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Introduction
The Rel-18 NR positioning evolution SID was agreed upon during the RAN#94-e [1] meeting, where one of the objectives included the potential solutions to enable SL Positioning. The following highlighted SID objectives were outlined to support the discussion:
	SL Positioning SID Objectives:
· Study solutions for sidelink positioning considering the following: [RAN1, RAN2] 
· Scenario/requirements 
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Spectrum: ITS, licensed
· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1]
· Define evaluation methodology with which to evaluate SL positioning for the uses cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1]. 
· 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]
Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review.



This contribution provides a detailed discussion into the potential solutions to develop and enable a SL Positioning framework.
SL Positioning Models
The traditional 3GPP Uu positioning framework consists of 2 models, whereby the position estimate of a UE is computed, which includes:
· Uu Model 1- UE-assisted positioning: The configuration and positioning calculation entity is the LMF
· Uu Model 2 - UE-based positioning: The configuration entity is the LMF, while the positioning calculation entity is the UE.

These aforementioned models only catered to in-coverage UEs. Considering the additional out of coverage scenarios for SL positioning, the following 4 SL positioning models are to be supported during the study:
· SL Positioning Model 1a - UE-assisted positioning: The configuration entity is a UE, while the positioning calculation entity is a network node comprising either of a LMF or gNB.
· SL Positioning Model 1b – UE-assisted positioning: The configuration entity and positioning calculation entity is a network node comprising either of the LMF or gNB
· SL Positioning Model 2a – UE-based positioning: The configuration entity and positioning calculation entity is a UE.
· SL Positioning Model 2b - UE-based positioning: The configuration entity is a network node comprising either of a LMF or gNB, while the positioning calculation entity is a UE.

The configuration entity may configure the assistance data (including time-frequency resources in which to measure the SL positioning measurements). On the other hand, the positioning calculation entity is responsible for SL measurement requests as well as the reception of the SL measurements. The above models mentioned ensure that SL positioning is supported in in-coverage, partial coverage as well as out-of-coverage scenarios.

Proposal 1: Support the following 4 different models for SL positioning, which distinguish the configuration entity and positioning calculation entity for in-coverage, and partial and out-of-coverage scenarios:
· SL Positioning Model 1a - UE-assisted positioning
· SL Positioning Model 1b – UE-assisted positioning
· SL Positioning Model 2a – UE-based positioning
· SL Positioning Model 2b - UE-based positioning
Spectrum and Bandwidth Considerations
ITS Band
It is well known that the amount of signal bandwidth is an important characteristic for highly accurate positioning. The performance accuracy of especially timing-based positioning techniques can be proportional to the amount of the transmission bandwidth required to resolve the time-of-arrival delay components of the positioning reference signal at the receiver. The SL interface is the key enabler for V2X and Public safety positioning in a variety of spectrum deployments. The globally harmonised ITS band of 5850-5925 GHz has been allocated for basic safety and advanced use cases with bandwidths ranging from 20-70 MHz, if the whole band can be exploited for positioning depending on the type of spectrum designation in a particular geographical region. Although, the bandwidth in the ITS spectrum is limited, we envision that some of the relaxed V2X positioning use cases may leverage use of the ITS band to satisfy some of the target requirements (e.g. Set 1 positioning requirements as described in [2]) . It should be noted that the rollout guidelines for the ITS band may vary depending on the region of operation.
Observation 1: ITS band can potentially fulfil some of the V2X positioning requirements, e.g., V2X Set 1 positioning requirements.
Licensed Band
Licensed band operation for SL positioning can be considered an important and viable deployment option. The benefits of utilizing larger bandwidths for SL positioning, FR1, e.g. 100 MHz and FR2, e.g. 400 MHz can be realized with the assistance from the gNBs and can be potentially aligned with current functionality positioning framework, where the LMF can configure the reference signals required for enabling positioning using a variety of techniques. Such bandwidth operations can satisfy the V2X positioning requirements demanded in Sets 2 and 3 [2] in addition to the Public Safety, Commercial and IIoT requirements as described in our companion contribution [3]. The key limitation is that network coverage is required and may only be applicable to in-coverage and partial coverage SL positioning scenarios. The use cases should aim to target FR1 licensed spectrum, while and FR2 requires beam-based SL communications which has not been standardized in SL as yet. >
Observation 2: FR1 licensed band operations for SL positioning can assist in satisfying some of the stringent target performance accuracy of the SL positioning use cases.
Proposal 2: Focus the licensed band SL Positioning study on FR1. Consider FR2 for evaluation if time permits and based on ongoing FR2 SL enhancements in separate SI. 
Unlicensed Band
Unlicensed band operation is also promising in terms of exploiting the large bandwidths available to improve the overall positioning accuracy. FR1 unlicensed bands (n46 and n96/n102) should be considered as priority for evaluation purpose. The use of the unlicensed band should consider avoiding undesired interference to other technologies using the channel access procedure. The time to fix and bandwidth required to attain a certain positioning accuracy depends on the availability of the channel in the unlicensed spectrum. Hence, the evaluation of unlicensed spectrum for positioning should consider different load conditions to evaluate the availability of channel to determine time-to-first-fix (TTFF) and bandwidth requirements. 
Observation 3: The wide bandwidths available in unlicensed band operations i.e., FR1 unlicensed bands (n46 and n96/n102) can enable high SL positioning performance while the time to fix and bandwidth requirement depends on the load condition and availability of channel. 
SL Positioning Reference Signal Design
Design requirements
An initiator UE initiates a SL positioning/ranging session with a peer UE, also referred to as a responder UE and typically transmits the SL PRS to a responder UE, which performs the measurement of transmitted SL PRS signal. Generally, positioning reference signals should have a good hearability in the presence of many devices as well as high correlation properties. The PAPR could be an issue for handheld commercial devices, pedestrian UEs and IIoT UEs while it may not be an issue for vehicular UEs. The following summarizes some of the key design criteria, which should be considered for final selection of the SL PRS deisgn (selection actual RS):
· Design Criteria for the selection of SL PRS:
· Configurable transmission bandwidth and allocation in time frequency resources
· [bookmark: _Hlk100763167]Configurable periodicity and transmission duration (amount of symbols)
· Good hearability/Inter UE interference considerations
· Good auto and cross correlation properties in the presence of time and frequency offsets and /or Doppler effects
· Sufficient degree of randomization and orthogonalization for PRS transmission from multiple Initiator UEs
· PAPR 
· Staggered or non-staggered design
· Interference between SL PRS and SL  data- The need for multiplexing SL PRS with other NR SL physical channels/signals 
· UE receiver implementation complexity 
· Configurability of SL PRS 
· Good Processing gain and link budget 
· Unambiguous identification and selection of initiator UEs and responder UEs 
· Power boosting of PRS Res, while taking into account interference amongst surrounding UEs
· Support of periodic/semi-persistent/aperiodic transmission of SL PRS 

