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1	Introduction
[bookmark: _Hlk525462591]At RAN#94, a new study item “Study on expanded and improved NR positioning” (FS_NR_pos_enh2) was approved [1]; the WID was updated in [2].
In this contribution, we outline key design aspects of sidelink (SL) positioning (including ranging), indicate potential key problems, and discuss possible approaches to tackle these problems.
2	Discussion
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]	Positioning methods and measurements
In the previous RAN1 meeting, RAN1 agreed to study most of the Rel-16/17 NR positioning techniques for SL positioning from the following agreement. This sub-section discusses our views on techniques and measurements perspective for SL positioning.
Agreement
With regards to the Positioning methods supported using SL measurements study further the following methods:
o	RTT-type solutions using SL
	Study both single-sided (also known as one-way) and double-sided (also known as two-way) RTT
o	SL-AoA
	Include both Azimuth of arrival (AoA) and zenith of arrival (ZoA) in the study
o	SL-TDOA
o	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:
o	Definition(s) of the corresponding SL measurements for each method
o	Which method is applicable to absolute or relative positioning or ranging, including whether such categorization is needed to be discussed. 
o	For angle-based methods, antenna configuration consideration(s) using practical UE capabilities
o	Per-panel location, if UE uses multiple panels. 
o	UE’s mobility, especially for V2X scenarios
o	Impact of synchronization error(s) between UEs
o	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.


SL positioning may reuse various standard techniques for estimating the absolute or relative location of the target UE. Such standard techniques refer to timing-based methods (TDOA, RTT, etc.) and/or angle-based methods (e.g. AoA, AoD). Such techniques have been developed for satellite, NR Uu or other non-RAT positioning, and operate under the following main assumptions:
1.	The anchors are typically:
	fixed (i.e. both their location and orientation are perfectly known), or 
	their location/orientation is variable, but perfectly known at any point in time (e.g. satellites with a known orbit). 
	always synchronized with very high accuracy or have the ability to get synchronized on demand.

2.	Positioning resources are available and interference-free i.e., they are reserved for positioning purposes, and their density, number, and time/frequency/space allocation are selected by a central entity (e.g., LMF) so that a minimal target accuracy and/or latency are achievable.
[bookmark: Obs58382]Observation 1: In SL positioning, assumptions 1 and 2 above do not hold anymore and tailoring the available positioning techniques to SL positioning needs to be realized under the SL-specific constraints in terms of at least:
a)	SL positioning latency and accuracy targets. 
o	This aspect becomes relevant when selecting between one-way e.g., TDOA vs two-way RTT, multi-RTT methods.
b)	Synchronization capabilities of the candidate anchor SL UEs.
o	For example, RTT is a better method candidate when synchronization among candidate anchors is missing or is too coarse.
c)	Relative orientation of the candidate anchor UEs and the target UE
o	For example, whether AoA/D has been obtained in a common coordinate system and can be reported and directly reused among the UEs involved in the session.
d)	Power constraints of the candidate and target UEs e.g. whether they are LPHAP, RedCap, handheld devices, etc.
o	For example, for RedCap candidate anchors and target UEs, low-complexity positioning methods (e.g. power based) may be preferred over the more-accurate yet more-complex counterpart methods (e.g. timing-based).
e)	Multiple-antenna availability and/or beamforming capabilities of the candidates and target UEs:
o	For example, angular-based methods require the UEs to be capable of TX and/or RX beamforming and beam-alignment.   
[bookmark: Proposal5546][bookmark: Proposal29325][bookmark: Proposal88499]Proposal 1: Different time/angle positioning techniques should be studied for SL positioning, to better evaluate their advantages and drawbacks w.r.t. at least the SL constraints a)-e) listed above.
 One of the most promising use cases of the SL positioning would be V2X positioning, and the size of vehicle type UEs would be relatively larger than the smartphone or tablet type UEs. There may be a couple of points we should consider. The first one is that the location of Tx/Rx antenna at the vehicle. Depending on the location of the receive antenna panel at the vehicle, the estimated location would be different. For example, if the receive antenna is at the rear side of the vehicle UE, the estimated location of this UE would be there. Thus, even if the UE has a single antenna panel, the location of the antenna panel may affect the location estimation of the UE. Also, the vehicle UE may be equipped with multiple antenna panels. For example, vehicle UEs may have one antenna panel on both the front and back bumpers. Even in the same UE, LoS/NLoS conditions of wireless channel to another UE and/or positioning measurement may be different at different antenna panels. 

