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Introduction
[bookmark: _Hlk525462591][bookmark: _Hlk130806529]At RAN#98, a new work item “Expanded and improved NR positioning” (NR_pos_enh2) was approved; the WID was most recently revised at RAN#99 [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 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, we present our initial views on resource allocation for the SL positioning reference signal (SL-PRS).
Discussion
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]General aspects of resource allocation
[bookmark: Proposal5553][bookmark: Proposal29332][bookmark: Proposal39495][bookmark: Proposal8071][bookmark: Proposal80734][bookmark: Proposal7245][bookmark: Proposal62282][bookmark: Proposal19221][bookmark: Proposal88516][bookmark: Proposal85181][bookmark: Proposal98269][bookmark: Proposal38126][bookmark: Proposal57624][bookmark: Proposal16997][bookmark: Proposal80469][bookmark: Proposal84087][bookmark: Proposal71428]Bandwidth of SL PRS
The bandwidth of SL PRS is being discussed in RAN1. In RAN1#110bis meeting, the following is agreed: 
	Agreement (RAN1#110bis)
At least for a dedicated resource pool for positioning,
· With regards to the bandwidth of SL-PRS transmission, downselect from the following alternatives: 
· Alt. 1: The bandwidth of SL-PRS can be same or smaller than that of the resource pool
· Alt. 2: The bandwidth of SL-PRS shall be the same as that of the resource pool 
· Note: Companies are encouraged to provide their analysis and views on the above alternatives
· FFS: Bandwidth of SL-PRS transmission for shared resource pool (if supported)


In addition, SL PRS bandwidth aspect is discussed in RAN1#112bis-e as part of AI 9.5.1.1. The following captures an FL proposal [5].
	[High] FL5 Proposal 2.3.2-1
[Working assumption] For dedicated resource pools, SL PRS bandwidth can be same as or smaller than resource pool bandwidth where the SL PRS bandwidth is provided by higher layers.
· FFS: Details of higher layer signalling, including the option of selection by Tx UE.
· FFS: Whether Rx UE is provided SL PRS bandwidth via higher layers.
· NOTE: Information on SL PRS bandwidth is expected to be indicated at least via SCI associated with SL PRS.
· [One or more] allowed SL PRS bandwidth value(s) can be (pre-)configured on a per resource pool basis.


Also, the following was recommended by FL in AI 9.5.1.1 for email endorsement.
	[High] FL4 Proposal 2.3.2-2
· For shared resource pools, SL PRS bandwidth can be smaller than resource pool bandwidth and is same as the bandwidth indicated for PSSCH if/when PSSCH is transmitted in the same slot with SL PRS from the same transmitter UE.
Note to Mr. Chairman: In general, most companies indicated acceptance of the proposal. Based on recent offline discussions on AI 9.5.1.3, the above should be acceptable to all.



Accuracy of positioning methods, especially the time-based ones, depend highly on the bandwidth of the transmitted reference signals. Given that different positioning requests may have different QoS requirements in terms of accuracy, the bandwidth of SL-PRS should be (pre)-configurable based on the accuracy requirements, irrespective of whether the resource pool for positioning is dedicated or shared. This means, the SL-PRS bandwidth is not necessarily equal to the size of the resource pool utilized.

[bookmark: Proposal98270][bookmark: Proposal38127][bookmark: Proposal57625][bookmark: Proposal16998][bookmark: Proposal80470][bookmark: Proposal84088][bookmark: Proposal71429][bookmark: Proposal25232][bookmark: Proposal14776][bookmark: Proposal33653]Proposal 1: For both dedicated and shared resource pools for SL positioning, the bandwidth of SL-PRS shall be (pre)-configurable, e.g., depending on positioning accuracy requirements, which can be same or smaller than that of the resource pool. 

[bookmark: Proposal25233][bookmark: Proposal14777][bookmark: Proposal33654]Proposal 2: For shared resource pools, SL-PRS bandwidth is same as the bandwidth indicated for PSSCH. 

Further, the following is agreed in RAN1#112bis-e.
	Agreement
For SL-PRS transmission, either dedicated resource pool(s) or shared resource pool(s) or both can be (pre-)configured in the only SL BWP of a carrier. 
· A UE can be (pre-)configured with one or more dedicated SL resource pools.
· A UE can be (pre-)configured with one or more shared SL resource pools.



In order to accommodate SL PRS transmissions that occupy wide bandwidth, UEs could make use of multiple SL resource pools that share the same set of time resources. This could also include dedicated resource pools (pre)-configured for SL PRS, which may overlap with other SL resource pools. Network can (pre)-configure such resource pools, which UEs do not need to constantly monitor for their SL data transmissions, but only utilize when a need arises for transmitting/receiving a SL PRS with large bandwidth for a given positioning session by aggregating them. To enable such aggregation, additional cooperation among UEs that utilize these pools regularly is needed, namely to monitor and reserve SL resources in respective pools for the transmission of the SL PRS by aggregating the pools.  

[bookmark: Proposal7246][bookmark: Proposal62283][bookmark: Proposal19222][bookmark: Proposal88517][bookmark: Proposal80735][bookmark: Proposal85182][bookmark: Proposal98271][bookmark: Proposal38128][bookmark: Proposal57626][bookmark: Proposal16999][bookmark: Proposal80471][bookmark: Proposal84089][bookmark: Proposal71430][bookmark: Proposal25234][bookmark: Proposal14778][bookmark: Proposal33655][bookmark: Proposal39496][bookmark: Proposal8072]Proposal 3: Discuss if a SL PRS transmission can occupy a wide bandwidth spanning across multiple SL resource pools.

Slot structure for dedicated resource pool
RAN1 has made the following agreements with regards to channel(s) to be included in dedicated pool in addition to SL-PRS.
	Agreement (RAN1#112)
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 (RAN1#112bis-e)
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




PSCCH is now agreed to be included in the dedicated pools and it can be used to carry SCI associated with SL PRS transmissions, as in legacy SL transmissions. Note that the agreement from In RAN1#112bis-e allows only single stage SCI in dedicated pool.

In dedicated resource pools for SL positioning, having other channels beyond SL-PRS transmission(s) and already agreed PSCCH would defragment the resources, which would result in reduced bandwidth or number of resources available for SL-PRS transmissions, even if the resources are dedicated for SL PRS. However, introducing PSFCH might be beneficial since it can also carry control information associated with SL PRS transmissions, such as to be used for transmitting a feedback indication from the intended receiver of SL PRS. Also, addition of PSFCH paves the way for introduction of IUC scheme-2 like SL PRS resource coordination among UEs in dedicated pool. Further, PSFCH in dedicated resource pools can be designed to occupy limited number of time/frequency resources as in legacy SL resource pools.

[bookmark: Proposal25235][bookmark: Proposal14779][bookmark: Proposal33656]Proposal 4: Support inclusion of PSFCH in dedicated resource pool for SL positioning.

