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Introduction
In RAN#94-e meeting, a new WID of ‘MIMO Evolution for Downlink and Uplink’ was approved [1]. 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 directions 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, taking into account 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. Regarding the SRS enhancement, it was agreed to study a number of potential schemes in RAN1#109-e [2], and the following agreements have been made in the last meeting [3].
	RAN1#109-e

Agreement 
Study the following for SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS interference randomization and/or capacity enhancement
· Randomized frequency-domain resource mapping for SRS transmission
· E.g., further enhancements to frequency hopping, comb hopping
· Randomized code-domain resource mapping for SRS transmission
· E.g., cyclic shift hopping/randomization, sequence hopping/randomization, per-hop sequence from a long SRS sequence
· Randomized transmission of SRS
· E.g., pseudo-random muting of SRS transmission for periodic and semi-persistent SRS
· Per-TRP power control and/or power control of one SRS towards to multiple TRPs
· SRS TD OCC
· Increasing the maximum number of cyclic shifts 
· E.g., multiplying mask sequence to the legacy SRS sequence to effectively increase the maximum cyclic shifts
· Precoded SRS for DL CSI acquisition
· Enhanced signaling for flexible SRS transmission
· E.g., dynamic update of SRS parameters
· Partial frequency sounding extensions
· E.g., larger partial frequency sounding factor, starting RB location hopping enhancements, partial frequency hopping on other bandwidths corresponding to , besides the last bandwidth 
· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· E.g., configuration of  (sequence index within a group) per SRS resource
· E.g., configuration of cyclic shift per SRS port per SRS resource.
· Resource mapping for SRS transmission based on network-provided parameters or system parameters
· E.g., SRS resource mapping based on network-provided parameters (e.g., configurable indexes) or system parameters (e.g., slot index)
Note: PAPR performance and maintaining DFT waveform property should be considered when deciding the enhancement for Rel-18.


RAN1 #110b-e

Agreement
Support at least one of the following for SRS interference randomization
· Randomized code-domain resource mapping for SRS transmission by introducing cyclic shift hopping / randomization to SRS resource
· Comb offset hopping for SRS
· The comb offset is determined pseudo-randomly as a function of time (e.g., slot index, symbol index) and/or NW configured ID with a certain UE-specific initialization.
· FFS: Other details, e.g., how the comb offset value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion.

Agreement
For comb offset hopping for SRS and for randomized code-domain resource mapping for SRS transmission via cyclic shift hopping / randomization, further study the following:
· The hopping pattern (e.g., the pseudo-random sequence, time-domain granularity for hopping)
· The time-domain parameter and/or behavior (e.g., slot index, symbol index, re-initialization behavior)
· Network-configured ID for UE-specific initialization
· How the comb offset / cyclic shift value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion
· [bookmark: _Hlk118707957]Potential issue on multiplexing with legacy UEs if CS hopping and/or comb offset hopping are enabled
· Applicability to periodic/semi-persistent/aperiodic SRS
Other details are not excluded

Agreement
For SRS TD OCC for SRS enhancements for TDD CJT, study:
· Comparison against SRS on 1 OFDM symbol
· Comparison against SRS repeated on multiple OFDM symbols
· Study the following aspects: evaluation performance, SRS overhead, per-symbol per-port transmission power, impact of channel delay, dropping rules of collision with other uplink resource, etc.

Conclusion
The discussion of resource mapping for SRS transmission based on network-provided parameters or system parameters is merged into the discussions of other SRS enhancements for TDD CJT.

Agreement
For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, study the 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

Conclusion
· No further discussion of increasing the maximum number of cyclic shifts for CJT SRS.
· No further discussion of partial frequency sounding extensions for CJT SRS.



Based on the agreements, we provide our views on SRS enhancement for TDD CJT mainly focusing on the several ongoing issues in this contribution.
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 have been proposed during the previous meetings, and in an effort to minimize the number of schemes supported in Rel-18, two schemes, i.e., comb offset hopping for SRS and randomized code-domain resource mapping for SRS transmission via cyclic shift hopping / randomization, were down-selected. Since it was agreed to support at least one of the two SRS interference randomization schemes, we present a brief description on each scheme as follows.


Comb offset hopping
Comb offset hopping is one potential scheme to further enhance the frequency hopping, and has been supported in the current spec for positioning purpose. Comb offset hopping of SRS for CJT purpose can be designed similar to the existing comb offset hopping for positioning. For SRS interference randomization, the comb offset hopping value can be determined based on the pseudo-random sequence which can be initialized with  (TRP-specific ID). In addition, as in the legacy frequency hopping, two options for comb offset hopping can intuitively be considered. One is comb offset hopping within the slot, i.e., intra-slot hopping, and the other is comb offset hopping over different slots, i.e., inter-slot hopping. Therefore, the comb offset value is a function of slot number within a frame and OFDM symbol index. The comb offset hopping patterns can be pre-defined to be well-organized for randomization. Regarding the applicability to the time-domain behaviors, comb offset hopping can be applied to all types of SRS, including periodic, semi-persistent, and aperiodic (relatively low priority).


Cyclic shift hopping / randomization
Cyclic shift hopping/randomization is another potential method of SRS interference randomization in code domain. As in the case for comb offset hopping, there can be intra-slot hopping and inter-slot hopping options for cyclic shift hopping. The cyclic shift hopping value of SRS for CJT can be determined based on the pseudo-random sequence, and is the function of maximum number of cyclic shifts,  (TRP-specific ID), and time related index. Cyclic shift hopping patterns can be selected from the pre-defined patterns. Similar to comb offset hopping, it can be applied to periodic, semi-persistent, and aperiodic (relatively low priority) SRSs.

For both schemes, we think that the issue of compatibility with legacy UEs can be handled by gNB. The above descriptions are possible examples of details about comb offset hopping and cyclic shift hopping. Now, the details of the two candidate schemes to be supported for SRS interference randomization should be determined. After that, the performances would be further investigated to down-select one.

Proposal 1: Determine the details on both candidate schemes to be supported for SRS interference randomization.
Proposal 2: For SRS interference randomization, select one scheme out of comb offset hopping and cyclic shift hopping / randomization through further investigation and discussion.


Power control of SRS transmissions
Through the discussion in the last meeting, 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 as follows:
· 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

Each option has its pros and cons. Option 1 is efficient because TRPs can acquire CSI through common SRS resource with one power control process that has one Po value and one closed loop state, where the PC formula is based on the multiple alphas and PLs targeting multiple TRPs. In Option 1, how to define the common power control process has not yet been decided. On the other hand, Option 2 is effective because it can apply the appropriate power control process to each TRP-specific subset of SRS resource. However, Option 2 requires further study on how the spec supports it.

With Option 1, we expect that the performance of CJT depends on how the common power control process is defined. If there is a sufficient performance gain compared to legacy power control, it seems better to support Option 1 than Option 2. Otherwise, it would be good to study in detail on Option 2 and discuss whether to support.

Proposal 3: It seems better to support Option 1 for power control of SRS transmission.
Summary
In this contribution, we discuss the issues on SRS enhancement for TDD CJT. Our views are summarized as follows.
Proposal 1: Determine the details on both candidate schemes to be supported for SRS interference randomization.
Proposal 2: For SRS interference randomization, select one scheme out of comb offset hopping and cyclic shift hopping / randomization through further investigation and discussion.
Proposal 3: It seems better to support Option 1 for power control of SRS transmission.
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