[bookmark: Proposal88500]Proposal 2: Study impact of the multiple antenna panels to LoS/NLoS conditions and positioning measurement for SL-AoA, SL-TDOA, SL-RTT, and SL-AoD positioning technique

	SL-TDOA:
Although the TDOA technique is vulnerable to synchronization errors, it is still one of the efficient positioning methods as it does not need two-way signal transmissions between transmitter and receiver. Rel-16/17 NR positioning supports two types of TDOA techniques such as DL-TDOA and UL-TDOA. SL-TDOA may be implemented with the similar concept and principle of DL-TDOA and UL-TDOA. DL-TDOA and UL-TDOA would correspond to type 1 and type 2, respectively, in the below figure.  
[image: ]	[image: ]
Figure X. An illustrative example of SL-TDOA, where Type 1 (like DL-TDOA) is on the left and Type 2 (like UL-TDOA) is on the right.
In type 1, the target UE estimates RSTD measurement from SL positioning reference signals transmitted by different anchor UE. Type 2 is that the target UE transmits SL-PRS to the multiple anchor UEs, and the anchor UEs measure RTOA similar to UL-TDOA. In NR positioning, DL-TDOA supports better performance as DL PRS transmission power is greater than UL SRS transmission, but it might be different for SL-TDOA case. In SL-TDOA, both cases need the location of the anchor UEs to estimate target UE location, but there may be pros and cons between two types. Type 1 requires measurement reporting only from the target UE, while the anchor UEs should report RTOA measurements in the case of type 2, and the target UE does not need measurement reporting. The type 2 may be more efficient in terms of the SL positioning reference signal efficiency if multiple anchor UEs can receive the SL-PRS transmitted from the target UE, but it requires more signalling overhead for reporting. Furthermore, in case roadside units are the anchor UEs, the transmission power may be higher than the UEs. Type 1 could provide better performance. 
In addition, the hybrid use of SL-PRS and DL-PRS for SL-TDOA may be beneficial. For example, a target UE may see only a couple of TRPs and anchor UEs with a good LoS condition.
[bookmark: Proposal88501]Proposal 3: Study physical layer procedure including necessary measurement and report to support the SL-TDOA with both concepts of DL-TDOA and UL-TDOA.
For Type 1 SL-TDOA, the target UE needs to report RSTD measurement including time stamp(s), and information on anchor UEs and SL RSs. The time stamp(s) would be helpful to obtain the target UE location and to assess the validity of location information of anchor UE(s). The unit computing the UE location may know time synchronization difference between cells/TRPs as it can provide information on RTD, so it may compensate for synchronization errors for a specific RSTD measurement to two different cells. Specifically, knowledge about the synchronization sources for each anchor UE may be used to compensate for time synchronization error included in RSTD measurement. This would be similar to type 2 SL-TDOA. 
[bookmark: Proposal88502]Proposal 4: Study necessary reporting information to support SL-TDOA including at least measurement, time stamp(s), SL PRS resource(s), a reference for RSTD, and synchronization source information of UE such as gNB/ GNSS.

