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1 Introduction
The study on expanded and improved NR positioning introduces sidelink positioning as an objective [1]:
	· 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.




In this contribution, we discuss potential solutions for sidelink positioning. This includes, bandwidth requirements, positioning methods, as well as general design of sidelink positioning reference signals and procedures.
2 Background
Even though, historically, the main driver for cellular location-based services has been requirements from regulatory authorities, today, many public and private entities demand delivery of location information to enable commercially motivated location-based services.  The range of use cases that benefit from improved accuracy positioning services is broad, including industry, asset tracking, automotive, traffic management, hospitals (e.g. person and medical equipment location), shared bikes, aerial vehicles (drones), augmented reality, wearables, and so on. 
In NR Release 17, 3GPP RAN conducted studies on "NR Positioning Enhancements" and "Scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases". The study on "Scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases" focussed on V2X and public safety use cases with the outcome being captured in TR38.845. Additionally, SA1 has developed requirements in TS22.261 for "Ranging based services," and has developed positioning accuracy requirements in TS22.104 for IIoT uses cases in out-of-coverage scenarios. 
Within this growing and expanding positioning ecosystem, 3GPP needs to add additional features to provide a compelling and competitive 3GPP-based location suite. One of the main features that are expected to be added during NR Rel-18 is Sidelink positioning. 
3 [bookmark: _Ref101989985]Positioning Methods for Sidelink
RAN1 agreed to study four methods for sidelink positioning [3] and consider three as potential candidate methods [4]. In this section, we provide details and some observations on those methods.
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.

Agreement
With regards to the Positioning methods supported using at least SL measurements, potential candidate positioning methods include at least the following:
· RTT-type solution(s) using SL
· SL-AoA
· SL-TDOA
· Note: other methods can still be studied
· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified.  

Agreement
· From the potential candidate Positioning methods using at least SL measurements, at least the following should be introduced:
· RTT-type solution(s) using SL
· SL-AoA
· SL-TDOA
· FFS: SL-AoD

SL-RTT
RTT between two devices corresponds to a positioning method wherein the devices transmit and receive a SL-PRS waveform at least once, for the purpose of estimating the round-trip distance between the devices. At its basic feature, SL-RTT, could correspond to a case where each device transmits only once, as it is shown in the figure below; a feature that may also be known as single-sided RTT in other D2D positioning technologies. 
[image: ]
Figure 1 Example of single-sided RTT with 2 devices
RTT between devices is a known ranging method that does not require the UEs participating in the measurements having a common clock, since it does not require accurate synchronization among different nodes. 
RAN1 agreed to introduce RTT-type solutions and to decide whether they encompass both single-sided and double-sided RTT or only single-sided RTT.
In RTT, clock drift of each node itself could be a dominant component of measurement error, depending on the clock stability. RAN4 defines drift to be 0.1 PPM over 1ms, which could accumulate to a significant different depending on the time gap between the SL-PRS transmissions. Furthermore, the UE could change synchronization reference between SL-PRS transmissions, e.g. from GNSS to a UE synchronized to GNSS, which would have an effect similar to drift. It has been known that one way to try to mitigate the effect of clock drift in the RTT ranging method between devices is to employ a double-sided version as shown in the figures below: 
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Description automatically generated]
Figure 2 Single-sided RTT and double-sided RTT
[bookmark: _Toc118472064]Observation 1: Double-sided RTT can mitigate the effect of clock drift when performing RTT ranging.
[bookmark: _Toc118472082]Proposal 1: RTT-type solutions using SL correspond to either a single-sided or double-sided RTT method 
SL-AoA
Device-side Angle of Arrival is a method that hasn’t been discussed much in 3GPP during the previous releases. AoA method has been limited in TRP-side Angle of Arrival (derived based on SRS reception). However, for Sidelink Positioning, and given the existence of multiple receive antennas at the UE side, it is natural to consider and study sidelink AoA. 
[image: ]
It worth noting that other D2D connectivity technologies, e.g. UWB, have incorporated AoA as one of the main features for relative positioning, since a single SL-AoA measurement, together with a single SL-RTT measurement could provide a first estimate of a device location relative to another device. 
[bookmark: _Toc118472065]Observation 2: Device Angle of Arrival (AoA) is a positioning method used at a variety of D2D connectivity technologies (e.g. UWB, BT, WiFi) and has been successfully deployed in several occasions. 
[image: ]Angle of Arrival Estimation at a device depends fundamentally on the array configuration, which is proprietary information. Specifically, it depends on both the number of antennas at the device, their geometry (e.g. ULA, planar array, etc), and the relative distance between the antenna elements. Specifically, if the device has only 2 antennas, and assuming that the distance between the antennas is such that no wrap-around is introduced (, only azimuth AoA can be estimated as shown in the figure on the right, using the phase difference of the received signal. Similarly, this is true if the UE has ULA and all antennas are in a single line on the device. On the other hand, if the device has 3 antennas, on a plane (e.g. the first antenna lies at the origin, the second antenna lies on the -axis, and the third antenna lies on the  plane), 2 AoA angles can be estimated with respect to the  plane. Note that in such a case we cannot distinguish between a ray arriving above the plane and a ray with the same angle arriving below the plane (half-plane ambiguity). Such limitation exists also when there are more than 3 antennas that all lie on the same plane. 
[bookmark: _Toc118472066]Observation 3: Device Angle of Arrival (AoA) depends significantly on proprietary array configuration(s). 
Even though device AoA might need to take into account a variety of RF impairments (e.g. antenna isolation, IQ imbalance and phase response calibration/characterization), such a method will provide an different measurement type beyond timing measurements, and would enable relative/absolute positioning with a small set of SL anchor nodes. For example, an estimate of the relative positioning of a target device with respect to a SL anchor can be achieved with a single anchor if both SL-RTT and SL-AoA are specified. Furthermore, no additional signals or overhead is needed, since SL-AoA measurements will be performed on the same SL-PRS used for SL-RTT. Therefore, we overall consider it as a viable option to be prioritized in the NR Rel-18 study within the context of SL positioning. 
Support for SL-AoA has been agreed. One open issue is whether the frame of reference is local or global:
Agreement
For the study of SL-AoA positioning method, 
· Both SL Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement should be included 
· FFS: Definition of the measurements
· Study further whether other measurements can be applicable
· Study further the frame of reference (LCS or GCS)

