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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 previous RAN WG1 meetings #112 and #112-bis-e, the following agreements were reached on resource element (RE)-offset sequence and multiplexing of SL PRS [2]:
RAN WG1 #112:
	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.
Agreement 
TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: TDM-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· FFS: Details, including resource granularity and relationship to SCI/PSCCH associated with the SL PRS resources, additional AGC symbols.
· FFS: restrictions for the configuration of TDM-based multiplexing of SL PRS from different UEs in a slot, if any
· FFS: which resource allocation schemes are applicable
· FFS: whether or not this is a separate UE capability




RAN WG1 #112
	Agreement
· TDM-based multiplexing in a slot of SL PRS from different UEs is NOT supported for a shared resource pool.



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 at least in dedicated RPs, when configuring SL PRS resources, it is possible that each transmitting UE uses its own comb size and RE offset parameters. Even if the number of different comb sizes are restricted, the UEs could select different RE offsets for multiplexing. 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/or 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. As elaborated in our previous contribution to RAN WG1 #112-bis-e [3], 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/or RE-offset values, leading to potential interference in SL PRS transmissions and performance degradation. This necessitates coordination between UEs on selection of these parameters.
In this regard, we reiterate the following proposal from our previous contribution to RAN WG1 #112-bis-e [3].
Proposal 1.1: SL PRS transmitting UEs should indicate their own comb size and/or RE offset values to other UEs in the same RP. Such an indication can be using one of the following options:
· Option 1: Using SCI 
· Option 2: 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 with the above proposals, 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. Moreover, there could be situations where congestion control prevents a UE from transmitting SL PRS with desired parameters as explained in our companion contribution [3]. The following proposal was made in RAN WG1 #112-bis-e [4] but was not discussed further, while companies were requested to contribute in RAN WG1 #113.  
	[Low] FL1 Proposal 4.2
•	RAN1 to further study support of muting of SL PRS resources.



Observation 2: Muting of SL PRS transmissions is desired when there is increased congestion in a resource or when there are no remaining resources for SL PRS transmission by a UE.

When a UE currently transmitting SL PRS receives such a muting request from another, 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 proposed a detailed procedure in our previous contribution to RAN WG1 #112-bis-e [3] and we reiterate our proposals. 
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 e.g., the priority indicated by the requesting UE.
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/or RE-offset values, leading to potential interference in SL PRS transmissions and performance degradation. This necessitates coordination between UEs on selection of these parameters.
Proposal 1.1: SL PRS transmitting UEs should indicate their own comb size and/or RE offset values to other UEs in the same RP. Such an indication can be using one of the following options:
· Option 1: Using SCI 
· Option 2: 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: Muting of SL PRS transmissions is desired when there is increased congestion in a resource or when there are no remaining resources for SL PRS transmission by a UE.
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 e.g., the priority indicated by the requesting UE.

4. References
1. RP-223549; New WID on Expanded and Improved NR Positioning, 3GPP TSG RAN Meeting #98-e; Intel Corporation, CATT, Ericsson. 
2. R1-2304243; RAN1 agreements for Rel-18 WI on Expanded and Improved NR Positioning; 3GPP TSG RAN WG1 Meeting #112bis-e; Rapporteur (Intel Corporation).
3. R1-2302388; On Sidelink Positioning Reference Signal Transmission Coordination; 3GPP TSG RAN WG1 #112-bis-e; Continental Automotive. 
4. R1-2304242; FL summary #4 on SL positioning reference signal; 3GPP TSG RAN WG1 Meeting #112bis-e; Moderator (Intel Corporation). 



 
Internal

Internal

Internal