	SL-AoA:
Since positioning methods based on angle measurements are not affected by time synchronization error, Rel-16/17 NR positioning standardized the AoA-based positioning; the method is however supported only from network side (i.e. UL-AoA) as the UE may be unable to conduct angle measurements. In SL positioning however, the vehicle UEs are expected to be equipped with multiple antenna elements and/or antenna panels enough to measure angle, and hence, SL-AoA may be a promising technique.
The vehicle UE may be able to measure both horizontal and vertical angle. However, it should be noted that the angle measurement from the target UE would depend on the location of the equipped antennas, especially if the target UE is close to the anchor UE. As illustrated in Fig. X, the angle measurement from Rx antenna panel #1 and #2 would not be the same. Also, the angle measurement at a specific antenna panel would depend on the antenna panel transmitting SL PRS.
For the positioning accuracy, the entity calculating the positioning estimate (e.g., LMF) needs antenna panel location information of angle measurement(s), and the target UE should report angle measurement including receive antenna information. At the starting point, we could try to reuse Antenna Reference Point (ARP) information. That is, the target UE report ARP ID when it reports angle measurements. In addition, we also need to consider different angle measurement depending on the transmission antenna of anchor UE. To address this issue, it may be necessary to exchange antenna panel information between target UE and anchor UEs, and the target UE needs to know which antenna panel is used to transmit specific SL PRS resource(s).
[bookmark: Proposal88503]Proposal 5: SL-AoA positioning should take into account the geometric location of the antenna panels of the target UE and anchor UEs, and any necessary exchange of related information between the UEs and/or between the UEs and the network.
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Figure X. An illustrative example of angle measurement among UEs.
	SL-AoD:
NR Rel-16 has specified DL AoD positioning technique based on RSRP measurements for DL-PRS, and NR Rel-17 introduced RSRPP measurement for enhancement DL-AoD. The UE reports RSRP and RSRPP measurements for multiple PRS resources, and the LMF may use them as fingerprint to estimate location of the UE.
One of the basic philosophies of reference signal design might be to consider multiple beams for both reception and transmission, so RS resource concept such as PRS resource was introduced to help identify a unique beam. The vehicle UEs may be able to transmit SL-PRS with narrow beams with multiple directions, as it may have multiple antennas/panels. The concept on RS resource and/or RS resource set may be necessary to be considered when we discuss the design SL PRS. In NR positioning, regardless of the type of positioning techniques, the UE may report RSRP/RSRPP measurements when it reports a specific positioning measurement, and we expect it might be similar for SL positioning.
We need to study how to expand RSRP/RSRPP measurement to SL PRS measurement, and the necessary feature to support SL-AOD such as exchanging information on antenna and/or transmission beam information. However, these methods would require FR2 support, whose operation might not be necessary depending on whether FR1 can satisfy the requirements considered for SL positioning. Therefore, study of SL-AOD can be deprioritized.
[bookmark: Proposal88504]Proposal 6: Study if/how to expand the current NR RSRP/RSRPP measurement definition to SL PRS measurements. Study of SL-AOD can be deprioritized given that it requires FR2 support.
	SL-RTT:
RTT technique requires two-way RS transmission and reception, which is less efficient and resulting in more latency than other techniques, but RTT technique is robust to time synchronization between the transmitters and the receivers. When tight time synchronization is not guaranteed, RTT would be a preferred alternative for SL positioning. 
[bookmark: Proposal88505]Proposal 7: RAN1 to prioritize the single-sided (i.e., one way) RTT for SL positioning to see if it could achieve the target accuracy requirement.  



