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Introduction
In RAN#98-e meeting, the WID on expanded and improved NR positioning has been approved [1], including the following objectives:
· 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 reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [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 LMF. 
· 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, the issues and solutions on resource allocation of sidelink positioning reference signal are discussed, and our opinions are given.
SL PRS resource (pre)configurations
Dedicated SL PRS resource pool (pre)configurations
In RAN1#112bis-e meeting, the following agreement was made:
	Agreement-112b
For a dedicated resource pool for SL positioning, only a single stage SCI is used. PSCCH and associated SL-PRS are TDMed in the same slot.
· FFS: whether SL-PRS can be transmitted in a slot without associated PSCCH


Since there is no 2nd stage SCI for SL PRS in a dedicated resource pool, there is no need to support PSSCH channel in a dedicated resource pool. Only PSCCH and SL PRS signal need to be considered in a dedicated resource pool. 
Proposal 1: Only PSCCH and SL PRS need to be supported in a dedicated SL PRS resource pool.
In SL communication, PSCCH and PSSCH are 1-to-1 associated in the same slot. PSSCH cannot be transmitted in a slot without associated PSCCH. A UE needs to first blindly detect the PSCCH to acquire the necessary information of PSSCH decoding such as subchannel size, MCS, etc. In addition, by using 1-to-1 association between PSCCH and PSSCH in the same slot, all the information for PSSCH reception is available in the same slot of PSSCH transmission. PSCCH detection failure in a slot will not propagate across slots. This is important as in SL the transmission and reception are not as reliable as that in Uu due to half-duplex, intra-UE or inter-UE interference, etc.
For SL PRS transmission, the association relationship between PSCCH and SL PRS TX can follow that in SL communication to adapt to the characteristics in SL environment.
Proposal 2: SL-PRS transmission without associated PSCCH is not supported. 
In a dedicated resource pool, the comb size of SL PRS shall be (pre)configured. If different comb sizes can be used by different UEs in the same dedicated resource pool, SL PRS signals may have collisions on only part of REs in a PRB. The interference situation of SL PRS signals will be  more complicated, and the complexity of SL PRS resource allocation will be increased.
The set of starting symbols of SL PRS in slot shall also be (pre)configured in a dedicated resource pool. The number of OFDM symbols for a SL PRS resource can be inferred from the starting symbol positions in a dedicated resource pool, which is the number of symbols between two adjacent starting symbol positions, excluding the AGC and gap symbol(s) if there exists.
Proposal 3: The comb size, starting symbol(s) in a slot and number of symbols for a SL PRS transmission is determined based on the (pre)configuration in a SL PRS dedicated resource pool.
For dedicated resource pool, the granularity of frequency domain resource allocation for SL PRS transmission can be defined as PRS subchannel, similar as the subchannel defined for SL communication pool. A UE can transmit SL PRS in one or multiple contiguous PRS subchannels. The subchannel size defined for SL communication can be the starting point. By reusing the concept of subchannel, the candidate resource concept in Mode 2 resource allocation can be reused for scheme 2 SL PRS resource allocation; and the frequency domain resource indication used in SCI format 1-A can be maximally reused as well. 
Proposal 4: PRS subchannel is defined as the frequency domain resource allocation granularity
The candidate information to be included in the single stage SCI may include:
1) Resource indication for the associated SL PRS transmission in the same slot
2) Resource reservation indication for future SL PRS transmission(s)
3) Priority information
4) Source and destination ID information
5) SL PRS measurement assistant information
Therefore, we propose: 
Proposal 5: The following information elements are considered as candidate included in the single stage SCI for SL PRS in dedicated resource pool
· Resource indication for the associated SL PRS transmission in the same slot
· Resource reservation indication for future SL PRS transmission(s)
· Priority information
· Source and destination ID information
· SL PRS measurement assistant information
An example of PSCCH and SL PRS resources with and without TDMed SL PRS resource in a slot can be seen as in Figure 1.
