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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
An example of the slot structure of dedicated SL PRS resource pool can be seen as in Figure 1. A SL PRS transmission may occupy (pre)configured number of symbols in a slot. For each SL-PRS transmission, there will be an associated physical layer control information transmission in the resource pool, which can indicate or reserve the resource of the current or the future SL-PRS transmission(s). The current PSCCH/PSSCH design in SL communication can be the baseline for the design of channel to convey the information. It is also possible to accommodate more than 1 SL PRS transmissions in a slot, as shown in the right figure of Figure 1. 
[image: ]
Alt 1: 1 SL PRS resource in a slot                          Alt 2: >1 SL PRS resource in a slot
Figure 1 Slot structure of SL PRS dedicated resource pool
In the study phase of SL positioning, it has been discussed on whether SL signals other than SL PRS can be transmitted in a dedicated SL PRS resource pool. The following options have been proposed:
Agreement
For a dedicated resource pool for SL positioning,
· With regards to which channels can be included in the resource pool in addition to SL-PRS, consider the following options:
· Opt. 1: No other channel can be included beyond SL-PRS
· Opt. 2: PSCCH which carries SCI associated with SL-PRS transmission(s) is included
· Opt. 3: PSCCH which carries SCI associated with SL-PRS transmission(s) and PSSCH associated with SL-PRS transmission(s) are included
· FFS: Details
· FFS: definition of PSSCH associated with SL-PRS transmission(s)
Note: Companies are encouraged to provide their analysis and views on the above
For option 1, both the transmitter and receiver(s) of SL PRS signal needs to know the time-frequency location where SL PRS is transmitted. To avoid potential mis-alignment between transmitter and receiver(s), higher layer signalling exchange among these UEs including hand-shaking would be necessary to determine the time-frequency location of SL PRS resources. Assuming that these message exchanges are all performed through SL communications, the signalling cost and delay of SL PRS resource allocation and resource updating would be very high. Therefore, option 1 is not preferred.
For both option 2 and option 3 the receiver UE can blindly detect PSCCH to find out whether there is associated SL PRS transmission, and can decode necessary information from PSCCH or PSCCH/PSSCH for SL positioning purpose. The candidate information which can be transmitted with association with SL PRS may include source UE ID, destination UE ID, SL PRS time/frequency location indication for the current transmission, reservation information for the future SL PRS transmission(s), etc. Whether PSSCH carrying 2nd stage SCI associated with SL PRS transmission is needed depends on the discussion of how many/which information is necessary to be associated with SL PRS transmission. Therefore, we propose: 
Proposal 1: For a dedicated resource pool for SL positioning, at least PSCCH which carriers SCI associated with SL PRS transmission(s) is included
RAN1 has agreed that SL dedicated resource pool shall be defined on the same BWP as the BWP used for SL communications. Therefore, SL dedicated resource pool shall also be defined on SL slots similar as that defined for SL communication resource pool. That is, only slots with enough UL symbols are considered. The reserved slots and the slots (pre)configured for S-SSB transmission shall be precluded from slots that may belong to SL PRS dedicated resource pool.
Proposal 2: The UE determines the set of slots that may belong to a SL PRS dedicated resource pool in the same way as for SL communication pool. 
Similar as SL communication resource pool, a bitmap can be (pre)configured to indicate which SL slot is assigned to the SL PRS dedicated resource pool. The start PRB position and the number of contiguous PRBs included in the dedicated resource pool are also (pre)configured. The start symbol and length of symbols in a slot of the dedicated SL PRS resource pool are also (pre)configured. 
Proposal 3: The set of slots assigned to a SL PRS dedicated resource pool are (pre)configured.
Proposal 4: the start PRB position, the number of contiguous PRBs, the start symbol and the length of symbols in a slot are (pre)configured for a SL PRS dedicated resource pool.
In the same SL BWP, SL communication resource pool and SL PRS dedicated resource pool can at least be TDMed in the same slot or in different slots. Whether the two kinds of resource pool can be FDMed depends on the slot structure design of SL PRS dedicated resource pool. If the start symbol(s) of SL PRS signal transmission and/or the control information in SL PRS resource pool are not aligned with the start symbol of SL PSCCH/PSSCH and/or SL PSFCH transmission in SL communication resource pool, AGC issue needs to be resolved. 
Proposal 5: The SL PRS dedicated resource pool is at least TDMed with SL communication pool.
Both periodic and aperiodic transmission of SL PRS can be supported in dedicated SL PRS resource pool. As there may exist different service requirement for SL positioning, a set of periodicities can be (pre)configured per resource pool, and different UEs can use different periodicity to transmit SL PRS. 
For periodic SL PRS transmission, multiple repetition transmissions of the SL PRS in each period can be supported. For aperiodic SL PRS transmission, multiple repetition transmissions of the SL PRS can also be supported. 