Note that any further control signaling associated with SL-PRS that does not fit into PSCCH or PSFCH in the dedicated pool, as well as other positioning-related data can be transmitted in the shared resource pool(s). Such signaling may also contain, e.g., any assistance data that might be part of SLPP signaling. 

[bookmark: Proposal33657][bookmark: Proposal57627][bookmark: Proposal17000][bookmark: Proposal80472][bookmark: Proposal84090][bookmark: Proposal71431][bookmark: Proposal25236][bookmark: Proposal14780][bookmark: Proposal98272][bookmark: Proposal38129]Proposal 5: PSSCH is not included in dedicated resource pool for SL positioning. 

[bookmark: Proposal57628][bookmark: Proposal17001][bookmark: Proposal80473][bookmark: Proposal84091][bookmark: Proposal71432][bookmark: Proposal25237][bookmark: Proposal14781][bookmark: Proposal33658]Proposal 6: Any signaling associated with a SL PRS transmission in a dedicated resource pool that does not fit into associated control channels (e.g., PSCCH or PSFCH) can be transmitted in an associated resource pool (which could be a shared resource pool or SL-communications-only resource pool).

[bookmark: Proposal84092][bookmark: Proposal71433]To further increase the amount of available resources for SL PRS, in a dedicated pool, periodic PSCCH resources can be configured, i.e., a SL PRS slot with PSCCHs occurs once in every K slots and the other SL PRS slots only contain SL PRSs. The parameter K is configurable and can be configured as 1.

[bookmark: Proposal25238][bookmark: Proposal14782][bookmark: Proposal33659]Proposal 7: Consider supporting SL PRS slots with/without PSCCHs in a dedicated resource pool: a SL PRS slot with PSCCHs can be configured occurring once in every K slots; the parameter K is (pre-)configurable and can be configured as 1.   

Rel-16/17 SL communication makes use of slot and sub-channel based allocations but for SL-PRS different approaches are needed as the SL PRS should be received from multiple nodes simultaneously or as close to simultaneously as possible. It has been proposed to consider sub-slot or mini-slot based designs for SL PRS time domain allocation. In our view this is a sound proposal as the SL PRS may have as few as 1-2 symbols in some configurations. So, it is wasteful to have one SL PRS resource consume a full slot when it in-fact only needs a few symbols.
[bookmark: Proposal76199][bookmark: Proposal1840][bookmark: Proposal56634][bookmark: Proposal77670][bookmark: Proposal67656][bookmark: Proposal25239][bookmark: Proposal14783][bookmark: Proposal33660]Proposal 8: Introduce a mini-slot time domain structure for SL PRS resources in dedicated resource pool.
A mapping relationship between a PSCCH resource and the resource of SL PRS in dedicated resource pool was discussed in RAN1#112bis-e, and the following captures a related FL proposal [6].
	[MEDIUM] Feature Lead Proposal 3.2.4-v1
For a dedicated resource pool for SL positioning, support a mapping relationship between a PSCCH resource and the resource of the associated SL-PRS in a slot
· FFS: Details 


If a mini-slot structure for transmitting SL PRS is introduced it naturally leads to the question of how to indicate this information to UEs (e.g., for sensing purposes). In addition to time domain allocations there is also the question of how to indicate to other UEs that only part of the frequency domain may be used for a given transmission (i.e., comb structure of SL PRS). One way to handle these issues is to map the PSCCH candidate locations to both a time and frequency domain allocation. E.g., a given PSCCH location maps to both a mini-slot and a first PRB of a SL PRS resource. 
[bookmark: Proposal25240][bookmark: Proposal14784][bookmark: Proposal33661]Proposal 9: Consider mapping PSCCH locations to both mini-slot allocations and first PRB of the SL PRS in dedicated resource pools. 


Slot structure for shared resource pool
The following agreements were reached in previous RAN1 meeting.
	Agreement
With regards to the SCI signaling in a shared resource pool, in addition to SL PRS transmission, the UE transmits
· Opt. 1: SCI1-A & a 2nd stage SCI format are used for SL-PRS indication
· FFS: Details including a new or existing 2nd stage SCI


Agreement
In a shared resource pool: 
· SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot
· With regards to PSSCH and SL-PRS multiplexing, downselect one of the following alternatives in RAN1#113 meeting:
· Alt. A.1: Only TDMing is supported
· Alt. A.2: Only FDMing of PSSCH and SL-PRS is supported
· FFS: Rate-matched around SL-PRS REs and/or PRB/sub-channel-level FDMing are supported potentially for different cases 
· Note: Rate-matched around SL-PRS REs is not applicable to comb-1 SL-PRS
· Alt. A.3: Both Alt. A.1 and A.2 are supported in the specification
· With regards to PSCCH and SL-PRS multiplexing, downselect one of the following alternatives in RAN1#113 meeting:
· Alt. B.1: Only TDMing is supported
· Alt. B.2: TDMing or PRB/sub-channel-based FDMing is supported
· The PSSCH is used for (downselect one of the following alternatives in RAN1#113 meeting):
· Alt. C.1: 2nd SCI only
· Alt. C.2: 2nd SCI and SL-SCH
· Alt. C.3: “2nd SCI only” or “2nd SCI and SL-SCH”
· FFS: Handling of PT-RS and SL-PRS




The transmission of the SL-PRS within the defined slot format in legacy SL will allow for coexistence of SL-PRS with other non-positioning related SL transmissions within the shared resource pool. Further, a SL-PRS transmission may be accompanied with positioning-related data (e.g., along with SL-PRS transmission, an anchor UE may provide its known UE position, report Rx-Tx time for SL RTT, etc.). Such combination of the SL-PRS and the positioning-related data can reduce the need for additional signalling exchanges between the UEs, especially if both pieces of information can be sent up front. 
In this regard, considering the current SL slot format, some symbols e.g., which currently carries PSSCH, DMRS and/or PSFCH, can be used for SL-PRS transmissions and the remaining PSSCH symbols can be used for transmitting positioning-related data, in addition to 2nd SCI, with different options as illustrated in Figure 1. 
[bookmark: Proposal25241][bookmark: Proposal14785][bookmark: Proposal33662]Proposal 10: In shared resource pools, PSSCH within the same slot as that of SL PRS can be used for transmitting 2nd SCI only or 2nd stage and SL-SCH, i.e., support Alt.C.3

[image: ]
[bookmark: _Ref127184405]Figure 1 - Multiplexing SL PRS within a slot of a shared resource pool
Multiplexing SL PRS with PSSCH within a slot would enable efficient transmission of positioning-related data accompanying SL PRS, which could be in a TDM or FDM fashion. Similarly, any remaining resources remaining from legacy SL transmissions within PSFCH can be used to multiplex SL PRS transmission within a slot in FDM manner.