Proposal 3: RAN1 to consider at least the following design criteria for SL PRS:
· Configurable transmission bandwidth and allocation in time frequency resources
· Configurable periodicity and transmission duration (number of symbols)
· Good auto and cross correlation properties in the presence of time and frequency offsets and /or Doppler effects
· Sufficient degree of randomization and orthogonalization for PRS transmission from multiple Initiator UEs
· PAPR

Proposal 4: RAN1 to consider at least the following configurability options for SL PRS: 
· Support of periodic/semi-persistent/aperiodic transmission of SL PRS 
· Unambiguous identification of initiator UEs and responder UEs 

With the above criteria in mind, at least two different types of candidate sidelink positioning reference signals (SL-PRS) should be studied in RAN1. The first type includes the existing gold sequence design currently used for DL PRS (Uu interface), while the second reference design is based on Zadoff-Chu sequences. 
SL PRS - Gold sequence design
One candidate for the sidelink positioning reference signal design is based on the existing DL PRS (Uu) design based on the following [TS 38.211, 4]:

where  is the defined DL-PRS sequence, the pseudo-random sequence  is defined by a length-31 Gold sequence. The pseudo-random sequence generator ( is given by:

where  is the slot number, the downlink PRS sequence ID  is given by the higher-layer parameter DL-PRS-SequenceId, and  is the OFDM symbol within the slot to which the sequence is mapped.
However, the gold sequences may exhibit tendency for higher PAPR, which may not be ideal for UE transmission, in terms transmission energy efficiency. Such Gold sequences may be more suited for UEs without strong power limitations such as vehicular-UEs or RSUs, in the case of V2X.
Observation 4: Gold sequences may be more applicable to UEs without stringent power constraints such as vehicular UEs or RSUs.
Proposal 5: RAN1 to further study the feasibility of SL PRS Gold sequence signals for UEs without power limitations such as vehicular UEs or RSUs.
SL PRS - Zadoff-chu sequence design
A second candidate sidelink positioning reference signal design is based on the Zadoff-Chu (ZC) sequence. Zadoff-chu sequences offer cyclic shift-based orthogonality, which offers the flexibility of generating additional orthogonal signals from the same base sequence, which can enable SL positioning for large number of UEs while minimising interference. ZC sequences exhibit constant amplitude in both frequency and time and therefore offer desirably low PAPR, when compared to Gold sequences.  Due to the short range of SL as well as the limited propagation delays, it would be possible, e.g., to distinguish different CIRs at the responder UE received from multiple initiator UEs.
Observation 5: ZC constant amplitude in frequency and time domain can enable low PAPR for SL positioning UEs.
Proposal 6: RAN1 to further consider the feasibility of SL PRS ZC signals for UEs with power limitations such as commercial handheld devices, IIoT and pedestrian UEs.
Another key issue is to study the design of the ZC sequence in terms of whether a contiguous mapping or comb structure containing staggered or non-staggered mapping for enabling SL PRS transmissions across the frequency/time domain. 
Proposal 7: RAN1 to further study contiguous or comb structure ZC sequence design for SL PRS.
SL Positioning Techniques
The potential SL positioning techniques should be able to support different scenarios, especially given that anchor nodes (whose location is usually known) and non-anchor nodes (whose location is usually unknown or only coarsely known) can be considered given the distribute nature of SL communications. The SL RAT-dependent positioning techniques to be supported may be summarized as follows:
· SL timing-based positioning methods 
· SL-TDoA 
· SL-RTT (including one-way and two-way RTT methods)
· SL angular-based positioning methods
· SL-AoD
· SL-AoA
· SL Location fingerprinting methods
· Exploiting RRM measurements such as SL RS RSRP/RSRQ measurements 
SL Timing-based methods
SL-TDoA
NR DL-TDoA has already been employed since Rel-16 on the Uu-interface and requires at least 3 or more anchor nodes (including a reference node) and can be easily extended to support SL absolute positioning of the target-UE. Figure 3  is an illustrative overview of SL-TDoA, where the anchor nodes may comprise of RSUs with known fixed locations and are usually deployed alongside a highway or at traffic intersections in the context of V2X scenarios.  In the case of the other use cases, static UEs may also act as fixed anchor nodes. Some challenges include achieving the tight synchronisation requirements among RSUs and UEs as well as localizing highly mobile UEs.
[image: ]
[bookmark: _Ref100830477]Figure 3: SL-TDoA Overview
Observation 6: SL-TDoA positioning can enable absolute positioning of the target-U provided that the anchors nodes are fixed, synchronised and the target is stationary.
Table 1 outlines some of the comparative characteristics of TDoA between Uu and SL positioning that need to be further studied/considered:
[bookmark: _Ref100836938]Table 1: SL-TDoA Characteristics
	Features
	SL
	Uu

