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Introduction
In RAN1 #112b, the following agreements on SRS enhancement have been achieved.
	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 a 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 an 8-port SRS resource in a 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.

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

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

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.

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





In this contribution, we provide some discussions on SRS enhancement.
SRS for CJT
Re-initialization of SRS hopping pattern
In RAN1 #112b, the following agreement on SRS interference randomization is achieved.
	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.




With regard to different SRS periodicity (from 1 slot to 2560 slots) and potential further extension, the value of N should be large enough to support different patterns in different SRS instances. Therefore, one possible way is to determine the hopping pattern based on the system radio frame index directly. 
Proposal 1: Support to determine the hopping pattern for SRS comb offset and cyclic shift hopping based on the SFN.
Hopping with repetition
In RAN1 #112b, the following for hopping pattern determination for SRS with repetition was agreed.
	Agreement
For a 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.




For SRS with repetition, now that the cyclic shift hopping is based on the symbol index for each symbol, the comb offset hopping could be based on the same approach as cyclic shift hopping. However, since the gNB usually performs time-domain channel estimation, different comb offsets may require additional processing for the gNB to achieve the repetition gain. Therefore, it is more reasonable to keep the same comb offset for the symbols across the repetitions, which is aligned with Alt1.
Proposal 2: For comb offset hopping, support to determine the hopping pattern based on the symbol index of the first OFDM symbol across the R repetitions (Alt1).
Multiplexing between R18 SRS and legacy SRS
With regard to the multiplexing with legacy SRS without comb offset/cyclic shift hopping, it is better that the hopping pattern is configured by the gNB. Then the gNB can guarantee the SRS in each hop can always be multiplexed orthogonally with legacy SRS. Therefore, the candidate hopping pattern should be configured by the gNB. 
Proposal 3: Support to configure the candidate hopping patterns for comb offset and cyclic shift hopping by RRC signaling.

SRS for 8Tx
UL Full Power Transmission for TDMed SRS
A potential issue for 8Tx SRS is whether the UE is able to support full power transmission for each symbol with partial antenna ports. If the gNB configures the UE to transmit the 8Tx SRS in 4 symbols, the UE may or may not be able to support full power transmission, which could be based on the UE’s PA architecture. Therefore, it should be supported for the UE to report UE capability on whether it supports full power transmission for each symbol for TDM based 8Tx SRS.
Proposal 4: Support the UE to report the UE capability to indicate whether it supports full power transmission for each symbol for TDM based 8Tx SRS.
Transmission power scaling for TDMed SRS
A UE may be scheduled with a TDM based SRS and another uplink signal overlapped in time domain in the same or different CCs. The total transmission power in the overlapped symbol could exceed the maximum transmission power for the UE as shown in Figure 1. To maintain the consistant transmission power for the TDMed SRS could be helpful for the gNB to derive the channel. Therefore, the transmission power scaling for the TDMed SRS should be applied per resource instead of per symbol.
[image: ]
Figure 1: A potential issue for transmission power scaling when the TDM based SRS overlaps with another uplink signal in time domain
Proposal 5: Support to perform the transmission power scaling for the TDM based SRS per resource when it overlaps with another uplink signal.

Conclusion
In this contribution, we provided discussion on SRS enhancement. Based on the discussion, the following proposals have been achieved.
SRS for CJT
Proposal 1: Support to determine the hopping pattern for SRS comb offset and cyclic shift hopping based on the SFN.
Proposal 2: For comb offset hopping, support to determine the hopping pattern based on the symbol index of the first OFDM symbol across the R repetitions (Alt1).
Proposal 3: Support to configure the candidate hopping patterns for comb offset and cyclic shift hopping by RRC signaling.

8Tx SRS
Proposal 4: Support the UE to report the UE capability to indicate whether it supports full power transmission for each symbol for TDM based 8Tx SRS.
Proposal 5: Support to perform the transmission power scaling for the TDM based SRS per resource when it overlaps with another uplink signal.
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