	SL PRS design 
To conduct measurements related to positioning techniques, transmission of a reference signal over the SL is necessary. Currently, the NR SL supports the following reference signals:
	Demodulation reference signal (DMRS) transmitted with associated SL physical channels PSCCH, PSSCH, and PSBCH
	SL primary synchronization signal (S-PSS) and SL secondary synchronization signal (S-SSS) transmitted in SL synchronization signal block S-SSB
	SL channel state information reference signal (SL CSI-RS) transmitted within PSSCH
	SL phase-tracking reference signal (SL PT-RS) transmitted within PSSCH
These, however, may not be suitable for positioning purposes. First, these signals are typically of small bandwidth. DRMS can occupy at most the size of the associated PSSCH. This is also the case for CSI-RS and SL PT-RS. Similarly, S-SSB occupies 11 RBs in frequency. Second, these signals cannot be transmitted as a stand-alone. DMRS is always associated with a PSCCH, PSSCH or PSBCH transmission, and SL CSI-RS and SL PT-RS are transmitted within a PSSCH. For synchronization signals, UEs transmit the same information using the same resources.
[bookmark: Obs58383]Observation 2: Currently defined reference signals over the NR SL are not suitable for positioning purposes. 
We therefore propose to define a new reference signal over SL for positioning purposes, which can be transmitted in a standalone manner, possibly with a large bandwidth. Further, parameters of this signal should be configurable, including time-frequency resources such as defined in terms of bandwidth, periodicity, bitmap, combing, etc. We refer to this signal as SL PRS, and the related configuration as SL PRS configuration. 
With regards to design of SL PRS, one option could be to re-use existing structure of the reference signals used for positioning on the Uu interface. For this purpose, we see re-using the UL SRS as beneficial, so that the same signal can be also received by gNB when the SL PRS transmission takes place on the SL resources sharing the UL bands. 
[bookmark: Proposal88506]Proposal 8: A new reference signal should be defined over SL interface for positioning purposes. For this, the structure of the UL SRS can be re-used, with any necessary modifications to be studied. 

…

Further, it needs to be specified, using which SL resources is SL PRS transmitted, such as PSCCH, PSSCH, PSFCH, etc., within SL resource pools, or S-SSB-like transmissions occupying independent time/frequency resources, and needs to be understood whether any changes to the SL frame structure is required.

[bookmark: Proposal88507]Proposal 9: Study which SL resources (e.g., PSCCH, PSSCH, etc. within SL resource pools or independent time/frequency resources as in the case of S-SSB) can be utilized to transmit/receive SL PRS, and any required changes to the SL frame structure. 


The following relevant agreements were reached in last RAN1 meeting:
	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 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
o	Any relation to the comb-N option
o	RE offset pattern repetitions within a slot
	FFS: Other frequency domain pattern(s)


Agreement
For a potential new SL PRS, study further the following
	Number of symbol(s) for AGC and/or Rx-Tx turnaround time
	Conditions under which AGC training and/or Rx-Tx turnaround time are needed




