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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.



In the November meeting [2], it was agreed to introduce enhancements to the hopping procedure of SRS, and additional details were discussed in the February meeting [3]. In this contribution, we provide our views on the additional details for the TDD-CJT scenario. 

2. SRS ENHANCEMENTS FOR TDD-CJT
Combined SRS cyclic shift and comb offset hopping
	For SRS interference randomization, support:
· 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



In the last meeting, Opt. 3 was agreed where both CS hopping, and comb offset hopping are supported with at least separate configuration of each hopping. It remains FFS whether combined hopping should be additionally supported. Comb offset hopping enables different UEs to reduce their mutual interference as the SRS-carrying REs shift at every hopping occasion. However, the network is more restricted in its comb offset allocation since the number of comb offsets is more limited than the number of available cyclic shifts. There is therefore some tradeoff depending on the number of UEs configured with hopping sequences. Cyclic shift or comb offset may be used in different scenarios, depending on the UE’s performance or network scheduling restrictions. With combined hopping scheme, some additional randomization flexibility may be introduced; however, it also increases the UE’s complexity and introduces additional specification impact to define joint hopping mechanisms. Therefore, the gains of joint hopping schemes should be demonstrated before further consideration. 
Our preference is to support separate CS and comb offset hopping unless the combined schemes demonstrate significant performance improvements.  

Observation 1: Combining more than one hopping scheme further randomizes the interference at the cost of additional UE complexity. 

Proposal 1: Support separate CS and comb offset hopping. 

Hopping sequence initialization
	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.
· [bookmark: _Hlk131084095]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)


	
It has been agreed that the hopping pattern is determined based on the pseudo-random sequence c(i) that is initialized with a network configured seed parameter ID. However, it is FFS which parameter should be used as the ID. In the last meeting, multiple proposals were discussed, and proposed solutions were narrowed down to two options, 
· In Option 1, the UE is configured by higher layer parameter sequenceId with one out of 1024 values, and this value is already available and used for the pseudo random sequence initialization. If only separate hopping configuration is supported, then the same identity can be reused for both CS and comb offset hopping. 
· In Option 2, one or more new IDs are introduced. In our understanding, the need for a new or additional ID is motivated by the use case where joint CS and comb offset hopping is possible. Separate initialization IDs may be required for the respective hopping features to further randomize the hopping combinations. 

Since we support separate configuration of hopping features, and Option 1 is already available to UE-specifically randomize the hopping sequence, we don’t see the need for Option 2 that has some additional specification impact. Therefore, we support Option 1. 

Observation 2: Additional IDs may be useful for further randomization if joint CS and comb offset hopping is supported. 

Proposal 2: Support Option 1: Reuse the SRS sequence identity .

Time-domain hopping behavior
	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 behaviour 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. 



From all the proposed schemes, it is agreed to further enhance the hopping of SRS resources through the support of at least a time-based hopping configuration, where the granularity is for further study, e.g., based on slot or OFDM symbol index, etc. Three different options were presented for down-selection in the last meeting, 
· In Option 1, the hopping pattern is defined based on the repetition factor of an SRS resource. For a configured number of symbols (i.e., symbol group), the hopping parameter remains constant, and switches in the next group of symbols.
· In Option 2, the hopping pattern is defined based on the OFDM symbol index. This requires a faster switching time which may increase UE’s complexity. 
· In Option 3, the hopping pattern is defined based on slot indices, so no intra-slot hopping is possible. Therefore, the time duration for averaging and seeing the effect of randomization may become too long.

In our view, Option 1 provides a good compromise by allowing the UE to perform hopping on the same time scale as repetitions which provides some intra-slot hopping capability while not requiring a quicker switching time than already specified. 

Observation 3: The hopping granularity has an impact on the UE switching capability and the time scale to perform measurements. 

Proposal 3: Support Option 1, that supports within a slot hopping based on the repetition factor R and symbol index that is the same across the R repetitions. 

Multi-TRP power control 
	Proposal 2.5C: 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, down select one from the following options:
· Option 0 (For legacy TRP-specific SRS using multiple SRS resource sets; no enhancement in Rel-18):
· M (M >= 1) power control processes for M SRS resource sets where each of the M power control processes is based on a different UL power control parameter set (P0, alpha, and closed loop state) associated with a different DL pathloss RS
· Each of the M SRS resource sets is for one of the M TRPs. M is generally at most 2 per current standards.
· Option 1 (For TRP-common SRS using one SRS resource set):
· Same 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 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 (For TRP-specific SRS using one SRS resource set):
· M (M >= 1) power control processes for the SRS resource set where each of the M power control processes is based on a different UL power control parameter set (P0, alpha, and closed loop state) associated with a different DL pathloss RS
· Different transmission occasions of the SRS resource can be towards different TRPs
· Only for P/SP SRS
· Option 3 (For TRP-common and/or TRP-specific SRS using one SRS resource set):
· M (M >= 1) power control processes for the SRS resource set where each of the M power control processes is based on one P0 value, one closed loop state, and jointly on N (N >= 1) DL pathloss RS(s) and/or N alphas, where N can be different for different power control processes
· A transmission occasion of the SRS resource can be towards N (i.e., one or multiple) TRP(s) based on which power control process is used
· FFS: Only for P/SP SRS or for P/SP/AP



