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Introduction
In RAN1#114 meeting, Rel-18 SRS enhancement was discussed with the following agreements:

Agreement
When finer time-delay-domain granularity for SRS cyclic shift hopping is configured, K is 2
· FFS (to be decided this week) Support of K=4

Conclusion
When finer time-delay-domain granularity for SRS cyclic shift hopping is configured, K = 4 is not supported.

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 = 2, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot the port, down select from the following options:
· Option 1: The first subset includes ports {1000, 1001, 1004, 1005}, and the second subset includes {1002, 1003, 1006, 1007}.

Agreement
For the SRS hopping formula in cyclic shift hopping or comb offset hopping except for SRS configured with TDM, let  and :
· For cyclic shift hopping: , where , and
· , 
· If cyclicShiftHoppingSubset is not configured, .  
· If cyclicShiftHoppingFinerGranularity is not configured,  and .
· If cyclicShiftHoppingFinerGranularity is configured, , and  is the value configured by cyclicShiftHoppingFinerGranularity
· If cyclicShiftHoppingSubset is configured,  denotes the th element of the configured subset,  is the number of elements in the subset, and .
· For comb offset hopping: , where , and
· , 
·  if  or UE is provided with combOffsetHoppingWithRepetition=Per-symbol; otherwise,  is the OFDM symbol index of the first symbol across the R repetitions within the slot.
· If combOffsetHoppingSubset is not configured, , and .
· If combOffsetHoppingSubset is configured,  denotes the th element of the configured subset, and  is the number of elements in the subset.

Conclusion
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 and repetition factor R, 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 cyclic shift hopping is configured for the SRS resource, 
· Option A4: Do not support cyclic shift hopping for 8-port SRS with TDM.

Conclusion
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 and repetition factor R, 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 comb offset hopping is configured for the SRS resource, 
· Option B5: Do not support comb offset hopping for 8-port SRS with TDM.

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 sequence/group hopping is configured for the SRS resource, the time-domain behavior of hopping depends only on the OFDM symbol index l’ of each symbol.

Agreement
When a subset of comb offsets for comb offset hopping is configured, and when a subset of cyclic shifts for cyclic shift hopping is configured, support the following option for configuring the subset S={S(0), S(1), …, S(z-1)} with , where  for comb offset hopping and  for cyclic shift hopping, and:
· Option 1b: S(0), S(1), …, S(z-1) are configured via a Z-length bitmap with S(i-1) being the i-th bit set as 1.
In this contribution, we will discuss the remaining issues for SRS enhancement in Rel-18.
Discussion
· Issue #1
In RAN1#113 meeting, the following was agreed for SRS power scaling of 8 ports TDMed SRS. 
	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.


