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Introduction
A SID defining objectives for a Study on expanded and improved NR positioning was agreed in RAN #94 [1],  with the following justification for sidelink positioning: 
· There is a need for 3GPP to study and develop sidelink positioning solutions that can support the use cases, scenarios and requirements identified for V2X, public safety, commercial and IIOT use cases.
and the following objective:
· 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 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]
[bookmark: _Hlk58595024]In this contribution, we address the  positioning methods  (e.g. TDOA, RTT, AOA/D, etc) and the design of sidelink reference signals needed for SL positioning based on the agreements in RAN1 #109-e [2].
Discussion
Techniques for Sidelink Positioning
Rel-16 and Rel-17 focus on Uu-based positioning with both RAT-based and RAT-independent positioning techniques. These need to be extended to sidelink positioning. The following table summarizes the RAT-based positioning techniques:

Table 1:Rel 16/Rel17 Uu Positioning Techniques
	
	DL based positioning
	UL based positioning
	DL and UL based positioning

	Techniques
	DL-TDOA,
DL-AoD
	UL-TDOA,
UL-AoA
	multi-cell RTT,
E-CID




To re-design each of these positioning techniques for SL positioning requires 
(1) a discussion of the SL positioning techniques based on the existing RAN-dependent techniques 
(2) Updates to the signaling, measurements and procedures
(3) A discussion on the positioning entity (LMF) in the case of in-coverage, partial-coverage and out of-coverage cases


SL positioning techniques
In RAN1 109-e, the following agreement was made:

	From May 17th GTW session
Agreement
With regards to the Positioning methods supported using SL measurements study further the following methods:
· RTT-type solutions using SL
· Study both single-sided (also known as one-way) and double-sided (also known as two-way) RTT
· SL-AoA
· Include both Azimuth of arrival (AoA) and zenith of arrival (ZoA) in the study
· SL-TDOA
· SL-AoD
· Corresponds to a method where RSRP and/or RSRPP measurements similar to the DL-AoD method in Uu. 
· Include both Azimuth of departure (AoD) and zenith of departure (ZoD) in the study
· Consider in the study at least the following aspects:
· Definition(s) of the corresponding SL measurements for each method
· Which method is applicable to absolute or relative positioning or ranging, including whether such categorization is needed to be discussed. 
· For angle-based methods, antenna configuration consideration(s) using practical UE capabilities
· Per-panel location, if UE uses multiple panels. 
· UE’s mobility, especially for V2X scenarios
· Impact of synchronization error(s) between UEs
· Existing SL measurements (e.g. RSSI, RSRP), and UE ID information etc, may be used.
· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified, or whether there will be a unified SL Positioning method.
· Note: When the study of carrier phase positioning and the evaluations of sidelink positioning have progressed, it can be reviewed whether carrier phase for sidelink can be considered in further work. Checkpoint at RAN1#110-e-Bis to see if sufficient information is available for this review.
· Note: Companies are encouraged to describe the role of SL nodes and their interaction/coordination participating in each method.





In  RAN1 #109-e the following was discussed extensively but not finalized
· at least for in-coverage scenarios, in addition to standalone SL positioning methods, study hybrid positioning methods wherein one or more of the UE(s) perform SL measurements and UE position/ranging is estimated using measurements derived on both SL and Uu positioning. Uu positioning corresponds to RAT dependent methods
Hybrid based methods should be studied and as such, the above statement agreed on. 

In the following, we will discuss different SL positioning techniques, focusing on their definition, measurements needed, applicability to absolute or relative positioning and effect of synchronization on their performance. 
RTT-type solutions using SL
Single/Double Sided Multi-RTT: In SL-Multi-RTT positioning method, the UE position is estimated based on measurements performed at multiple SL-UEs/RSUs/PRUs (in the SL Multi-RTT scheme), or a mix of SL-UE/RSU/PRUs and gNBs/TRPs (for the hybrid SL-Multi-RTT scheme). 
· The measurements performed at the SL-UE/RSU/PRUs and TRPs are SL-UE/SL-UE Rx-Tx time difference measurements,  SL-UE/gNB Rx-Tx time difference measurements (and optionally SL-PRS-RSRP, DL-PRS-RSRP and  UL-SRS-RSRP) of SL-PRS, DL-PRS and UL-SRS signals. 
· This method is typically used for absolute positioning. To acquire the at least three RTT measurements between the target UE and the supporting devices, an RTT estimate is needed between the SL-UE and the supporting devices (SL-UE/gNB/TRP/RSU). The distances obtained from the multi-RTT procedure are used for trilateration to find the absolute position of the target UE.