In our view, both frames of reference should be supported and the choice can be based on the scenario. For relative positioning and ranging direction, a local coordinate system can be used, whereas for absolute positioning, a global coordinate system can be used.
[bookmark: _Toc118472083]Proposal 2: Both LCS and GCS are supported for SL-AoA measurements.
SL-TDoA
SL-TDOA would correspond to the positioning method where a cluster of at least 2 devices play the role of the set of anchors that transmit SL-PRS for a target device to measure and derive the Receive Signal Time Difference (RSTD). 
For such a method to be used in practice and result in good positioning performance, it would require strict synchronization within the devices that transmit the SL-PRS waveforms. Such synchronization may be difficult to be achieved in practice, especially for mobile devices. 

[image: Diagram

Description automatically generated]As a short reference from other D2D positioning solutions, in order to address this fundamental limitation of TDOA, UWB has specified One-way ranging (OWR) for Time Difference of Arrival (TDOA), wherein messages are exchanged between the anchors, which serve a twofold purpose:
· Position estimation: The target devices estimate their position from the received packets using TDoA.
· Time synchronization between the anchors: The Responder-Anchors synchronize their clocks with an Initiator-Anchor’s clock as a time reference.

[bookmark: _Toc118472067]Observation 4: SL-TDOA requires synchronization across the SL anchors in order to result into good positioning performance; a drawback that SL-RTT and SL-AoA methods do not have. Synchronization across SL anchors is simpler to achieve for fixed-location anchors.
[bookmark: _Toc118472068]Observation 5: Methods of achieving synchronization amongst anchor UEs may need to be looked into for SL-TDOA.
4 Sidelink Positioning Reference Signals
In this section, we discuss details of SL-PRS design.
Time-Domain Design
RAN1 agreed to use a pseudorandom sequence for SL-PRS with DL-PRS as a starting point:
Agreement
For the sequence of the new reference signal for SL positioning/ranging, use
· Alt. 1: pseudorandom-based. Use existing sequence of DL-PRS as a starting point.
In terms of frequency-domain pattern, RAN1 agreed to the following:
Agreement
With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following characteristics:
· With regards to the value N (comb size) and the number M of SL-PRS symbols within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround:
· At least the following values are considered as potential candidate values: N = {1,2,4,6,8,12}
· FFS: the values considered as potential candidate values for M
· FFS1: Whether to consider N>12 as a potential candidate value(s)
· The symbols of a SL-PRS resource within a slot are consecutive symbols
· FFS: consecutive and/or non-consecutive symbols for shared resource pool (if supported)
· FFS: RE-Offset sequence within a SL-PRS resource, including whether to have in the end of the SL-PRS pattern a symbol with the same RE-offset as the first symbol, for phase-tracking purpose
Agreement
With regards to the frequency domain pattern for multi-symbol SL-PRS, prioritize partially and fully staggered SL-PRS. 
· Note: this does not preclude comb N=1
· FFS: single symbol SL-PRS, if supported

RAN1 agreed to use SCI for signaling of SL-PRS resources, with details of SCI pending further discussion. If existing sidelink design principle is followed, where an SCI in PSCCH accompanies the reserved transmission, PSCCH will occupy 2 or 3 symbols in the slot, and more symbols would be occupied by SCI-2 and PSSCH DMRS if those are supported as well. In addition to PSCCH, one symbol is needed for AGC training and another for Rx-Tx turnaround, leaving only 9 or 10 symbols for SL-PRS, which is insufficient for a 12-symbol SL-PRS pattern. Hence, we propose to have a maximum of 8 symbols for SL-PRS. If a shared resource pool is supported, the number of SL-PRS symbols will be smaller and will depend on the PSSCH DMRS pattern used.
[bookmark: _Toc118472084]Proposal 3: In a dedicated resource pool, SL-PRS design has ,  where M does not include the symbols used for AGC training and Rx/Tx turnaround time
[bookmark: _Toc118472085]Proposal 4: In a shared resource pool, if supported, SL-PRS is transmitted on consecutive symbols between two symbols that carry PSSCH DMRS. 
Sidelink introduces additional requirements on signaling, primarily AGC calibration and Rx-Tx/Tx-Rx turnaround time which are captured in the following RAN1 agreement [3]:
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