	Sequence design
With regards to design of SL PRS, we should try to reuse/modify the existing PRS/SRS used for positioning on the Uu interface. Both ZC-based sequence (similar to the sequences used for UL SRS) and pseudorandom sequence (e.g., Gold sequence signals, similar to DL-PRS) are feasible options. With UL SRS reused as SL PRS, the same signal can be also received by gNB when the SL PRS transmission takes place on the SL resources sharing the UL bands. And ZC-based sequence also yields smaller PAPR. With the above factors taken into accounts, we prefer prioritizing SL PRS design based on UL SRS (ZC-based sequence).     
[bookmark: Proposal88508]Proposal 10: Consider prioritizing SL PRS design based on UL SRS (ZC-based sequence), with any necessary modifications to be studied. 
	Frequency domain pattern 
[bookmark: _Hlk110703407]SL positioning will be employed for different use cases with very different requirements. Hence different number of symbols (M) of SL-PRS and different comb structures (Comb-N) of SL PRS should be supported, and be flexibly configured and used to adapt to different scenarios. If SL PRS design is based on UL SRS, we can reuse all or part of structures of UL SRS. The number of symbols (M) of SL-PRS:  1, 2, 4, 8, 12. The comb size N of SL-PRS: 2, 4, 8. Besides the structures inherited from UL SRS, N can also be 1 (full RE mapping pattern).  Both 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) and 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) should be supported. The benefit of unstaggered SL-PRS pattern is not clear. 
[bookmark: Proposal88509]Proposal 11: Consider supporting the following parameters of SL-PRS structures: 
The number of symbols (M) of SL-PRS:  1, 2, 4, 8, 12. The comb size N of SL-PRS: 1, 2, 4, 8. 
[bookmark: Proposal88510]Proposal 12: Consider inheriting all or part of UL SRS structures for SL PRS. 
[bookmark: Proposal88511]Proposal 13: Consider supporting fully staggered SL-PRS pattern and partially staggered SL-PRS pattern. Don’t support unstaggered SL-PRS pattern.  
	Time domain pattern 
[bookmark: Proposal5547][bookmark: Proposal29326]The transmission of the SL-PRS within the defined SL slot format-like structure will allow for coexistence of SL-PRS with other non-positioning related SL transmissions within the same resource pool. In addition, it is noted that a SL-PRS transmission may be accompanied with positioning meta-data (e.g., the SL-PRS transmission at anchor UE along with known UE position, Rx-Tx time for RTT). Such combination of the SL-PRS and the positioning meta-data can reduce the need for additional signalling exchanges between a target UE and an anchor UE, especially if both pieces of information can be sent up front. In this regard, considering the current SL slot format, some symbols e.g., which currently carries PSSCH, DMRS and/or PSFCH, can be used for SL-PRS transmissions and the remaining PSSCH symbols can be used for transmitting positioning meta-data. Similarly, control information associated with SL PRS (such as indicating its resource allocation or configuration parameters) can make use of existing PSFCH or PSCCH resources. In case the transmitter of SL-PRS does not have any meta-data to transmit, a (mini-)slot that only consists of a dedicated set of resources for transmitting the control information associated with SL-PRS can be introduced, so as to avoid wastage of PSSCH resources in the legacy slots.
[bookmark: Proposal88512]Proposal 14: Study backward compatible slot design for transmitting SL-PRS and associated control information.   

	Resource allocation
	Resource pools
Similar to the on-demand PRS concept introduced in Rel. 17 for Uu-based positioning, SL PRS needs to be transmitted only when required, in order not to waste SL resources. This necessitates mechanisms for allocation of required resources for the transmission/reception of SL PRS. Related design questions would be:
	which spectrum is allocated for SL PRS transmission,
	whether SL PRS co-exists with other SL transmissions, 
	where exactly is SL PRS transmitted (in which SL resources),
	whether resource allocation modes 1 and 2 in NR SL communications can be reused for scheduling SL PRS.
Spectrum for SL positioning plays an important role, since when time-based measurement techniques are utilized, accuracy of the positioning would depend on the bandwidth of the utilized SL PRS. According to the current regulations [4]: 
	In Europe, 40 MHz (5875-5915 MHz) is designated for safety related ITS, prioritized for road.
	In the US, 30 MHz (5895-5925 MHz) dedicated for C-V2X from the ITS band at 5.9 GHz.
	In China, 10 MHz (5905-5915 MHz) from the ITS band is dedicated for the cellular V2V communications.
Further, in 3GPP Rel. 17, maximum allowed NR SL Resource pool configuration is 275 PRBs, which amounts to a maximum of 49.5 MHz [5].
[bookmark: _Hlk100054735]Such sizes of available bandwidth would be a limitation considering the high accuracy performance required for the SL positioning use cases (V2V, public safety, IoT, commercial). Therefore, besides the ITS band, allocation of licensed, and/or if necessary, unlicensed bands, for SL positioning, as well as required modification to the configuration and utilization of SL resource pools should be studied to enable transmission of wide-band SL PRS. In order to determine the frequency bands to be allocated for SL positioning purposes, the bandwidth requirements based on the performance evaluations should be considered first.

[bookmark: Proposal5552][bookmark: Proposal29331][bookmark: Proposal88513]Proposal 15: Allocation of frequency bands for SL positioning purposes, and any required modifications to the configuration and use of SL resource pools should consider the bandwidth requirements of SL positioning based on the performance evaluations to be conducted.