	Absolute positioning
	Yes
	Yes

	Relative positioning
	No
	Not supported

	Fixed anchor nodes
	RSUs, gNBs
	gNBs

	Mobile anchor nodes
	Challenging
	Not supported

	Requires tight synchronisation between anchor nodes
	Yes
	Yes

	Anchor node transmit time compensation
	Yes
	Yes

	Target-UE mobility
	Static UEs
	Static UEs

	Coverage scenarios
	In-coverage
	In-coverage

	SL PRS Transmission types
	Unicast, Groupcast, [FFS Broadcast]
	Unicast

	Required number of anchor nodes 
	≥ 3 
	≥ 3



Proposal 8: Support SL-TDoA for satisfying the absolute positioning use cases in SL.
SL-RTT
Multi-cell Round trip time (Multi-RTT) has also been supported on the Uu interface since Rel-16 to perform position estimation using the round trip signal time at the gNB (using gNB Rx-Tx time difference measurements) and at the UE (using UE Rx-Tx time difference measurements). RTT requires at least one anchor or non-anchor to determine its absolute or relative location estimate, and the positioning performance is enhanced as more nodes are involved. In the case of SL positioning, two variants of RTT are envisioned to be supported and described below. 
Observation 7: RTT requires at least one anchor or non-anchor node for absolute/relative location estimation.
One-way SL-RTT
The one-way (single-sided) RTT method is similar in principle to the Multi-RTT technique whereby an initiator UE transmits a SL PRS signal and the responder UE transmits a reply signal, which may include a corresponding SL PRS transmission, and thereafter the initiator UE performs the one-way RTT measurement considering transmit and receive timing of the SL PRS. The overall procedure is illustrated in Figure 4. The signal propagation time between a pair of UEs is used to derive the distance/range between the devices as a function of the UE-1 Ranging Round Duration (A) and UE-2 Reply Time Duration (B), where ε is sum of the absolute clock frequency offset errors, each independently measured at the Initiator and Responder UE. This can be calculated as follows:
,
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[bookmark: _Ref100857741]Figure 4: One-way SL-RTT procedure
It can be noted that the propagation delay computation between two SL UEs is also dependent on timing errors such as clock offset at each UE, which require compensation for an accurate range estimate.
Observation 8: One-way RTT is susceptible to UE clock offset errors at the Initiator and Responder UE.
Two-way SL-RTT
The two-way (double-sided) RTT method draws from the same principles of one-way RTT but can eliminate the effects of the clock offset errors via the introduction of 2nd stage RTT round as noted in Figure 5. This method is essentially a two-stage RTT procedure where the TX-UE of the 1st phase is the Initiator UE and the TX-UE of the 2nd phase is the Responder UE. This brings about an improved distance/ranging estimate between the pair of UEs and provides robust timing measurements in the presence of uncompensated clock offsets, which is an issue for the one-way SL-RTT method. This ranging method can also operate based asymmetric reply times, depending on the SL traffic. 
The signal propagation time (Tpropagation-delay) can be used to derive the range between the Initiator-UE and Responder-UE as a function of the TX-Device RTT Round Durations (A and D) and RX-Device Reply Time Durations (B and C) and is represented as follows:
,
The independent clocks at the Initiator and Responder UEs can be assumed to run at a factor of δ1 and δ2 , respectively with respect to an ideal/master clock, which is assumed to be constant over the course of the two-way SL-RTT exchange and has been taken into account. The two-way RTT procedure may incur additional latency when compared to one-way SL-RTT method.
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[bookmark: _Ref100918049]Figure 5: Two-way SL-RTT procedure
Observation 9: Two-way RTT can compensate for UE clock offsets at both Initiator and Responder UEs.
[bookmark: _Hlk101782616]Proposal 9: Support the following two types of RTT methods for SL positioning:
· One-way SL-RTT
· Two-way SL-RTT

SL Angular-based methods
In addition to timing-based methods, angular-based methods can also provide a good absolute and relative location performance. In general, the use of multi-antenna transceivers are required to support the angular-based methods which are readily supported in SL systems. Depending on the antenna array systems deployed at the UE/RSU, the following angles may be measured:
· 1D Antenna Arrays – Better suited to measure the azimuth (θ) angle, assuming the target-UE moves along the same plane. e.g., ULAs
· 2D Antenna Arrays – Better suited to measure azimuth (θ) and elevation (φ) angles.
Multiple anchor node nodes can be involved to perform triangulation of the target-UE, whereas relative ranges and directions can also be determined with a single anchor node. 
SL-AoD
SL-Angle-of-Departure requires that the anchor node(s) at least be equipped with multi-antennas, whereas the responder/target-UE can have at least a single antenna implementation. The relative AoD and range with respect to each of the anchor node(s) can be determined by the target-UE with additional assistance information of the anchor node(s) location and antenna information as seen in Figure 6. 
In the case of V2X use cases where vehicles and pedestrians are usually on the same plane, a single azimuth (θ) angle may be sufficient. The use of additional anchor nodes may allow for further absolute location estimation of the target-UE.