Transmissions in sidelink arrive from different devices at different distances, pathloss, and transmission power compared to only from the gNB in downlink. This necessitates that the UE recalibrate its AGC for every transmission. To support this, sidelink communications duplicate the first PSCCH/PSSCH symbol on the preceding symbol as shown in Figure 3. PRS transmissions need to also accommodate AGC training at the receiver.
[image: ]
[bookmark: _Ref101960874]Figure 3: NR sidelink communications slot structure
[bookmark: _Toc118472069]Observation 6: There are no conditions under which AGC training is not required for sidelink signals.
Accommodating the AGC training time could be achieved by different methods: using the first SL PRS symbol for AGC training, introducing a symbol prior to the first SL PRS symbol, or using the AGC training symbol in a sidelink slot if SL PRS is transmitted with other sidelink signals as is the case for SL CSI RS.
[bookmark: _Toc118472086]Proposal 5: Sidelink PRS transmissions accommodate AGC training at the receiver by introducing a dedicated AGC training symbol prior to the first SL-PRS symbol.
To accommodate the transition from transmission to reception mode and vice versa, NR sidelink physical layer structure leaves a gap symbol after the last PSSCH symbol in a sidelink transmission as illustrated in Figure 3. This Rx-Tx turnaround time must also be ensured when PRS transmissions are performed. The same approach used to select the method for accommodating AGC training time could also apply to accommodating the Rx-Tx turnaround time.
[bookmark: _Toc118472070]Observation 7: There are no conditions under which Rx-Tx turnaround time is not required for sidelink signals.
[bookmark: _Toc118472087]Proposal 6: In a dedicated resource pool, sidelink PRS transmission accommodate Rx-Tx turnaround by introducing a gap symbol after SL-PRS symbols.
Frequency-Domain Design
In Rel-16, it was agreed that DL PRS is not FDMed with other signals and that there is no data/control transmission in the time-frequency grid of dedicated DL-PRS [2]:
	Agreement:
NR DL PRS design for FR1 and FR2 supports:
Configurable NR DL PRS signal bandwidth
· FFS granularity of configuration, relationship with BWPs, whether the configuration is cell and/or UE specific
Configurable NR DL PRS signal numerology (SCS)
· FFS configurability of CP for NR DL PRS
Configurable NR DL PRS frequency and time allocation
Use of DL beam sweeping / alignment
· i.e. beam alignment of gNB DL PRS transmission and UE reception of DL PRS
Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation
· FFS signaling details
Dedicated NR DL PRS resources - time-frequency grid at resource block level 
· PRS transmitted in one cell may or may not collide with PRS transmissions in other cell
· e.g. frequency vShift/comb-offset is the same or different for two different PRSs in the same RB
· There is no data/control transmission in time-frequency grid of dedicated NR-DL PRS resources
· FDM multiplexing with other signals at RE level inside of PRS time-frequency grid is precluded
· FFS interference randomization techniques across PRS signals
FFS shared in time/frequency NR DL PRS resources with other transmissions including data/control
· FFS which physical channel/signals can share resources with NR DL PRS
· FFS interference randomization techniques for PRS transmission with other signals



Similar design should be use for SL-PRS to maintain measurement quality.
[bookmark: _Toc118472088]Proposal 7: There is no data/control transmission in time-frequency grid of SL PRS resources.
[bookmark: _Toc118472089]Proposal 8: FDM multiplexing with other signals at RE level inside of SL PRS time-frequency grid is precluded.
[bookmark: _Toc118472090]Proposal 9: Transmission of other SL signals and channels in the same OFDM symbol as SL PRS is precluded.
RAN1 agreed two alternatives regarding the SL-PRS transmission bandwidth:
Agreement
At least for a dedicated resource pool for positioning,
· With regards to the bandwidth of SL-PRS transmission, downselect from the following alternatives: 
· Alt. 1: The bandwidth of SL-PRS can be same or smaller than that of the resource pool
· Alt. 2: The bandwidth of SL-PRS shall be the same as that of the resource pool 
· Note: Companies are encouraged to provide their analysis and views on the above alternatives
· FFS: Bandwidth of SL-PRS transmission for shared resource pool (if supported)
The primary motivation for Alt 1 is to FDM SL-PRS from different UEs in the same OFDM symbol(s). This would degrade performance of SL-PRS measurements and complicate its detection. Additionally, such an approach could make it more difficult to find large bandwidth SL-PRS resources that have low or no interference since smaller-bandwidth SL-PRS reservations could fragment the available resources. On the other hand, Alt 2, i.e. always using the same bandwidth as that of the resource pool, simplifies resource selection and reservation as well as providing the most bandwidth to facilitate accurate measurements.
It is unlikely that dynamically indicating SL-PRS bandwidth would lead to power savings since the UE would have to be ready to expect a full bandwidth, i.e. SL-PRS bandwidth is equal to that of the resource pool, at any moment and would not be able to reduce the monitored bandwidth. A more efficient approach is to have multiple SL-PRS resource pools with different bandwidths and a UE can monitor a subset of those resource pools for example.
[bookmark: _Toc118472071]Observation 8: Allowing the SL-PRS bandwidth to be less than that of the resource pool causes resource fragmentation and makes it more difficult to find large bandwidth SL-PRS resources with low interference.
[bookmark: _Toc118472091]Proposal 10: At least for a dedicated resource pool, support Alt 2, i.e. the bandwidth of SL-PRS shall be the same as that of the resource pool.
5 Sidelink Positioning Resource Allocation and Procedures
RAN1 agreed consider different options for configuration/activation/deactivation/triggering of SL-PRS [3][4]:
Agreement
With regards to the configuration/activation/deactivation/triggering of SL-PRS, study the following options:
· Option 1: High-layer-only signaling involvement in the SL-PRS configuration
· No Lower layer involvement, e.g., SL-MAC-CE or SCI or DCI, for the activation or the triggering of a SL-PRS. 
· Based on the study, this option may correspond to
· A SL-PRS configuration that is a single-shot or multiple shots 
· A high-layer configuration that may be received from an LMF, a gNB, or a UE
· Option 2: High-layer and lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
· For example, high layer signaling can may be used for SL-PRS configuration and lower layer signaling can may be used for initiating SL positioning and/or configuration/triggering/activating/deactivating/indicating and potential resource indication/reservation transmission of SL-PRS.
· Option 3: Only lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
· Note 1: Include aspects in the study related to flexibility, overhead, latency, and reliability as/if needed.

