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1	Introduction
[bookmark: _Hlk525462591]RAN1 has concluded the “Expanded and improved NR positioning” (NR_pos_enh2) work item objective on SL positioning in the last RAN1#114 meeting. Further, the work item description (WID) was most recently revised at RAN#101 [1]. The relevant WID objective is copied here for convenience:
	· 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. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify unicast session-based signalling and procedures to facilitate support of SL positioning for single target UE (it is not precluded to apply the procedures to multiple target UEs but no signaling optimizations will be considered for this case) [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)). 
· Specify the protocol and procedures for SL positioning between UEs and a single LMF for in coverage scenario only, including joint PC5-Uu scenarios. 
· NOTE: Assumes all involved UEs are served by same LMF.
· For SL-TDOA, RAN2 will not work on procedures for synchronization of the anchor UEs. RAN2 can discuss and implement agreed RAN1 parameters related to synchronization.
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].



In this contribution, we discuss the remaining issues of the SL positioning reference signal (SL-PRS) and related procedures.
2	Discussion
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]2.1	SL PRS design 
In the following, remaining aspects of the SL PRS design such as sequence design, comb-offset, number of symbols, SL PRS patterns, gap symbols, bandwidth, slot structure and multiplexing are discussed.
2.1.1	SL PRS sequence design
With regards to the SL PRS sequence initialization parameter  the following working assumption (WA) was made in RAN1#113:
	Working assumption
	For SL PRS sequence generation, the parameter [image: ][image: ] is defined as below:
o	[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
[bookmark: _Hlk141951183]o	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


 
Further, the SL PRS sequence generation aspects were discussed in RAN1#114, and the the following conclusion was reached:
	Conclusion
For Scheme 2, in a dedicated resource pool, with regards to the resource (re)-selection procedure, there is no consensus to support to (pre-)configured SL-PRS to derive L1 SL-RSRP for resource exclusion.


Also, the following was agreed in RAN1#114:
	Agreement
Adopt the following update to the editor CR to TS 38.211, Section 8.4.1.6.1: 
	-	 is the sidelink PRS sequence ID, which, if not provided by higher layers, , where is obtained from the decimal representation of the CRC for the sidelink control information mapped to the PSCCH associated with the SL PRS according to   with  and  given by clause 7.3.2 in [4, TS 38.212].






The FFS item in the above working assumption from RAN1#113 was conditioned on the usage of SL PRS for sensing. Since this sensing behaviour is precluded by the above conclusion, the FFS can be removed.
[bookmark: Proposal16380][bookmark: Proposal69394][bookmark: Proposal52231][bookmark: Proposal41503][bookmark: Proposal2588][bookmark: Proposal72043][bookmark: Proposal77664][bookmark: Proposal67652][bookmark: Proposal33118][bookmark: Proposal82666][bookmark: Proposal96581][bookmark: Proposal96582]Proposal 1: Confirm the working assumption on the SL PRS sequence initialization parameter  by removing the FFS item.
2.1.2	Comb size and symbols for SL PRS in shared pools
With regards to the SL PRS in shared pools, the following agreements were made in the previous RAN1 meetings:
	Agreement (RAN1#112)
For SL PRS in shared or dedicated resource pools, 
	at least comb sizes (N) 2, 4 are supported.
	Comb size 6 is supported at least in dedicated resource pool
o	FFS: comb size 6 in shared resource pool
	Comb size 1 is supported at least in shared resource pool
o	FFS: comb size 1 in dedicated resource pool
	comb sizes (N) > 12 are not supported.
FFS: support of comb sizes (N) of 8, 12.
Agreement (RAN1#112bis)
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.

Agreement (RAN1#113)
For SL PRS in a shared resource pool, the symbols of a SL-PRS resource within a slot are consecutive symbols.
Agreement (RAN1#114)
Update the following agreement as:
· In a shared resource pool:
· Opt. B: SL PRS is mapped to contiguous symbols either before, between (as a working assumption), or after PSSCH DMRS symbols
· SL PRS is not mapped before the first PSSCH DMRS symbol

Agreement (RAN1#114)
In a slot of shared resource pool, SL PRS is mapped after the last symbol with second stage SCI.



