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At the RAN1#112 meeting, the following agreements and working assumptions were made regarding resource allocation for sidelink positioning [1].
Agreement
· A UE can be configured to perform either resource allocation Scheme 1 or Scheme 2, applicable to all resource pools (dedicated or shared resource pools).
· SL PRS unicast/groupcast/broadcast can occur in either a shared or a dedicated resource pool.
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
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).
Agreement
Regarding Scheme 1 SL-PRS resource allocation, do not further consider a transmitting UE to receive the SL-PRS resource allocation through higher layers from the LMF (i.e. Option 1 is not pursued further). 
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
In Scheme 2, with regards to the triggering of SL-PRS, support one or both of the following options: 
· Option 1: Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers.
· Note: this also includes higher layer triggering from another UE
· Option 2: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· FFS: Whether lower-layer signaling is SCI or SL MAC-CE
Agreement
For SL-PRS transmission, at least support the following
· SL-PRS transmissions with periodic reservation: SL-PRS transmissions which are being reserved with a similar mechanism as the SL periodic resource reservation for another TB in legacy SL communication 
· FFS: whether/what changes are needed
· SL-PRS transmissions without periodic reservation: SL-PRS transmissions in which the SL-PRS is transmitted at least once without periodic reservation, with a similar mechanism as in legacy SL communication with SL resource without periodic reservation.
· FFS: Maximum number of reservations and transmissions after triggering
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
In this contribution, we present our views on resource allocation for sidelink positioning reference signal (SL-PRS). Our views on SL-PRS design, and measurements and reporting for SL positioning are described in our companion contributions [2] and [3], respectively. 
1 Discussions on multiplexing of SL-PRS 
In this section, we present our view on the multiplexing of SL-PRS and other SL channels in both dedicated resource pool and shared resource pool. 
1.1 Dedicated SL-PRS resource pool
For dedicated resource pool for SL-PRS, it is more appropriate to multiplex SL-PRS resource pool and SL communication resource pool in a TDM manner. Note that if SL-PRS and SL communication resource pool are multiplexed in a FDM fashion, this may result in degraded positioning performance due to the potential narrow bandwidth allocated for SL-PRS transmission. In addition, if the number of symbols for SL-PRS and SL communication resource pool is different or if multiple SL-PRS transmissions from different UEs are multiplexed in a TDM manner in the SL-PRS resource pool, Rx power variation for SL communication can be expected. This may lead to backward compatibility issue for legacy UE for SL communication. 
At the RAN1#112 meeting, it was agreed that 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 [1]. Note that Option 2 and Option 3 were described as follows:
· 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
Note that, as agreed in the RAN1#110b-e meeting, SCI can be used for reserving/indicating one or more SL-PRS resource(s) for dedicated resource pool and shared resource pool (if supported) for positioning [4]. Following the agreement, it is clear that at least PSCCH needs to be included with corresponding SL-PRS transmissions in the dedicated resource pool to enable flexible resource allocation. 
For Option 3, PSSCH associated with SL-PRS transmission is also included in a dedicated resource pool. The PSSCH may include the 2nd stage SCI or certain SL positioning related measurement report. In our view, for a dedicated resource pool, 2nd stage SCI may not be needed given that all the contents for SCI or single stage SCI for scheduling SL-PRS transmission may be carried by the PSCCH. Further, SL positioning related measurement can be simply transmitted using well established SL communication framework. In this regard, it may be more desirable not to include PSSCH in the dedicated resource pool for SL-PRS transmission. 
Based on the discussions above, in our view, only Option 2, i.e., PSCCH which carries SCI associated with SL-PRS transmission(s) is included should be supported for SL-PRS in a dedicated resource pool.  
Proposal 1: 
· For dedicated resource pool for SL-PRS, Option 2, i.e., PSCCH which carries SCI associated with SL-PRS transmission(s) is included, is supported.

