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1 Introduction
In this contribution, we discuss about resource allocation for SL positioning reference signal (SL PRS) for Rel-18 work on expanded and improved NR positioning and provide our view. 
2 Discussion
In the WID [1], the following objective is included regarding the resource allocation for SL PRS and related to the support of unicast/groupcast/broadcast of SL PRS transmissions as:
	· 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 signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].


In the following subsections, we discuss about parameter configuration for SL PRS, dedicated and shared resource pool for SL PRS, and Scheme 2 resource allocation. Also, indication and reservation methods for allocated SL PRS resource(s) will be discussed in order.
2.1 Parameter configuration for SL PRS
In RAN1#112 meeting, the following agreement was made for SL PRS as: 
	Agreement
For a dedicated resource pool for positioning:
· The set of slots that belong to a resource pool is determined in the same way as for legacy SL communication pool (i.e. see section 8 of 38.214).
· FFS: additional slots that can be used for SL PRS is not precluded
Study what the dedicated resource pools for positioning (pre-)configuration should include, and consider at least the following: The start PRB position, the number of contiguous PRBs, SL-PRS configuration, synchronization configuration, resource allocation scheme 2 related configuration, power control configuration, sub-channel size and sub-channel count, time-domain bitmap, reporting configuration




Figure 1 SL PRS transmission instance in time domain.
For the first FFS, beyond the legacy principle for allocating the set of slots for SL, additional slots that can be used for SL PRS are not necessary. Even though the above agreement is to study about SL PRS parameter configuration for the dedicated resource pool, we think that this should be discussed both for the dedicated and shared resource pool.
For SL PRS transmission, related parameters should be configured properly in order to provide SL positioning accuracy. For some of SL PRS related parameters, a UE may be configured from the higher layer of UE. This can include (pre-)configuration. In frequency domain, the following parameters need to be configured as
· SL PRS starting sub-channel and its length
· Candidate value(s) for SL PRS comb size (N)
· SL PRS comb offset from the reference sub-carrier
In time domain, SL PRS resource allocation would include the starting symbol and SL PRS symbol length (M) within a slot. Also, as shown in Fig. 1, SL PRS transmission slots can be decided by time offset (Toffset) from a reference slot, SL PRS periodicity (Tperiod), the number of periods for SL PRS, and the number of repetitions for SL PRS within one period (Nrep) and gap (Tgap) between repetitions. In Fig. 1, the reference slot is to decide SL PRS location in time domain. The reference slot can be pre-configured or can be a fixed value the specs (e.g., slot 0 of SFN 0 or DFN 0). In order to avoid interference, we can consider to introduce a muting pattern for SL PRS. Therefore, the following time domain parameters need to be configured:
· SL PRS starting symbol and symbol length (M) within a slot
· Time offset (Toffset) from the reference slot
· SL PRS time domain behaviour (periodic or aperiodic) and periodicity (Tperiod) for periodic transmission
· SL PRS repetition period (Nrep) and time gap (Tgap) between repetitions
· SL PRS muting pattern
In addition, we need to consider the maximum power configuration for SL PRS. It can be used for PRS interference mitigation. Lastly, we can consider to configure the latency bound for SL PRS transmission or measurement report in order to handle delayed responses. For example, when SL PRS is requested, its PRS transmission cannot be delayed more than a certain level. We can minimize or handle this delayed response by configuring the latency bound. Based on the discussion above, we suggest the following
Proposal 1: Both in the dedicated and shared resource pool, a UE receives the following SL PRS configuration parameters from higher layers as
· SL PRS starting sub-channel and its length (i.e., the number of sub-channels for SL PRS)
· Candidate values for SL PRS comb size (N)
· SL PRS comb offset from the reference sub-carrier
· SL PRS starting symbol and symbol length (M) within a slot
· Time offset (Toffset) from the reference slot
· SL PRS time domain behaviour (periodic or aperiodic) and periodicity (Tperiod) for periodic transmission
· SL PRS repetition period (Nrep) and time gap (Tgap) between repetitions
· SL PRS muting pattern
· SL PRS max power 
· Latency bound for SL PRS transmission or measurement report
· Note: This includes the pre-configuration case also. 
2.2 Dedicated resource pool for SL PRS
In RAN1#112 meeting, the following agreement was made for dedicated resource pool for SL PRS as: 
	Agreement
For a dedicated resource pool for Positioning,
· With regards to which channels can be included in the resource pool in addition to SL-PRS, option 1 (No other channel can be included beyond SL-PRS) is NOT pursued further. 
Continue discussion between Option 2 and 3, and whether any other channel could also be included (e.g. PSFCH).