[image: ]
[bookmark: _Ref100999614]Figure 6: SL-AoD positioning
SL-AoA
SL-Angle-of-Arrival rather requires that the SL transmitting node(s) at least be equipped with a single antenna, whereas the responder/target-UE should have at least a multi-antenna implementation. The relative AoA and range with respect to each of the SL transmitting node(s) can be determined by the target-UE by measuring the AoA phase difference at each antenna element as seen in Figure 7. In this the case, SL transmitting node(s) can comprise of anchor or non-anchor nodes.
Observation 10: In the case of SL-AoA, anchor or non-anchor node(s) may be employed to determine the relative range and relative AoA with respect to the target-UE.
Similar to SL-AoD, the majority of V2X use cases where vehicles and pedestrians are usually on the same plane, may only require computation of the single azimuth (θ) angle.  
[bookmark: _Hlk101001032]In the case of SL Positioning Mode 1b (network configured UE-assisted methods) and SL Positioning Mode 2b (network configured UE-based methods), the SL AoA may also be computed at the anchor nodes where thereafter the positioning calculation entity collects the relative AoAs from each of the anchor nodes to perform triangulation to determine the absolute location estimate of the target-UE.	
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[bookmark: _Ref101001098]Figure 7:  SL-AoA positioning
In FR1, calibration is required in order to accurately measure the phase differences at each antenna element. This can potentially limit the performance of angular-based methods when compared FR2. Therefore considering aspect and the fact that beam-based transmissions are yet to be supported for SL, priority of the study should initially focus on timing-based positioning techniques.
Proposal 10:  Support angular-based SL positioning methods for antenna calibrated entities and fixed anchor nodes, e.g., gNBs or RSUs.
SL Fingerprinting methods
Fingerprinting is a well-known low complexity positioning method, which exploits the received signal strength measurements to determine a UE’s location. Although, not as robust and accurate as the timing-based and angular-based methods, e.g., in the presence of the multipath, this method has the potential to be a low latency and low complexity positioning for SL positioning in cases where course accuracy of the target-UE is desired. In addition, SL offers additional granularity in terms of geographically defined regions such as zones (over and above cell IDs), which may be used to assist in mapping the SL RSSI measurements, e.g., using SL measurements to location of the target-UE. This method may also be used in conjunction with other RAT-dependent/RAT-independent methods in a hybrid fashion to improve the overall UE’s absolute/relative location estimate. This is in some sense, similar to the current E-CID technique over the Uu interface but exploits additional features in SL to determine the location of the UE.
Observation 11: SL fingerprinting can satisfy low latency and coarse SL positioning requirements.
The target-UE may use existing SL-RS RSRP measurements, e.g. PSBCH-RSRP, PSSCH-RSRP as a basis to determine the absolute location as well as the Tx-Rx distance between an initiator UE (Tx) and responder UE (Rx). The target-UE shall be localized using further granularity shall be added using the Zone ID, which can supplement the cell of origin technique employed in the Uu interface. The SL-RS measurements shall be used to estimate the TX-RX distance between the reference nodes, i.e. UE-1 and UE-2 and thus derive the absolute (for anchor nodes) and relative (non-anchor) location with respect to each of these UEs. In addition, the responder UEs may be configured to report such measurements, whenever it is available.
Proposal 11: RAN1 to support the SL fingerprinting method to satisfy coarse positioning techniques and to be used in conjunction with other SL positioning methods to enhance UE position estimation. 
Hybrid Positioning
It also well established that no single positioning technique can satisfy all the target positioning requirements as documented in our companion contribution [3]. The SL Positioning framework should be able to support and leverage hybrid positioning in order extract the best gains from different interfaces, positioning techniques as well as technologies. Accordingly, we define hybrid positioning based on two categories: 
· Hybrid Positioning Model A (using hybrid interfaces) – This hybrid positioning model leverages measurements from both Uu and SL interface to aid and enhance either the Uu positioning estimate (based on the LPP framework) or SL positioning estimate.
· Hybrid Positioning Model B (using hybrid positioning technologies) - This hybrid positioning model exploits the position computation using a combination of RAT-dependent and RAT-independent methods (e.g., GNSS, WLAN, Bluetooth, IMU,etc.). Since RAT-independent methods have already been supported within Uu positioning framework, it can be also straight-forward to enable SL positioning to leverage RAT-independent methods without significant additional work.
