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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 [1] 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
For SL PRS sequence generation, no additional parameters other than the following input parameters are used: slot number, symbol number, and the parameter .

TDM-based multiplexing in a slot of SL PRS from different UEs is NOT supported for a shared resource pool.

SL PRS resource sets are not defined in Rel-18. 

(M, N) patterns with M > N with full staggering are supported. 
· In the last (M-N) symbols, the SL PRS symbols are repeated with same order of comb offsets as in the first N symbols.

An AGC symbol preceding a SL PRS resource is not considered as part of the SL PRS resource itself.

For the SL PRS open-loop power control, a UE can be configured to use DL pathloss (between TX UE and gNB) only, SL pathloss (between TX UE and RX UE) only, or both DL pathloss and SL pathloss.
· The same principle as for PSSCH power control is applied for deciding which (i.e., SL, DL, or SL and DL) pathloss to use.
· FFS: SL pathloss reference for open-loop power control for SL PRS.

At least for dedicated SL PRS resource pools, in addition to already-agreed (M, N) = (2, 2), (4, 4), fully staggered pattern with (M, N) = (6, 6) is supported. 
· FFS: Other values of (M, N).
· FFS: Applicability to shared resource pools.

A SL PRS resource refers to a time-frequency resource within a slot of a dedicated SL PRS resource pool that is used for SL PRS transmission.
· FFS: for a shared resource pool
Characteristics associated with a SL PRS resource 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,
· Note: Additional parameters can be included as/when identified.
· FFS: other time domain aspects, if any
A SL PRS resource is identified by a SL PRS resource ID that is unique within a slot of a dedicated SL PRS resource pool.
NOTE 1: The above does not imply need for signalling/(pre-)configuration of all these parameters

For SL PRS sequence generation, one of the following options is down-selected to define the parameter  :
· Option 1:  is a higher layer parameter.
· FFS: How the higher layer parameter is obtained, e.g., (pre-)configuration or via LPP/SLPP, etc.
· Option 2:  is based on 12 LSB bits CRC of PSCCH associated with the SL PRS. 
· Option 3: based on a combination of higher layer parameter from a configured ID list and 12 LSB bits of CRC of PSCCH associated with the SL PRS. 
· FFS: How the higher layer parameter/ID list is determined/obtained, e.g., (pre-)configuration or via LPP/SLPP, etc.

For a dedicated SL PRS resource pool, options for SL pathloss reference for OLPC for SL PRS are (to be down-selected from):  
· Option 1: SL PRS as pathloss reference
· Option 2: PSCCH DMRS as pathloss reference
· Option 3: Both Options 1 and 2
· FFS: Selection between Option 1 and Option 2, including (pre-)configuration.

For shared resource pools, a UE does not map SL-PRS and PSSCH DMRS in the same OFDM symbol(s).

For SL pathloss-based OLPC for SL PRS in unicast, filtered RSRP is reported by a receiving UE.




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.
On the time domain structure of SL-PRS, we prefer to have time-gap on before and after SL-PRS transmission. The time-gap can be used to minimize the interference from/to the adjacent symbol. Furthermore, the time-gap prior to and after the SL-PRS can be used for AGC purpose and possible Rx/Tx retuning, respectively. This is illustrated in Figure 1. We consider one symbol for each gap is sufficient.
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[bookmark: _Ref127519688]Figure 1: Time domain structure of SL-PRS transmission
[bookmark: _Toc127520522][bookmark: _Toc134795778]Proposal 1: Support the time-gap prior to and after the SL-PRS transmission. The first and second gap are used for AGC and Rx/Tx retuning.
The SL-PRS is based on the legacy DL-PRS where a pseudo-random generator is required at the Tx UE to generate the SL-PRS. There are several parameters which affect the initialization of generating pseudorandom sequence. We consider one of the parameters is the SL-PRS ID (). Three options of SL-PRS ID generation were given in the last meeting. Our original preference is a  based on 8 bits of source ID and 4 zero bits. However, such parameter can also be provided by the higher layer. 
[bookmark: _Toc134795779]Proposal 2: Support  is a higher layer parameter, which can be via (pre-)configuration or via LPP/SLPP.
It is important for SL-Rx-UE can regenerate the identical SL-PRS of the intended SL-Tx-UE. This is to be used for the SL positioning measurement. In SL positioning the SL-PRS is generated at the UE Tx side. In order for the SL-Rx-UE to be able to perform positioning measurement by regenerating the transmitted SL-PRS, the SL-Rx-UE needs to know the associated SL-PRS ID, in this case the  at the UE Tx given by the higher layer. The SL-Tx-UE can tell the SL-Rx-UE via SCI-1 or SCI-2.
The transmission of SL-PRS is expected to be in two types of SL resource pool, namely dedicated resource pool and shared resource pool. The bandwidth of the SL-PRS should be reconfigurable and it is up to the gNB to allocate the bandwidth of SL-PRS within a resource pool, regardless of the resource pool type. However, the maximum bandwidth of SL-PRS should be equivalent to the resource pool bandwidth.
[bookmark: _Toc127520524][bookmark: _Toc134795780]Proposal 3: SL-PRS bandwidth within a resource pool is reconfigurable up-to the maximum resource pool bandwidth.
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: _Toc134795781]Proposal 4: 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: _Toc134795782]Proposal 5: For TDM-based multiplexing, the SL-PRSs can be configured using comb-1 structure with comb size N= 1, M≥1. 
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: _Toc134795783]Proposal 6: 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: Support the time-gap prior to and after the SL-PRS transmission. The first and second gap are used for AGC and Rx/Tx retuning.
Proposal 2: Support  is a higher layer parameter, which can be via (pre-)configuration or via LPP/SLPP.
Proposal 3: SL-PRS bandwidth within a resource pool is reconfigurable up-to the maximum resource pool bandwidth.
Proposal 4: 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 5: For TDM-based multiplexing, the SL-PRSs can be configured using comb-1 structure with comb size N= 1, M≥1.
Proposal 6: Support a separate UE’s capability on processing TDM SL-PRS and FDM SL-PRS.
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