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

In this section, we discuss configuration, activation/deactivation, and triggering, as well as a reservation, highlighting the requirements introduced by sidelink and why they need to be considered as distinct operations. This is different from Uu where, for example, there is no reservation and the gNB could perform all three remaining operations using a single DCI transmission.
[bookmark: _Toc118472072]Observation 9: Configuration, activation/deactivation, triggering, reservation, and resource selection are distinct operations in sidelink and should be considered separately.
Triggering
In sidelink Mode 2 resource allocation, higher layers trigger the resource selection procedure in the physical layer, e.g. upon packet arrival, as shown in Figure 4. Also, higher layers trigger PHY to transmit CSI-RS. Similarly, higher layers determine which sensing type to use from among the (pre-)configured options. In general, triggering starts in the UE’s higher layers, not in lower layers due to the lack of centralized control and scheduling. Higher layers can coordinate with other UEs, e.g. at the protocol or application layer, and exert control within the UE to meet application requirements and maintain system performance, tasks that would have been performed by the network in other cases.
[image: ]
[bookmark: _Ref115163677]Figure 4 Sidelink transmission triggering and flow in Mode 2 RA
[bookmark: _Toc118472073]Observation 10: Operations are generally being triggered by the UE’s own higher layers in sidelink when using Mode 2 RA.
One possible option discussed in RAN1 is to use lower-layer signaling, e.g. SCI or SL MAC-CE, from another UE to trigger SL-PRS transmission. Removing higher layers from the loop in this manner brings up a number of issues. For example, there is no security or authentication mechanism associated with SCI or SL MAC-CE and using them to trigger another UEs behavior could result in security issues that are out of RAN1’s expertise. As mentioned earlier, higher layers ensure system performance based on target application, this knowledge is absent in lower layers and using lower-layer triggers results in loss of this functionality. Lastly, triggering by the UE’s own higher layers does not imply that a positioning session cannot be initiated by another UE, only that such operation occurs at the higher layers and then the UE’s PHY receives the trigger from its own higher layers.
[bookmark: _Toc118472074]Observation 11: Triggering SL-PRS by higher layers offers enhanced security and knowledge of scenario requirements compared to triggering by lower layers.
When considering network-centric operation, i.e. Scheme 1, a number of options exist for triggering SL-PRS: higher-layers, MAC-CE, or DCI. Currently, there is no procedure defined for a MAC-CE on downlink triggering a sidelink operation and the benefits for introducing such a procedure for SL-PRS triggering is not clear. Using DCI could increase the complexity of PDCCH monitoring in the UE and it not clear if DCI triggering is beneficial in this case and it is preferable to not introduce it. Using higher-layer triggering as a unified solution for Scheme 1 and Scheme 2 simplifies implementation and specification work. It is also consistent with RAN2’s agreement to wait for SA2’s work on triggering:
Agreement:
RAN2 wait for SA2 on the triggering of the positioning procedures from upper layers