Given the scarcity of spectrum, SL resources can be more efficiently utilized if SL PRS transmissions can co-exist with other SL transmissions. Otherwise, reserving a certain band or sub-band for SL PRS transmission might waste these resources when they are not utilized. Co-existence, on the other hand, would require additional mechanisms, e.g., in order not to harm legacy SL communication transmissions. This would include multiplexing of SL PRS with other SL transmissions, as well as multiplexing of SL PRS belonging to different users, such as in time, frequency, or code. It is noted that resulting SINR (or decoding) performance of SL-PRS may be degraded at the respective receiver UE, e.g., target UEs when multiple, e.g., anchor UEs select the same time-frequency resources for their SL-PRS sequences transmission that may be non-orthogonal at the target UEs. Such degradation would in turn significantly affect the quality of positioning measurements (based on time, power, etc. over SL-PRS), hence the accuracy of location information to be estimated. Hence, coordination with the target UE may be needed for multiplexing of SL PRS.ku

[bookmark: Proposal88514][bookmark: Proposal5553][bookmark: Proposal29332]Proposal 16: Study mechanisms to support co-existence of SL PRS transmissions with other SL transmissions.

[bookmark: Proposal88515]Proposal 17: Study mechanisms to support multiplexing of SL PRS belonging to different users in time, frequency or code domain, such as in coordination with the target UEs.


In the previous RAN1 meeting, it has been agreed to study following two options for SL positioning resource (pre-)configuration:
	Option 1: Dedicated resource pool for SL PRS
	Option 2: Shared resource pool with SL communications 

Option 1 would result in waste of the scarce SL resources since dedicated resource pools would be utilized on demand, only when a request for positioning arises. Instead, Option 2 offers a more efficient alternative in terms of resource utilization. Nevertheless, Option 2 would allow transmission of wideband SL PRS within a single pool, without any collisions with legacy transmissions, in case of sufficient amount of dedicated resource pools.

[bookmark: Proposal88516]Proposal 18: Study transmission of SL PRS in legacy SL resource pools shared with other SL communications and any necessary mechanisms to enable transmission of SL PRS in dedicated pools.

On the other hand, given that the (pre-)configuration of SL resource pools are limited in frequency and time, additional mechanisms are necessary to accommodate wideband SL PRS transmissions, while enabling efficient resource re-use by multiplexing SL PRS and legacy SL transmissions, as well as by multiplexing SL PRS transmitted by different UEs in vicinity.

In order to accommodate wideband SL PRS transmissions, UEs could make use of multiple SL resource pools that are overlapping in frequency domain, (pre-)configured by the network. To enable reception of such transmission over multiple resource pools by the intended receivers that may not be originally (pre-)configured with these resource pools, additional control signaling mechanisms are necessary.

[bookmark: Proposal88517]Proposal 19: Study transmission of wideband SL PRS over multiple SL resource pools, including mechanisms to enable reception by intended UEs that may not be originally (pre-)configured with the utilized resource pools. 

	Co-existence of SL positioning and SL communications
In order to efficiently enable co-existence of SL positioning and SL communications within the same SL resource pool, legacy SL data transmissions can re-use the same slot and subchannel(s) as SL PRS transmissions. However, orthogonal resource elements (REs) within the subchannel should be utilized, since SL PRS sequence design is expected to occupy only a fraction of the REs within a slot. 

[bookmark: Proposal88518]Proposal 20: Study multiplexing of SL data and SL PRS transmissions by re-using the same slot and subchannel, including necessary mechanisms to enable resource coordination.

	On the efficiency of SL PRS resources
In order to efficiently utilize SL resources and reduce channel congestion, SL PRS transmitted by multiple SL positioning anchors in vicinity can be multiplexed using same time frequency resources, however occupying orthogonal sequences in code domain. To determine whether such resource re-use would be acceptable, additional mechanisms are necessary that would involve feedback from respective target UEs.

