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1. Introduction
The scope of the work item on Expanded and Improved NR Positioning [1] includes specifying solutions for sidelink (SL) positioning. One of the objectives with respect to SL positioning is to specify SL positioning reference signal (PRS) such that it uses a comb-based frequency domain structure as given in the below excerpt from the objectives [1]:
	· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified.


In this contribution we wish to highlight some issues that could arise in meeting the above objectives, and solutions to help address them. 
2. Discussion
In the last RAN WG1 meeting #112, the following agreements were reached on resource element (RE)-offset sequence and comb-based multiplexing of SL PRS [2]:
	Agreement
For RE-offset sequence for SL PRS, the RE-offset sequences specified for DL PRS are considered as a starting point.
· FFS: Exact RE-offset sequences 

Agreement
· Comb-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· For comb-based multiplexing of SL PRS from different UEs, support at least the case wherein a single  value is possible . 
· FFS: Whether to support comb-based multiplexing of SL PRS from different UEs in a slot using multiple values.
· FFS: additional restrictions (if any) due to e.g. the impact of synchronization and IBE interference between UEs.



2.1. Indication and selection of comb size and RE offset for comb-based multiplexing of SL PRS
As comb-based multiplexing of SL PRS from different user equipment (UEs) in a slot is supported, when configuring SL PRS resources, it is possible that each transmitting UE uses its own comb size and RE offset parameters. This may either be provided to it by the gNB in the case of Scheme 1 (network centric) SL positioning resource allocation or be chosen either from a set of values (pre-)configured by the gNB or directly by the UE itself in the case of Scheme 2 like SL positioning resource allocation. 
In any case, if two or more UEs in proximity with each other have the same comb size and RE offset value on the same dedicated or shared resource pool (RP), it could lead to degradation in positioning performance due to their mutual interference. Simply avoiding the SL-PRS resources occupied by other UEs (e.g., using sensing-based resource selection) is wasteful in this case as it can introduce unnecessary delays in the positioning procedure compared to comb-based multiplexing. It is better to have a mechanism for UEs to coordinate their SL PRS comb size and RE offset values among themselves so that comb-based multiplexing is possible within the same SL PRS resource. 
Observation 1: With comb-based multiplexing of SL PRS, UEs in the same RP may transmit SL PRSs using the same comb size and RE-offset values, leading to potential interference in SL PRS transmissions and performance degradation. This necessitates some form of coordination between UEs on selection of these parameters.
In this regard, we suggest the following options to achieve such coordination among UEs:
· Option 1: Each UE broadcasts/groupcasts the comb size and RE offset value for its own SL PRS transmission in the SL control information (SCI) within the dedicated or shared RP that it is using. Thus, other UEs that receive the SCI can avoid selecting the same comb size and RE offset value for their own SL PRS transmissions. 
This option has the advantage that it is easy to implement.
A potential disadvantage of this option is that broadcasting/groupcasting the comb size and RE offset value in the SCI may not be required in all cases. E.g., those Rel-16/17 UEs without SL positioning capability but using the same shared RP for communication may not need this information. This can be overcome by broadcasting this information in the 2nd SCI of the shared RP so that only Rel-18 and beyond UEs need to decode this information.

· Option 2: Modify the inter-UE coordination (IUC) mechanism so that preferred/non-preferred comb size and RE offset values may be indicated using IUC to other UEs using the same RP. 
This option would have reduced signaling overhead compared to option 1, since the values need to be shared only with selected UEs using the same RP. 
A potential disadvantage is that it may not be possible to send the indication to all relevant UEs at once, thus not fully avoiding the mutual interference problem. 
In both the options above, we foresee that the indication by a UE transmitting SL PRS should contain at least the comb size of the SL PRS, RE offset of SL PRS sequence, the UE ID and the transmission duration or period if it is a periodic SL PRS.
Proposal 1.1: SL PRS transmitting UEs should indicate their own comb size and RE offset values to other UEs in the same RP. Such an indication can be using one of the following options:
· Option 1: Each UE indicates the values in the SCI associated with the dedicated or shared RP that it is using for SL positioning.
· Option 2: Each UE indicates the values using modified IUC mechanisms.
Proposal 1.2: In turn, all SL PRS transmitting UEs should use the above indication to select their own comb size and RE-offset values so that overlap with existing SL PRS transmissions is avoided.
2.2. Muting for SL PRS transmissions
Even if the above proposal is implemented in either form, there could be a scenario where an SL PRS transmitting UE is unable to select a non-overlapping SL PRS pattern due to all comb sizes and/or RE offsets being exhausted by other SL PRS transmitting UEs in the same RP. In this situation it would be otherwise impossible for this UE to transmit SL PRS without overlapping with other UEs’ transmissions. 