[bookmark: _Toc118472092]Proposal 11: Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers only.
In this setup, there is no need for the receiver to receive an explicit trigger for it to receive SL-PRS. This is similar to communications in sidelink where there is no trigger for reception. 
[bookmark: _Toc118472075]Observation 12: An explicit trigger is not needed for the reception of SL-PRS. Reservation information suffices to inform the receiver when to expect SL-PRS.
The issue of requests for SL-PRS transmission was discussed in RAN1 110bis-e. The core of the discussion was whether a request is a higher-layer or lower-layer message and procedure. Positioning is a higher layer operation and requesting that another UE transmit PRS requires higher layer involvement to validate the source of the request and to prevent denial of service and other attacks that could overload the system. General QoS concerns aside from security also need to be addressed, for example, reducing non-essential SL-PRS traffic in case of an emergency to leave more resources for emergency vehicles and first responders. Further, defining a lower-layer mechanism for requests requires dedicated signaling as was done in Rel-17 inter-UE coordination, which is not necessary in the positioning case since the UEs higher layers will need to decide whether to accept a request or not and there will not be a benefit from the lower latency of L1 signaling.
[bookmark: _Toc118472093]Proposal 12: Requests for transmission of SL-PRS are introduced as higher-layer messages and no explicit support is needed in lower layers or RAN1 work.
Activation/Deactivation
Activation and deactivation starts and stops a periodic or semi-persistent process. In sidelink, there is no distinction between periodic and semi-persistent processes and they both are considered periodic processes. In Mode 1 resource allocation, periodic transmissions are achieved by configured grant type 1 and type 2, which are RRC and DCI activated, respectively. In Mode 2, there is no external activation or deactivation of periodic transmissions and the decision whether to use a periodic transmission or an aperiodic one is up to the UE’s higher layers. In Uu positioning, the LMF starts/stops periodic PRS transmissions on-demand at the gNB.
For Scheme 2 SL positioning operation, activation/deactivation by higher layers is a straightforward solution that follows existing sidelink design. Like triggering, this would also address issues related to security, scenario requirements, and inter-UE interaction.
Scheme 1 SL positioning operation can reuse the higher-layer activation/deactivation design from Scheme 2 to provide a unified framework, minimizing the differences between the two schemes. It could become part of the higher-layer triggering procedure as well.
Higher-layer activation and deactivation of SL-PRS periodic transmission is a suitable, unified solution for both Scheme 1 and Scheme 2 positioning operation. Hence, we propose to adopt it:
[bookmark: _Toc118472094]Proposal 13: Support SL-PRS transmission activation/deactivation at the physical layer by the UE’s own higher layers only.
Configuration
In sidelink, there are three methods for providing configuration to a UE: RRC pre-configuration, RRC configuration from the network, and PC5-RRC configuration from another UE. The first two are interchangeable from a PHY point of view and referred to as (pre-)configuration in RAN1 agreements and specifications. PC5-RRC configuration is limited to unicast and hence introduced unnecessary limitations to positioning operations. The limitations of using PC5-RRC as the sole configuration method and transport as discussed in detail in our RAN2 contribution.
[bookmark: _Toc118472076]Observation 13: PC5-RRC configuration is limited to unicast and could only be applied for that cast type. Hence it is not suitable as the sole method for SL-PRS configuration.
Resource Selection and Reservation
RAN1 agreed to study and support both network centric and UE autonomous resource allocation for SL PRS [4] and to use at least SCI for SL-PRS resource reservation/indication:
Agreement
Regarding SL-PRS resource allocation, both Scheme 1 and Scheme 2 should be introduced for supporting SL positioning/ranging:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)
· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS. 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS

Agreement
With regards to SL signaling of the reservation/indication of SL-PRS resource(s) for dedicated resource pool and shared resource pool (if supported) for positioning:
· Option A.1: SCI can be used for reserving/indicating one or more SL-PRS resource(s)
· Note: This does NOT mean that only SCI is being used. There can still be higher layer signaling for the purpose of indicating a part of SL-PRS configuration.
· FFS: Whether SCI is single stage SCI or two stage SCI
· FFS: SL-MAC-CE or other higher-layer signaling reservation/indication

Regarding the signaling, in a case analogous to Mode 1 RA, the network (LMF and/or gNB) selects the resources for SL-PRS and indicates them to the UE. A solution where higher layers indicate resources would share significant parts of the protocol with the LMF-based approach and be better adapted for when UEs go in and out of coverage. Such a unified approach is highly desirable; hence we propose to have higher-layer perform resource selection and use higher-layer signaling for reservations of SL PRS. Figure 5 illustrates the process of higher-layer resource selection and reservation.
[image: ]
[bookmark: _Ref115375451]Figure 5 Resource selection and reservation by higher layers
[bookmark: _Toc118472095]Proposal 14: The UE’s own higher layers select and indicate resources to its physical layer for SL-PRS in Scheme-2 SL PRS resource selection.
[bookmark: _Toc118472096]Proposal 15: SL-PRS resource reservations are indicated to the receiver UE by a higher layer message in addition to or in place of SCI.
SCI signaling in sidelink does not support cross resource-pool reservations. One primary reason is that the same resource pool could have different indices at different UEs, for example if the UEs have a different number of resource pools or the UEs are configured by different networks. Hence, for SCI to reserve SL-PRS resources, it needs to be in the same resource pool as SL-PRS. Such a restriction is not necessary if higher-layer messages are used for reservation since higher layers could provide additional identifiers for the resource pool, e.g. based on application, that ensure common understanding among the different UEs regarding the SL-PRS resource pool.
[bookmark: _Toc118472077]Observation 14: Existing SL SCI design does not support cross resource pool reservations.
[bookmark: _Toc118472078]Observation 15: Different UEs could have different indices for the same resource pool, causing inconsistent reservations among UEs.
[bookmark: _Toc118472079]Observation 16: Higher layer reservation could avoid resource pool index inconsistency among UEs.
For higher layers in out-of-coverage scenarios and for the network in partial-coverage scenarios and in-coverage scenarios with UE-autonomous resource allocation to learn about resources availability for PRS, lower layers might need to report resources to be used by other UEs for SL-PRS transmission.
[bookmark: _Toc118472080]Observation 17: In some cases, lower layers might need to report resources to be used by other UEs for SL-PRS transmission to higher layers and/or network.
SL Positioning Resource Pools
In this section, we discuss where SL-PRS transmissions take place. RAN1 agreed to study two options [3]:
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