Proposal 12: RAN1 to support hybrid positioning under the following models: 
· Hybrid Positioning Model A - Hybrid positioning using hybrid interfaces including the support of Uu and SL measurements for SL position calculation.
· Hybrid Positioning Model B - Hybrid positioning using hybrid technologies including the support of RAT-dependent and RAT-independent methods for SL position calculation.
SL Positioning Resource Configuration and Allocation
Numerology
NR V2X SL has been designed to operate both in FR1 and FR2, although specific optimization for FR2 is being discussed in a separate study (Enhanced sidelink operation on FR2 licensed spectrum). Similar to Uu operation, SCSs of 15KHz/30kHz/60kHz are supported in FR1 while FR2 supports SCSs of 60kHz and 120 kHz. In case of larger supported BWs necessary for improved positioning performance, at least SCS of 30kHz and 60 kHz should be supported (to enable BWs of 100 MHz in the licensed band) for SL PRS.
Proposal 13: SL PRS can support the same numerology as already supported in SL FR1.
Configuration of PRS time/frequency resource 
 In Rel-16 NR sidelink, multiple resource pools are configured with a SL BWP and only one SL BWP is configured in a sidelink carrier which is common for all sidelink devices. The DL PRS configuration consists of positioning frequency layer since the DL PRS is not limited to within a DL BWP configuration so that the DL PRS transmission can be measured over a  wide enough bandwidth when compared to the BWP configuration. 
Firstly, RAN1 need to study the possibility of multiplexing between PRS and existing physical channels in an frequency resource considering that such multiplexing may degrade positioning performance due to interference. After completing the study, further definition of the hierarchical configuration for SL PRS may be studied based on the definition of a SL BWP or resource pool or SL positioning frequency layers (PFL). 
Proposal 14: RAN1 to study the possibility of multiplexing SL PRS with existing sidelink physical channels considering aspects such interference and resource efficiency. 
Proposal 15: RAN1 to study and define the hierarchical SL PRS resource configuration considering the potential relationship among SL Positioning frequency layers or SL BWPs or resource pools. 
In order to support Hybrid positioning model A (as outlined above) using both Uu and SL interfaces, it also necessary to discuss the relationship of the Uu PFL with SL PRS in order to efficiently process and measure both Uu and SL PRS. Currently, the Uu PRS can be measure with or without (specified in Rel-17) a measurement gap configuration.
Proposal 16: RAN1 to discuss the relationship between Uu PRS and SL PRS configuration and associated measurements for hybrid positioning model A (using both Uu and SL interfaces).
Power control and Interference
In order to improve the Uu PRS detectability/hearability of further out base stations with respect to the serving cell, muting of the Uu PRS was specified, which also served to mitigate inter-cell interference. Furthermore, additional power control measures were also enabled to further improve detectability/hearabality of the PRS, e.g., power boosting. Due to the short range of SL, interference amongst nodes transmitting SL PRS may also degrade positioning performance. Therefore, RAN1 is also encouraged to discuss power control and interference mitigation methods to improve overall SL PRS detectability.
Proposal 17: RAN1 to study SL power control and interference mitigation methods to improve SL PRS detectability/hearability.
Resource Allocation
It should be possible to extend the current Mode 1 and Mode 2 resource allocation schemes in SL to configure SL PRS in all coverage scenarios, i.e., in-coverage, partial coverage and out-of-coverage. Mode 1 offers a centralized approach to configure SL PRS for in-coverage and partial coverage scenarios, while Mode 2 enables SL PRS configuration especially in out-of-coverage scenarios. 
Mode 1
In this Mode, the gNB may configure the SL PRS resources in a centralised manner depending on the configured positioning technique. For techniques requiring relative position estimation amongst multiple pair of UEs (e.g., between an anchor node UE and target-UE), gNB coordination should be sufficient. The gNB may also coordinate SL PRS for multiple anchor node UEs when performing triangulation using timing-based methods such as SL-TDoA or angular-based position estimation, for the purposes of absolute location estimation. 
In addition, depending on the type of location request the gNB may configure one of the following:
· Dynamic grants for one shot SL positioning estimates (based on one shot SL PRS transmissions) (e.g., in the case of immediately triggered requests)
· Configured grant schemes in the case that periodic location requests are required, e.g., Type 1 and 2 CG grants (based on periodic SL PRS transmissions).