As defined in Rel-16, PSCCH and PSSCH can be multiplexed in a same symbol for SL communication. However, given that different SL-PRS resources in a SL-PRS resource pool may be (pre-)configured with different comb offsets in frequency, multiplexing SL-PRS and PSCCH transmission in a same symbol may not be preferred. This is primarily due to the fact that in case PSCCH and SL-PRS are allocated in the same symbol, the number of PRBs for SL-PRS transmission can be limited, which would have adverse impact on the positioning performance. 
To address this issue, PSCCH and SL-PRS transmission can be multiplexed in a TDM manner in a dedicated SL-PRS resource pool. Figure 1 illustrates one example of multiplexing of PSCCH and SL-PRS in a dedicated SL-PRS resource pool. In the figure, as transmission bandwidth of PSCCH and SL-PRS can be generally different, an AGC symbol may need to be inserted between PSCCH and SL-PRS. 
[image: ]
[bookmark: _Ref110328338]Figure 1. Multiplexing of PSCCH and SL-PRS in a dedicated SL-PRS resource pool.
Proposal 2: 
· For dedicated resource pool for SL-PRS, 
· SL-PRS resource pool and SL communication resource pools can be multiplexed in a TDM manner.
· Support multiplexing of PSCCH and SL-PRS transmission in a TDM manner.

1.2 Shared resource pool for SL-PRS and SL communication
At the RAN#110b-e meeting, it was agreed that 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 [4]. To ensure the backward compatibility, the same BW is used for the SL-PRS transmission and the associated PSSCH. In case of shared resource pool for SL-PRS and SL communication, a new 2nd stage SCI format with SL-PRS scheduling may need to be introduced. 
As discussed in our companion contribution [2], similar to CSI-RS transmission in SL communication., large number of symbols for SL PRS transmission may not be expected given the fact that comb or TDM based multiplexing between different SL PRS transmission in the same PSSCH region is not needed. Toward this direction, a limited set of (M, N) pairs can be considered for SL PRS in shared resource pool, e.g., maximum number of symbols for SL PRS transmission can be limited to 2. 
Figure 2 illustrates one example of multiplexing of PSSCH and SL-PRS in a shared resource pool. Note that the SL-PRS is only present in OFDM symbols without PSCCH or PSSCH DMRS.
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[bookmark: _Ref110335514]Figure 2. Multiplexing of PSSCH and SL-PRS in a shared resource pool
Proposal 3: 
· For shared resource pool for SL-PRS and SL communication, 
· SL-PRS transmission is associated with PSSCH and occupies same BW as the PSSCH.
· SL-PRS and PSSCH/PSCCH can be multiplexed in a TDM manner

Discussions on SL-PRS resource allocation 
It was agreed to define resource allocation for both dedicated and shared resource pools as well as scheme-1 and scheme-2 resource allocation for both cases. As backward compatibility in a shared pool was agreed during RAN1#110b-e [4], this means that regarding resource allocation in a shared resource pool, resource allocation schemes defined for SL-communication should be reused, however some enhancements for RTT based exchanged could be included. For a dedicated resource pool both scheme-1 and scheme-2 need to be defined. 
There are several general design directions we would like to discuss. Most of them are aligned with the resource allocation assumptions that were made for Rel-16 SL communication. In the following paragraphs we discuss each of these assumptions. 
In terms of resource allocation and the physical layer procedures for NR SL communication it is not possible to distinguish the between different UE types like RSUs or UEs mount on a car. This enables a fair access to the medium in the case of UE autonomous resource allocation in mode-2 of SL communication. The same assumption should be made for SL positioning.
For the resource allocation design for dedicated SL PRS resource pools, it is preferred that the configuration of random resource selection and sensing based resource selection are mutually exclusive. That means only one can be (pre)-configured for a dedicated SL PRS resource pool. The main motivation for this is that for SL PRS transmission there is no HARQ procedure available, thus resource allocation collisions have a higher likelihood of being detrimental to system performance. In our understanding random resource selection can lead to a significant increase in resource allocation collisions. 
The WID targets to design SL PRS unicast, groupcast and broadcast transmissions. Like SL communication it simplifies the system design when the physical layer reception procedures are the same irrespective of the cast type. In addition, it is important to stress that to enable sensing all sensing information does need to be broadcasted to all surrounding devices. 
We would like to stress that for Rel-16/17 SL communication the definition for receiving SL communication was always the same irrespective of whether mode-1 or mode-2 was used. In our view, the same should hold true for SL positioning. Due to the agreed backward compatibility this is implicitly already the case for shared resource pools. However, we would like to agree that this is the case for both shared and dedicated resource pools. 
Proposal 4: 
· Agree on the following design principles:
· No hierarchy between different UEs at the physical layer.
· Sensing and random resource selection can be configured to be the only resource allocation modes in a resource pool.
· SL PRS unicast/groupcast/broadcast can occur in the same resource pool and the related reception procedures are the same at physical layer.
· Reception procedures for the SL PRS reception in a dedicated SL PRS resource pool are the same for scheme 1 and scheme 2. 