Single/Double Sided RTT:  In SL-RTT positioning method, the UE position is estimated based on measurements performed between the target SL-UEs and a (one) supporting SL-UE/RSU/PRU at an RSU  (in the SL-RTT scheme) , or between the target SL-UE and a TRP/gang (for the hybrid SL-RTT scheme).
· The measurements performed at the SL-UE, RSUs, PRUs and TRPs are SL-UE/SL-UE Rx-Tx time difference measurements,  SL-UE/gNB Rx-Tx time difference measurements (and optionally SL-PRS-RSRP, DL-PRS-RSRP and  UL-SRS-RSRP) of SL-PRS, DL-PRS and UL-SRS signals.  The AoA/AoD may also be measured.
· The distance obtained from the RTT procedure may be used to estimate the relative position of the target UE. The distance from the RTT procedure and an additionally estimated AoA/AoD may be used to estimate the absolute position of the target UE.

To enable SL-Multi-RTT/SL-RTT, the following need to be defined: 
· Positioning set: set of devices used to perform SL-RTT (excluding target UE): May be (pre-) configured or dynamically set. May be a single device (for RTT positioning) or up to 3 devices (for multi-RTT positioning).
· Common synchronization source: The synchronization source is not as important for RTT-based positioning. For one-way RTT, the synchronization error can be controlled by ensuring the reply transmission is as close as possible to the initial transmission. For two-way RTT, the effect of the synchronization error can be limited.
· Directionality: The directionality of the initial/final transmission can be configured to ensure that the positioning estimate is at the UE or at the LMF. 

An example of Multi-RTT (and RTT) for absolute and relative positioning is shown in Figure 1 below:
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[bookmark: _Ref111170057]Figure 1: SL Multi-RTT and SL-RTT

SL-AoA/AoD: Sidelink-Angle of Arrival/Angle of Departure based positioning
SL-AoA/AoD positioning :  SL-AoA/AoD positioning  is based on the angle of arrival of transmission or angle of departure of transmission to or from a SL UE target. In hybrid SL-AoA/AoD, one or more of the positioning set may be a gNB. 
· The measurements performed can include both Azimuth of arrival (AoA) and zenith of arrival (ZoA) for SL-AoA and both Azimuth of departure (AoD) and zenith of departure (ZoD) for SL-AoD. 
· SL-AoA/AoD can be used to estimate the relative direction between two SL devices or to estimate absolute positioning with up to 3 sidelink devices or when combined with a direction estimator e.g. RTT.

To enable SL-AoA/AoD, the following need to be defined: 
· Positioning set: set of UEs used to perform SL-AoA/AoD(excluding target UE): May be (pre-) configured or dynamically set.
· Directionality:
· SL-AoD: The target UE receives the reference signals from the positioning set
· SL-AoA: The target UE sends the reference signals to the positioning set

An example of the SL-AoAis shown in  Figure 2 with the target UE sending the SL-reference signal to the  SL positioning set. 
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[bookmark: _Ref102064228]Figure 2: SL AoA Positioning

SL-TDOA: Sidelink Time Delay of Arrival based Positioning
SL-TDoA positioning : SL-TDoA positioning is based on the time delay of arrival to or from a SL UE target with  SL UEs in a positioning set (at least 2 for 2-D positioning and at least 3 for 3-D positioning). In hybrid SL-TDOA, one or more of the positioning set may be a gNB. 
· The measurements performed include the TDoA of the positioning reference signal with a reference SL device. 