[bookmark: Proposal14792][bookmark: Proposal33663]Proposal 11: In shared resource pools, SL PRS can be TDM'ed and/or FDM’ed with PSSCH, within a slot, i.e., support Alt. A.3.

[bookmark: Proposal14793][bookmark: Proposal33664]Proposal 12: In shared resource pools, support FDM’ing of SL PRS and PSFCH (e.g., by using remaining resources from legacy SL transmissions) within a slot. 

RAN1#112bis-e made the below agreement.
	Agreement
TDM-based multiplexing in a slot of SL PRS from different UEs is NOT supported for a shared resource pool.


From the above agreement, for a shared resource pool, it is noted that the TDM-based multiplexing of SL PRS from different UEs is not supported. However, it does not preclude the possibility of TDM-based multiplexing of two or more SL PRS from the same UE in a slot. As described in mini-slot discussion for dedicated pool above, in our view SL PRS may have as few as 1-2 symbols in some configurations. Hence, it is wasteful to have one SL PRS resource to consume a full slot when it in fact only needs a few symbols. There may be scenarios where a UE transmits multiple SL PRS sequences, e.g., targeting different anchor or target UEs. For increased resource efficiency, such different PRS transmissions from a same UE might be TDM’ed within the same slot. Further, the UE may transmit them for different Rx UEs with different BF vectors. While this is an FR2-related aspect, this offers a future proof design for introducing FR2 aspects in later releases. We note that ‘future proofing’ to introduction of potential FR2 related enhancement was also taken into account while introducing SL PRS ID as a characteristic of a SL PRS resource in RAN1#112bis-e.
[bookmark: Proposal14794][bookmark: Proposal33665]Proposal 13: In shared resource pools, support a single UE to TDM its different SL PRS transmissions within a slot.
Regarding the control information associated with SL PRS within a same slot, it has been agreed that SCI1-A & a 2nd stage SCI format are used for SL-PRS indication. 
To facilitate simpler design, PSCCH (i.e., carrying SCI1-A associated with SL PRS) can be TDM’ed but not FDM’ed with a SL PRS in the same slot.
[bookmark: Proposal14795][bookmark: Proposal33666]Proposal 14: In shared resource pools, PSCCH and SL-PRS can be only TDM’ed within a slot, i.e., support Alt. B.1. 

Further, as also discussed in the case of dedicated pools, PSFCH can be utilized to transmit any feedback-related information associated with a SL PRS transmission. For this, remaining resources from legacy SL transmissions within a PSFCH can be used.
[bookmark: Proposal14796][bookmark: Proposal33667]Proposal 15: In shared resource pools, support transmission of feedback-related information associated with SL PRS using PSFCH within the same slot. 
[bookmark: Proposal5547][bookmark: Proposal29326][bookmark: Proposal8070][bookmark: Proposal80730][bookmark: Proposal7241][bookmark: Proposal62281][bookmark: Proposal19220][bookmark: Proposal85180][bookmark: Proposal38124]Further, the following is agreed in RAN1#112bis-e.
	Agreement
For shared resource pools, a UE does not map SL-PRS and PSSCH DMRS in the same OFDM symbol(s).



[bookmark: Proposal76201]RAN1 should consider the resource efficiency in a shared resource pool with backward compatibility, and it would be beneficial to re-use of DMRS symbols as a part of SL PRS symbols. The SL PRS sequence may be generated using a PN sequence, so it might be feasible to support SL PRS resource includes DMRS symbols without a negative effect to the legacy UE, and the Rel-18 UE can obtain positioning measurement from the configured SL PRS resource which includes DMRS symbols. The DMRS symbols can also be used by the UE to improve for example, the timing estimation accuracy. As anyways the Tx UE in shared RPs will need to include DMRS in the same slot in many cases. 

[bookmark: Proposal56637][bookmark: Proposal57630][bookmark: Proposal77673][bookmark: Proposal67659][bookmark: Proposal25250][bookmark: Proposal14799][bookmark: Proposal33668]Proposal 16: In shared resource pools, RAN1 to support SL PRS measurement can include the DMRS symbols while studying backward compatibility for legacy UEs.
Scheme 1 resource allocation
The following is agreed in RAN1#112bis-e.
	Agreement
For Scheme 1 SL-PRS resource allocation, a transmitting UE can receive a SL-PRS resource allocation signaling from gNB through a
· Dynamic grant
· FFS Reuse DCI format 3_0 for signalling SL-PRS resource allocation or Support a new DCI format (3_X) and consider DCI format 3_0 as a starting point
· Configured grant type 1
· the SL-PRS transmission(s) follows the higher layer configuration
· Configured grant type 2
· Support activating and releasing the configured grant using a new DCI format 3_X or 3_0 (to be down-selected between the two DCI formats)
· The above mechanisms use NR Rel-16 mode-1 signaling as a starting point
· FFS: whether same/different DCI format(s) are applied for shared pool and dedicated pool.
· FFS: Further details



SL positioning typically involves a group of UEs transmitting SL PRS, e.g., by anchor UEs to support absolute position of a target UE. Further, certain positioning methods such as RTT or TDOA, require the SL PRS transmissions to take place within a short time as much as possible. This is to avoid any degradation of positioning accuracy that may result from highly dynamic mobility conditions or clock drifts at the UEs over time. Considering these factors, legacy Mode 1-like resource allocation methods might become inefficient since each UE needs to request a resource for its own transmission, which causes latency and signaling overhead. Instead, Scheme 1 resource allocation may introduce efficient methods that allow allocation of resources to multiple UEs at once.
Such resource allocation might be triggered by a resource allocation request coming from a single UE, e.g., target UE, to gNB, on behalf of other UEs involved in positioning the target UE.
[bookmark: Proposal25253][bookmark: Proposal14802][bookmark: Proposal33669]Proposal 17: Scheme 1 to support resource allocation methods that enable multiple UEs transmitting SL PRS to be allocated SL resources at once. For this, a UE, e.g., target UE may send a resource allocation request, on behalf of other UEs involved in positioning.
Further, in Scheme 1, to allocate resources for SL PRS transmissions of the UEs, gNB would need to know the SL PRS characteristics of the UEs, e.g., bandwidth, associated with a resource allocation request. Since LMF would configure such SL PRS characteristics in coverage, it may also provide such information to gNBs directly (rather than providing it to the UEs, which would forward to gNBs).
[bookmark: Proposal25254][bookmark: Proposal14803][bookmark: Proposal33670]Proposal 18: For Scheme 1 resource allocation, discuss the option where LMF provides the SL PRS characteristics (e.g., bandwidth) required for resource allocation, directly to gNB.
Another challenge with Scheme 1 resource allocation arises when different gNBs use the same or overlapping resource pools for SL PRS transmissions. As positioning a target UE may involve transmissions from different UEs served by different cells, the SL resources allocated to these UEs might conflict, which may degrade the accuracy of positioning. Therefore, mechanisms to avoid resource conflicts across gNBs would be required. For this, LMF can act as an intermediary entity to inform resource allocation decisions or preferences of gNBs with each other.
[bookmark: Proposal25255][bookmark: Proposal14804][bookmark: Proposal33671]Proposal 19: For Scheme 1 resource allocation, LMF may act as an intermediary entity to inform resource allocation decisions of gNBs with each other, so as to avoid any SL resource conflicts across gNBs that are using the same or overlapping resource pools for SL positioning.
Further, to trigger such inter-gNB coordination, since it might not be necessary at all times, UEs may indicate to network about any occurred or potential conflicts between UEs served by different gNBs, e.g., when they experience positioning accuracy degradation at cell edge areas, This way, gNBs become aware of the conflicts and can take action to coordinate resource allocation between them accordingly.
[bookmark: Proposal25256][bookmark: Proposal14805][bookmark: Proposal33672]Proposal 20: For Scheme 1 resource allocation, UEs may indicate network (e.g., gNB or LMF) a conflict between SL resources used by UEs served by different gNBs, e.g., in cell-edge scenarios.
Scheme 2 resource allocation
RAN1#112bis-e made the following agreements.
	Agreement
For the scheme 2 sensing-based resource allocation: 
· Alt. 2: Rel-16 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. 
· Note: This means that Rel-17 partial sensing is not considered a starting point for the design


