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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 #112bis [2], the following agreement/conclusion were reached regarding Rel-18 SRS enhancement. 
	Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), and when the resource is assigned with >1 comb offsets, determine the mapping from the ports to comb offsets as follows:
· If =2, ports {1000, 1002, 1004, 1006} are mapped on the first comb offset, and {1001, 1003, 1005, 1007} on the second comb offset 
· If =4, ports {1000, 1004} are mapped on the first comb offset, {1001, 1005} on the second comb offset, {1002, 1006} on the third comb offset, and {1003, 1007} on the fourth comb offset.

Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), and when the resource is configured with comb  and with maximum  cyclic shifts per comb offset, the number of comb offset(s) and the cyclic shift locations are determined based on the one RRC configured cyclic shift location  as follows:
· If , then 1 comb offset is used, otherwise 2 comb offsets are used. 
· The 8 cyclic shift locations for the 8 ports are {) mod ) mod , reusing the existing equation  in 38.211 6.4.1.4.2.

Agreement
For an 8-port SRS resource in an SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), and when the resource is assigned with comb 4 or comb 8, decide one of the following options:
· Option 1: the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
· For comb [image: ]=4, [image: ]. For comb [image: ]=8, [image: ]. For port [image: ], [image: Text

Description automatically generated].
· Option 2: the cyclic shift positions are unaligned across the comb offsets on the same OFDM symbol for comb 4, and the cyclic shift positions are aligned on only 2 of the 4 comb offsets on the same OFDM symbol for comb 8.
· For comb [image: ]=4, [image: ]. For comb [image: ]=8, [image: ].  Example: For port [image: ], [image: Text

Description automatically generated]. FFS equation details.
· FFS: potential impact on PAPR, if any.

Agreement
For an SRS resource configured with comb offset hopping and/or cyclic shift hopping, 
· If the repetition factor R = 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index  of each symbol.
· If the repetition factor R > 1, 
· For cyclic shift hopping, within a slot, the time-domain hopping behavior depends on the OFDM symbol index  of each symbol.
· For comb offset hopping, within a slot, the time-domain hopping behavior depends on one of the following alternatives:
· Alt1: The OFDM symbol index  of the first symbol across the R repetitions.
· Alt2: The OFDM symbol index  of each symbol.
· Alt3: The OFDM symbol index  of each symbol or the first symbol across the R repetitions based on configuration, and FFS configuration details.

Agreement
For a SRS resource configured with comb offset hopping, if the repetition factor R > 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index l' of each symbol or the first symbol across the R repetitions based on RRC configuration, and FFS configuration details.
· UE can indicate whether it supports one or both the options. Details to be discussed in UE feature.

Agreement
For SRS comb offset hopping / cyclic shift hopping, support reinitialization at the beginning of every N radio frame(s), where N ≥ 1.
· FFS: N is fixed or configurable.

Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for a SRS resource, the hopping pattern initialization ID determined by , where  is a new ID for cyclic shift hopping and/or comb offset hopping.
· The range of the new ID is from 0 to 1023

Agreement
Whether SRS comb offset hopping can be combined with one of group / sequence hopping on an SRS resource depends on UE feature/capability design.
· FFS: Whether SRS cyclic shift hopping can be combined with one of group / sequence hopping on an SRS resource depends on UE feature/capability design. 
· FFS: UE feature/capability design details.

Agreement
For an 8-port SRS resource in an SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m ≥ 2 OFDM symbols in a slot and with TDM factor s, the s subsets of ports are mapped cyclically as {{1, 2, …, s}, …, {1, 2, …, s}} on the m OFDM symbols.

Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM with TDM factor s, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), the SRS transmissions within each of the m/s groups of {1, 2, …, s} use the same set of subcarriers. If consecutive groups of {1, 2, …, s} are configured as repetition, then the SRS transmissions of the consecutive groups use the same set of subcarriers.
· Note: applicable to the SRS resource with or without FH/RPFS.
· FFS the scenario where comb offset hopping is configured for the SRS resource.

Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped, study at least the following solutions:
· Whether or not a UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}, based on, for example, the usage, coherency, and/or repetition configuration.
· Whether or not a UE changes the transmission order of the subsets of ports.