To enable SL-TDOA, the following need to be defined: 
· Positioning set: set of UEs used to perform SL-TDOA (excluding target UE): May be (pre-) configured or dynamically set.
· Common synchronization source: For timing-based positioning, having a common reference is very important and there is a need to define a common synchronization reference for the UEs in the positioning set
· Positioning Reference: UE/gNB that serves as reference for SL-TDOA timing
· Directionality: 
· SL-TDOA-1: direction of signals from positioning set to target UE (equivalent to DL-TDOA for Uu case)
· SL-TDOA-2: direction of signals from target UE to positioning set (equivalent to UL-TDOA for Uu case)

An example of the SL-TDOA-2 is shown in  Figure 3 with the target UE sending the SL-reference signal to the  SL positioning set. 
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[bookmark: _Ref102064047][bookmark: _Ref102064041]Figure 3: SL-TDoA (Uplink Like) positioning

SL-eCID Type positioning
SL-E-CID type positioning is based the UE reporting only the measurements that it has available rather than being required to take additional measurement actions. Note that new measurements such as a sidelink SSB RSRP/RSRQ and SL-CSI-RS RSRP/RSRQ may be required

Proposal 1: at least for in-coverage scenarios, in addition to standalone SL positioning methods, study hybrid positioning methods wherein one or more of the UE(s) perform SL measurements and UE position/ranging is estimated using measurements derived on both SL and Uu positioning. Uu positioning corresponds to RAT dependent methods.

Proposal 2: Single/Double Sided Multi-RTT for absolute positioning: 
· In SL-Multi-RTT positioning method, the UE position is estimated based on measurements performed at multiple SL-UEs/RSUs/PRUs (in the SL Multi-RTT scheme), or a mix of SL-UE/RSU/PRUs and gNBs/TRPs (for the hybrid SL-Multi-RTT scheme). 
· The measurements performed at the SL-UE/RSU/PRUs and TRPs are SL-UE/SL-UE Rx-Tx time difference measurements and is typically used for absolute positioning. 

Proposal 3: Single/Double Sided RTT for relative / absolute positioning: 
· In SL-RTT positioning method, the UE position is estimated based on measurements performed between the target SL-UEs and a (one) supporting SL-UE/RSU/PRU at an RSU  (in the SL-RTT scheme) , or between the target SL-UE and a TRP/gNB (for the hybrid SL-RTT scheme). 
· The measurements performed at the SL-UE, RSUs, PRUs and TRPs are SL-UE/SL-UE Rx-Tx time difference measurements,  SL-UE/gNB Rx-Tx time difference measurements (and optionally SL-PRS-RSRP, DL-PRS-RSRP and  and UL-SRS-RSRP) of SL-PRS, DL-PRS and UL-SRS signals.  The AoA/AoD may also be measured. It is typically used for both absolute and relative positioning.

Proposal 4: SL-AoA/AoD positioning : 
· SL-AoA/AoD positioning   is based on the angle of arrival of transmission or angle of departure of transmission to or from a SL UE target. In hybrid SL-AoA/AoD, one or more of the positioning set may be a gNB. 
· The measurements performed can include both Azimuth of arrival (AoA) and zenith of arrival (ZoA) for SL-AoA and both Azimuth of departure (AoD) and zenith of departure (ZoD) for SL-AoD. SL-AoA/AoD can be used to estimate the relative direction between two SL devices or to estimate absolute positioning with up to 3 sidelink devices or when combined with a direction estimator e.g. RTT.

Proposal 5: SL-TDOA positioning: 
· SL-TDoA positioning is based on the time delay of arrival to or from a SL UE target with  SL UEs in a positioning set (at least 2 for 2-D positioning and at least 3 for 3-D positioning). In hybrid SL-TDOA, one or more of the positioning set may be a gNB.  
· The measurements performed include the TDoA of the positioning reference signal with a reference SL device and is typically used for absolute positioning

Proposal 6: SL-E-CID type positioning:
· SL-E-CID type positioning is based the UE reporting only the measurements that it has available rather than being required to take additional measurement actions. 
· Note that new measurements such as a sidelink SSB RSRP/RSRQ and SL-CSI-RS RSRP/RSRQ may be required.


Signaling, Measurements and Procedures
For the different SL positioning techniques, updates to the existing measurements, procedures and signaling may be needed. These updates include:

· Identification of the positioning set,  the positioning reference UE, and the target UE
· Establishment of a common synchronization reference (for TDOA based schemes)
· Establishment of new SL measurements. Some examples of the signaling and measurements needed include: 
· For SL-TDOA-1 (“DL-like”), information that may be transferred from the LMF to the UE include the source IDs of the candidate UEs in the positioning set, SL-positioning reference signal configuration, and SL positioning reference signal only SL-UE indication. 
· For e-CID based techniques, new SL measurements for the S-SSB-RSRP and S-SSB-RSRQ may need to be defined.
· Configuration, transmission and measurement of SL positioning reference signals to or from the target UE
· Feedback of positioning measurement and assistance information to the positioning estimator