Proposal 18: RAN1 to support Mode 1 coordination of SL PRS resources for one or more UEs participating in a SL positioning session.
Mode 2
Mode 2 is beneficial for scenarios not requiring network infrastructure, where the Initiator UE may autonomously select and reserve resource for the purposes of SL positioning. This relies on a pre-configuration of resource pools within a UE. Given the distributed nature of this scheme, Mode 2 can sure stability of SL PRS for a given period by selecting and reserving resources for SL PRS transmission. However, this may depend on the type of SL PRS configuration (e.g., bandwidth, number of symbols, etc.).  
The selection triggers may be different in the case of SL PRS when compared to the existing schemes for SL data (TB) transmission, where the selection is dependent on the generation of a new TB or a pre-emption mechanism depending on the SL traffic priority. Similarly, in the case SL Positioning, the QoS may also have an impact on the resource selection mechanism in Mode 2. The sensing window should also be able to accommodate a SL PRS transmission based on the accuracy requirements of the SL positioning service request.
Proposal 19: RAN1 to support Mode 2 coordination of SL PRS resources for one or more UEs participating in a SL positioning session.
SL Measurement, Processing and Reporting
SL positioning measurements can be performed by the target-UE in a similar fashion to the current Uu positioning framework. The target-UE is usually configured separately to report certain measurements based on the positioning method and can also be extended to the SL positioning framework. In the context of relative positioning, it can be expected that the SL positioning measurements may be performed either by the Initiating or Responding UEs, depending on the type of configured positioning methods, e.g., the two-way SL-RTT requires that both the Initiator and Responder UE perform the timestamp measurements for enhanced accuracy. Figure 8 is a general conceptual view of the measurement, processing and reporting flow for SL positioning.
Observation 12: In SL positioning, both the initiator and responding UEs can be supported to perform SL positioning measurements within the same session.
[image: ]
[bookmark: _Ref101020556]Figure 8: Measurement, processing and reporting flow for SL positioning 
It is also important to assess the quality of the SL PRS measurements, e.g. in the form of confidence intervals relating to a specific measurement, predefined margins of error, or other range reliability metrics. This can be applied to ranging estimates and/or AoD/AoA/DoA estimates. This serves as additional assistance information for the positioning calculation entity.
Proposal 20: Measurement quality metrics should also be supported to assess quality of SL positioning measurements. 
A portion of the time has to also be dedicated for processing the SL PRS measurements depending on different UE capability types. The measurement UE may indicate to the configuration entity, the duration of SL PRS symbols N in units of ms that it may process every T ms assuming a maximum SL PRS bandwidth. The type of capabilities can affect the amount of SL PRS resources a UE can process in a given time as well as the latency of processing the SL PRS. The configuration entity may then configure a set of SL PRS resources based on the SL PRS processing capabilities of the UE.
Proposal 21: RAN1 to consider different SL PRS processing capabilities depending on the UE-type.
The SL PRS transmission(s) in SL PRS measurement time can be semi-static configured or event-triggered. For different coverage scenarios, the configuration and triggering procedure need to be considered. The triggering may occur from the gNB/UE/LMF side and/or from higher layer signalling.
Proposal 22: RAN1 to consider the triggering mechanism of SL PRS transmission(s), e.g., from UE/gNB/LMF and higher layers.
The SL Positioning framework should also be capable of supporting different types of reporting of both SL positioning measurements and absolute/relative location estimate. Table 2 shows the various reporting types depending on the reporting configuration.
[bookmark: _Ref101255069]Table 2: Types of SL Positioning Reporting
	SL Positioning Reporting Types
	Overview