Following the Uu positioning design of not FDMing other signals and channels with DL-PRS, having SL-PRS not FDMed with other SL signals and channels would be facilitated by PRS-only resource pools. In such resource pools, only PRS transmissions can take place, hence other channels and signals are precluded by default. As discussed earlier, the triggering and scheduling of SL-PRS transmissions in this resource pool would be triggered by higher layers, obviating the need for other signals.
To quantify the performance of each option, dedicated resource pool for SL PRS vs. shared resource pool, we analyze the performance of sidelink data communications as well as the number of simultaneous SL positioning sessions that can be supported using each option in a highway scenario.
For Option 1, two resource pools are configured: one for sidelink communications and one for SL PRS. Reservations for SL PRS resources are transmitted in the communications resource pool and so are measurement reports. The SL PRS resource pool occupies 20 contiguous slots out of every 200 slots. Messages carrying SL PRS resources occupy a single sub-channel and SL PRS transmissions themselves occupy the entire bandwidth. In this analysis, the resource pools are TDMed and other configurations are also possible.
For Option 2, a single resource pool is configured and is shared between sidelink communications and SL PRS. The SL PRS transmission structure follows that of SL CSI RS where the transmission is unicast and includes PSCCH and PSSCH in addition to SL PRS to maintain compatibility with other sidelink transmissions in the resource pool. SL PRS transmissions follow resource selection and are not reserved since retransmission is not performed for SL PRS. 
The two schemes are illustrated in Figure 6.
[image: ][image: ]
[bookmark: _Ref111049273]Figure 6: Resource pool choice for SL PRS
The performance of the two options is compared in Figure 7. First, it can be observed that using a shared resource pool negatively impacts the performance of sidelink data communications in that pool compared to using a dedicated pool for SL PRS and TDMing the two pools. The range at which the achievable data PRR is 95% is reduced by ~120m (26%). This is due to increase in collisions between data and SL PRS, where the latter occupies large bandwidth and is transmitted unreserved.
[image: ]
[bookmark: _Ref111050103]Figure 7: Performance Comparison of SL PRS Resource Pool Options
[bookmark: _Toc118472081]Observation 18 Using a shared resource pool for sidelink communications and SL PRS degrades performance of sidelink communications compared to using a dedicated pool for SL PRS.
[bookmark: _Toc118472097]Proposal 16: In a dedicated resource pool, only SL-PRS transmissions can take place without other SL signals or channels if higher layers can be used to signal SL-PRS resource reservation and SCI is not.
[bookmark: _Toc118472098]Proposal 17: If SCI is used for resource reservation, only SL-PRS and the PSCCH that carries the SCI associated with SL-PRS transmission are included.
RAN1 discussed, but did conclude on, the relation of the of the dedicated resource pool for SL-PRS to the carrier of a SL communication resource pool [7]:
[MEDIUM] Feature Lead Proposal 5.1.B-v1
With regards to the frequency allocation of the dedicated resource pool for SL-PRS,:
· Relation of the dedicated resource pool for SL-PRS to the BWP of a SL communication resource pool: 
· Pick one of the following alternatives:
· Alt. 1: The dedicated SL-PRS resource pool is associated with the one SL BWP of the carrier of a carrier that is the same as that of the SL communication resource pool
· Alt. 2: The dedicated SL-PRS resource pool can be associated with a BWP of a carrier that can be the one SL BWP of the carrier or introduce a second BWP.same or different to the BWP of the SL communication resource pool
· Relation of the dedicated resource pool for SL-PRS to the carrier of a SL communication resource pool: 
· Pick one of the following alternatives:
· Alt. 1: The dedicated SL-PRS resource pool is on the carrier of the SL communication resource pool
· Alt. 2: The dedicated SL-PRS resource pool can be on a carrier that can be the same or different from the carrier of the SL communication resource pool
Enabling the dedicated SL-PRS pool to be on a carrier that is different from that of the SL communications resource pool, greatly expands the spectrum available for sidelink positioning, for example by allowing SL-PRS transmissions on licensed spectrum while sidelink communications take place on narrower spectrum like Band n14 for public safety. It also provides the UE power savings opportunities where the UE would not monitor the carrier with the SL-PRS resource pool unless it is a part of a positioning operations. With higher-layer control of SL-PRS, supporting two carrier would incur little to no changes in RAN1.
[bookmark: _Toc118472099]Proposal 18: Support the dedicated SL-PRS resource pool being on a carrier that can be different from that of the sidelink communications resource pool.
6 Sidelink Positioning Measurements
In this section we go over high layer directions with regards to sidelink positioning measurements. 
Sidelink Positioning Measurements 
As discussed in Section 3, at least SL-RTT and SL-AoA should be supported as positioning methods. To support these two methods, UE Rx-Tx time difference and AoA (including both azimuth and zenith angles) measurements are needed. RSTD and RSRP/RSRPP measurements are required to support TDoA and AoD methods, respectively. Table 1 summarizes these measurements.
[bookmark: _Ref101990877]Table 1: Measurements for different positioning/ranging methods
	Method
	Required measurements

	SL-RTT
	SL Rx-Tx time difference

	SL-AoA
	Azimuth of arrival and zenith of arrival.

