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Introduction
In RAN1#113 meeting, Rel-18 SRS enhancement was discussed with the following agreements:
Agreement
For SRS comb offset hopping / cyclic shift hopping reinitialization periodicity of N radio frame(s):
· N = 128

Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, the UE splits a linear value  of SRS transmission power equally across the SRS ports configured on each OFDM symbol, if the UE is capable of transmitting at  per OFDM symbol with 8/s ports, where  is specified in the current specifications.
· Note: This may be captured in the specification in a few different but equivalent ways, and it is up to the editor to decide.

Conclusion
There is no consensus on the support of the following feature in RAN1:
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM, support TDM factor s = 4.

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 comb 4 on 2 comb offsets (=4, ) or comb 8 on 4 comb offsets (=8, ), the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
· For port , .

Agreement
Support configuring a subset of comb offsets when comb offset hopping is configured, and configuring a subset of cyclic shifts when cyclic shift hopping is configured.
· The subset configuration applies to all the port(s) in the SRS resource, and all the port(s) in the SRS resource has (have) the same hopping offset value  on an OFDM symbol.
· This is a UE-optional feature.

Agreement
For SRS cyclic shift hopping, support finer time-delay-domain granularity, e.g., , where  can be randomly chosen from  at each SRS transmission.
· Note: The finer granularity above only applies to the cyclic shift offsets when cyclic shift hopping is enabled.
If a subset for cyclic shifts is configured, this feature cannot be configured.
Above is a UE optional feature.

Agreement
SRS comb offset hopping / cyclic shift hopping can be configured for aperiodic SRS.

Agreement
Whether SRS cyclic shift hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design.

Agreement
SRS comb offset hopping and cyclic shift hopping can be configured for a SRS resource at the same time as a separate UE capability. No joint hopping scheme is supported.

In this contribution, we will discuss the potential solutions for SRS enhancement in Rel-18.
Discussion
In RAN1#113 meeting, it was agreed in 9.1.3.2 as below that for 8 ports SRS and =2, ports {1000, 1002, 1004, 1006} are mapped on the first comb offset, and {1001, 1003, 1005, 1007} on the second 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 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.




However, in 9.1.4.2, it was also agreed for 8Tx transmission that for Ng=2, ports {0,1,4,5} and {2,3,6,7} are two different coherent groups for port coherency. That is, the DL antenna port mapping is reused for consistent antenna mapping among different antenna coherency. 

	Agreement
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, following convention for assumption of port coherency scheme is used
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7}
· For when Ng=4, following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}



From performance perspective, coherent antenna ports are expected to allocated to the same comb to ensure the port orthogonality via CDM. Considering there is no difference among different port-to-comb mapping schemes, it is proposed to follow the coherent group for port-to-comb mapping. 
Proposal: Revert previous agreement to be: when K_TC=2, ports {1000, 1001, 1004, 1005} are mapped on the first comb offset, and {1002, 1003, 1006, 1007} on the second comb offset, to be consistent with the agreement in 9.1.4.2.
When 8 ports SRS is transmitted in single symbol, the actual transmit power scaled to each SRS port would not exceed the maximal transmit power of each port, since the maximal transmit power in the symbol is restricted by the maximal transmit power of each port. However, when 8 ports SRS is transmitted in multiple symbols (s=2), it is possible that the UE is not capable to transmit at Pc,max in each OFDM symbol (e.g. for a UE with PA of P1=P2=P3=P4=14dBm, P5=P6= P7=P8=20dBm, or PA of P1=P2= …=P8=14dBm). For this case, many solutions were discussed in the past meeting, for example, not support TDM for such UE, introducing a power scaling factor or introduce a new . 
· Supporting TDM only for UE capable to transmit at  in each OFDM symbol would be too restrictive. 
· Introducing a new  need significant standardization effort not only in RAN1. Impact to RAN4 should also be considered. 
· For power scaling schemes, power scaling factor for  is preferred. If the power scaling factor is applied to PSRS or the term calculated based on PC formula, the transmit power would be unnecessarily reduced if the transmit power hasn’t reached the maximal transmit power within one symbol. Considering only s=2 is supported, the power scaling factor could be 1/2. 
Proposal: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, if the UE is not capable of transmitting at  per OFDM symbol with 8/s ports, introduce a power scaling factor 1/2 for   without introducing new  (e.g. Option B2.1.1).
· The same transmit power for SRS ports in different OFDM symbols.
Conclusion
In this contribution, we discuss the potential SRS enhancement in Rel-18 with the following proposals:
Proposal: Revert previous agreement that when K_TC=2, the ports for the two comb offsets should be ports {0,1,4,5} and {2,3,6,7} to be consistent with the agreement in 9.1.4.2.
Proposal: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, if the UE is not capable of transmitting at  per OFDM symbol with 8/s ports, introduce a power scaling factor 1/2 for   without introducing new  (e.g. Option B2.1.1).
· The same transmit power for SRS ports in different OFDM symbols.
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