An SRS resource set is configured with a pathlossReferenceRS which a UE uses it in the power control formula to determine the transmit power. An SRS resource set can also be configured with pathlossReferenceRSList if there is no pathlossReferenceRS configured. It gives a list of multiple candidate pathloss RSs, from which one is activated through a MAC-CE and mapped to the SRS resource set. 
	
In the TDD CJT case, the SRS resource is used to estimate the channel towards more than one TRP. Reusing the current specification with a single activated pathloss RS is not optimized for the transmission towards different TRPs. It’s not clear then which pathloss reference RS should be used for the SRS resources in the SRS resource set. This may result in a near-far issue due to mismatched transmission power towards TRPs. For example, if a UE adjusts its transmission power towards the furthest TRP, then the transmission power towards the nearest TRP will exceed the target P0 and generate significant interference for the transmission of other served UEs. If the power is adjusted towards the nearest TRP, there is insufficient power to achieve the target P0 towards the furthest TRP. 
The issue of power control was discussed in the November 2022 meeting, and, leading up to the February 2023 meeting, the FL provided Proposal 2.5C for discussion. There are four options under discussion on how to enhance the power control settings.
· In Option 0, Rel-18 procedure is reused where different SRS resource sets are configured with each resource set associated to a pathloss RS. The purpose is to implicitly link an SRS resource set to one TRP. However, there is a limited number of SRS resource sets configured, which may be used for other purposes (e.g., panel association). 
· In Option 1, a single power control process is used for all SRS resources in an SRS resource set. The UE adjusts its transmission power and transmits it to target multiple TRPs at once. However, instead of using a single activated DL pathloss RS in the power control formula, the UE generates a linear combination of multiple DL pathloss RS. One benefit is that the UE transmits at a constant transmission power for all SRS transmission instances which means a single SRS transmission instance is used to estimate multiple TRPs. It also doesn’t strain UE hardware with multiple power level switching. However, this option does not seem to resolve the near-far issue, since the transmission power is not targeting any single TRP. 
· In Option 2, more than one power control process is configured in an SRS resource set. Multiple DL pathloss RSs are activated, and each one associated to a power control process. One SRS resource is associated with more than one power control process to allow different transmission occasions of a same SRS resource to target different TRPs. Since an SRS resource set can already be configured with multiple pathloss reference RS in pathlossReferenceRSList, an additional enhancement is to enable more than one to be activated at a time through a MAC-CE. An additional configuration is also needed to map the pathloss processes to each SRS resource transmission occasion such as a time-domain pattern. This could be the same pattern used for interference randomization hopping, or a separate pattern can be defined.
· In Option 3, the proposed solution is based on a combination of Option 1 and Option 2, where one SRS resource set is configured with more than one power control process, and where each power control process is determined based on a linear combination of pathloss RS. Similarly to Option 1, we don’t think using the linear combination addresses the near-far issue. 

Based on the discussion, our preference is on Option 2. 

Observation 4: An SRS resource set has multiple pathloss reference RS configured but only one is activated at a time – for mTRP CJT enhancement, more than one can be used to determine the transmission power. 

Proposal 4: Support Option 2.

3. CONCLUSIONS
In this contribution, we provided our views regarding SRS enhancements for TDD CJT. Based on the presented discussion, we make the following observations and proposals:
Observation 1: Combining more than one hopping scheme further randomizes the interference at the cost of additional UE complexity. 

Observation 2: Additional IDs may be useful for further randomization if joint CS and comb offset hopping is supported. 

Observation 3: The hopping granularity has an impact on the UE switching complexity and the time scale to perform measurements. 

Observation 4: An SRS resource set has multiple pathloss reference RS configured but only one is activated at a time – for mTRP CJT enhancement, more than one can be used to determine the transmission power. 

Proposal 1: Support separate CS and comb offset hopping. 

Proposal 2: Support Option 1: Reuse the SRS sequence identity .

Proposal 3: Support Option 1, that supports within a slot hopping based on the repetition factor R and symbol index that is the same across the R repetitions. 

Proposal 4: Support Option 2.
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