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Introduction
The study on expanded and improved NR positioning  SID [1] includes the following objective for sidelink positioning:
· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g. TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]
· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]

In this contribution, we provide our view on potential solutions for ranging and positioning.  
[bookmark: _Ref178064866]Discussion
Terminology
In RAN1#109-e, the following agreement was made:

	Agreement
For the purpose of RAN1 discussion during this study item, at least the following terminology is used:
· Target UE: UE to be positioned (in this context, using SL, i.e. PC5 interface).
· Sidelink positioning: Positioning UE using reference signals transmitted over SL, i.e., PC5 interface, to obtain absolute position, relative position, or ranging information.
· Ranging: determination of the distance and/or the direction between a UE and another entity, e.g., anchor UE.
· Sidelink positioning reference signal (SL PRS): reference signal transmitted over SL for positioning purposes.
· SL PRS (pre-)configuration: (pre-)configured parameters of SL PRS such as time-frequency resources (other parameters are not precluded) including its bandwidth and periodicity. 
· Continue discussion on additional terminology clarification(s) such as: Initiator UE, Responder UE, Sidelink Positioning group, reference UE, etc, including whether such terminology is needed within RAN1 discussion. 

Agreement
For the purpose of RAN1 discussion during this study item, at least the following terminology is used:
· Anchor UE: UE supporting positioning of target UE, e.g., by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc., over the SL interface. 
· FFS: clarification of the knowledge of the location of the anchor UE




In RAN1#110b-e , an LS [3] was sent to SA2/RAN2/RAN3 on terminology alignment, regarding the definition of the anchor UE and reference UE as well as distinction between assistant UE and reference UE. However, the FFS regarding knowledge of the anchor UE location in the RAN1#109e agreement was left unresolved. 
We note that UEs with unknown location can be supporting positioning of a target UE, at least for relative positioning. Hence, in our opinion, an Anchor UE according to the Agreement does not need to have known location.
[bookmark: _Toc118726452]An Anchor UE as defined in the agreement in RAN1#109-e does not need to have known location as such UEs can be supporting positioning of a target UE at least for relative positioning.

SL PRS Resource Allocation
Resource allocation schemes
On SL-PRS resource allocation, in RAN1#110, the following two schemes were agreed to be introduced for supporting SL positioning/ranging:

	Agreement
[bookmark: _Toc118726453]Regarding SL-PRS resource allocation, both Scheme 1 and Scheme 2 should be introduced for supporting SL positioning/ranging:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)
· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS. 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS




One remaining question is who decides which scheme to use for SL-PRS resource allocation when the SL UE is in coverage.  In our view, when the UE is in coverage, it should be up to network to configure which scheme should be used for SL-PRS resource allocation.  This is similar to the way Mode 2 operation is controlled in SL communications where the network can control which scheme to use for in coverage UEs.  Hence, we make the following proposal:

[bookmark: _Toc115438773][bookmark: _Toc115438787][bookmark: _Toc115438812][bookmark: _Toc115442509][bookmark: _Toc115447842][bookmark: _Toc118726454]Regarding SL-PRS resource allocation, when the SL UE is in coverage, gNB configuration of which scheme to use for SL-PRS resource allocation can be considered in NR Rel-18.

An additional question is who allocates resources for SL-PRS. In SL communication, each UE is allocating resources for its own transmission. For channel sensing this way of operation is beneficial since it reduces the risk of collisions, since scenarios where the UE allocating the resources (and transmitting sensing information) is further away than the UE performing the transmission is removed. When now introducing SL ranging and positioning in rel18, it needs to be well motivated before changing this way of operation and considering a UE allocating resources for another UE. Specifically for SL-PRS transmissions in a shared resource pool, where legacy UEs operate with legacy sensing schemes, legacy operation is preferred. One reason for considering a UE scheduling resource for another UE could be latency reduction, but if this is really the case needs to be studied first.
[bookmark: _Toc118726455]At least when performing SL positioning in a shared resource pool (shared with SL communication UEs), each UE should be responsible for allocating resources for its own transmissions.
Resource pools
On SL positioning resource allocation, in RAN1#110, the following two alternatives were listed among which one of them will be downselected:
	Agreement
With regards to the SL Positioning resource allocation, one of the following alternatives should be introduced for supporting SL positioning/ranging:
· Alt. 1: only dedicated resource pool(s) can be (pre-)configured for SL-PRS
· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS
· Note: whether other signals/channels can be present in the dedicated resource pool can be further discussed




For SL positioning, we believe that operators should be given the freedom to allocate their resources as they see fit. Thus, in our view, Alt 1 above is too restrictive as is does not allow the network operator to decide whether to share the resource pool between SL positioning and SL communications.  Given spectrum is a scarce resource, the operator should be equipped with the choice to decide how they want to use their spectrum.  We think Alt 2 is the only option that enables the operator to decide how they want to use their spectrum.  Hence, we make the following proposal:

[bookmark: _Toc118726456]Regarding SL positioning resource allocation, consider Alt 2 where either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS.