Agreement
For Scheme 2, in a dedicated resource pool, using Rel-16 resource (re)-selection procedure as the starting point, consider at least the following potential modifications:
· Modification 1: For the RS used to derive L1 SL-RSRP for resource exclusion:
· Option 1: SL-PRS
· Option 2: PSCCH DMRS
· Option 3: PSSCH DMRS (if PSSCH is included in the dedicated resource pool)
· Modification 2: For the resource selection window: 
· Option 1: for the derivation of the window, using the legacy approach as a starting point, substitute the Packet Delay Budget (PDB) with a new delay budget
· Option 2: the selection window is provided by higher layers 
· Modification 3: For the SL-PRS priority:
· Option 1: A single L1 SL-PRS priority is allowed in a resource pool
· Option 2: Multiple L1 SL-PRS priority are allowed  in a resource pool
· Modification 4: For the definition of a candidate resource within the resource selection window:
· Options TBD 
· Modification 5: For the reservation interval of SL-PRS: 
· Option 1: Provided by UE’s higher layers with values TBD. The set of values is (pre-)configured.
· Modification 6: For the sensing window length (): 
· Option 1: Use the legacy (pre-)configuration with values (100 msec, 1100 msec)
· Option 2: Equal to or larger than the largest reservation interval
· Option 3: Provided by higher layers with values TBD
· Modification 7: For the initial S-RSRP threshold & stepsize, target resource ratio X(%):
· Options TBD
· Modification 8: For the pre-emption of the reserved resources:
· Options TBD 
· Note 1: Other potential modifications and/or other options within each modification are not precluded
· Note 2: Multiple options for each potential modification may be supported



Impact of RE-level multiplexing of SL PRS
With regards to multiplexing of SL PRS from different UEs, RAN1 has reached the following agreement:
	Agreement (RAN1#112)
· 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



Considering the possibility of multiplexing SL PRS transmissions of different UEs at RE-level, the Scheme 2 resource allocation requires enhancements over the legacy NR SL Mode 2 resource allocation since it was based on subchannel-level granularity. In order to enable RE-level multiplexing of users, modifications to the UE behavior, sensing procedure, and control signaling mechanisms would be necessary.

[bookmark: Obs34973][bookmark: Obs1978][bookmark: Obs5288][bookmark: Obs18050][bookmark: Obs1689]Observation 1: RE-level multiplexing of SL PRS transmissions of different UEs necessitates enhancements over the legacy NR SL resource allocation Mode 2 to allow for Scheme 2 resource allocation for SL positioning.

For example, in the case of shared resource pools, the legacy Mode 2 resource preemption mechanism would result in UEs to unnecessarily preempt their selected resources for SL transmissions upon sensing that these resources are reserved for SL positioning. However, it would be in fact possible for them to reuse these reserved time/frequency resources via RE-level multiplexing. In order to allow this, the UE transmitting SL PRS can indicate such multiplexing possibility to the other transmitters (SL communication UEs), so as to enable better resource utilization efficiency. UEs may also perform sensing using particular comb size and comb offsets in order to determine if the resulting power measurement (e.g. RSSI) allows for RE-level multiplexing. 

[bookmark: Proposal84095][bookmark: Proposal71435][bookmark: Proposal25257][bookmark: Proposal14806][bookmark: Proposal33673]Proposal 21: For Scheme 2 resource allocation in shared pools, UE transmitting SL PRS may provide feedback to other transmitting UEs to avoid their resource preemption and reuse the same time/frequency resources via RE-level multiplexing.

[bookmark: Proposal84096][bookmark: Proposal71436][bookmark: Proposal25258][bookmark: Proposal14807][bookmark: Proposal33674]Proposal 22: For Scheme 2 resource allocation in at least dedicated resource pools, UE performing sensing for SL PRS may use comb size and comb offset as parameters during sensing to determine if reuse of the same time resources via RE-level multiplexing is possible. This sensing operation may be (pre)-configurable. 

In order to efficiently utilize SL resources and reduce channel congestion, SL PRS transmitted by multiple SL positioning anchors in vicinity can be also multiplexed using same time frequency resources, however occupying sufficiently orthogonal sequences in code domain. To determine whether such resource re-use would be acceptable, additional mechanisms are necessary that would involve feedback from respective target UEs. In this regard, upon monitoring a SL PRS resource reservation by another anchor UE (UE-A2), an anchor UE (UE-A1) may use same time frequency resources but with sufficiently orthogonal sequences (for target UEs) to improve resource utilization. However, given that SL PRS sequences may not be completely orthogonal, whether or not the intended target UEs of both anchor UEs (UE-T1 and UE-T2) can successfully receive their respective SL PRS may not be known at the anchor UE. Therefore, the anchor UE can announce its intention (e.g. via SCI) to reuse one or more reserved SL PRS (reserved by another anchor UE) with chosen SL PRS sequence. Then the target UEs of both the anchor UEs (another anchor UE that has already reserved the resource and the anchor UE that intends to reuse it) can respond to such announcement with whether or not the multiplexing of the said SL PRS is acceptable to them. Here, HARQ-like feedback (in e.g. PSFCH resource associated with the intent announcement SCI) can be used by target UEs for their response. For example, if such multiplexing is not acceptable by any of the target UE, it sends NACK in the associated PSFCH resource. In this case, the anchor UE will not perform sequence level multiplexing. In case no NACK is received, the anchor UE will transmit SL PRS with the indicated sequence in the same time frequency resource reserved by another anchor UE as illustrated in Figure 2.  


