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Introduction
In RAN#94-e meeting, a new WID of ‘MIMO Evolution for Downlink and Uplink’ was approved [1]. (Revision [2] was approved in RAN#98-e, but it has no impact on RAN1 objective.) Among the objectives of RAN1, one objective related to the enhancements of CSI acquisition for Coherent-JT includes the following details.
	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



There are two ways to specify the enhancements of CSI acquisition for CJT. One is Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, considering throughput-overhead trade-off, and the other is SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization with some constraints. Regarding the SRS enhancement, the following agreements were made in the last meeting [3]. Based on the agreements, we provide our views on SRS enhancement for TDD CJT mainly focusing on the several ongoing issues in this contribution.
	Agreement
For SRS interference randomization, support:
· [bookmark: _Hlk131175024]Opt. 3: Both cyclic shift hopping and comb offset hopping. 
· At least the two features can be separately configured
· FFS: Combined cyclic shift hopping and comb offset hopping for a UE
· FFS: Separate or combined with SRS sequence group hopping / sequence hopping 
· FFS: Associated UE capability

Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on the pseudo-random sequence c(i), initialized with one of the following IDs.
· Option 1: Reuse the SRS sequence identity .
· Option 2: Introduce new ID(s).
· FFS: the value range, one new ID or two separate new IDs, default ID(s)

Agreement
For SRS comb offset hopping and/or cyclic shift hopping, the time-domain hopping behavior depends on at least the slot index  within a radio frame and OFDM symbol index , and select at least one of the following options:
· Option 1: Within a slot, hopping based on the repetition factor  and symbol index that is the same across the R repetitions.
· Option 2: Within a slot, hopping based on only the symbol index .
· Option 3: No intra-slot hopping.
· FFS: Time domain hopping behavior further depends on system frame number (SFN) .
· FFS: Reinitialization periodicity of N radio frames or reinitialization based on system frame number.
· FFS: Whether to adopt the same option(s) for comb offset hopping and cyclic shift hopping (if supported separately)
· FFS: At least support reinitialization at the beginning of each radio frame. 

Conclusion
No consensus to support SRS TD OCC for TDD CJT SRS enhancement in Rel-18.

Conclusion
No consensus to support the following for TDD CJT SRS enhancement in Rel-18:
· Further enhancements to frequency hopping 
· Sequence hopping/randomization, per-hop sequence from a long SRS sequence
· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· Precoded SRS for DL CSI acquisition
· Pseudo-random muting of SRS transmission for periodic and semi-persistent SRS 
· Configuration of v (sequence index within a group) per SRS resource
· Multiplying mask sequence to the legacy SRS sequence


Discussion
SRS interference randomization
In TDD CJT, gNB determines the precoding for PDSCH transmission based on the reciprocal channel information estimated using the SRS transmitted by the UE. In general, CJT requires accurate CSI for an attractive advantage on performance. Unfortunately, however, as the number of UEs in the network increases, TRPs may suffer from severe interference across the SRS due to the finite SRS resources, which leads to performance degradation. As is well known, SRS interference randomization is one method to address the cross-SRS interference problem. Several schemes for SRS interference randomization were proposed, and in an effort to minimize the number of schemes supported in Rel-18, two schemes, i.e., comb offset hopping and cyclic shift hopping, were down-selected. Finally, it was agreed in the last meeting to support both cyclic shift hopping and comb offset hopping for SRS interference randomization. Now, further details, including the designs on both hopping schemes, need to be decided in the remaining meetings. Based on the agreements, there were several follow-up discussions, and we present our views on these issues as follows.

FFS: Combined cyclic shift hopping and comb offset hopping for a UE / FFS: Separate or combined with SRS sequence group hopping / sequence hopping
Combined cyclic shift hopping and comb offset hopping has been proposed with the possibility of achieving better interference randomization. However, it is questionable whether the joint configuration of both hopping methods is feasible in our view. Moreover, although more effort is required in the specification to support the combined scheme, the benefit is still unclear. Therefore, we think that separate configuration of the two hopping features can be sufficient for SRS enhancement in Rel-18. It is also not necessarily essential to support combining cycle shift hopping and comb offset hopping with legacy SRS sequence/group hopping. Considering the complexities of gNB and UE for combining, it may be more practical to configure them separately.

Proposal 1: For SRS interference randomization, support cyclic shift hopping and comb offset hopping separately.

Proposal 2: Support separate configuration of cyclic shift hopping and comb offset hopping with the legacy SRS sequence/group hopping.