According to the agreement above, now we have Option 2 and Option 3 as:
· Option 2: PSCCH which carries SCI associated with SL-PRS transmission(s) is included
· Option 3: PSCCH which carries SCI associated with SL-PRS transmission(s) and PSSCH associated with SL-PRS transmission(s) are included
The advantage of Option 2 is that more resource can be allocated for SL PRS since only PSCCH is included in the dedicated resource pool for SL positioning. However, other channel should be considered when there is a feedback information. For instance, there is a case where the measurement results from SL PRS should be reported. In this case, with Option 2, the shared resource pool for SL communication should be used additionally. In SL communication, two-stage SCI was introduced where 1st SCI includes information of resource allocation and 2nd SCI includes application-specific information. This is to facilitate forward compatibility. Following the same logic, 2nd SCI can be transmitted in PSSCH in Option 3 in order to carry SL positioning specific information.
Proposal 2: For a dedicated resource pool for positioning, PSCCH which carries SCI associated with SL-PRS transmission(s) and PSSCH associated with SL-PRS transmission(s) are included.
· Only 2nd SCI is transmitted in PSSCH.
2.3 Shared resource pool for SL PRS
In RAN1#112 meeting, we discussed about the following proposals in [2] but could not reach a consensus.
	In a shared resource pool, study the following options
· Opt. 1: SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in a slot
· The PSSCH and SL-PRS bandwidth is the same
· With regards to PSSCH and SL-PRS multiplexing
· Alt. 1: Only TDMing is supported
· Alt. 2: TDMing and RE-level FDMing (similar to SL-CSI-RS) is supported
· Opt. 2: SL-PRS and associated PSCCH are included (no PSSCH) in a slot
· The SL-PRS is indicated in the 1st SCI in the PSCCH
· Opt. 3: SL-PRS without PSCCH are included (no PSSCH) 
· SL-PRS may be reserved by a siganling in the previous slot
In either option, study multiplexing option between PSCCH (if present) and SL-PRS


For the listed option, we think Opt. 1 and Alt. 1 is the most desirable approach since it is based on the legacy design for SL communication and we have agreed that backward compatibility with legacy Rel-16/17 UEs should be ensured with regards to the SL positioning resource allocation. 
Proposal 3: In a shared resource pool, SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in a slot.
· The PSSCH and SL-PRS bandwidth is the same.
· With regards to PSSCH and SL-PRS multiplexing, only TDMing is supported.
2.4 Scheme 2
In RAN1#112 meeting, the following agreement was made for Scheme 2 as: 
	Agreement
Sensing based or random selection in Scheme 2 is allowed by (pre-)configured per resource pool (similar to Rel-17 NR sidelink communication). 
· Working assumption: Sensing-based and random selection can be allowed in the same resource pool 
· FFS: whether any enhancements are needed for coexistence of random selection and sensing-based resource selection in a resource pool
· FFS: Details on the sensing-based resource selection and random selection, whether it will be similar to NR Rel-16 or NR Rel-17.
Agreement
With regards to random resource selection, reuse existing Rel-17 random selection mechanism from sidelink communications. 
· Study if any changes are needed
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


According to above agreement, we will discuss about sensing and resource selection procedure for SL PRS in the below. 
Sensing and resource selection procedure for SL PRS transmission
At first, the following agreement was made for comb-based multiplexing of SL PRS in RAN1#112 meeting as:
	Agreement 
· Comb-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· For comb-based multiplexing of SL PRS from different UEs, support at least the case wherein a single (M,N) value is possible . 
· FFS: Whether to support comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values.
· FFS: additional restrictions (if any) due to e.g. the impact of synchronization and IBE interference between UEs