During RAN1#110b-e, further details were considered as to what is considered within a resource pool. The following options were discussed:

	Agreement
For a dedicated resource pool for SL positioning,
· With regards to which channels can be included in the resource pool in addition to SL-PRS, consider the following options:
· Opt. 1: No other channel can be included beyond SL-PRS
· Opt. 2: PSCCH which carries SCI associated with SL-PRS transmission(s) is included
· Opt. 3: PSCCH which carries SCI associated with SL-PRS transmission(s) and PSSCH associated with SL-PRS transmission(s) are included
· FFS: Details
· FFS: definition of PSSCH associated with SL-PRS transmission(s)
· Note: Companies are encouraged to provide their analysis and views on the above





For the content of the dedicated resource pool, we think that resources for PSSCH should not be included in the dedicated pool for positioning. The SL positioning framework should re-use the principle from rel16 positioning for the configuration of DL PRS.  The framework should re-use the existing communication framework for configuration of positioning reference signals and measurements.  Similarly, SL positioning measurements can reuse SL communication resources for reporting. This is beneficial from the resource utilization perspective, because resources can made available for positioning-related data transfer (configuration or measurements) or other purposes. 

For the transmission of SL-PRS, there is a discussion as to how transmission of PRS is notified to other UEs in the shared or dedicated pool. The following was agreed:

	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.

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




It was agreed that for shared resource pool, backward compatibility will be ensured with legacy V2X UEs.   For that reason, we think that the reservation /indication of SL-PRS resource in shared or dedicated pool must be within whichever pool is hosting the SL-PRS.  Firstly, a SL-PRS SCI in pool A, different from SL-PRS pool B, will contribute to congestion even if no resource is transmitted in pool A, which will impact the congestion / channel occupancy algorithms for legacy UEs.  Secondly, the legacy UE should not have to be aware of the existence of the dedicated pool (if present), and therefore the SCI for SL-PRS in the dedicated pool should be in the dedicated pool. Finally, in legacy SL, use of SCI transmitted in one resource pool for data transmission in another resource pool is not supported. Hence, we make the following proposal:

[bookmark: _Toc118726457]Regarding channels that can be included in the dedicated resource pool in addition to SL-PRS, support option 2: 
[bookmark: _Toc118726458]Opt. 2: PSCCH which carries SCI associated with SL-PRS transmission(s) is included



SL PRS Resource design and configuration
Further details on SL PRS design
	Agreement
With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following characteristics:
· With regards to the value N (comb size) and the number M of SL-PRS symbols within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround:
· At least the following values are considered as potential candidate values: N = {1,2,4,6,8,12}
· FFS: the values considered as potential candidate values for M
· FFS1: Whether to consider N>12 as a potential candidate value(s)
· The symbols of a SL-PRS resource within a slot are consecutive symbols
· FFS: consecutive and/or non-consecutive symbols for shared resource pool (if supported)
· FFS: RE-Offset sequence within a SL-PRS resource, including whether to have in the end of the SL-PRS pattern a symbol with the same RE-offset as the first symbol, for phase-tracking purpose
Agreement
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)

Agreement
Study further the granularity of time-domain resource allocation for SL-PRS transmission.

Agreement
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




As can be seen above, there are several FFSs related to detailed design of SL-PRS including further values of comb size N, number of symbols M, bandwidth of SL-PRS with respect to bandwidth of resource pool, granularity of time domain resource allocation and the supported time domain behaviors. Given that the SI has to be concluded from RAN1 perspective in RAN1#111, we do not see the urgency to decide the SL PRS design details in RAN1#111.  Hence, we make the following proposal:
[bookmark: _Toc118726459]Defer discussion of the following SL PRS design details to WI phase: 
· [bookmark: _Toc118726460]further values of comb size N
· [bookmark: _Toc118726461]number of symbols M
· [bookmark: _Toc118726462]bandwidth of SL-PRS wrt bandwidth of resource pool
· [bookmark: _Toc118726463]granularity of time domain resource allocation
· [bookmark: _Toc118726464]time domain behaviors



SL PRS resource configuration/activation/triggering
On SL-PRS configuration/activation/triggering, the following agreement was reached in RAN1#109-e:
	Agreement
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.




In RAN1#110, a follow up agreement was made:
	Agreement
· 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.