	One-shot
	· The UE/device performing measurements may report to the positioning calculation entity in a one-shot manner to support immediate reporting.
· The UE (positioning calculation) entity may report the absolute/relative location estimate to the requesting node/network entity, e.g., UE, LMF, etc.

	Triggered
	· The UE/device performing measurements may report to the positioning calculation entity based on defined event-based criteria, e.g., based on a location change/cell change.
· The UE/device performing measurements may report to the positioning calculation entity upon trigger of a configured event.

	Periodic
	· The UE/device may provide periodic positioning measurement or location estimate reports with the same time interval between two consecutive reports.


  
Proposal 23: Support different SL Positioning reporting types including one-shot, triggered and periodic reports.
SL Positioning Reference Units
The positioning reference unit (PRU) with a known fixed location has been extensively discussed Rel-17 Uu positioning to assist in improving the accuracy of the location estimate, especially for timing-based positioning methods. However, due to lack of time and consensus among WGs, this feature was not further specified.
In the context of SL and considering the challenges in achieving stable location accuracy performance for multiple mobile (mobile) nodes, the SL PRU can be considered to help mitigate timing clock/offsets errors using reference measurements from a fixed known location, e.g., an RSU may act as a PRU. This achieved via compensating the pseudo-range errors arising from the Rx/Tx timing delays from the transmitting and receiving UEs. UEs may be more prone to clock drifts at the transmitter and receiver end depending on the hardware implementations.
Observation 13: Transmitter and receiving UEs may be susceptible to Tx/Rx errors impacting positioning performance due to uncompensated clocks based on different hardware implementations.
The positioning calculation entity (e.g., UE or network node) can exploit the PRU’s known precise location to compensate for timing-based errors such as delays embedded within the received measurements by applying (double) differential computations. This is similar in concept to the reference stations employed by GNSS systems to compensate for pseudo-range errors by the GNSS receivers by exploiting the fact that receivers in the same general area, e.g., within a few hundred km between the receivers, experience the same atmospheric impairments.  The actual known precise location of the reference stations is therefore an important pre-requisite.
Proposal 24: RAN1 to further discuss the benefits of PRUs in the context of SL positioning.
Conclusion
The following observations regarding potential SL positioning solutions have been noted as part of the discussion:
Observation 1: ITS band can potentially fulfil some of the V2X positioning requirements, e.g., V2X Set 1 positioning requirements.
Observation 2: FR1 licensed band operations for SL positioning can assist in satisfying some of the stringent target performance accuracy of the SL positioning use cases.
Observation 3: The wide bandwidths available in unlicensed band operations i.e., FR1 unlicensed bands (n46 and n96/n102) can enable high SL positioning performance while the time to fix and bandwidth requirement depends on the load condition and availability of channel.
Observation 4: Gold sequences may be more applicable to UEs without stringent power constraints such as vehicular UEs or RSUs.
Observation 5: ZC constant amplitude in frequency and time domain can enable low PAPR for SL positioning UEs.
Observation 6: SL-TDoA positioning can enable absolute positioning of the target-U provided that the anchors nodes are fixed, synchronised and the target is stationary.
Observation 7: RTT requires at least one anchor or non-anchor node for absolute/relative location estimation.
Observation 8: One-way RTT is susceptible UE clock offset errors at the Initiator and Responder UE.
Observation 9: Two-way RTT can compensate for UE clock offsets at both Initiator and Responder UEs.
Observation 10: In the case of SL-AoA, anchor or non-anchor node(s) may be employed to determine the relative range and relative AoA with respect to the target-UE.
Observation 11: SL fingerprinting can satisfy low latency and coarse SL positioning requirements.
Observation 12: In SL positioning, both the initiator and responding UEs can be supported to perform SL positioning measurements within the same session.
Observation 13: Transmitter and receiving UEs may be susceptible to Tx/Rx errors impacting positioning performance due to uncompensated clocks based on different hardware implementations.
The proposals relating to the SL Positioning framework are summarized as follows:
Proposal 1: Support the following 4 different models for SL positioning, which distinguish the configuration entity and positioning calculation entity for in-coverage, and partial and out-of-coverage scenarios:
· SL Positioning Model 1a - UE-assisted positioning
· SL Positioning Model 1b – UE-assisted positioning
· SL Positioning Model 2a – UE-based positioning
· SL Positioning Model 2b - UE-based positioning