NW-configured ID(s)
Regarding the designs of cyclic shift hopping and comb offset hopping, supporting NW-configured ID(s) with two options was agreed in the last meeting. Here, two options are reusing the SRS sequence identity and introducing new ID(s) which were narrowed down by majority views from the FFS of the previous agreement. As mentioned in FL summary [4], either option has its merit, and we agree to incorporate the benefits of both options. Hence, we propose to reuse the SRS sequence identity  with the newly introduced ID(s) if necessary. However, since complicating the specification is undesirable, it is necessary to clarify whether two separate new IDs and default ID(s) are essential before determining the details.

Proposal 3: Reuse the SRS sequence identity  along with the newly introduced ID(s) if necessary, to initialize the pseudo-random sequence c(i) that determines the hopping pattern.

Proposal 4: Before deciding on the details of NW-configured ID(s) for SRS comb offset hopping and cyclic shift hopping, it should be clarified whether two separate new IDs and the default ID(s) are essential.

Time-domain hopping behavior
In the last meeting, the proposal considering the different intra-slot hopping options for time-domain hopping behavior was agreed as the details became clear through discussion. However, the issue still remains that at least one option should be selected, and further discussion is required. Regarding options, Option 2 is our intended method of hopping within a slot. Thus, we suggest supporting at least Option 2. Since comb offset hopping and cyclic shift hopping are supported separately, there is no need to restrict adoption of the same option, but it can be considered for simplicity.

Proposal 5: Regarding the time-domain hopping behavior for SRS comb offset hopping and cyclic shift hopping, support at least Option 2, i.e., hopping based on only the symbol index  within a slot.

Power control of SRS transmissions
For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, it was agreed to study two options for an SRS resource set:
· Option 1: 
· Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
· Each transmission occasion of the SRS resource is towards multiple TRPs
· Option 2: 
· More than 1 power control processes each for a subset of SRS resource of an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
· Different transmission occasions of the SRS resource can be towards different TRPs

First of all, Option 1 is efficient because TRPs can acquire CSI through a common SRS resource set with one power control process that has one Po value and one closed loop state, where PC formula is based on the multiple alphas and PLs targeting multiple TRPs. We believe that Option 1 is sufficient to support TDD CJT if the common power control process can be designed well for multi-TRP deployment. In addition, since Option 1 can at least include legacy power control process, it can optionally be used if there could be a near-far problem. On the other hand, the benefit of supporting Option 2 is unclear due to the higher SRS overhead and/or latency, even if an appropriate power control process can be applied to each TRP-specific SRS resource.

Proposal 6: Support at least Option 1 for power control of SRS transmissions in TDD CJT.

During several previous meetings, power control options for an SRS resource set were clarified and modified based on the comments from the companies. To move forward, the following proposal was finally presented at the end of the last meeting.

Proposal 2.2: For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set, support Option 1 (for TRP-common SRS using one SRS resource set):
· One power control process for all SRS resources of an SRS resource set where the power control process is based on one P0 value and one closed loop state and jointly on M (M > 1)  DL pathloss RSs and/or M alphas.
· Each transmission occasion of the SRS resource is towards multiple TRPs.

Because each option has its pros and cons, the number of proponents for Options 1 and 2 was similar. There was a lot of discussion, but it failed to narrow the difference between their positions. Now is the time to make a decision. To avoid ending up with option 0, i.e. no improvements on CJT PC in Rel-18, supporting both options could be a possible compromise.
Summary
In this contribution, we discuss the issues on SRS enhancement for TDD CJT. Our views can be summarized as follows.
Proposal 1: For SRS interference randomization, support cyclic shift hopping and comb offset hopping separately.
Proposal 2: Support separate configuration of cyclic shift hopping and comb offset hopping with the legacy SRS sequence/group hopping.
Proposal 3: Reuse the SRS sequence identity  along with the newly introduced ID(s) if necessary, to initialize the pseudo-random sequence c(i) that determines the hopping pattern.
Proposal 4: Before deciding on the details of NW-configured ID(s) for SRS comb offset hopping and cyclic shift hopping, it should be clarified whether two separate new IDs and the default ID(s) are essential.
Proposal 5: Regarding the time-domain hopping behavior for SRS comb offset hopping and cyclic shift hopping, support at least Option 2, i.e., hopping based on only the symbol index  within a slot.
Proposal 6: Support at least Option 1 for power control of SRS transmissions in TDD CJT.
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