[bookmark: Proposal88519]Proposal 21: Study multiplexing of SL PRS transmitted by different UEs in vicinity in code domain, including additional mechanisms to determine whether such resource re-use would be acceptable.

In case of congested SL resource pools, it may not be possible for the UEs to find SL resources that are sufficiently wide enough in frequency domain so as to transmit a wideband SL PRS. Under such cases, UEs can transmit a SL PRS that is segmented over different time resources, with (partial) overlap in frequency domain or connected with a contiguous set of resources in time domain that would enable successful reconstruction of the wideband reference signal. 

[bookmark: Proposal88520]Proposal 22: Study wideband SL PRS transmission over segmented parts in time domain, including any necessary mechanisms for resource allocation.
 
	Resource Allocation: Mode 1, Mode 2, IUC 

Lastly, efficient mechanisms for scheduling of SL PRS are required. While SL PRS transmissions could be scheduled by the network when UEs are in (or partially) coverage, UEs should be able to schedule their own SL PRS transmissions when outside the network coverage. For these purposes, NR SL resource allocation modes 1 and 2 seem a suitable fit. However, any necessary modifications for SL positioning should be studied.
[bookmark: Proposal88521][bookmark: Proposal5556][bookmark: Proposal29335]Proposal 23: Prioritize re-using existing resource allocation modes 1 and 2 from NR SL communications for scheduling SL PRS transmissions, and study any necessary modifications.
>
Since there is no central entity like LMF in out of coverage SL positioning/ranging scenarios, there is a need for a ways to configure and trigger SL-PRS transmissions. In this regard, a straightforward way is to utilize inter-UE coordination (IUC) among peer UEs for SL positioning, i.e., enable, e.g., a target UE to configure or assist in configuration of SL-PRS transmission of, e.g., an anchor UE, by means of providing SL-PRS configuration assistance information to the anchor UE as per its preference. Here, the assistance information can include details corresponding to, e.g., SL-PRS generation (e.g., in case of Zadoff-Chu the generating root sequence and cyclic shift applied, and the length of the sequence which determined based on the accuracy requirements) and the resources to be used for the SL-PRS transmission (e.g., slot, symbol and/or frequency, sub-channel). However, when multiple target UEs are involved with an anchor UE and are providing SL-PRS configuration assistance information to the anchor UE, there may be conflict in SL-PRS configuration (i.e., SL-PRS parameters indicated by the target UEs may be incompatible (or not preferred) for each other). Hence, avoidance or handling of any potential conflicts of SL-PRS configurations belonging to the UEs in vicinity needs to be studied. 

[bookmark: Proposal88522]Proposal 24: Study assistance and avoidance of conflicts for SL PRS configurations among peer UEs, including mechanisms based on inter-UE coordination (IUC). 
Furthermore, how a peer UE, e.g., target UE selects an appropriate SL-PRS configuration for each anchor UE, in particular when the UE is not aware of channel towards the anchor UE (e.g., in the initial stages of SL positioning session) remains as a key open question. While the target may always choose the most conservative SL-PRS configuration to ensure high SL-PRS reception quality, this may be resource inefficient and therefore may not scale well, e.g., in denser UE deployment scenarios. To this end, between peer UEs of SL positioning  methods for tuning the SL-PRS configuration to the propagation and interference conditions particular to each target-anchor link need to be studied.
[bookmark: Proposal88523]Proposal 25: Study (re)selection of SL-PRS configuration as per target-anchor link conditions.