· [image: ]
· Figure 1: example of slot structure for SL PRS dedicated resource pool
In a slot, a mapping relationship shall be defined between the resource used to convey SCI and the resource used to transmit SL PRS associated with the SCI. By this way, the information size in SCI used to indicate the time/frequency resource of SL PRS could be reduced. In addition, the resource selection procedure of control information and the associated SL PRS can be simplified. The details of mapping relationship can be further discussed.
Proposal 6: A mapping relationship is defined between resource of PSCCH and the associated SL PRS resource in a dedicated resource pool. 
SL PRS (pre)configuration in shared resource pool
For shared resource pool, SL PRS can be transmitted together with SL PSCCH/PSSCH transmission, as shown in Figure 2. The existing resource reservation and selection mechanisms of SL communication can also be mostly reused. 
[image: ]
Figure 2 Slot structure for shared resource pool
To avoid collision with PSCCH and the front loaded PSSCH DMRS symbol, SL PRS shall be mapped to the last several symbols before the gap symbol. The starting symbol or the number of symbols for SL PRS transmitted together with PSCCH/PSSCH can be (pre)configured per resource pool. If SL PRS is transmitted together with PSCCH/PSSCH, different UEs will not transmit SL PRS in the same subchannel of the same slot. Otherwise PSCCH/PSSCH collision will happened. As SL PRS is frequency domain comb based, SL PRS RE and PSSCH RE can be FDMed in the same symbol to improve the resource efficiency. 
Proposal 7. The start symbol or the number of symbols for SL PRS transmitted together with PSCCH/PSSCH is (pre)configured for the shared resource pool.
A new 2nd stage SCI format can be defined for SL PRS transmission. The information element contained in the 2nd stage SCI can be determined after the single stage SCI in dedicated resource pool is determined.
Resource allocation schemes
In RAN1#110 meeting, the following agreement was made:
	Agreement
Regarding SL-PRS resource allocation, both Scheme 1 and Scheme 2 should be introduced for supporting SL positioning/ranging:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)
· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS. 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS


Scheme 2
In RAN1#112 meeting, the following agreements were made:
	Agreement
For the scheme 2 sensing-based resource allocation, 
· Rel-16/17 resource (re)-selection procedure is reused for SL-PRS in the shared resource pool. 
· Study if/what changes are needed
· Rel-16[/17] resource (re)-selection procedure with periodic and without periodic reservations is the starting point for the design of SL-PRS in the dedicated resource pool. 
· Study what changes, if any, are needed at least with regards to the following: sensing window, resource selection window, reservation interval, Resource exclusion mechanism (e.g. definition of resource set for SL-PRS, how RSRP is measured, etc)
· From RAN1 perspective, priority value for SL PRS should be provided by higher layers from Tx UE perspective


The existing NR sidelink mode 2 resource (re)selection procedures can be mostly reused for SL PRS resource selection, however, there are still some issues to be further investigated.
On candidate resource definition
The definition of SL PRS candidate resource shall be clarified so the initial set of candidate SL PRS resources can be generated in Scheme 2 resource selection. Different from PSSCH in SL communication, SL PRS can be comb based FDMed, therefore, in a dedicated resource pool, a SL PRS resource can be determined by the time domain position and OFDM symbol length, frequency domain position and bandwidth, and the comb offset of the resource. Note that the SL PRS comb factor is assumed to be (pre)configured in the dedicated resource pool. The resource selection procedure of SL PRS shall determine both the time/freq. resource and comb offset of SL PRS transmission.
Proposal 8: A candidate SL PRS resource is determined by the time/frequency position/size and comb offset in a dedicated resource pool.
On S-RSRP measurement
S-RSRP measurement is used in mode 2 sidelink resource selection to determine whether the interference level is strong enough to exclude a candidate resource. The S-RSRP measurement can be obtained by measuring PSCCH DMRS or the associated PSSCH DMRS. To use which option to obtain the S-RSRP measurement is (pre)configured for a resource pool. For SL-PRS in a dedicated resource pool, there may not be associated PSSCH transmission. Therefore, how the SL PRS RSRP measurement is achieved shall be determined. 
