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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A new work item on expanded and Improved NR Positioning was approved in RANP#98e [1], which identify sidelink positioning reference signal as one of the WI topics. In [2] the reference signal design featured for sidelink positioning such as reference sequence generation, multiplexing was discussed. The agreement from the last meeting is given below. 
	Agreement
In a dedicated resource pool, a SL PRS resource is immediately preceded by an AGC symbol unless RAN1 explicitly agrees that an AGC symbol is not included for specific cases (if any).

Agreement
· In a dedicated resource pool, a SL PRS resource is immediately followed by a gap symbol at least:
· if the gap symbol corresponds to the last SL symbol of a slot.
· Note: the gap can be used at least for Tx/Rx switching
· FFS: when TDM of multiple SL PRS resources within a slot is enabled in the dedicated resource pool
· FFS: Other cases.
· FFS: for SL PRS resource in a shared resource pool.

Agreement
For a dedicated resource pool, at least the case where SL PRS bandwidth is same as resource pool bandwidth is supported.

Agreement
For a shared resource pool, SL PRS bandwidth is same as the bandwidth indicated for PSSCH.

Agreement
For a shared resource pool
· A SL PRS resource refers to a time-frequency resource within a slot that is used for SL PRS transmission.
· Characteristics associated with a SL PRS resource in a slot of a shared resource pool include at least: 
· SL PRS resource ID, 
· SL PRS comb offset and associated SL PRS comb size (N), 
· SL PRS starting symbol and number of SL PRS symbols (M),
· SL PRS frequency domain allocation
· SL PRS freq domain allocation is not used to identify a unique SL PRS resource ID
· A SL PRS resource is identified by a combination of SL PRS resource ID and a SL PRS frequency domain allocation. This combination is unique within a slot of a shared resource pool.
NOTE 1: The above does not imply need for signalling/(pre-)configuration of all these parameters

Conclusion
For a dedicated or shared resource pool, at least the following characteristics are NOT included as part of characteristics of a SL PRS resource:
· Periodicity, number of instances/repetitions of SL PRS

Agreement
Comb-based multiplexing of SL PRS resources from different UEs in a slot is NOT supported for shared resource pools.

Conclusion
TDM-ed SL PRS resources within a slot from a single UE in a dedicated/shared resource pool is not supported in Rel-18.

Agreement
Multiple (M,N) pairs within a slot in a dedicated resource pool is supported  only when the different (M, N) pairs are always multiplexed via TDM to different sets of symbols in a slot. Only a single (M,N) value can be mapped within one TDM duration (i.e. one set of symbols).

Working assumption
· For SL PRS sequence generation, the parameter [image: ][image: ] is defined as below:
· [image: ][image: ] is provided by higher layers to a Tx UE 
· Details on higher layers, including consideration of Tx UE’s own higher layer, are up to RAN2
· The higher layer parameter is provided to an Rx UE via LPP/SLPP.
· FFS: If (pre-)configured for a resource pool and use of SL PRS for sensing is supported, [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS
· Otherwise (i.e., if not provided by higher layers), [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS

Agreement
For a shared resource pool, SL PRS transmit power is same as that for PSSCH.

Agreement
For SL PRS in a shared resource pool, the symbols of a SL-PRS resource within a slot are consecutive symbols.





In this contribution, we provide our views on the characteristics of sidelink positioning reference signal.
2. Discussion
Sidelink Positioning and ranging requires the transmission of positioning reference signal. During the study item phase, it was concluded to use a comb-based frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS.
In RAN1#113 meeting, discussion  centred around the generation of the SL-PRS sequence. The meeting aimed to address two key questions. Firstly, how to transfer the necessary sequence information (sequence ID). Secondly, what information would be used to determine the sequence ID. To solve the first question, a working assumption was proposed, suggesting that the sequence ID should be transferred to the Tx UE from higher layers via LPP/SLPP. We also support this assumption. 
[bookmark: _Toc142663607]Proposal 1: Confirm the working assumption that  is provided by higher layers to a Tx UE. 