2	Conclusions
[bookmark: ConclusionsPObsInSeq]In this contribution, we have made the following observations and proposals related to potential solutions for SL positioning:
Observation 1: In SL positioning, assumptions 1 and 2 above do not hold anymore and tailoring the available positioning techniques to SL positioning needs to be realized under the SL-specific constraints in terms of at least:
Proposal 1: Different time/angle positioning techniques should be studied for SL positioning, to better evaluate their advantages and drawbacks w.r.t. at least the SL constraints a)-e) listed above.
Proposal 2: Study impact of the multiple antenna panels to LoS/NLoS conditions and positioning measurement for SL-AoA, SL-TDOA, SL-RTT, and SL-AoD positioning technique
Proposal 3: Study physical layer procedure including necessary measurement and report to support the SL-TDOA with both concepts of DL-TDOA and UL-TDOA.
Proposal 4: Study necessary reporting information to support SL-TDOA including at least measurement, time stamp(s), SL PRS resource(s), a reference for RSTD, and synchronization source information of UE such as gNB/ GNSS.
Proposal 5: SL-AoA positioning should take into account the geometric location of the antenna panels of the target UE and anchor UEs, and any necessary exchange of related information between the UEs and/or between the UEs and the network.
Proposal 6: Study if/how to expand the current NR RSRP/RSRPP measurement definition to SL PRS measurements. Study of SL-AOD can be deprioritized given that it requires FR2 support.
Proposal 7: RAN1 to prioritize the single-sided (i.e., one way) RTT for SL positioning to see if it could achieve the target accuracy requirement.  
Observation 2: Currently defined reference signals over the NR SL are not suitable for positioning purposes. 
Proposal 8: A new reference signal should be defined over SL interface for positioning purposes. For this, the structure of the UL SRS can be re-used, with any necessary modifications to be studied. 
Proposal 9: Study which SL resources (e.g., PSCCH, PSSCH, etc. within SL resource pools or independent time/frequency resources as in the case of S-SSB) can be utilized to transmit/receive SL PRS, and any required changes to the SL frame structure. 

Proposal 10: Consider prioritizing SL PRS design based on UL SRS (ZC-based sequence), with any necessary modifications to be studied. 
Proposal 11: Consider supporting the following parameters of SL-PRS structures: 
Proposal 12: Consider inheriting all or part of UL SRS structures for SL PRS. 
Proposal 13: Consider supporting fully staggered SL-PRS pattern and partially staggered SL-PRS pattern. Don’t support unstaggered SL-PRS pattern.  
Proposal 14: Study backward compatible slot design for transmitting SL-PRS and associated control information.   
Proposal 15: Allocation of frequency bands for SL positioning purposes, and any required modifications to the configuration and use of SL resource pools should consider the bandwidth requirements of SL positioning based on the performance evaluations to be conducted.

Proposal 16: Study mechanisms to support co-existence of SL PRS transmissions with other SL transmissions.

Proposal 17: Study mechanisms to support multiplexing of SL PRS belonging to different users in time, frequency or code domain, such as in coordination with the target UEs.

Proposal 18: Study transmission of SL PRS in legacy SL resource pools shared with other SL communications and any necessary mechanisms to enable transmission of SL PRS in dedicated pools.

Proposal 19: Study transmission of wideband SL PRS over multiple SL resource pools, including mechanisms to enable reception by intended UEs that may not be originally (pre-)configured with the utilized resource pools. 

Proposal 20: Study multiplexing of SL data and SL PRS transmissions by re-using the same slot and subchannel, including necessary mechanisms to enable resource coordination.

Proposal 21: Study multiplexing of SL PRS transmitted by different UEs in vicinity in code domain, including additional mechanisms to determine whether such resource re-use would be acceptable.

Proposal 22: Study wideband SL PRS transmission over segmented parts in time domain, including any necessary mechanisms for resource allocation.
Proposal 23: Prioritize re-using existing resource allocation modes 1 and 2 from NR SL communications for scheduling SL PRS transmissions, and study any necessary modifications.
Proposal 24: Study assistance and avoidance of conflicts for SL PRS configurations among peer UEs, including mechanisms based on inter-UE coordination (IUC). 
Proposal 25: Study (re)selection of SL-PRS configuration as per target-anchor link conditions.
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