Based on this, one of necessary changes for sensing based Scheme 2 is that the sensing granularity should be comb level when comb-based multiplexing of SL PRS from different UEs in a slot is configured. Notice that the sensing granularity was sub-channel in the legacy Mode 2 operation. In order to enable the comb-based multiplexing of SL PRS from different UEs in a slot, comb based sensing and SL PRS selection mechanism should be supported. We think that legacy Mode 2 sensing and resource selection mechanism can be reused as much as possible except the sensing granularity.
Proposal 4: Comb based sensing and SL PRS selection mechanism are supported when comb-based multiplexing of SL PRS from different UEs in a slot is configured.
In addition, it was agreed that the legacy designs for UE autonomous resource allocation (i.e. Mode 2 procedure) should be used as a starting point. In the legacy Mode 2 procedure, LI SL RSRP is used which is measured on PSSCH DMRS or PSCCH DMRS. However, in Scheme 2 resource allocation for SL PRS, LI SL RSRP should be measured on SL PRS. Since we did not decide PHY structure for SL PRS, we cannot sure there will be PSSCH in the dedicated resource pool for SL PRS. Assuming that PSCCH is transmitted both for shared and dedicated resource pool for SL PRS, PSCCH DMRS can be used for L1 SL RSRP. However, PSCCH DMRS has limited resources and this can result in performance degradation for SL positioning.
Proposal 5: For Scheme 2, L1 SL-RSRP is measured on SL PRS.
For L1 priority of SL PRS, we can apply the legacy design for Mode 2 procedure. In other words, the SL PRS priority can be decided by higher layer of UE and provided into physical layer like L1 priority of PSSCH resource. Also, it can be indicated by 1st SCI for Scheme 2 SL PRS resource allocation. However, in the shared resource pool with SL communication, the priority of SL PRS and PSSCH resource can be different each other. This issue will be discussed in the below sub-section in more details. 
Proposal 6: For Scheme 2, L1 priority of SL-PRS is provided by the higher layer of UE and it is indicated by 1st SCI.
In our companion contribution [3], two RTT methods are proposed as shown in Fig. 2. It was explained in [3] that the RTT method 2 in Fig. 2 (b) can provide the same advantage of the double-sided RTT (i.e., reducing ToF estimation error by clock timing difference between UEs). However, the RTT method 2 can reduce ToF estimation time over the double-sided RTT. The reduced time for RTT procedure would be beneficial for SL positioning. Moreover, it can minimize the specification impact to change needed for the double-sided RTT. As described in Fig. 2(b), the RTT method 2 is just required for UE to transmit two SL PRS resources while the RTT method 1 in Fig. 2(a) (i.e., single-sided RTT) is required to transmit only one SL PRS resource. Therefore, we propose:
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(a) RTT method 1
	[image: ]
(b) RTT method 2


Figure 2: SL RTT methods.
Proposal 7: Two RTT methods are supported for SL positioning where RTT method 1 transmits one SL PRS resource and RTT method 2 transmits two SL PRS resource based on Sensing based or random selection in Scheme 2.