	SL-TDoA
	SL-RSTD

	SL-AoD
	SL-RSRP, SL-RSRPP



[bookmark: _Toc118472100]Proposal 19: Support UE Rx-Tx time difference measurements derived on SL-PRS to enable SL-RTT ranging.
[bookmark: _Toc118472101]Proposal 20: Support angle of arrival (both azimuth and zenith angles) measurements to enable SL-AoA positioning.
[bookmark: _Toc118472102]Proposal 21: Support RSTD measurement to enable SL-TDoA positioning.
[bookmark: _Toc118472103]Proposal 22: Support SL-RSRP measurement and, if SL-AoD is supported, SL-RSRPP.
Reporting of Sidelink Positioning Measurements
In RAN1 #109-e, it was agreed to further discuss whether SL positioning measurement reports can be higher-layer reports and/or lower layer reports. Some report elements were also agreed:
Agreement
With regards to the Sidelink Positioning measurement report,
· Study the contents of the measurement report  (e.g. time stamp(s), quality metric(s), ID(s), angular/timing/power measurements, etc)
· Study the time domain behavior of the measurement report (e.g. one-shot, triggered, aperiodic, semi-persistent, periodic)
· FFS whether the Sidelink Positioning measurement can be a high-layer report and/or a lower layer report.

Agreement
For the content of the sidelink positioning measurement report, potential elements may include at least the following:
· One or more sidelink positioning measurement(s)
· Timestamp(s) associated with a sidelink positioning measurement 
· Quality metric(s) associated with a sidelink positioning measurement 
· Identification Information for a sidelink positioning measurement
· FFS any detail for the above


In NR Rel-16/17 Uu Positioning, as was the case for LTE positioning, the high-layer LPP protocol has been used for reporting location information within a common multi-technology, multi-positioning-method framework. LPP was created by 3GPP for enabling Control Plane based positioning on LTE. In NR Rel-16, it was extended to include NR Positioning.  
For the case of in-coverage joint Uu/SL positioning, it is natural to consider a UE being able to report measurements using a higher-layer protocol, as it is the case for NR Uu Positioning. Introducing physical layer reports, or using a MAC layer for reporting sidelink measurement will not be a forward compatible solution as more features are incorporated in the future. For the case of out-of-coverage positioning, without network involvement, keeping the configuration and reporting of measurements at a high-layer would have similar advantages.
[bookmark: _Toc118472104]Proposal 23: From RAN1 perspective, the SL positioning report is a high-layer report. Up to RAN2 & SA2 working groups to identify and design the necessary architecture, signaling and protocols.
In addition to the basic measurements, at a minimum include in the report a time stamp, a quality metric, and a UE can be reported with the measurement results as in Release-16 and 17.

[bookmark: _Toc118472105]Proposal 24: Study information to be included in a sidelink positioning measurement report, in addition to the basic UE measurements, including at least the following: time stamp(s), quality metric(s), UE-ID(s), SL-PRS resource ID(s).
In terms of time-domain behavior, both one-shot reporting and periodic reporting are beneficial for sidelink. One-shot reporting handles the cases where a UE only needs to update its location based on an event or a trigger. Whereas periodic reporting is covers the cases of UEs that needs its position frequently updated. In both cases, and as discussed earlier, triggering or activation would be performed by higher layers and higher-layer messaging.
[bookmark: _Toc118472106]Proposal 25: Support higher-layer one-shot measurement reporting.
[bookmark: _Toc118472107]Proposal 26: Support higher-layer periodic measurement reporting.
The other FFS in the resource allocation agreement is on how to handle resource allocation of SL positioning measurement reports. In our view, measurement reports are higher-layer messages as proposed in a later section and do not require special resource allocation: they are transmitted as other sidelink message and follow the sidelink data resource allocation mechanisms.
[bookmark: _Toc118472108]Proposal 27: SL positioning measurement reports are transmitted as any other sidelink data and no special resource allocation mechanism is introduced for them.
7. Power Control
RAN1 agreed to study power control for SL-PRS transmissions:
Agreement
Study power control mechanisms for SL-PRS transmission, including whether it is necessary.
Proposal to use DL power control when applicable.
In sidelink communications, there are methods for performing open-loop power control: sidelink-pathloss based poiwer control and downlink-pathloss based power control. The combination of the two is also supported and both can be disabled as well. We propose to study both types of OLPC and to support at least DL-pathloss based OLPC for in-coverage UEs.
[bookmark: _Toc118472109]Proposal 28: Study SL-pathloss based OLPC for SL-PRS transmission.
[bookmark: _Toc118472110]Proposal 29: Support DL-pathloss based OLPC for SL-PRS transmission for in-coverage UEs.
1. Conclusions
Observation 1: Double-sided RTT can mitigate the effect of clock drift when performing RTT ranging.
Observation 2: Device Angle of Arrival (AoA) is a positioning method used at a variety of D2D connectivity technologies (e.g. UWB, BT, WiFi) and has been successfully deployed in several occasions.
Observation 3: Device Angle of Arrival (AoA) depends significantly on proprietary array configuration(s).
Observation 4: SL-TDOA requires synchronization across the SL anchors in order to result into good positioning performance; a drawback that SL-RTT and SL-AoA methods do not have. Synchronization across SL anchors is simpler to achieve for fixed-location anchors.
Observation 5: Methods of achieving synchronization amongst anchor UEs may need to be looked into for SL-TDOA.
Observation 6: There are no conditions under which AGC training is not required for sidelink signals.
Observation 7: There are no conditions under which Rx-Tx turnaround time is not required for sidelink signals.
Observation 8: Allowing the SL-PRS bandwidth to be less than that of the resource pool causes resource fragmentation and makes it more difficult to find large bandwidth SL-PRS resources with low interference.
Observation 9: Configuration, activation/deactivation, triggering, reservation, and resource selection are distinct operations in sidelink and should be considered separately.
Observation 10: Operations are generally being triggered by the UE’s own higher layers in sidelink when using Mode 2 RA.
Observation 11: Triggering SL-PRS by higher layers offers enhanced security and knowledge of scenario requirements compared to triggering by lower layers.
Observation 12: An explicit trigger is not needed for the reception of SL-PRS. Reservation information suffices to inform the receiver when to expect SL-PRS.
Observation 13: PC5-RRC configuration is limited to unicast and could only be applied for that cast type. Hence it is not suitable as the sole method for SL-PRS configuration.
Observation 14: Existing SL SCI design does not support cross resource pool reservations.
Observation 15: Different UEs could have different indices for the same resource pool, causing inconsistent reservations among UEs.
Observation 16: Higher layer reservation could avoid resource pool index inconsistency among UEs.
Observation 17: In some cases, lower layers might need to report resources to be used by other UEs for SL-PRS transmission to higher layers and/or network.
Observation 18 Using a shared resource pool for sidelink communications and SL PRS degrades performance of sidelink communications compared to using a dedicated pool for SL PRS.