Proposal 7: RAN1 should discuss the specifics of  the SL positioning techniques based on the existing RAN-dependent techniques and update the associated signaling, measurements and procedures for the new SL-positioning schemes.. Issues to be addressed include:
· Identification of the positioning set and the target UE
· Establishment of a common synchronization reference and the positioning reference UE (for TDOA based schemes)
· Establishment of new SL measurements.
· Configuration, transmission and measurement of SL positioning reference signals to or from the target UE
· Feedback of positioning measurement and assistance information to the positioning estimator

LMF design for out-of-coverage scenarios
For Uu-based positioning the Location Management Function (LMF) controls the location procedures either using the LPP (to the UE) or the NRPPa (to the gNB) and is located in the core network (see Figure 4). For SL-positioning in the in-coverage and partial coverage scenarios,  the LMF can retain its function (see Figure 5). However, for SL positioning in out-of-coverage scenarios, a new entity may be needed to perform this function e.g. a SL LMF. To enable the design of the different SL positioning techniques, RAN1 should initially assume the presence of a sidelink LMF to function in the same manner as  the LMF in the core in coverage/partial coverage scenarios (see Figure 6). The specifics of the SL-LMF design are assumed to be  to be discussed in RAN2/SA2 and RAN1 can confirm these at a later date.
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[bookmark: _Ref102064571]Figure 4: LMF for Rel-16 Uu Positioning
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[bookmark: _Ref102064590]Figure 5: LMF for in-coverage or partial coverage SL Positioning
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[bookmark: _Ref102064617]Figure 6: LMF for out-of-coverage SL positioning
Proposal 8: RAN1 should discuss the assumption on  the positioning entity (LMF) in the case of in-coverage, partial-coverage and out of-coverage cases

Design of sidelink reference signals for positioning

In RAN1 #109-e, the following agreements were made on sidelink positioning reference signal design

	Agreement
Study new reference signal for SL positioning/ranging using the existing PRS/SRS design and SL design framework as a starting point.
· The study could at least include: Sequence design, frequency domain pattern, time domain pattern (e.g. number of symbols, repetitions, etc), time domain behavior, configuration/triggering/activation/de-activation of the SL-PRS, AGC time, Tx-Rx Turanround time, supportable bandwidth(s), multiplexing options with other SL channels, randomization/orthogonalization options.
· Note: The study of existing SL reference signal for SL positioning/ranging is not precluded. Companies are encouraged to perform performance evaluation/comparison to investigate whether such reference signals can meet the positioning accuracy requirements.

Agreement
With regards to the numerologies of the SL-PRS, limit the study to those supported for NR Sidelink. 
· Note 1: NR Sidelink supports {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2
· Note 2: This doesn’t imply that SL-PRS FR2-specific optimization(s) are expected to be studied

Decision: As per email decision posted on May 21st,
Agreement
With regards to the frequency domain pattern, study further a Comb-N SL-PRS design. Study at least the following aspects:
· N>=1 (where N=1 corresponds to full RE mapping pattern)
· Fully staggered SL-PRS pattern (e.g., M symbols of SL-PRS with comb-N with M=N and, at each symbol a different RE offset is used), Partially staggered SL-PRS pattern (e.g., M symbol(s) of SL-PRS with comb-N, with M<N, at each symbol a different RE offset is used), Unstaggered SL-PRS patterns (e.g., M symbol(s) of SL-PRS with comb- N, at each symbol a same RE offset is used, N > 1)
· The number of symbols of SL-PRS within a slot
· Any relation to the comb-N option
· RE offset pattern repetitions within a slot
· FFS: Other frequency domain pattern(s)



Positioning Reference Signal Design
To leverage the Uu link design, Rel-16 PRS or P-SRS may be used as a starting point for the positioning RS design in SL positioning. Selection of each option has the following advantages and disadvantages:

	
	Advantage
	Disadvantage

	SL-positioning based on DL-PRS: Gold sequence modulated as QPSK
	
· Rx UE currently does not need to change receiver but uses same receiver as for Uu link
· Robust to Doppler
· Aligns with current sidelink RS signals
· Coverage may not be an issue so PAPR is not as important
	
· No CDM in resources used for PRS which implies no sharing of resources by multiple Tx/Rx pairs
· Higher PAPR than ZC-based SRS
· UE will have to implement a DL-PRS transmitter.