For scheme 2 the topic of triggering SL-PRS transmission was discussed at the last meeting. In addition to the principle defined for SL communications that only a UE’s own higher layer may trigger a SL transmission there is also the option that another UE can request the UE to transmit SL-PRS via lower layer signaling. In our understanding this would lead to difficult timing considerations for the resource allocation without substantial benefits, and thus, best avoided. 

Proposal 5: 
· Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layer (Option 1).

Shared resource pool
In the case of shared resource pool, the requirement of backward compatibility is limiting the possibilities of the resource allocation for positioning. For both scheme-1 and scheme-2 periodic, aperiodic, and semi-persistent transmissions containing SL-PRS are possible without any changes to current resource allocation schemes. This does allow the use of all Rel-16/17 features regarding resource allocation. 
Proposal 6: 
· For a shared resource pool, periodic, aperiodic, and semi-persistent transmissions of SL-PRS are supported for both resource allocation schemes 1 and 2. 

Scheme-1
For the case of scheme-1 operation in a shared resource pool the existing methods can be reused for resource allocation. More specifically, the similar design of the NR DCI scheduling periodic, aperiodic, or semi-persistent transmissions containing SL-PRS as defined for Rel-16 can be reused. However, certain design changes may need to be considered on the SCI formats for signalling related to SL-PRS transmissions. 
Proposal 7: 
· [bookmark: _Hlk110946120]For SL-PRS transmissions in a shared resource pool using scheme-1, the same resource allocation via DCI signaling is considered for transmissions containing SL-PRS as the starting point.
· This includes use of SCI format to signal SL-PRS for a shared resource pool allocation. 

Scheme-2
For the case of scheme-2 operation in a shared resource pool, the same resource allocation procedure defined for SL communication in Rel-16/17 are also applicable to SL-PRS transmissions. However, as shown in the description for the RTT based ranging method, using the resource allocation defined for SL communication could lead to long time gaps that may introduce significant ranging errors. Thus, it is worthwhile to study if enhancements are necessary for this case. 
Proposal 8: 
· For SL-PRS transmissions in a shared resource pool using scheme-2, the resource allocation methods defined for SL communication for single shot transmissions are considered as a starting point.
· Depending on the required mobility and allowed clock drift enhancements for RTT based exchanges are necessary. 

Dedicated resource pool
For a dedicated resource pool, the same functionality as for a shared resource pool should be supported. This means that both periodic, aperiodic, and semi-persistent transmissions of SL-PRS resource are supported for scheme-1 and scheme-2. 
Proposal 9: 
· For SL-PRS transmissions in a dedicated resource pool, periodic, aperiodic, and semi-persistent transmissions containing SL-PRS are supported for both resource allocation schemes 1 and 2. 

Scheme-1
For scheme-1 operation in a dedicated resource pool, the resource allocation should be defined in a similar way as for mode-1 SL communication. This indicates that the SL-PRS transmissions are scheduled via the DCI. In this case, a new DCI format may need to be defined for SL-PRS resource allocation. 
Proposal 10: 
· For SL-PRS transmissions in a dedicated resource pool using scheme-1 resource allocation, define a DCI format for SL-PRS resource allocation. 