Congestion control for SL-PRS transmission
According to the existing SL operation (Rel-16), congestion control is applied for PSSCH transmission. Specifically, a UE measures channel busy ratio (CBR) for SL transmission and then PSSCH transmission is controlled by CBR and priority. More specifically, parameter ranges such as MCS and the number of sub-channels for PSSCH transmission are decided by CBR and priority. In Mode 1 resource allocation, RRC_CONNECTED UEs report CBR to the gNB. In Mode 2 resource allocation, a UE should meet the channel occupancy ratio (CR) limit for congestion control. 
Similarly, the congestion control for SL PRS transmission needs to be supported because it would be also important for SL positioning accuracy. For example, the parameters for SL PRS configuration can have restricted ranges based on CBR and priority. The priority value for SL PRS can be provided by high layer of UE. Fig. 3 illustrates an example for congestion control for SL PRS. The UE performs CBR measurement for SL PRS and then the parameters for SL PRS configuration can be controlled for CBR and priority. The corresponding parameter ranges are configured in resource pool by CBR level and priority as shown in Fig. 3. Notice that the priority value for SL PRS can be different with the priority value of PSSCH especially in the shared resource pool with SL communication. In this case, max function can be used to decide the priority. In summary, we propose to reuse existing congestion control for PSSCH as a starting point. Therefore, in Scheme 1 resource allocation for SL PRS, RRC_CONNECTED UEs can report CBR for SL PRS to the gNB. In Scheme 2 resource allocation for SL PRS, a UE should meet the CR limit for congestion control of SL PRS. Also, the definition of CBR/RSSI/CR for SL positioning should be defined which can be different with that of PSSCH. Based on this, we propose:
[image: ]
Figure 3: An example for congestion control for SL PRS.
Proposal 8: In Scheme 2, congestion control can restrict the range of parameters for SL PRS configuration per resource pool by CBR and priority.
· [bookmark: _Hlk127122194]The priority value for SL PRS is provided by high layer of UE
· If the priority of SL PRS and PSSCH is different, max function can be used.    
· CBR measurement for SL PRS can be reported to gNB.
· Congestion control for SL PRS can restrict CR limit of SL PRS by CBR and priority.
· FFS: The definition of CBR/RSSI/CR for SL positioning.
When an LTE transmission overlaps in time an NR SL transmission that includes SL PRS, the priorities of the overlapped transmissions are known at least 4 ms earlier than the overlap, the UE transmits the channels/signals of the radio access technology the highest priority taking into account the priority of all the overlapped channels and signals including SL PRS.
When an LTE transmission or reception overlaps in time an NR SL transmission that includes SL PRS, the priorities of the overlapped transmissions or receptions are known at least 4 ms earlier than the overlap, the UE transmits or receives the channels/signals of the radio access technology the highest priority taking into account the priority of all the overlapped channels and signals including SL PRS.
Proposal 9: When determining the channels of a radio access technology to receive or transmit and when an overlap in time occurs, and one of the overlapped signals is SL PRS, the priority of SL PRS is considered in the prioritization.
2.5 Indication/reservation of SL PRS resource(s)
In RAN1#110bis-e meeting, the following agreement was made for SL PRS resource(s) indication/reservation as:
	Agreement
With regards to SL signaling of the reservation/indication of SL-PRS resource(s) for dedicated resource pool and shared resource pool (if supported) for positioning:
· Option A.1: SCI can be used for reserving/indicating one or more SL-PRS resource(s)
· Note: This does NOT mean that only SCI is being used. There can still be higher layer signaling for the purpose of indicating a part of SL-PRS configuration.
· FFS: Whether SCI is single stage SCI or two stage SCI
· FFS: SL-MAC-CE or other higher-layer signaling reservation/indication


Based on above agreement, SCI can be used for reserving/indicating one or more SL-PRS resource(s). We think that the principle of two stage SCI for SL communication needs to be applied also for SL positioning where 1st SCI is to provide resource allocation information and 2nd SCI is to provide application-specific information. The existing SCI format 1-A can be a starting point and at least the following information can be included in 1st SCI for SL positioning as:
· Priority of SL-PRS
· Frequency resource assignment for SL PRS
· Time resource assignment for SL PRS 
· Resource reservation period, periodicity of SL PRS. 
· 2nd stage SCI format. 
· Reserved bits


Figure 4. SL control information for SL PRS. (a) same slot. (b) cross slot
Also, other SL positioning specific information can be included in the 2nd SCI. We need to discuss further about detailed SCI contents for SL positioning.
Proposal 10: Two stage SCI is supported for SL PRS resource(s) indication/reservation
· FFS: details contents 
When transmitting SCI for SL PRS, this can be included in the same slot (similar to transmission of PSCCH/PSSCH in the same slot SL communication) as illustrated in Fig. 4(a). Alternatively, SCI can be transmitted in a different slot with SL PRS. A single SCI can indicate SL PRS transmission across multiple slots as illustrated in Fig. 4(b), this can reduce signalling overhead and allow more resources to be allocated for SL PRS.
Proposal 11: For indication/reservation of SL-PRS resource(s), consider the following options for SL control information 
· Option 1: Same-slot SL control information signalling 
· Option 2: Cross-slot SL control information signalling 
Finally, the following agreement was made in RAN1#110bis-e meeting for the shared resource pool for SL PRS with SL communication as:
	Agreement
With regards to the SL Positioning resource allocation, for SL Positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication (if supported), backward compatibility with legacy Rel-16/17 UEs should be ensured.