Proposal 6: Both periodic and aperiodic transmission of SL PRS are supported in SL PRS 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. 
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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.
Scheme 1 and scheme 2
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 1
For scheme 1, to support partial coverage scenario i.e., SL PRS transmission from in-coverage UE to out-of-coverage UE(s), the NW shall allocate the SL PRS resource only to the transmitter of SL PRS. Similar as SL communication, the receiver of SL PRS can blindly detect the control information associated with the SL PRS transmission, and then receive SL PRS in the indicated time-frequency domain resource.
For SL communication, only gNB is involved in the resource allocation. CG type 1, CG type 2 and dynamic resource allocation are supported in SL communication. On the other hand, for NR Uu, DL PRS resources are allocated by the core NW element i.e., LMF. Comparing between gNB based and LMF based scheduling, gNB based scheduling is more flexible, while LMF based scheduling is more beneficial for SL positioning method which needs coordination among different UEs, such as SL TDOA based solution. 
For SL PRS transmission, all the UEs share the SL PRS resources in the resource pool, and thus spatial resource reuse is necessary, i.e., UEs which are geographically departed shall reuse the SL PRS resource. However, in V2X scenario, the UE speed could be very high, and thus the interference environment can change very fast. Supposing that two SL UEs which are far away from each other and thus they are allocated the same SL PRS resources, they can soon interfere with each other if they are approaching each other; Or two UEs near to each other which are allocated orthogonal SL PRS resources may be able to share the same resource after they moves away from each other. LMF based scheme 1 may not be able to timely adapt to this dynamic interference environment. gNB based scheme 1 would be more suitable due to less scheduling delay, especially for ranging services between a pair of vehicle UEs. If gNB based scheduling is supported, all of type 1 CG, type 2 CG and dynamic resource allocation can be considered to support different SL positioning requirements in different application scenarios.
On the other hand, LMF based scheme 1 may be suitable for SL PRS resource allocation for UEs which are deployed in fixed location or with low speed, e.g., for RSU UEs deployed along the road side. For SL TDOA based positioning using SL PRS from RSU UEs, LMF based scheme 1 can work better.
Therefore, we propose:
Proposal 8: For scheme 1, both gNB based scheduling and LMF based scheduling can be supported.
Proposal 9: For gNB based scheduling, CG type 1, CG type 2 and dynamic grand based scheduling are all supported.
Scheme 2
For UE autonomous SL PRS resource selection, sensing based resource (re)selection similar as that in SL communication can be supported. A UE can keep sensing the control information associated with the SL PRS transmission, and try to select the SL PRS resource which are not yet occupied by other UEs.
Proposal 10: Sensing based SL PRS resource selection shall be supported for UE autonomous resource allocation.
Proposal 11: Physical layer sidelink control information is transmitted which is associated with SL PRS transmission(s) to indicate or reserve the resource of current/future SL-PRS transmission(s)
Random based resource allocation is suitable for the case when SL positioning UE does not have enough time or power to sense, or in some exceptional cases e.g., when a scheme 1 UE lose RRC connection to the NW. Therefore, random based resource selection can also be supported, but the use of random resource selection shall be limited, e.g., only when sensing based resource selection is not possible.
Proposal 12: Random based SL PRS resource selection shall be supported for UE autonomous resource allocation, but is only used when sensing based resource selection is not available.
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 13: 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: For a dedicated resource pool for SL positioning, at least PSCCH which carriers SCI associated with SL PRS transmission(s) is included
Proposal 2: The UE determines the set of slots that may belong to a SL PRS dedicated resource pool in the same way as for SL communication pool. 
Proposal 3: The set of slots assigned to a SL PRS dedicated resource pool are (pre)configured.
Proposal 4: the start PRB position, the number of contiguous PRBs, the start symbol and the length of symbols in a slot are (pre)configured for a SL PRS dedicated resource pool.
Proposal 5: The SL PRS dedicated resource pool is at least TDMed with SL communication pool.
Proposal 6: Both periodic and aperiodic transmission of SL PRS are supported in SL PRS 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: For scheme 1, both gNB based scheduling and LMF based scheduling can be supported.
Proposal 9: For gNB based scheduling, CG type 1, CG type 2 and dynamic grand based scheduling are all supported.
Proposal 10: Sensing based SL PRS resource selection shall be supported for UE autonomous resource allocation.
Proposal 11: Physical layer sidelink control information is transmitted which is associated with SL PRS transmission(s) to indicate or reserve the resource of current/future SL-PRS transmission(s)
Proposal 12: Random based SL PRS resource selection shall be supported for UE autonomous resource allocation, but is only used when sensing based resource selection is not available.
Proposal 13: IUC message from a UE to the other UE to assist SL PRS resource allocation shall be supported.
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