[bookmark: _Ref131804330]Figure 2: A scheme for code-domain multiplexing of SL PRS
[bookmark: Proposal88519][bookmark: Proposal39498][bookmark: Proposal8074][bookmark: Proposal80737][bookmark: Proposal7248][bookmark: Proposal62285][bookmark: Proposal19224][bookmark: Proposal85183][bookmark: Proposal98273][bookmark: Proposal38130][bookmark: Proposal57631][bookmark: Proposal17003][bookmark: Proposal80475][bookmark: Proposal84097][bookmark: Proposal71437][bookmark: Proposal25259][bookmark: Proposal14808][bookmark: Proposal33675]Proposal 23: For code-domain multiplexing (CDM) of SL PRS transmissions, study IUC like mechanism to determine if SL PRS sequence multiplexing is acceptable at the receiver UE.

The same mechanism can be also employed for comb-based multiplexing of SL PRS transmitted by multiple UEs. Namely, UE-A1 may reuse the same time/frequency resources reserved by UE-A2, by using a separate comb offset. The comb-level multiplexing, however, is prone to the IBE problem. Depending on the mobility conditions among the UEs, the multiplexed SL PRS transmissions may lose orthogonality if they are using adjacent comb resources, e.g., due to high relative speed yielding Doppler effect. Therefore, whether such comb-level multiplexing would be acceptable or not, as well as the selection of the comb offset/size can be feedback to UE-A1 by the intended receivers UE-T1 and UE-T2. The same ACK/NACK mechanism described above for code-domain multiplexing is therefore applicable to comb-based multiplexing as well.

[bookmark: Proposal84098][bookmark: Proposal71438][bookmark: Proposal25260][bookmark: Proposal14809][bookmark: Proposal33676]Proposal 24: For frequency-domain multiplexing of SL PRS transmissions, study IUC like mechanism to determine if comb-based multiplexing of SL PRS is acceptable at the receiver UE.
IUC and UE scheduling other UEs 
[bookmark: Proposal5556][bookmark: Proposal29335]In RAN1#110, the following is agreed on resource allocation.

	Agreement (RAN1#110)
Regarding Scheme 2 SL-PRS resource allocation, study at least the following aspects:
· Resource selection mechanism for SL-PRS
· Inter-UE coordination
· Aspects for congestion control mechanisms for SL-PRS



IUC aspects were discussed in RAN1#112bis-e, and below captures an FL proposal [6].
	[HIGH] Feature Lead Proposal 3.5.4-v3
For Scheme 2, 
· Alt. 1: support inter-UE coordination signaling for SL-PRS at least for shared resource pool
· Both Rel-17 Scheme 1 and 2  IUC are used as a starting point
· Note: For the dedicated resource pool, decide the support of IUC, by RAN1 #113 meeting
· Alt. 2: deprioritize it for this release


Also, aspects on UE-A reserving SL-PRS resources for UE-B is discussed in RAN1#112bis-e and below captures an FL proposal [6].
	[HIGH] Feature Lead Proposal 3.5.5-v1
For scheme 2, 
· Alt. 1: support that a UE can reserve a SL-PRS resource for the transmission of another UE.
· FFS: details regarding the conditions and signaling mechanism
· Alt. 2: Do not support that a UE reserves a SL-PRS resource for the transmission of another UE.



In legacy Uu positioning, the central role of gNBs can be conveniently used to implement the underlying resource allocation tasks efficiently. However, this is not possible in distributed resource allocation typical for out-of-coverage or partial-coverage scenarios when SL UEs conduct resource allocation by themselves without the involvement of the gNB. Further, several positioning methods such as multi-RTT or OTDOA require coordinated PRS transmission by multiple UEs within pre-defined times or time intervals. It is therefore of interest to study collective resource allocation scheme where one UE (for example the target UE) allocates the resource for multiple PRS transmissions by itself and/or other UEs (such as its anchor UEs). This mechanism would also require a way for the transmitting UE to send feedback on the reserve resource (e.g., in case of conflict). For example, the transmitting UE may use PSFCH to ACK/NACK the reserved resource for SL PRS transmission. 
[bookmark: Proposal17005][bookmark: Proposal80477][bookmark: Proposal84100][bookmark: Proposal71439][bookmark: Proposal25261][bookmark: Proposal14810][bookmark: Proposal33677]Proposal 25: Support the resource allocation mechanisms that allow one UE to reserve one or more SL PRS transmission opportunities for other UE(s) in a SL positioning session. Support a feedback mechanism to enable such a scheme. 
Naturally, the priority of the resource allocation requests on behalf of multiple TX UEs (e.g., DL-like SL PRS transmission by multiple anchor UEs to target UE), or intended for multiple RX UEs (e.g., UL-like reception of target UE SL PRS by multiple anchor UEs), or with specific timing constraints (e.g., for TDOA or RTT methods) should be raised appropriately to ensure competitiveness with respect to standard single-UE resource requests. For example, the SCI signaling can have priority increased proportionally to the number of TX / RX UEs involved or with more stringent timing constraints. 
[bookmark: Proposal17006][bookmark: Proposal80478][bookmark: Proposal84101][bookmark: Proposal71440][bookmark: Proposal25262][bookmark: Proposal14811][bookmark: Proposal33678]Proposal 26: In the case of a SL PRS allocation for multiple TX / RX UEs and/or under strict timing constraints, discuss how the priority of resource allocation can be raised as a function of the number of involved UEs and/or timing constraints.
Further, when multiple target UEs are involved with an anchor UE and are allocating or indicating (non-)preferred SL PRS resources to the anchor UE, there may be conflicts in allocated or (non-)preferred SL-PRS resources (i.e., SL-PRS resources indicated by the target UEs may not be preferred for each other). Hence, avoidance or handling of any potential conflicts of SL-PRS resources needs to be studied.    
For example, a target UE may determine that a resource conflict is occurring as there are overlapping resources used from different anchor UEs as per their respective SL PRS configuration. In this case the target UE may request one or more anchor UEs to adapt or change their PRS configurations. As such a request may impact other target UEs that are also using the same SL PRS from anchor UEs, and hence it may be best to modify the SL PRS configurations as little as possible. Another option is to have the SL PRS be FDM by use of comb offsets similar to in Uu positioning which are coordinated among the anchor UEs. For example, the SL PRS of one UE and another UE can be FDM using different comb offsets by coordination via IUC (i.e., one UE suggests a preferred comb offset for another UE). Another option is to rely on CDM for overlapping resources by using appropriate SL PRS sequences. Again using IUC it may be possible for UEs to coordinate on sequence selection and/or indicate if CDM is possible for particular time-frequency resources. 

One option is to introduce SL PRS muting similar to DL PRS which allows certain occasions of a periodic SL PRS to be muted. SL PRS muting may be useful in the case where an anchor UE needs to select a SL PRS configuration (e.g., comb offset or sequence) which is not preferred by another UE. This can happen if one anchor is serving multiple UEs or if anchor UE has another reason to select a non-preferred parameter for a particular UE. In the case of periodic SL PRS transmission then the anchor UE can apply a muting pattern to give the UE (which did not prefer that configuration) to still receive other signals during some occasions.   