Further, regarding the number of SL PRS symbols, below was an FL recommendation in RAN1#114 [2]: 
	· FL recommendations: 
· ….
· It is also recommended to defer decision on additional values of M for shared resource pools until further progress is made regarding support of partially staggered patterns and (M, N) = (6, 6).



Based on the above, it is therefore still open which M values SL PRS can take in shared pools. This would be determined based on which legacy channels (e.g., PSFCH, PSSCH) SL PRS is configured to be multiplexed with in time domain, depending on the slot type.
	[bookmark: Proposal52233][bookmark: Proposal41505][bookmark: Proposal2590][bookmark: Proposal72045][bookmark: Proposal33120][bookmark: Proposal82668][bookmark: Proposal96584]


[bookmark: Proposal39492][bookmark: Proposal8068][bookmark: Proposal80728][bookmark: Proposal7239][bookmark: Proposal62279][bookmark: Proposal19218][bookmark: Proposal85178][bookmark: Proposal98265][bookmark: Proposal38122][bookmark: Proposal76197][bookmark: Proposal1838][bookmark: Proposal56632][bookmark: Proposal77668][bookmark: Proposal67654]
 
As per the above agreements, there is a working assumption that SL PRS can be mapped between PSSCH DMRS symbols. In shared pools, the multiplexing constraints of SL PRS with other signals are already limiting the number of resources that SL PRS can be transmitted. Therefore, it would be helpful to confirm the working assumption to provide flexibility for SL PRS transmissions in shared pools.
[bookmark: Proposal96585][bookmark: Proposal16381]Proposal 2: Confirm the working assumption that SL PRS can be mapped to symbols between PSSCH DMRS symbols.
From the remaining symbols that SL PRS can be mapped in shared pools considering different possible slot types, the maximum value of M can be 6 (between the two DMRS symbols in a 2-symbol PSCCH slot without PSFCH). However, a comb size of 6 (or larger) is not supported in shared pools, with the preference of partial or fully staggered patterns. Thus, also considering previous agreements, M = {1, 2, 4} can be supported for SL PRS in shared pools. 
[bookmark: Proposal96586][bookmark: Proposal16382]Proposal 3: Support number of SL PRS symbols M = {1, 2, 4} in shared pools. 

2.2	SL PRS resource configuration 
In the following, aspects related configuration of SL PRS resources in both dedicated and shared resource pool are discussed. 
2.2.1	Configuration of SL PRS resources for dedicated pool
At RAN1#114 the following agreement was reached:
	Agreement
· For a dedicated resource pool, explicit (pre-)configuration of SL PRS resources in a slot includes:
· SL PRS Resource ID, (M, N) pattern, starting symbol, comb offset.
· FFS: constraints to the (pre-)configuration to address potential AGC issues


A remaining issue in SL PRS resource configuration is how to avoid any potential AGC issues. This concern stems from the fact there may be multiple resource pools and the starting symbol across resource pools may not be aligned. Since the location of AGC symbols are impacted by the starting symbols, time misalignment in starting symbols may create AGC issues. While the concern is valid, it can be alleviated by appropriate configuration of resource pools by the network. Hence, there is no need to define any constraints in specification on this.     
[bookmark: Proposal96595][bookmark: Proposal16383]Proposal 4: For explicit (pre-)configuration of SL PRS resources in a dedicated resource pool, do not define constraints to the (pre-)configuration to address potential AGC issues. It is left to network to appropriately configure resource pools.
Further, the following was agreed at RAN1#113:
	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).