	SL-positioning based on P-SRS: Zadoff-Chu based sequence
	· UE is able to multiplex in both FDM and CDM domains 
· Low PAPR transmission
· gNB/TRP can use existing receiver in hybrid scheme
· SRS-RSRP already in measurements so update is easy
	· Rx SL-UE needs to decode SRS (not currently decoded based on Uu link)



As shown from the table, there is no overwhelming advantage or disadvantage in either case. However, based on the if hybrid SL-Uu positioning is allowed, there may be a need for a Ue to transmit or receive a variant of both. As an example, a hybrid SL AoA technique will expect that the UE transmits an SRS type signal to the gNB while a hybrid SL-AoD technique will expect that the UE receive a PRS-type signal at the UE. This may motivate the need for a design that supports both. To limit UE complexity, a UE may indicate which type it supports based on a UE capability.

Proposal 9: DL-PRS and positioning SRS both considered as candidates for the SL-PRS. 
· UE may be configured with one or both of these variants.
· UE may indicate its capability to support one or both of these variants.


Resource Allocation
In RAN1 #109-e, the following agreements were made in regards to resource allocation:

	Agreement
With regards to the SL Positioning resource allocation, study further the following 2 options for SL Positioning resource (pre-)configuration:
· Option 1: Dedicated resource pool for SL-PRS 
· Include in the study at least the following aspects:
· which slots can be used, SL frame structure, SL positioning slot structure, multiplexing of SL-PRS with control information (if included in the same slot)
· positioning measurement report
· whether a dedicated frequency allocation (e.g., layer/BWP) is needed for SL PRS
· resource allocation procedure(s) of SL-PRS
· This option may or may not include control information (i.e., configuration/activation/deactivation/triggering of SL-PRS) for the purpose of SL positioning operation
· Option 2: Shared resource pool with sidelink communication.
· Include in the study at least the following aspects:
· co-existence between SL communication and SL positioning, backward compatibility
· Multiplexing considerations of SL-PRS with other PHY channels (PSCCH, PSSCH, PSFCH) and any modifications in the SL-slot structure


Agreement
With regards to the SL-PRS resource allocation, study the following two schemes:
· 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
· Applicable regardless of the network coverage 
· FFS: potential mechanisms, if needed, for SL-PRS resource coordination across a number of transmitting UEs (e.g. IUC-like solutions). 
· Note: Other Schemes are not precluded to be studied
· FFS how to handle resource allocation of SL-Positioning measurement report





Time Domain: In  NR V2X, only certain slots are (pre-)configured to accommodate SL PSCCH/PSSCH/PSFCH transmissions. This is known as a “resource pool” consisting of contiguous PRBs and contiguous or non-contiguous slots that have been (pre-)configured for SL transmissions and defined within a SL BWP with a bitmap of size X. In NR V2X, S-SSB transmission slots are not contained in the time resource set configured by resource pool. 

For the SL positioning reference signal transmissions, it is possible that the slots for transmitting the SL positioning reference signal are within the slots configured for the resource pool. Alternatively, the slots for transmitting SL positioning reference signal can be separate from the slots configured for the resource pool, e.g., in a similar manner as in for S-SSB transmission. 

Proposal 10: Decide on whether or not the time resources for the SL positioning signal transmission are within the time resources of the slots for the resource pool.

Frequency Domain: In  NR V2X, a resource pool is divided into (pre-)configured number of L sub channels, where a sub-channel is a group of consecutive PRBs in a slot. The design should decide on the frequency resources used for SL positioning. This can either be the same size as the sub-channel for SL communication or set to a different size (either within the SL communications sub-channel, larger than the SL communications sub-channel or entirely independent).

Overall, the SL positioning reference signal should be in a wide band to achieve high positioning accuracy. This may be infeasible if the SL positioning reference signal is limited to  a single or a few sub-channels. 

Proposal 11: Decide on the frequency resources for SL-positioning signals. 