[bookmark: Proposal39501][bookmark: Proposal8077][bookmark: Proposal80741][bookmark: Proposal7252][bookmark: Proposal62288][bookmark: Proposal19227][bookmark: Proposal85186][bookmark: Proposal98276][bookmark: Proposal38133][bookmark: Proposal57634][bookmark: Proposal17008][bookmark: Proposal80480][bookmark: Proposal84103][bookmark: Proposal71442][bookmark: Proposal25264][bookmark: Proposal14813][bookmark: Proposal33679]Proposal 27: Support IUC for SL PRS conflict avoidance/resolution. Consider comb offset coordination, SL PRS sequence selection, and CDM to share the same time-frequency resource and SL PRS muting patterns in IUC.

Configuration/activation/deactivation/triggering of SL-PRS
In the previous RAN1 meetings, the following agreements have been reached:	
	Agreement (RAN1#109)
With regards to the configuration/activation/deactivation/triggering of SL-PRS, study the following options:
· Option 1: High-layer-only signaling involvement in the SL-PRS configuration
· No Lower layer involvement, e.g. SL-MAC-CE or SCI or DCI, for the activation or the triggering of a SL-PRS. 
· Based on the study, this option may correspond to
· A SL-PRS configuration that is a single-shot or multiple shots 
· A high-layer configuration that may be received from an LMF, a gNB, or a UE
· Option 2: High-layer and lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
· For example, high layer signaling can may be used for SL-PRS configuration and lower layer signaling can may be used for initiating SL positioning and/or configuration/triggering/activating/deactivating/indicating and potential resource indication/reservation transmission of SL-PRS.
· Option 3: Only lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
· Note 1: Include aspects in the study related to flexibility, overhead, latency, and reliability as/if needed.

Agreement (RAN1#110)
· With regards to the configuration/activation/deactivation/triggering of SL-PRS, Option 3 from the previous corresponding RAN1 #109 agreement will not be considered further.
· With regards to reservation of SL-PRS, it can be considered based on the Option 1 or Option 2 from the previous corresponding RAN1 #109 agreement.



	Agreement (RAN1#110bis)
With regards to the SL-PRS time domain behavior, at least study the following behaviors from Tx UE perspective:
· Periodic SL-PRS 
· SL-PRS is transmitted periodically with a transmission periodicity 
· FFS: any additional details, including whether or not higher layers can start/stop transmission.
· Semi-persistent SL-PRS 
· SL-PRS is transmitted periodically with a transmission periodicity after activation and until deactivation
· FFS: any additional details
· Aperiodic SL-PRS 
· SL-PRS is transmitted at least once after [triggering/request] 
· Note: the brackets in the above means that companies are encouraged to study further whether “triggering” and/or “request” should be used and provide their definitions. 
· FFS: any additional details
· FFS: Applicability of the above time behaviors for scheme 1 & scheme 2
· FFS: Rx UE behavior is separately discussed.
· FFS: What mechanism(s) are used for activation/deactivation/triggering is part of the study



	Agreement (RAN1#112bis-e)
In Scheme 2, with regards to the triggering of SL-PRS,
· [bookmark: _Hlk134601963]Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers
· Working assumption: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· Up to UE-B’s own higher layers to transmit SL-PRS in response to the lower layer request from UE-A
FFS: Lower layer signaling corresponds to SCI, MAC-CE, or SL-PRS



Since there is no central entity like LMF in out of coverage SL positioning/ranging scenarios, there is a need for a way to configure SL-PRS transmissions. In this regard, a straightforward way is to utilize coordination among peer UEs for SL positioning, i.e., enable, e.g., a target UE to configure or assist in configuration of SL-PRS transmission of, e.g., an anchor UE, by means of providing SL-PRS configuration assistance information to the anchor UE as per its preference. Here, the assistance information can include details related to, e.g., types of positioning measurements, SL-PRS characteristics (e.g., its bandwidth determined based on the accuracy requirements).
[bookmark: Proposal17009][bookmark: Proposal80481][bookmark: Proposal84104][bookmark: Proposal71443][bookmark: Proposal25265][bookmark: Proposal14814][bookmark: Proposal33680]Proposal 28: A UE (e.g., target UE) may assist configuring parameters of SL PRS (e.g., bandwidth, periodicity, etc.) for other UEs (e.g., anchor UEs) such as by providing (non-)preferred set of SL PRS parameters.
RAN1#112bis-e agreed to support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers. The higher layer determination may be based on UE’s own decision or request/trigger from another UE. Note that, in particular in out-of-coverage SL positioning scenarios, there may not be a central entity (such as the LMF in Uu positioning) that is aware of all nearby UEs that have the potential to serve as anchor for a target UE, so as to deploy them in an optimal manner. In other words, it is not straightforward how to perform e.g. design and dimension the anchors pool of devices, activate and deactivate the anchors. 
Given a SL PRS (pre-)configuration, continuous transmission of SL PRS, e.g., by anchor UEs, as in legacy DL PRS transmissions would highly occupy the SL resources and may not be needed at all times since the UEs are expected to be mobile in most of the scenarios. Instead, SL PRS, which can be periodic or aperiodic, can be (pre-)configured by the network and can be activated based on presence of the intended receiver(s), coarse location (e.g., area) of the anchor UEs, as well as over a certain time duration, which can be also (pre-)configured by the network. In other words, UEs may be configured with transition conditions from e.g. non-anchor state to active anchor state to help target UEs. Note that same principles can be used for transitioning a UE to different UE roles e.g. Server UE state.  
[bookmark: Proposal39502][bookmark: Proposal8078][bookmark: Proposal80742][bookmark: Proposal7253][bookmark: Proposal62289][bookmark: Proposal19228][bookmark: Proposal85187][bookmark: Proposal98277][bookmark: Proposal38134][bookmark: Proposal57637][bookmark: Proposal17010][bookmark: Proposal80482][bookmark: Proposal84105][bookmark: Proposal71444][bookmark: Proposal25266][bookmark: Proposal14815][bookmark: Proposal33681]Proposal 29: Periodic or aperiodic (pre-)configured SL PRS can be activated or deactivated based on indications coming from higher layers, e.g., based on parameters such as distance, time thresholds and/or conditions such as number of SL PRS requests, etc. that are (pre-)configurable.
The configuration of resources for SL-PRS transmission must ensure the desired SL-PRS reception quality. But how a UE selects an appropriate SL-PRS configuration, in particular when the UE is not aware of channel towards the other UE (e.g. in the initial stages of SL positioning session) remains as a key open question. While the UE may always choose the most conservative SL-PRS configuration to ensure high SL-PRS reception quality, this may be resource inefficient and therefore may not scale well e.g. in denser UE deployment scenarios. To this end, SL-PRS configuration needs to be tuned as per changing propagation and interference conditions between peer UEs of SL positioning. In this regard, a closed-loop type of approach for tuning the SL-PRS configuration to the propagation and interference conditions particular to each target-anchor link can be introduced. A reference signal e.g., high density SL-PRS which, when applied different masks on it, emulates different SL PRS sent from one UE (anchor UE) to the other UE (target UE). Since the SL-PRS masking emulates the effect of sending differently configured SL-PRS, i.e., with different time/frequency/space patterns and densities, it can help the other UE (target UE) to anticipate how a SL-PRS configuration will impact the accuracy of the subsequent SL positioning measurements/estimates. Here, by mask, we mean a binary (boolean) matrix, which when applied on top of a reference signal matrix, mutes some of the entries of the latter matrix. Then, the other UE (target UE) can compute and report to the UE (anchor UE) channel information (e.g., RSRP, RSSI) per mask and this information can then be used at the UE to determine the SL-PRS configuration.
[bookmark: Proposal98278][bookmark: Proposal88523][bookmark: Proposal39503][bookmark: Proposal8079][bookmark: Proposal80743][bookmark: Proposal7254][bookmark: Proposal62290][bookmark: Proposal19229][bookmark: Proposal85188][bookmark: Proposal38135][bookmark: Proposal57638][bookmark: Proposal17011][bookmark: Proposal80483][bookmark: Proposal84106][bookmark: Proposal71445][bookmark: Proposal25267][bookmark: Proposal14816][bookmark: Proposal33682]Proposal 30: SL-PRS transmission can be re-configured in response to changing target-anchor link conditions according to channel information report from receiver UE.
Congestion control for SL-PRS
The following is agreed in RAN1#112bis-e.
	Agreement
For Scheme 2 SL-PRS resource allocation, specify congestion control mechanisms using the existing congestion control mechanisms as a starting point. 
· Study at least the following aspects on potential changes over the existing congestion control mechanisms: 
· CBR and CR definition for SL-PRS
· Which parameters  of a SL-PRS configuration could be impacted by the congestion control mechanism, the mapping between congestion measurements, SL-PRS priority and SL-PRS parameters
· CR and CBR measurement time window
· Congestion control processing time
· Number of CBR ranges
· Whether any proposed changes could be applicable to shared resource pools in addition to the dedicated resource pool