In current 38.213, the UE splits a linear value of SRS transmission power equally across the SRS ports configured on each OFDM symbol. However, this can only be applied to a UE capable of transmitting at  per OFDM symbol. For a UE without this capability, the UE behaviour should also be defined, otherwise the transmit power in one symbol may exceed the maximal power supported by UE. Considering the limited time for maintenance, a simple solution with minimized standardization effort is preferred. For example, TDM-based 8Tx SRS (s=2) is not supported by UE not capable of transmitting at PCMAX per OFDM symbol with 8/s ports. This can be captured in 38.213 or UE capability of TDMed 8 ports SRS.
Proposal: A UE supporting TDMed 8 ports SRS should be able to transmit at  per OFDM symbol with 4 ports.
· Issue #2
The dropping rule for TDMed 8-port SRS has been discussed for meetings. When only one of the s symbols is dropped due to resource collision, there was no consensus on whether the other symbol should also be dropped or not. In our understanding, at least for full-coherency case, the SRS ports in the other symbol is useless. However, considering the limited time in maintenance stage, a simple and straightforward solution is reusing current per symbol dropping rule. There may be some resource waste for full coherency case, but it is not a big issue. 
Proposal: Support per symbol SRS dropping as in current specification for TDMed 8-port SRS.
· Issue #3
Reason for change: The description for SRS frequency hopping in 6.2.1.1 of 38.214 doesn’t consider TDMed 8-port SRS with s=2. 
Summary of change: Add the support of s=2 for UE SRS frequency hopping procedure.
Consequences if not approved: The description for SRS frequency hopping in 6.2.1.1 of 38.214 is not consistent with current agreement for TDMed 8-port SRS and 38.211.
Text proposal for 38.214:
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[bookmark: _Hlk498001679]For a given SRS resource, the UE is configured with repetition factor R∈{1,2,4} or R∈{1,2,3,4,5,6,7,8,10,12,14} by higher layer parameter resourceMapping in SRS-Resource where sR≤Ns. The quantity  is given by  if the UE is configured with higher-layer parameter [tdm], otherwise . When frequency hopping within an SRS resource in each slot is not configured (sR=Ns), each of the antenna ports of the SRS resource in each slot is mapped in all each s symbol(s) within the  symbols to the same set of subcarriers in the same set of PRBs. When frequency hopping within an SRS resource in each slot is configured without repetition (R=1), according to the SRS hopping parameters , and defined in clause 6.4.1.4 of [4, TS 38.211], each of the antenna ports of the SRS resource in each slot is mapped to different sets of subcarriers in each s OFDM symbol, where the same transmission comb value is assumed for different sets of subcarriers. When both frequency hopping and repetition within an SRS resource in each slot are configured (Ns ≥ 4s, R ≥ 2), each of the antenna ports of the SRS resource in each slot is mapped to the same set of subcarriers within each set of sR adjacent OFDM symbols, and frequency hopping across the  sets is according to the SRS hopping parameters , and , where  should be divisible by .
For operation with shared spectrum channel access in FR1, the UE does not expect that multiple hops of an SRS resource transmission are in different RB sets.

A UE may be configured  adjacent symbol aperiodic SRS resource with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband across  symbols when frequency hopping is configured with R=1. A UE may be configured Ns ≥ 4s adjacent symbols aperiodic SRS resource with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband across  sets of sR adjacent OFDM symbols, when frequency hopping is configured with R ≥ 2, Ns ≥ sR and Ns  should be divisible by sR. Each of the antenna ports of the SRS resource is mapped to the same set of subcarriers within each set of sR adjacent OFDM symbols of the resource. The quantity  is given by  if the UE is configured with higher-layer parameter [tdm], otherwise .

A UE may be configured symbol periodic or semi-persistent SRS resource with inter-slot hopping within a bandwidth part, where the SRS resource occupies the same symbol location in each slot. A UE may be configured  symbol periodic or semi-persistent SRS resource with intra-slot and inter-slot hopping within a bandwidth part, where the SRS resource occupies the same symbol location(s) in each slot. For Ns ≥ 4s, when frequency hopping is configured with R ≥ 2, intra-slot and inter-slot hopping is supported with each of the antenna ports of the SRS resource mapped to different sets of subcarriers across  sets of sR adjacent OFDM symbol(s) of the resource in each slot, where  should be divisible by sR. Each of the antenna ports of the SRS resource is mapped to the same set of subcarriers within each set of sR adjacent OFDM symbols of the resource in each slot. For Ns= sR, when frequency hopping is configured, inter-slot frequency hopping is supported with each of the antenna ports of the SRS resource mapped to the same set of subcarriers in sR adjacent OFDM symbol(s) of the resource in each slot. The quantity  is given by  if the UE is configured with higher-layer parameter [tdm], otherwise .


Conclusion
In this contribution, we discuss the remaining issues for SRS enhancement in Rel-18 with two TPs and one proposal. 
Proposal: A UE supporting TDMed 8 ports SRS should be able to transmit at  per OFDM symbol with 4 ports.
Proposal: Support per symbol SRS dropping as in current specification for TDMed 8-port SRS.
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