Slot structure: SL positioning reference signal can be configured in same slot as SL PSSCH/PSCCH/PSFCH. In this case, the SL positioning symbols can use the same resource allocation method as PSSCH/PSCCH/PSFCH. To enable this design, a discussion is needed on the modifications to the SL-slot structure e.g. should the signals be placed within the PSSCH region, the PSFCH region or in an independent region. In Figure 7, we show a scenario in which the positioning reference signal is placed in the PSSCH region of the slot (immediately after the DMRS symbol). Note that in this case, the positioning reference signal has the same frequency resources as the PSSCH and as such there is no need for a gap or AGC symbol. If they are set to different frequency resource sizes, additional symbols may be needed. 
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[bookmark: _Ref102065124]Figure 7: SL Positioning Signal Configured in same slot in PSSCH region


SL positioning reference signal can be configured in independent SL positioning slots. In this case, the SL RS uses independent resource allocation method that may need to be discussed and a discussion is needed on structure of new SL positioning slot as shown in Figure 8.
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[bookmark: _Ref102065330]Figure 8: SL Positioning Signal configured in independent slot
Proposal 12: SL positioning reference signal can be configured 
· in same slot as SL PSSCH/PSCCH/PSFCH (uses same resource allocation method as PSSCH/PSCCH/PSFCH).
· Discussion needed on modifications to SL-slot structure
· in independent SL positioning slots (uses independent resource allocation method)
· Discussion needed on structure of a new SL positioning slot

The SL PRS/SRS may be unicast, broadcast or multi-cast. For broadcast and multicast SL PRS/SRS, RAN1 should study the following two options:
· Option 1: Grouping is the same as PSSCH i.e. the PSSCH and the PRS are bundled together
· Option 2: Grouping is independent of the PSSCH


Note that for the second option, signaling may be needed to indicate the UEs that may need the PRS independent of the PSSCH signaling
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Proposal 13: The SL PRS/SRS may be unicast, broadcast or multi-cast. For broadcast and multicast SL PRS/SRS, RAN1 should study the following two options:
· Option 1: Grouping is the same as PSSCH i.e. the PSSCH and the PRS are bundled together
· Option 2: Grouping is independent of the PSSCH


PRS Power Control
In RAN1 #109-e, the following agreement was reached
	Email discussion on potential solutions for SL positioning by May 20
· Check points: May 16, May 20
Decision: As per email decision posted on May 16th,
Agreement
Study power control mechanisms for SL-PRS transmission, including whether it is necessary.




For sidelink transmit power control, with SL PRS the maximum SL transmit power is (pre-)configured to the TX UE. For the total sidelink Transmit Power if the SL-PRS is transmitted in the same slot as the SL communication signals the total sidelink transmit power is the same as in the symbols used for PSxCH transmissions in a slot (irrespective of the BW of the SL signal). If SL-PRS is in its own dedicated slot, the total power may be different. This may require a separate set of power control parameters for the SL-PRS.

Note that SL PRS power control is necessary especially in in-coverage scenarios to prevent unnecessary co-channel interference in the network.


Observation 1: SL PRS power control is necessary especially in in-coverage scenarios to prevent unnecessary co-channel interference in the network.

Proposal 14:For the total sidelink Transmit Power if the SL-PRS is transmitted in the same slot as the SL communication signals the total sidelink transmit power is the same as in the symbols used for PSxCH transmissions in a slot (irrespective of the BW of the SL signal). If SL-PRS is in its own dedicated slot, the total power may be different. This may require a separate set of power control parameters for the SL-PRS.

Conclusion
In this contribution, the following observations and proposals were made:

Proposal 1: at least for in-coverage scenarios, in addition to standalone SL positioning methods, study hybrid positioning methods wherein one or more of the UE(s) perform SL measurements and UE position/ranging is estimated using measurements derived on both SL and Uu positioning. Uu positioning corresponds to RAT dependent methods.

Proposal 2: Single/Double Sided Multi-RTT for absolute positioning: 
· In SL-Multi-RTT positioning method, the UE position is estimated based on measurements performed at multiple SL-UEs/RSUs/PRUs (in the SL Multi-RTT scheme), or a mix of SL-UE/RSU/PRUs and gNBs/TRPs (for the hybrid SL-Multi-RTT scheme). 
· The measurements performed at the SL-UE/RSU/PRUs and TRPs are SL-UE/SL-UE Rx-Tx time difference measurements and is typically used for absolute positioning. 