SL positioning is expected to suffer from SL congestion especially in the case of shared resource pools, such as due to high density of users generating frequent SL message traffic, which is typical in V2X use cases.
To avoid degradation of positioning QoS, efficient mechanisms to cope with congestion are required. Different from SL communications, SL positioning involves multiple UEs (e.g., anchor UEs) transmitting to a single UE (e.g., target UE), whereby each of the UEs might experience totally different SL congestion conditions. Therefore, under such varying conditions, it should be possible to “distribute” the congestion in the spatial domain, by “offloading” SL PRS transmissions from the anchors suffering from high congestion to the anchors experiencing lower congestion, even in distributed settings (without a central coordinator such as gNB or LMF).
One way is to enable coordination among UEs to configure their SL PRS transmissions by sharing their channel congestion information with each other. For example, two anchor UEs transmitting SL PRS with a certain configuration, may inform each other about SL CBR they observe, and adjust their configuration based on that, such that the UE observing higher congestion may utilize less resources to transmit SL PRS (e.g., with reduced periodicity), and the other UE observing lower congestion may increase its resource usage for transmitting SL PRS. In this way, the target UE would be able to continue SL positioning measurements with a certain QoS, without being impacted by the congestion at a specific anchor UE as it can be offloaded to other anchor UEs.     
[bookmark: Proposal17012][bookmark: Proposal80484][bookmark: Proposal84107][bookmark: Proposal71446][bookmark: Proposal25268][bookmark: Proposal14817][bookmark: Proposal33683]Proposal 31: UEs involved in SL positioning may exchange information on the channel congestion they observe, so as to adapt their SL PRS configuration, e.g., SL PRS bandwidth depending on their relative congestion status. 
SL-PRS cast types and feedback
The following agreement was reached in the last RAN1 meeting:
	Agreement (RAN1#110bis)
From RAN1 perspective, the following cast types of SL-PRS transmission can be introduced for SL positioning: Unicast, Groupcast (not including many to one)
· Broadcast (as a working assumption).
· FFS: Applicability of the above cast types


The below is an FL proposal from RAN1#112bis-e [6].
	[LOW] Feature Lead Proposal 3.6-v1
Study further feedback mechanisms for SL-PRS including:
· ACK/NACK feedback for unicast and groupcast SL PRS transmissions
· Feedback-based Retransmissions 