Two options can be considered:
[bookmark: _Hlk131768583]Option 1: the S-RSRP measurement is obtained from measuring DMRS of PSCCH conveying the SCI indicating the reserved SL PRS resource;
Option 2: the S-RSRP measurement is obtained from measuring SL PRS associated with the SCI indicating the reserved SL PRS resource;
For option 1, a sensing UE can achieve the S-RSRP measurement results from PSCCH only without measuring the associated SL PRS signals, and thus less complexity and energy consumption can be expected; While for option 2, as SL PRS generally has much wider bandwidth, the measurement result is expected to be more accurate. RAN1 shall determine which option or both option(s) shall be supported.
Proposal 9: S-RSRP measurement used to exclude SL-PRS candidate resource in scheme 2 resource selection in a dedicated resource pool is obtained 
· Option 1: from measuring DMRS of PSCCH conveying the SCI indicating the reserved SL PRS resource;
· Option 2: from measuring SL PRS associated with the SCI indicating the reserved SL PRS resource.
On different multiplexing
Different from PSCCH/PSSCH, SL PRS resources can be comb-based FDMed. However, comb-based FDMed SL PRS resources can produce more interference than TDM or PRB level FDMed SL PRS resource due to IBE, etc. From resource (re)selection perspective, a SL PRS TX UE shall select candidate SL PRS resources without PRB level overlapping with higher priority. 
A simple solution is to also perform candidate resource exclusion when the reserved resource and the candidate SL-PRS resource occupies the same PRB but use different comb offset. A higher S-RSRP threshold can be set for candidate resource comb FDMed with reserved resource, compared to the S-RSRP threshold used to exclude the candidate resource which has resource overlapping with reserved resource in both PRB and RE level. In such a way, TDM or PRB level FDMed SL PRS resource can be prioritized.
Proposal 10: For candidate SL-PRS resource which occupies overlapping PRB with reserved resource but with different comb offset, resource exclusion is performed with an additional S-RSRP threshold.
IUC message
When performing ranging between two UEs and one-way RTT is used, the UE initiates the ranging procedure can proactively provide IUC message to the other UE to help resource allocation of the peer UE to send back the SL PRS signal, e.g., by providing preferred resource set to the peer UE. 
Proposal 11: IUC message from a UE to the other UE to assist SL PRS resource allocation shall be supported.
Conclusion
In this contribution, the design of sidelink PRS resource allocation is discussed. Based on the discussion, the following proposals are proposed:
Proposal 1: Only PSCCH and SL PRS need to be supported in a dedicated SL PRS resource pool.
Proposal 2: SL-PRS transmission without associated PSCCH is not supported. 
Proposal 3: The comb size, starting symbol(s) in a slot and number of symbols for a SL PRS transmission is determined based on the (pre)configuration in a SL PRS dedicated resource pool.
Proposal 4: PRS subchannel is defined as the frequency domain resource allocation granularity
Proposal 5: The following information elements are considered as candidate included in the single stage SCI for SL PRS in dedicated resource pool
· Resource indication for the associated SL PRS transmission in the same slot
· Resource reservation indication for future SL PRS transmission(s)
· Priority information
· Source and destination ID information
· SL PRS measurement assistant information
Proposal 6: A mapping relationship is defined between resource of PSCCH and the associated SL PRS resource in a dedicated resource pool. 
Proposal 7. The start symbol or the number of symbols for SL PRS transmitted together with PSCCH/PSSCH is (pre)configured for the shared resource pool.
Proposal 8: A candidate SL PRS resource is determined by the time/frequency position/size and comb offset in a dedicated resource pool.
Proposal 9: S-RSRP measurement used to exclude SL-PRS candidate resource in scheme 2 resource selection in a dedicated resource pool is obtained 
· Option 1: from measuring DMRS of PSCCH conveying the SCI indicating the reserved SL PRS resource;
· Option 2: from measuring SL PRS associated with the SCI indicating the reserved SL PRS resource.
Proposal 10: For candidate SL-PRS resource which occupies overlapping PRB with reserved resource but with different comb offset, resource exclusion is performed with an additional S-RSRP threshold.
Proposal 11: IUC message from a UE to the other UE to assist SL PRS resource allocation shall be supported.
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