In order to ensure backward compatibility with legacy Rel-16/17 UEs in the shared resource pool for SL PRS with SL communication and for the co-existence between SL communication and SL PRS, TX UE need to indicate whether SL PRS is transmitted in the shared pool or not. The presence of SL PRS is indicated in the SCI. If this information is not indicated, RX UE may result in PSSCH and/or SL PRS decoding failure. We think that reserved bits in the first SCI can be used to indicate the presence of SL PRS. 
Proposal 12: In a shared resource pool for SL PRS and SL communication, TX UE indicates whether SL PRS is transmitted or not for co-existence with SL communication.
· The presence of SL-PRS is indicated in the 1st SCI by using the reserved bits.
3 Conclusions
This contribution discusses about resource allocation for SL PRS. Based on the discussion, the following proposals are provided:
Proposal 1: Both in the dedicated and shared resource pool, a UE receives the following SL PRS configuration parameters from higher layers as
· SL PRS starting sub-channel and its length (i.e., the number of sub-channels for SL PRS)
· Candidate values for SL PRS comb size (N)
· SL PRS comb offset from the reference sub-carrier
· SL PRS starting symbol and symbol length (M) within a slot
· Time offset (Toffset) from the reference slot
· SL PRS time domain behaviour (periodic or aperiodic) and periodicity (Tperiod) for periodic transmission
· SL PRS repetition period (Nrep) and time gap (Tgap) between repetitions
· SL PRS muting pattern
· SL PRS max power 
· Latency bound for SL PRS transmission or measurement report
· Note: This includes the pre-configuration case also. 
Proposal 2: For a dedicated resource pool for positioning, PSCCH which carries SCI associated with SL-PRS transmission(s) and PSSCH associated with SL-PRS transmission(s) are included.
· Only 2nd SCI is transmitted in PSSCH.
Proposal 3: In a shared resource pool, SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in a slot.
· The PSSCH and SL-PRS bandwidth is the same.
· With regards to PSSCH and SL-PRS multiplexing, only TDMing is supported.
Proposal 4: Comb based sensing and SL PRS selection mechanism are supported when comb-based multiplexing of SL PRS from different UEs in a slot is configured.
Proposal 5: For Scheme 2, L1 SL-RSRP is measured on SL PRS.
Proposal 6: For Scheme 2, L1 priority of SL-PRS is provided by the higher layer of UE and it is indicated by 1st SCI.
Proposal 7: Two RTT methods are supported for SL positioning where RTT method 1 transmits one SL PRS resource and RTT method 2 transmits two SL PRS resource based on Sensing based or random selection in Scheme 2.
Proposal 8: In Scheme 2, congestion control can restrict the range of parameters for SL PRS configuration per resource pool by CBR and priority.
· The priority value for SL PRS is provided by high layer of UE
· If the priority of SL PRS and PSSCH is different, max function can be used.    
· CBR measurement for SL PRS can be reported to gNB.
· Congestion control for SL PRS can restrict CR limit of SL PRS by CBR and priority.
· FFS: The definition of CBR/RSSI/CR for SL positioning.
Proposal 9: When determining the channels of a radio access technology to receive or transmit and when an overlap in time occurs, and one of the overlapped signals is SL PRS, the priority of SL PRS is considered in the prioritization.
Proposal 10: Two stage SCI is supported for SL PRS resource(s) indication/reservation
· FFS: details contents 
Proposal 11: For indication/reservation of SL-PRS resource(s), consider the following options for SL control information 
· Option 1: Same-slot SL control information signalling 
· Option 2: Cross-slot SL control information signalling 
Proposal 12: In a shared resource pool for SL PRS and SL communication, TX UE indicates whether SL PRS is transmitted or not for co-existence with SL communication.
· The presence of SL-PRS is indicated in the 1st SCI by using the reserved bits.
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