Observation 2: When a UE that wishes to transmit an SL PRS cannot find a suitable comb size and RE offset value to avoid overlap with other existing SL PRS transmissions, a procedure for requesting muting of SL PRS transmissions is desired.

Hence, to overcome this potential problem, we propose that a UE intending to transmit an SL PRS and unable to select a non-overlapping SL PRS pattern by means of selecting a suitable comb size and RE-offset value as outlined in Proposal 1, may request to mute SL PRS transmissions by other UEs. 
Such a muting request may be sent using broadcast/groupcast. If the positioning procedure is using a dedicated RP, the request may be sent either using SCI in the dedicated RP or a data channel within the dedicated RP (if available). 
On the other hand, if a shared RP with SL communication is being used for SL positioning, such a request could be sent either using the 2nd-stage SCI or using a communication channel (e.g., PSSCH) in the shared RP.
We propose that the request for muting contain at least the priority information for the positioning procedure, and optionally the requested muting duration and muting repetitions/occasions. The muting repetitions/occasions would also include information on whether the muting should be periodic/semi-persistent. 

When a UE currently transmitting SL PRS receives such a muting request, it needs to evaluate and decide whether to mute its own SL PRS transmissions, and which repetitions/occasions of its own transmissions are to be muted if applicable.
For this, we propose that the decision to mute an existing SL PRS transmission be taken based on the priority indication in the muting request. If the priority of the receiving UEs own positioning operation is less than that indicated in the muting request, the receiving UE must mute its own SL PRS transmissions. 
Once the decision to mute SL PRS transmissions has been made, the subsequent decision to be taken by the receiver UE is which SL PRS repetitions/occasions must be muted. We suggest that the muting repetitions/occasions must follow those in the request as closely as possible and propose the following procedure to ensure this:
· A similarity measure is introduced to measure the similarity between two muting patterns. E.g., the inverse of the number of repetitions/occasions where the requested muting pattern and the to-be-applied muting pattern would be different.
· A common table associating the above similarity in muting patterns with all possible differences in priority values is created, which is same for all SL positioning UEs e.g., as shown below:
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· On receiving the muting request, and if the priority indicated in the request is higher than its own priority, the receiving UE will first compute the difference in priorities as: 

· Then, it can choose a muting pattern that has the same or closest similarity score with the requested muting pattern following the above table. In addition, the muting pattern itself may be selected from a set of specified muting patterns or alternatively, left to the UE implementation. 
· The eventually applied muting pattern should be indicated by the receiver UE by broadcast/groupcast either in the SCI associated with the dedicated/shared RP or via an SL communication channel in a shared RP or an SL communication RP. 
· If multiple UEs raise muting requests with identical priorities, all muting requests may be entertained by the SL PRS transmitting UE; however, the number of different resulting muting patterns to be simultaneously applied may be reduced as much as possible (e.g., by using only one muting pattern for all the muting requests so that the similarity scores with all the muting requests is as high as possible).

Proposal 2.1: A UE intending to transmit SL PRS may send a request for existing SL PRS transmissions to be muted at indicated occasions. 
Proposal 2.2: Upon receiving such a request, a UE already transmitting SL PRS may mute its own SL PRS transmissions based on the priority indicated by the requesting UE and several other considerations detailed in Section 2.2. of this contribution.

3. Conclusion
In this contribution we have highlighted some issues and potential solutions related to comb-based multiplexing of SL PRS transmissions by different UEs, and made the below observations and proposals:
Observation 1: With comb-based multiplexing of SL PRS, UEs in the same RP may transmit SL PRSs using the same comb size and RE-offset values, leading to potential interference in SL PRS transmissions and performance degradation. This necessitates some form of coordination between UEs on selection of these parameters.
Proposal 1.1: SL PRS transmitting UEs should indicate their own comb size and RE offset values to other UEs in the same RP. Such an indication can be using one of the following options:
· Option 1: Each UE indicates the values in the SCI associated with the dedicated or shared RP that it is using for SL positioning.
· Option 2: Each UE indicates the values using modified IUC mechanisms.
Proposal 1.2: In turn, all SL PRS transmitting UEs should use the above indication to select their own comb size and RE-offset values so that overlap with existing SL PRS transmissions is avoided.

Observation 2: When a UE that wishes to transmit an SL PRS cannot find a suitable comb size and RE offset value to avoid overlap with other existing SL PRS transmissions, a procedure for requesting muting of SL PRS transmissions is desired.
Proposal 2.1: A UE intending to transmit SL PRS may send a request for existing SL PRS transmissions to be muted at indicated occasions. 
Proposal 2.2: Upon receiving such a request, a UE already transmitting SL PRS may mute its own SL PRS transmissions based on the priority indicated by the requesting UE and several other considerations detailed in Section 2.2. of this contribution.
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