As per the above agreement, SL PRS transmissions with same (M, N) can be multiplexed in a TDM duration. That is, only a single (M, N) can be used in a TDM duration. However, it is not clear whether and how such restriction of single (M,N) usage to be defined, and hence requires further discussion. One option is to have such restriction provided by higher layer. Then, there is need for discussion on whether RRC (pre-)configuration or SLPP indicates the single (M, N) value constraint for a TDM duration. Alternatively, such restriction may be defined in RAN1 specification.     
[bookmark: Proposal16384][bookmark: Proposal96596]Proposal 5: Discuss if/how the constraint of single (M,N) value mapping within one TDM duration is captured in the specification.
2.2.2	Configuration of SL PRS resources for shared pool
Configuration of SL PRS resources in a slot for shared resource pool was discussed in RAN1#114, and the following working assumption was reached:
	Working assumption
For a shared resource pool,
· Explicit (pre-)configuration of SL PRS resources in a slot, applicable for an indicated frequency domain allocation, includes:
· SL PRS Resource ID, (M, N) pattern, comb offset.
· For a given value of ‘M’, SL PRS resource is mapped to the last consecutive ‘M’ SL symbols in the slot that can be used for SL PRS, i.e., taking into consideration multiplexing with PSSCH DMRS, PT-RS, CSI-RS, PSFCH, gap symbols, AGC symbols, PSCCH in the slot
· The maximum number of SL PRS resources in a slot of a shared resource pool that can be (pre-)configured is FFS.


Note that the following agreements were reached in RAN1#114:
	Agreement (RAN1#114)
Update the following agreement as:
· In a shared resource pool:
· Opt. B: SL PRS is mapped to contiguous symbols either before, between (as a working assumption), or after PSSCH DMRS symbols
· SL PRS is not mapped before the first PSSCH DMRS symbol

Agreement (RAN1#114)
In a slot of shared resource pool, SL PRS is mapped after the last symbol with second stage SCI.



Unlike the (pre-)configuration of SL PRS resources in a slot for dedicated resource pool, explicit indication of starting symbol is not need in shared resource pool if the SL PRS resource is mapped to the last consecutive ‘M’ SL symbols that can be used for SL PRS. This can reduce the maximum number of SL PRS resources in a slot of a shared resource pool that can be (pre-)configured, and hence can reduce the signalling overhead.
Regarding the FFS point, as mentioned above, when SL PRS resource is mapped to the last consecutive ‘M’ SL symbols in the slot that can be used for SL PRS there is only 1 possible starting symbol. Then, considering the valid (M, N) patterns, the number of SL PRS resources in a slot is:
for SL PRS patterns: (1,1), (1,2) -> 1 + 2 = 3 possible SL PRS resources, 
for SL PRS patterns: (2,1), (2,2), (2,4) -> 1 + 2 + 4 = 7 possible SL PRS resources,
for SL PRS patterns: (4,1), (4,2), (4,4) -> 1 + 2 + 4 = 7 possible SL PRS resources.
Therefore, the maximum number of SL PRS resources in a slot of a shared resource pool that can be (pre-)configured is 17.
[bookmark: Proposal96597][bookmark: Proposal16385]Proposal 6: Regarding the explicit (pre-)configuration of SL PRS resources in a slot of shared resource pool, confirm the Working Assumption with maximum number of SL PRS resources in a slot of a shared resource pool that can be (pre-)configured as 17.    

3	Conclusions
[bookmark: ConclusionsPObsInSeq]In this contribution, we have made the following observations and proposals related to the design of SL-PRS for SL positioning:

Proposal 1: Confirm the working assumption on the SL PRS sequence initialization parameter  by removing the FFS item.
Proposal 2: Confirm the working assumption that SL PRS can be mapped to symbols between PSSCH DMRS symbols.
Proposal 3: Support number of SL PRS symbols M = {1, 2, 4} in shared pools. 
Proposal 4: For explicit (pre-)configuration of SL PRS resources in a dedicated resource pool, do not define constraints to the (pre-)configuration to address potential AGC issues. It is left to network to appropriately configure resource pools.
Proposal 5: Discuss if/how the constraint of single (M,N) value mapping within one TDM duration is captured in the specification.
Proposal 6: Regarding the explicit (pre-)configuration of SL PRS resources in a slot of shared resource pool, confirm the Working Assumption with maximum number of SL PRS resources in a slot of a shared resource pool that can be (pre-)configured as 17.    
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