Proposal 3: Single/Double Sided RTT for relative / absolute positioning: 
· In SL-RTT positioning method, the UE position is estimated based on measurements performed between the target SL-UEs and a (one) supporting SL-UE/RSU/PRU at an RSU  (in the SL-RTT scheme) , or between the target SL-UE and a TRP/gNB (for the hybrid SL-RTT scheme). 
· The measurements performed at the SL-UE, RSUs, PRUs and TRPs are SL-UE/SL-UE Rx-Tx time difference measurements,  SL-UE/gNB Rx-Tx time difference measurements (and optionally SL-PRS-RSRP, DL-PRS-RSRP and  and UL-SRS-RSRP) of SL-PRS, DL-PRS and UL-SRS signals.  The AoA/AoD may also be measured. It is typically used for both absolute and relative positioning.

Proposal 4: SL-AoA/AoD positioning : 
· SL-AoA/AoD positioning   is based on the angle of arrival of transmission or angle of departure of transmission to or from a SL UE target. In hybrid SL-AoA/AoD, one or more of the positioning set may be a gNB. 
· The measurements performed can include both Azimuth of arrival (AoA) and zenith of arrival (ZoA) for SL-AoA and both Azimuth of departure (AoD) and zenith of departure (ZoD) for SL-AoD. SL-AoA/AoD can be used to estimate the relative direction between two SL devices or to estimate absolute positioning with up to 3 sidelink devices or when combined with a direction estimator e.g. RTT.

Proposal 5: SL-TDOA positioning: 
· SL-TDoA positioning is based on the time delay of arrival to or from a SL UE target with  SL UEs in a positioning set (at least 2 for 2-D positioning and at least 3 for 3-D positioning). In hybrid SL-TDOA, one or more of the positioning set may be a gNB.  
· The measurements performed include the TDoA of the positioning reference signal with a reference SL device and is typically used for absolute positioning

Proposal 6: SL-E-CID type positioning:
· SL-E-CID type positioning is based the UE reporting only the measurements that it has available rather than being required to take additional measurement actions. 
· Note that new measurements such as a sidelink SSB RSRP/RSRQ and SL-CSI-RS RSRP/RSRQ may be required.


Proposal 7: RAN1 should discuss the specifics of  the SL positioning techniques based on the existing RAN-dependent techniques and update the associated signaling, measurements and procedures for the new SL-positioning schemes.. Issues to be addressed include:
· Identification of the positioning set and the target UE
· Establishment of a common synchronization reference and the positioning reference UE (for TDOA based schemes)
· Establishment of new SL measurements.
· Configuration, transmission and measurement of SL positioning reference signals to or from the target UE
· Feedback of positioning measurement and assistance information to the positioning estimator

Proposal 8: RAN1 should discuss the assumption on  the positioning entity (LMF) in the case of in-coverage, partial-coverage and out of-coverage cases

Proposal 9: DL-PRS and positioning SRS both considered as candidates for the SL-PRS. 
· UE may be configured with one or both of these variants.
· UE may indicate its capability to support one or both of these variants.

Proposal 10: Decide on whether or not the time resources for the SL positioning signal transmission are within the time resources of the slots for the resource pool.

Proposal 11: Decide on the frequency resources for SL-positioning signals. 

Proposal 12: SL positioning reference signal can be configured 
· in same slot as SL PSSCH/PSCCH/PSFCH (uses same resource allocation method as PSSCH/PSCCH/PSFCH).
· Discussion needed on modifications to SL-slot structure
· in independent SL positioning slots (uses independent resource allocation method)
· Discussion needed on structure of a new SL positioning slot

Proposal 13: The SL PRS/SRS may be unicast, broadcast or multi-cast. For broadcast and multicast SL PRS/SRS, RAN1 should study the following two options:
· Option 1: Grouping is the same as PSSCH i.e. the PSSCH and the PRS are bundled together
· Option 2: Grouping is independent of the PSSCH

Observation 1: SL PRS power control is necessary especially in in-coverage scenarios to prevent unnecessary co-channel interference in the network.

Proposal 14:For the total sidelink Transmit Power if the SL-PRS is transmitted in the same slot as the SL communication signals the total sidelink transmit power is the same as in the symbols used for PSxCH transmissions in a slot (irrespective of the BW of the SL signal). If SL-PRS is in its own dedicated slot, the total power may be different. This may require a separate set of power control parameters for the SL-PRS.

Reference
[1] [bookmark: _Ref40195690]RP-213588, Revised SID on Study on expanded and improved NR positioning
[2] [bookmark: _Ref111172025]Chairman’s Notes, RAN1 109-e, May 2022
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