There was a discussion about the multiplexing scheme for SL positioning. It is possible that both TDM and FDM could be used in dedicated resource pool to achieve configuration flexibility. This means SL-PRSs from different UEs can be multiplexed either in time-domain and frequency-domain. For FDM, a comb-based structure can be used where the resources for SL-PRS is allocated in a staggered manner. A FDM pattern can be described by comb size N (N is greater than 1) and the number of consecutive symbols M. 
For TDM-based multiplexing in dedicated resource pool, it would be flexible to allow multiple SL-PRS resources to be multiplexed in the same slots. It means the granularity of the time domain resource allocation for SL PRS is based on the number of symbols of SL PRS resource, e.g., 1 symbol SL-PRS. 
[bookmark: _Toc142663608]Proposal 2: Support TDM-based multiplexing for SL-PRSs from different UEs within a slot in dedicated resource pool. The granularity of time domain resource allocation is the number of symbols (i.e, sub-slot).

Furthermore, we consider the configuration of TDM-based SL-PRS resource can reuse a similar setting as in comb-based multiplexing, meaning that the resource can be configured using comb-1 structure (where N=1) for M consecutive symbols. Comb-1 means SL-PRS occupies all the sub-carriers in a sub-channel. An example of a slot format of TDMed SL-PRSs with (M, N) = (2, 1) is shown in Figure 2 below. In this format, multiple SL-PRSs from different UE TXs are multiplexed in different time symbols within the slot. 
[image: ]
[bookmark: _Ref131437253][bookmark: _Ref131437204]Figure 2. An example of a slot format for TDMed SL-PRSs

[bookmark: _Toc142663609][bookmark: _Toc134795782]Proposal 3: For TDM-based multiplexing, the SL-PRSs can be configured using comb-1 structure with comb size N= 1, M≥1.

A consensus was reached on the coexistence of multiple (M, N) pairs in dedicated resource pool. The agreement allows several (M, N) pairs, with each (M, N) pair occupying a distinct set of symbols within a slot (sub-slot). Besides that, a rule also established, which restrict only 1 (M, N) pair per set of symbols. It is worth noting that this scheme should also support Comb-1 structure (1, 1). Figure 3 below illustrates the allocation of multiple (M, N) pairs within one slot. In this example, the SL-PRSs are multiplexed using either the (M, N) = (4, 4) or (2, 1) structures.
[image: ]
Figure 3. Schematic of multi- (M, N) pairs in one slot. In this example, the SL-PRSs are multiplexed by either (M, N) = (4, 4) or (2, 1) structures.

[bookmark: _Toc142663610]Proposal 4: Support Comb-1 structure in multiplexing of SL-PRS resources in dedicated resource pool.

Overall, these multiplexing schemes offer flexibility in how SL-PRSs are transmitted and allow for efficient use of resources. It is important to consider the trade-offs between the different schemes and their impact on performance when selecting a particular scheme and configuring resource. In order to support both schemes, it is necessary for the resource scheduler to be aware of the capability of the UE as not all the UEs is capable of both schemes. For example, some Rx UEs may have difficulty achieving an optimal performance when using FDM due to the hardware limitation. Therefore, TDM becomes a preferred solution for these types of UEs. 
To address this issue, it is beneficial to have a separate UE’s capability report transmitted to the gNB. This report would provide information about the UE's capabilities on processing TDMed SL-PRS and FDMed SL-PRS, allowing the gNB to configure FDMed or TDMed resources for SL-PRS transmission accordingly. By doing so, the gNB can optimize the resource allocation for each UE, improving overall system performance.
[bookmark: _Toc142663611]Proposal 5: Support a separate UE’s capability on processing TDM SL-PRS and FDM SL-PRS.

3. Conclusion
In this contribution we provide our view on sidelink positioning reference signal. We made the following proposals:
Proposal 1: Confirm the working assumption that  is provided by higher layers to a Tx UE.
Proposal 2: Support TDM-based multiplexing for SL-PRSs from different UEs within a slot in dedicated resource pool. The granularity of time domain resource allocation is the number of symbols (i.e, sub-slot).
Proposal 3: For TDM-based multiplexing, the SL-PRSs can be configured using comb-1 structure with comb size N= 1, M≥1.
Proposal 4: Support Comb-1 structure in multiplexing of SL-PRS resources in dedicated resource pool.
Proposal 5: Support a separate UE’s capability on processing TDM SL-PRS and FDM SL-PRS.
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