Proposal 2: Focus the licensed band SL Positioning study on FR1. Consider FR2 for evaluation if time permits and based on ongoing FR2 SL enhancements in separate SI.

Proposal 3: RAN1 to consider at least the following design criteria for SL PRS:
· Configurable transmission bandwidth and allocation in time frequency resources
· Configurable periodicity and transmission duration (number of symbols)
· Good auto and cross correlation properties in the presence of time and frequency offsets and /or Doppler effects
· Sufficient degree of randomization and orthogonalization for PRS transmission from multiple Initiator UEs
· PAPR

Proposal 4: RAN1 to consider at least the following configurability options for SL PRS: 
· Support of periodic/semi-persistent/aperiodic transmission of SL PRS 
· Unambiguous identification of initiator UEs and responder UEs

Proposal 5: RAN1 to further study the feasibility of SL PRS Gold sequence signals for UEs without power limitations such as vehicular UEs or RSUs.

Proposal 6: RAN1 to further consider the feasibility of SL PRS ZC signals for UEs with power limitations such as commercial handheld devices, IIoT and pedestrian UEs.

Proposal 7: RAN1 to further study contiguous or comb structure ZC sequence design for SL PRS.

Proposal 8: Support SL-TDoA for satisfying the absolute positioning use cases in SL.

Proposal 9: Support the following two types of RTT methods for SL positioning:
· One-way SL-RTT
· Two-way SL-RTT

Proposal 10:  Support angular-based SL positioning methods for antenna calibrated entities and fixed anchor nodes, e.g., gNBs or RSUs.

Proposal 11: RAN1 to support the SL fingerprinting method to satisfy coarse positioning techniques and to be used in conjunction with other SL positioning methods to enhance UE position estimation. such as the SL fingerprinting method.

Proposal 12: RAN1 to support hybrid positioning under the following models: 
· Hybrid Positioning Model A - Hybrid positioning using hybrid interfaces including the support of Uu and SL measurements for SL position calculation.
· Hybrid Positioning Model B - Hybrid positioning using hybrid technologies including the support of RAT-dependent and RAT-independent methods for SL position calculation.

Proposal 13: SL PRS can support the same numerology as already supported in SL FR1.

Proposal 14: RAN1 to study the possibility of multiplexing SL PRS with existing sidelink physical channels considering aspects such interference and resource efficiency.

Proposal 15: RAN1 to study and define the hierarchical SL PRS resource configuration considering the potential relationship among SL Positioning frequency layers, SL BWPs and resource pools.

Proposal 16: RAN1 to discuss the relationship between Uu PRS and SL PRS configuration and associated measurements for hybrid positioning model A (using both Uu and SL interfaces).

Proposal 17: RAN1 to study SL power control and interference mitigation methods to improve SL PRS detectability/hearability.

Proposal 18: RAN1 to support Mode 1 coordination of SL PRS resources for one or more UEs participating in a SL positioning session.

Proposal 19: RAN1 to support Mode 2 coordination of SL PRS resources for one or more UEs participating in a SL positioning session.

Proposal 20: Measurement quality metrics should also be supported to assess quality of SL positioning measurements.

Proposal 21: RAN1 to consider different SL PRS processing capabilities depending on the UE-type.

Proposal 22: RAN1 to consider the triggering mechanism of SL PRS transmission(s), e.g., from UE/gNB/LMF and higher layers.

Proposal 23: Support different SL Positioning reporting types including one-shot, triggered and periodic reports.

Proposal 24: RAN1 to further discuss the benefits of PRUs in the context of SL positioning.
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