Utilization of different cast types for transmitting SL-PRS would depend on several factors, such as the selected positioning method, number of anchors, as well as number of target UEs that may benefit from a single anchor UE. Unicast SL-PRS transmissions would be useful when SL-RTT method is utilized between a single target UE and a single anchor UE. On the other hand, groupcast SL-PRS transmission would benefit positioning a target UE, when UL-TDOA-like SL-TDOA method is utilized. Broadcast SL-PRS transmissions would be useful, e.g., in a scenario where any target vehicular UE can benefit from SL-PRS transmitted by UE-type RSUs deployed along the road, using the DL-like SL-TDOA positioning method. 
Further, unicast and groupcast SL PRS transmissions would open a possibility for the intended receivers to provide feedback on the transmissions. A lower layer signaling of an ACK/NACK indication as in current SL HARQ mechanism might enable retransmissions (or remove the necessity of a retransmission) of a SL PRS. Whereas a higher layer signaling, containing more information, might help adapting the configuration of the upcoming SL PRS transmissions depending on the changing link conditions and positioning QoS requirements.
Since SL-RTT method doesn’t require stringent synchronization among UEs, it is a critical method for SL positioning. For SL-RTT, PRSs are exchanged between a pair of UEs to estimate RTT. Different PRSs (e.g., two different cyclic shifts of a PRS sequence) from a UE can be used to convey feedback to trigger the retransmission of PRS from the corresponding UE or not. It triggers prompt retransmission of sidelink PRS without extra resource consumption at very slightly more processing complexity. It doesn’t require design of new PSFCH channel and resource mapping as Rel-16 SL PSFCH.
[bookmark: Proposal84108][bookmark: Proposal71447][bookmark: Proposal25269][bookmark: Proposal14818][bookmark: Proposal33684][bookmark: Proposal17013][bookmark: Proposal80485][bookmark: Proposal98268][bookmark: Proposal38125][bookmark: Proposal57640]Proposal 32: Support ACK/NACK feedback for unicast and groupcast SL PRS transmissions to allow or prevent retransmission of a SL PRS transmission.
[bookmark: Proposal84109][bookmark: Proposal71448][bookmark: Proposal25270][bookmark: Proposal14819][bookmark: Proposal33685]Proposal 33: Support employing different SL PRSs (e.g., two different cyclic shifts of a SL PRS sequence) from a UE to convey ACK/NACK feedback to trigger retransmission of SL PRS from the corresponding UE or not. 
[bookmark: Proposal80486][bookmark: Proposal84110][bookmark: Proposal71449][bookmark: Proposal25271][bookmark: Proposal14820][bookmark: Proposal33686]Proposal 34: SL PRS transmissions can be re-configured based on higher layer feedback from the intended receiver that accounts for changing link conditions and positioning QoS requirements.
Conclusions
[bookmark: ConclusionsPObsInSeq]In this contribution, we have made the following observations and proposals related to resource allocation for SL-PRS:
Proposal 1: For both dedicated and shared resource pools for SL positioning, the bandwidth of SL-PRS shall be (pre)-configurable, e.g., depending on positioning accuracy requirements, which can be same or smaller than that of the resource pool. 
Proposal 2: For shared resource pools, SL-PRS bandwidth is same as the bandwidth indicated for PSSCH. 
Proposal 3: Discuss if a SL PRS transmission can occupy a wide bandwidth spanning across multiple SL resource pools.
Proposal 4: Support inclusion of PSFCH in dedicated resource pool for SL positioning.
Proposal 5: PSSCH is not included in dedicated resource pool for SL positioning. 
Proposal 6: Any signaling associated with a SL PRS transmission in a dedicated resource pool that does not fit into associated control channels (e.g., PSCCH or PSFCH) can be transmitted in an associated resource pool (which could be a shared resource pool or SL-communications-only resource pool).
Proposal 7: Consider supporting SL PRS slots with/without PSCCHs in a dedicated resource pool: a SL PRS slot with PSCCHs can be configured occurring once in every K slots; the parameter K is (pre-)configurable and can be configured as 1.   
Proposal 8: Introduce a mini-slot time domain structure for SL PRS resources in dedicated resource pool.
Proposal 9: Consider mapping PSCCH locations to both mini-slot allocations and first PRB of the SL PRS in dedicated resource pools. 
Proposal 10: In shared resource pools, PSSCH within the same slot as that of SL PRS can be used for transmitting 2nd SCI only or 2nd stage and SL-SCH, i.e., support Alt.C.3
Proposal 11: In shared resource pools, SL PRS can be TDM'ed and/or FDM’ed with PSSCH, within a slot, i.e., support Alt. A.3.
Proposal 12: In shared resource pools, support FDM’ing of SL PRS and PSFCH (e.g., by using remaining resources from legacy SL transmissions) within a slot. 
Proposal 13: In shared resource pools, support a single UE to TDM its different SL PRS transmissions within a slot.
Proposal 14: In shared resource pools, PSCCH and SL-PRS can be only TDM’ed within a slot, i.e., support Alt. B.1. 
Proposal 15: In shared resource pools, support transmission of feedback-related information associated with SL PRS using PSFCH within the same slot. 
Proposal 16: In shared resource pools, RAN1 to support SL PRS measurement can include the DMRS symbols while studying backward compatibility for legacy UEs.
Proposal 17: Scheme 1 to support resource allocation methods that enable multiple UEs transmitting SL PRS to be allocated SL resources at once. For this, a UE, e.g., target UE may send a resource allocation request, on behalf of other UEs involved in positioning.
Proposal 18: For Scheme 1 resource allocation, discuss the option where LMF provides the SL PRS characteristics (e.g., bandwidth) required for resource allocation, directly to gNB.
Proposal 19: For Scheme 1 resource allocation, LMF may act as an intermediary entity to inform resource allocation decisions of gNBs with each other, so as to avoid any SL resource conflicts across gNBs that are using the same or overlapping resource pools for SL positioning.
Proposal 20: For Scheme 1 resource allocation, UEs may indicate network (e.g., gNB or LMF) a conflict between SL resources used by UEs served by different gNBs, e.g., in cell-edge scenarios.
Observation 1: RE-level multiplexing of SL PRS transmissions of different UEs necessitates enhancements over the legacy NR SL resource allocation Mode 2 to allow for Scheme 2 resource allocation for SL positioning.
Proposal 21: For Scheme 2 resource allocation in shared pools, UE transmitting SL PRS may provide feedback to other transmitting UEs to avoid their resource preemption and reuse the same time/frequency resources via RE-level multiplexing.
Proposal 22: For Scheme 2 resource allocation in at least dedicated resource pools, UE performing sensing for SL PRS may use comb size and comb offset as parameters during sensing to determine if reuse of the same time resources via RE-level multiplexing is possible. This sensing operation may be (pre)-configurable. 
Proposal 23: For code-domain multiplexing (CDM) of SL PRS transmissions, study IUC like mechanism to determine if SL PRS sequence multiplexing is acceptable at the receiver UE.
Proposal 24: For frequency-domain multiplexing of SL PRS transmissions, study IUC like mechanism to determine if comb-based multiplexing of SL PRS is acceptable at the receiver UE.
Proposal 25: Support the resource allocation mechanisms that allow one UE to reserve one or more SL PRS transmission opportunities for other UE(s) in a SL positioning session. Support a feedback mechanism to enable such a scheme. 
Proposal 26: In the case of a SL PRS allocation for multiple TX / RX UEs and/or under strict timing constraints, discuss how the priority of resource allocation can be raised as a function of the number of involved UEs and/or timing constraints.
Proposal 27: Support IUC for SL PRS conflict avoidance/resolution. Consider comb offset coordination, SL PRS sequence selection, and CDM to share the same time-frequency resource and SL PRS muting patterns in IUC.
Proposal 28: A UE (e.g., target UE) may assist configuring parameters of SL PRS (e.g., bandwidth, periodicity, etc.) for other UEs (e.g., anchor UEs) such as by providing (non-)preferred set of SL PRS parameters.
Proposal 29: Periodic or aperiodic (pre-)configured SL PRS can be activated or deactivated based on indications coming from higher layers, e.g., based on parameters such as distance, time thresholds and/or conditions such as number of SL PRS requests, etc. that are (pre-)configurable.
Proposal 30: SL-PRS transmission can be re-configured in response to changing target-anchor link conditions according to channel information report from receiver UE.
Proposal 31: UEs involved in SL positioning may exchange information on the channel congestion they observe, so as to adapt their SL PRS configuration, e.g., SL PRS bandwidth depending on their relative congestion status. 
Proposal 32: Support ACK/NACK feedback for unicast and groupcast SL PRS transmissions to allow or prevent retransmission of a SL PRS transmission.
Proposal 33: Support employing different SL PRSs (e.g., two different cyclic shifts of a SL PRS sequence) from a UE to convey ACK/NACK feedback to trigger retransmission of SL PRS from the corresponding UE or not. 
Proposal 34: SL PRS transmissions can be re-configured based on higher layer feedback from the intended receiver that accounts for changing link conditions and positioning QoS requirements.
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