Scheme-2
In the case of a dedicated resource pool and UE-autonomous resource selection (scheme-2), the main target is to avoid colliding transmissions. As for the shared resource pool, periodic as well as aperiodic and semi-persistent transmissions should be enabled. This also indicates that a sensing procedure for positioning resource needs to be established. In the same way as for SL communication, the reserved SL-PRS resource will need to be signalled for sensing.  	
Proposal 11: 
· For scheme-2 resource allocation for periodic, aperiodic, and semi-persistent SL-PRS transmission in a dedicated resource pool including sensing, resource exclusion, and resource selection methods should be introduced. 

In our view, one of the motivations to consider dedicated SL PRS resource pools is to multiplex multiple SL-PRS transmissions spanning the full available bandwidth in a slot. This means that, depending on the relative numbers of UEs multiplexed via FDM for SCI transmission and those multiplexed via FDM (e.g., using different comb offsets) vs those multiplexed in time (different symbols), the half-duplex problem may be significant and might have a larger impact on the resource sensing, e.g., for scenarios when a limited number of UEs is multiplexed using different comb offsets due to IBE considerations. In essence, the half-duplex problem becomes exacerbated if the number of UEs that are multiplexed in frequency subchannels for SCI transmission (when they may not be able to receive other UEs’ SCI) and the number of UEs that are multiplexed in time/frequency for the SL-PRS transmissions are not balanced well. This is shown with a simplified illustration in Figure 6.
[image: ]
Figure 3. A simplified example to illustrate the half-duplex issue when two UEs are multiplexed in frequency for SCI transmissions but in time for SL-PRS transmissions. Although the UEs’ SL-PRS transmissions are multiplexed to allow mutual reception of both SL-PRS, the associated SCIs may not be received due to half-duplex constraint. Although not shown in this example, this can also lead to cases when the SL-PRS transmissions may collide.
Observation 1: 
· Depending on the number of available SL-PRS resources in a dedicated resource pool the half duplex problem for measurements as well as sensing can occur more frequently. 

Sensing based operation can be well-suited to protect periodic SL-PRS transmissions. In contrast to aperiodic transmissions these can be predicted based on past observations. For aperiodic transmissions, there is a high likelihood that transmission form different devices collide, especially if the dedicated resource pool resources are limited. This is also the case for SL communication, but for a dedicated SL-PRS resource pool the number of collisions can increase given the multiplexing restrictions and the limited number of resources available. This is especially relevant for positioning methods that require multiple transmissions as they should occur in short succession due to mobility and/or clock drift.
Observation 2: 
· For sensing-based operation, when compared to periodic transmissions, more collisions and half-duplex problems can be expected for aperiodic transmissions.

For the resource allocation procedure, the Rel-16 resource (re)-selection procedure should be the starting point of the design. In our understanding a large portion of the design can be reused. A simplified flow chart for the Rel-16 resource (re)-selection procedure is illustrated in Figure 4. We also expect that the same functional split between the resource (re)-selection procedure and the resource selection at the MAC layer is preserved. This means that the output of the resource (re)-selection is a candidate resource set, from this the MAC layer selects resource. 
Proposal 12: 
· Rel-16 resource (re)-selection procedure is the starting point for the design of the scheme 2 resource (re)-selection procedure in a dedicated SL-PRS resource pool.



[bookmark: _Ref127543864]Figure 4. A simplified flow chart of the Rel-16 resource (re)-selection procedure.
Some aspects of the Rel-16 resource (re)-selection procedure need to be adapted or rediscussed for scheme 2 operation in dedicated SL PRS resource pools. The following aspects will need to be adapted:
· Priority of the transmissions: In our understanding it is not necessary for different SL-PRS transmissions to have distinct priority. Thus, it is sufficient to have all SL-PRS transmissions in the dedicated resource pool to have the same priority. This does also mean that pre-emption is not necessary. 
· Resource exclusion based on SL-PRS resources: Rel-16 resource exclusion considers the amount of allocated sub-channels. In our understanding the main benefit of dedicated resource pools is to have more wideband SL-PRS transmissions. Thus, a different resource granularity might be defined. This does mean the resource exclusion should consider SL-PRS transmission resource and not the SL communication sub-channels. 
· RSRP based on PSCCH DMRS: The PSSCH or PSCCH DMRS RSRP are used for resource exclusion for Rel-16 SL communication. In our understanding for dedicated resource pools only PSCCH DMRS RSRP can be used for this purpose as SL PRS cannot always be received by all devices due to privacy concerns. 