Finally, in RAN1#110b-e, the following was agreed:

	Agreement
Regarding Scheme 1 SL-PRS resource allocation, a transmitting UE receives a SL-PRS resource allocation signaling from the network. Consider one or more of the following options:
· Opt. 1: through higher layers from the LMF
· Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB
· Up to further discussion which one or more of these shall be applicable




Among the first two options, Option 1 is not flexible as SL-PRS can only be configured via higher layer signaling. In our view, Option 1 is most suitable for periodic SL-PRS. However, periodic SL-PRS may cause interference to other SL UEs, and increases the overhead of SL-PRS transmission.  Hence, we prefer Option 2 which allows either semi-persistent and/or aperiodic SL-PRS to be supported.  The overhead and interference to SL UEs can be reduced with the introduction of semi-persistent and/or aperiodic SL-PRS.  We thus make the following proposal: 

[bookmark: _Toc118726465]With regards to the configuration/activation/deactivation/triggering of SL-PRS, consider Option 2 (High-layer and lower-layer signaling involvement in the SL-PRS configuration) in NR Rel-18.


Positioning methods
In RAN1#110b-e, the following was agreed related to which positioning methods to introduce:
	Agreement
· From the potential candidate Positioning methods using at least SL measurements, at least the following should be introduced:
· RTT-type solution(s) using SL
· SL-AoA
· SL-TDOA
· FFS: SL-AoD




The methods mentioned in the agreement are all conventional methods that are already implemented in 3GPP specifications related to Uu, or in specifications from other standardization bodies. Since these are all methods that are well established, it is of course a natural choice for operation in out-of-coverage scenarios. For in-coverage, and partial-coverage, scenarios, SL measurements can be combined with Uu measurements to provide enhanced positioning capabilities to the 3GPP network and devices. Such positioning method has been proposed by many companies but is still to be capture in an agreement. We therefor provide the following proposal:
[bookmark: _Toc118726466]Hybrid positioning methods, where measurements based on SL signals, such as SL-PRS, are combined with measurements based on UL/DL signals, such as SRS and/or PRS, should be introduced.
Similarly, for ranging, RTT based procedures are seen as the main source of information to derive a distance between devices. For out-of-coverage scenarios, this is the best if not the only way for reliable ranging between UEs. For in-coverage scenarios on the other hand, information available at in the network based on positioning related, or communication related, procedures can be exploited together with information from SL-PRS measurements. On such method, evaluated in our companion paper [4], is hybrid timing advance (TA) assisted one-way-ranging, which can procure highly scalable and resource efficient ranging between UEs. The obtained rage information could be consumed in the UE, or used in the network for hybrid positioning. To support such hybrid ranging methods, time-of-arrival measurements need to be supported. We therefor propose:
[bookmark: _Toc118726467]Network assisted hybrid ranging should be supported, along with time-of-arrival measurements performed on SL-PRS.
 
[bookmark: _Toc115447848][bookmark: _Toc115447849][bookmark: _Toc115447850][bookmark: _Toc115447852][bookmark: _Toc115447853][bookmark: _Toc115447854][bookmark: _Toc115447856]Conclusions
Based on the discussion in the previous sections we propose the following:
Proposal 1	An Anchor UE as defined in the agreement in RAN1#109-e does not need to have known location as such UEs can be supporting positioning of a target UE at least for relative positioning.
Proposal 2	Regarding SL-PRS resource allocation, both Scheme 1 and Scheme 2 should be introduced for supporting SL positioning/ranging:
Proposal 3	Regarding SL-PRS resource allocation, when the SL UE is in coverage, gNB configuration of which scheme to use for SL-PRS resource allocation can be considered in NR Rel-18.
Proposal 4	At least when performing SL positioning in a shared resource pool (shared with SL communication UEs), each UE should be responsible for allocating resources for its own transmissions.
Proposal 5	Regarding SL positioning resource allocation, consider Alt 2 where either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS.
Proposal 6	Regarding channels that can be included in the dedicated resource pool in addition to SL-PRS, support option 2:
Opt. 2: PSCCH which carries SCI associated with SL-PRS transmission(s) is included
Proposal 7	Defer discussion of the following SL PRS design details to WI phase:
	further values of comb size N
	number of symbols M
	bandwidth of SL-PRS wrt bandwidth of resource pool
	granularity of time domain resource allocation
	time domain behaviors
Proposal 8	With regards to the configuration/activation/deactivation/triggering of SL-PRS, consider Option 2 (High-layer and lower-layer signaling involvement in the SL-PRS configuration) in NR Rel-18.
Proposal 9	Hybrid positioning methods, where measurements based on SL signals, such as SL-PRS, are combined with measurements based on UL/DL signals, such as SRS and/or PRS, should be introduced.
Proposal 10	Network assisted hybrid ranging should be supported, along with time-of-arrival measurements performed on SL-PRS.
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