResourceSet with usage = “nonCodebook” configured with 8 1-port SRS-Resource. 
· Baseline SRI design is 8 bit bitmap
· Further SRI enhancement can be considered for overhead reduction with reduced scheduling flexibility

Proposal 4, For  SRS enhancement for CJT, if needed, power control enhancement can be considered.
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