Proposal 13: 
· The following topics should be considered for the scheme 2 resource (re)-selection procedure
· SL PRS transmission all have the same priority and no pre-emption is considered.
· Resource exclusion is considering SL-PRS resources in dedicated resource pools.
· PSCCH DMRS RSRP is used for resource exclusion.


[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed resource allocation for SL-PRS. Further, we summarize the proposals as follows:
Proposal 1: 
· For dedicated resource pool for SL-PRS, Option 2, i.e., PSCCH which carries SCI associated with SL-PRS transmission(s) is included, is supported.
Proposal 2: 
· For dedicated resource pool for SL-PRS, 
· SL-PRS resource pool and SL communication resource pools can be multiplexed in a TDM manner.
· Support multiplexing of PSCCH and SL-PRS transmission in a TDM manner.
Proposal 3: 
· For shared resource pool for SL-PRS and SL communication, 
· SL-PRS transmission is associated with PSSCH and occupies same BW as the PSSCH.
· SL-PRS and PSSCH/PSCCH can be multiplexed in a TDM manner
Proposal 4: 
· Agree on the following design principles:
· No hierarchy between different UEs at the physical layer.
· Sensing and random resource selection can be configured to be the only resource allocation modes in a resource pool.
· SL PRS unicast/groupcast/broadcast can occur in the same resource pool and the related reception procedures are the same at physical layer.
· Reception procedures for the SL PRS reception in a dedicated SL PRS resource pool are the same for scheme 1 and scheme 2. 
Proposal 5: 
· Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layer (Option 1).
Proposal 6: 
· For a shared resource pool, periodic, aperiodic, and semi-persistent transmissions of SL-PRS are supported for both resource allocation schemes 1 and 2. 
Proposal 7: 
· For SL-PRS transmissions in a shared resource pool using scheme-1, the same resource allocation via DCI signaling is considered for transmissions containing SL-PRS as the starting point.
· This includes use of SCI format to signal SL-PRS for a shared resource pool allocation. 
Proposal 8: 
· For SL-PRS transmissions in a shared resource pool using scheme-2, the resource allocation methods defined for SL communication for single shot transmissions are considered as a starting point.
· Depending on the required mobility and allowed clock drift enhancements for RTT based exchanges are necessary. 
Proposal 9: 
· For SL-PRS transmissions in a dedicated resource pool, periodic, aperiodic, and semi-persistent transmissions containing SL-PRS are supported for both resource allocation schemes 1 and 2. 
Proposal 10: 
· For SL-PRS transmissions in a dedicated resource pool using scheme-1 resource allocation, define a DCI format for SL-PRS resource allocation. 
Proposal 11: 
· For scheme-2 resource allocation for periodic, aperiodic, and semi-persistent SL-PRS transmission in a dedicated resource pool including sensing, resource exclusion, and resource selection methods should be introduced. 
Proposal 12: 
· Rel-16 resource (re)-selection procedure is the starting point for the design of the scheme 2 resource (re)-selection procedure in a dedicated SL-PRS resource pool.
Proposal 13: 
· The following topics should be considered for the scheme 2 resource (re)-selection procedure
· SL PRS transmission all have the same priority and no pre-emption is considered.
· Resource exclusion is considering SL-PRS resources in dedicated resource pools.
· PSCCH DMRS RSRP is used for resource exclusion.
Observation 1: 
· Depending on the number of available SL-PRS resources in a dedicated resource pool the half duplex problem for measurements as well as sensing can occur more frequently. 
Observation 2: 
· For sensing-based operation, when compared to periodic transmissions, more collisions and half-duplex problems can be expected for aperiodic transmissions.
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