Conclusion
No consensus on enhanced per-TRP power control and/or power control of one SRS towards to multiple TRPs in Rel-18.



In contribution, we provide our views on SRS enhancement in the above two directions. 
SRS Enhancement for 8 Tx UL Operation
Regarding the support of 8 port SRS, in the last RAN1#112bis meeting, there is one remaining issue about the cyclic shift choices for different SRS port in different comb offset, we believe the legacy design principle should be kept, i.e., cyclic shift should be aligned across the comb offsets on the same OFDM symbol, 
Proposal 1, For an 8-port SRS resource in an SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), and when the resource is assigned with comb 4 or comb 8, support option 1: the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol,
· 
· For comb , 
· For comb , 

Proposal 2, For SRS enhancement to support 8 Tx UL operation, for “codebook” usage, 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”
SRS Enhancement for TDM SRS ports 
NR supports 4 different usages of SRS, i.e., “beamManagement”, “codebook”, “nonCodebook”, “antennaSwitching”. 8 Tx UL operation requires SRS enhancement on the following 3 usages, i.e., “codebook”, “nonCodebook”, “antennaSwitching”. 
For “codebook” and “antennaSwitching” usage, in RAN#111 meeting, it was agreed to support the case of 8 ports mapped onto the more than 1 OFDM symbols (i.e., TDM). It is important to note that, NR also supports intra-slot frequency hopping for SRS. When TDM is used to distribution 8 SRS ports across multiple slots, specification shall ensure that 8 SRS ports are contained within each intra-slot frequency hop segment. In term of , i.e., repetitionFactor configured in SRS-Resource, the legacy interpretation should be kept, i.e.,  is the number of SRS symbols in the same frequency hop.
Proposal 3, In term of R, i.e., repetitionFactor configured in SRS-Resource, the legacy interpretation should be kept, i.e., R is the number of SRS symbols in the same frequency hop.

In terms of the SRS transmission cancellation/dropping, in current NR, UE processes SRS transmission cancellation on per symbol basis. We do not think any enhancement is needed and legacy SRS cancellation mechanism can be reused. 
Proposal 4, SRS dropping rule should follow the legacy design as baseline, i.e., per SRS symbol drop.

Proposal 5, To support the case of 8 ports mapped onto more than 1 OFDM symbol (i.e., TDM), consider restriction that all SRS-Resource configured in the same SRS-ResourceSet have the same TDM pattern, i.e., in terms of how many symbols is used to carry complete 8 SRS ports. 
SRS Enhancement for Interference Randomization
For both comb offset and cyclic shift hopping, binary gold sequence is used for generating the hopping pattern. However, the hopping pattern or hopping offset has more than 2 choices, therefore, we need to consider use multiple bits in the binary sequence to generate the hopping offset for each comb offset/cyclic shift hop.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]
Proposal 6, For SRS comb offset/cyclic shift hopping, more than 1 bit from the binary sequence can be used to generate the hopping offset for each comb offset/cyclic shift hop. 
Conclusion
In this contribution, we provide our views on how Rel-18 MIMO SRS enhancement. We have the following proposals.
Proposal 1, For an 8-port SRS resource in an SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), and when the resource is assigned with comb 4 or comb 8, support option 1: the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol,
· 
· For comb , 
· For comb , 

Proposal 2, For SRS enhancement to support 8 Tx UL operation, for “codebook” usage, 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 3, In term of R, i.e., repetitionFactor configured in SRS-Resource, the legacy interpretation should be kept, i.e., R is the number of SRS symbols in the same frequency hop.

Proposal 4, SRS dropping rule should follow the legacy design as baseline, i.e., per SRS symbol drop.

Proposal 5, To support the case of 8 ports mapped onto more than 1 OFDM symbol (i.e., TDM), consider restriction that all SRS-Resource configured in the same SRS-ResourceSet have the same TDM pattern, i.e., in terms of how many symbols is used to carry complete 8 SRS ports. 

Proposal 6, For SRS comb offset/cyclic shift hopping, more than 1 bit from the binary sequence can be used to generate the hopping offset for each comb offset/cyclic shift hop. 
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