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1. INTRODUCTION
The Rel-18 MIMO WID [1] proposes several enhancements to uplink reference signals. The WID scope includes the following objectives on SRS enhancements:

	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:
[…]
· 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.



SRS cyclic shift (CS) and comb offset hopping have been introduced in Rel-18 to enhance the interference randomization in TDD CJT. In the last meeting, FL outlined several proposals on the remaining open issues of SRS enhancements to be discussed in this meeting [2]. In this contribution, we provide our views on the remaining FFS.  

2. SRS ENHANCEMENTS FOR TDD-CJT
Configuration of CS and comb offset subsets
	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.
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, down select from the following options:
· [bookmark: _Hlk142381162]Option 1: The subset is configured using a new RRC parameter which includes one or more integer values for hopping offsets.
· [bookmark: _Hlk142381514]Option 2: The subset is explicitly configured by legacy parameters cyclicShift and combOffset for cyclic shift hopping and comb offset hopping, respectively.
· Option 3: The number of subsets is fixed as 2, and a subset is defined as half of all possible hop locations.



It is agreed to support comb offset and CS hopping in Rel-18 to further randomize the interference from SRS in mTRP scenarios. However, it was noted that these features could harm legacy UEs which do not support Rel-18 hopping feature and they are configured with a fixed comb offset or CS. As such, the Rel-18 generates interference to the legacy UE whenever it hops onto a comb offset or CS that is already configured. 
To resolve this, it was agreed last meeting to support some configurable restrictions on the comb offsets and CSs that a Rel-18 UE can use in its hopping sequence such that the UE only performs the hopping on a subset of comb offsets or CSs. In this way, the network can configure the Rel-18 UEs to coexist in its network alongside legacy UEs with reduced inter-UE SRS interference. However, it was left FFS as how the subsets are to be configured. Three options are up for discussion:
· In Option 1, a new integer valued RRC parameter is introduced to indicate configured subsets. More than one value can be configured. From our understanding, the UE can be configured with different subsets by indicating specific values of comb offset to hop on. This option requires specification impact to define the integer values and configurable subsets. 
· In Option 2, the legacy parameters cyclicShift and combOffset are reused to configure the hopping locations with restricted subsets. The subset restriction is done by configuring the Rel-18 UE such that it performs CS hopping on a different comb offset than a legacy UE, or by performing CS hopping on the same comb offset with a different CS starting location. For combs larger than 2, similarly the UE can be configured to perform comb offset hopping with a different CS than legacy UEs. 
· In Option 3, 2 subsets are configured where each subset contains half of the hopping locations. Once configured with one offset from one subset, the UE hops within the offsets in the subset. This provides a simple configuration with one choice out of only two options; however, this limits the network’s flexibility to manage the subsets according to the interference between Rel-18 and legacy UEs in the coverage area. 
Based on this, our preference is Option 2 which has the less specification impact and achieves the desired behavior with existing RRC parameters. 

Observation 1: CS and comb offset subsets can be configured by choosing existing RRC parameters cyclicShift and combOffset parameters appropriately. 

Proposal 1: Support Option 2: The subset is explicitly configured by legacy parameters cyclicShift and combOffset for CS hopping and comb offset hopping, respectively.

3. ENHANCEMENTS FOR 8-PORT SRS
CS and comb offset configuration with 8-port SRS
	Proposal 3.2.1-3: 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}), and when comb offset hopping is configured for the SRS resource, down select from the following options:
· Option 1: The time-domain behavior of cyclic shift hopping and/or comb offset hopping depends on the OFDM symbol index l’ of each symbol.
· [bookmark: _Hlk142385201]Option 2: The time-domain behavior of cyclic shift hopping and/or comb offset hopping depends on the OFDM symbol index l’ of the first of the m OFDM symbol (or the first of the s OFDM symbol).
· Option 3: Do not support cyclic shift hopping or comb offset hopping for 8-port SRS.



It is agreed that the 8-port SRS resource can be configured with a TDM factor s which maps a subset of ports onto m OFDM symbols in a slot. The 8 ports are equally partitioned into s subsets where each subset has 8/s different ports. m is a multiple of s, and each of the m OFDM symbols carries one subset.  Based on last meeting’s discussion, the group of s subsets is repeated R times in the slot. 
Since CS and comb offset hopping has been agreed under the Rel-18 SRS TDD enhancements, and the 8 port SRS resource mapping is based on TDM, it was discussed whether the CS and comb offset hopping pattern applies. In fact, there is already an agreement for how the hopping pattern applies with repetitions under the Rel-18 SRS TDD enhancements. The hopping depends on the first symbol across the R repetitions when R is configured.  
 
	[bookmark: _Hlk134195893]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.



To align the time-domain behavior with the introduced SRS TDD enhancements, we prefer Option 2. 

Observation 2: To map the 8-port SRS resources in TDM with s factor, s subsets of ports are repeated in TDM over m OFDM symbol. TDD CJT enhancements has an agreement on applying the CS and comb offset hopping pattern over repetitions.  

Proposal 2: Support Option 2: The time-domain behavior of cyclic shift hopping and/or comb offset hopping depends on the OFDM symbol index l’ of the first of the m OFDM symbol (or the first of the s OFDM symbol).
	 
4. CONCLUSIONS
In this contribution, we provided our views on the remaining details of SRS enhancements for TDD CJT and 8-port resource. Based on the presented discussion, we make the following observations and proposals:

Observation 1: CS and comb offset subsets can be configured by choosing existing RRC parameters cyclicShift and combOffset parameters appropriately. 

Observation 2: To map the 8-port SRS resources in TDM with s factor, s subsets of ports are repeated in TDM over m OFDM symbol. TDD CJT enhancements has an agreement on applying the CS and comb offset hopping pattern over repetitions.  

Proposal 1: Support Option 2: The subset is explicitly configured by legacy parameters cyclicShift and combOffset for CS hopping and comb offset hopping, respectively.

Proposal 2: Support Option 2: The time-domain behavior of cyclic shift hopping and/or comb offset hopping depends on the OFDM symbol index l’ of the first of the m OFDM symbol (or the first of the s OFDM symbol).
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