Proposal 1: RTT-type solutions using SL correspond to either a single-sided or double-sided RTT method
Proposal 2: Both LCS and GCS are supported for SL-AoA measurements.
Proposal 3: In a dedicated resource pool, SL-PRS design has ,  where M does not include the symbols used for AGC training and Rx/Tx turnaround time
Proposal 4: In a shared resource pool, if supported, SL-PRS is transmitted on consecutive symbols between two symbols that carry PSSCH DMRS.
Proposal 5: Sidelink PRS transmissions accommodate AGC training at the receiver by introducing a dedicated AGC training symbol prior to the first SL-PRS symbol.
Proposal 6: In a dedicated resource pool, sidelink PRS transmission accommodate Rx-Tx turnaround by introducing a gap symbol after SL-PRS symbols.
Proposal 7: There is no data/control transmission in time-frequency grid of SL PRS resources.
Proposal 8: FDM multiplexing with other signals at RE level inside of SL PRS time-frequency grid is precluded.
Proposal 9: Transmission of other SL signals and channels in the same OFDM symbol as SL PRS is precluded.
Proposal 10: At least for a dedicated resource pool, support Alt 2, i.e. the bandwidth of SL-PRS shall be the same as that of the resource pool.
Proposal 11: Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers only.
Proposal 12: Requests for transmission of SL-PRS are introduced as higher-layer messages and no explicit support is needed in lower layers or RAN1 work.
Proposal 13: Support SL-PRS transmission activation/deactivation at the physical layer by the UE’s own higher layers only.
Proposal 14: The UE’s own higher layers select and indicate resources to its physical layer for SL-PRS in Scheme-2 SL PRS resource selection.
Proposal 15: SL-PRS resource reservations are indicated to the receiver UE by a higher layer message in addition to or in place of SCI.
Proposal 16: In a dedicated resource pool, only SL-PRS transmissions can take place without other SL signals or channels if higher layers can be used to signal SL-PRS resource reservation and SCI is not.
Proposal 17: If SCI is used for resource reservation, only SL-PRS and the PSCCH that carries the SCI associated with SL-PRS transmission are included.
Proposal 18: Support the dedicated SL-PRS resource pool being on a carrier that can be different from that of the sidelink communications resource pool.
Proposal 19: Support UE Rx-Tx time difference measurements derived on SL-PRS to enable SL-RTT ranging.
Proposal 20: Support angle of arrival (both azimuth and zenith angles) measurements to enable SL-AoA positioning.
Proposal 21: Support RSTD measurement to enable SL-TDoA positioning.
Proposal 22: Support SL-RSRP measurement and, if SL-AoD is supported, SL-RSRPP.
Proposal 23: From RAN1 perspective, the SL positioning report is a high-layer report. Up to RAN2 & SA2 working groups to identify and design the necessary architecture, signaling and protocols.
Proposal 24: Study information to be included in a sidelink positioning measurement report, in addition to the basic UE measurements, including at least the following: time stamp(s), quality metric(s), UE-ID(s), SL-PRS resource ID(s).
Proposal 25: Support higher-layer one-shot measurement reporting.
Proposal 26: Support higher-layer periodic measurement reporting.
Proposal 27: SL positioning measurement reports are transmitted as any other sidelink data and no special resource allocation mechanism is introduced for them.
Proposal 28: Study SL-pathloss based OLPC for SL-PRS transmission.
Proposal 29: Support DL-pathloss based OLPC for SL-PRS transmission for in-coverage UEs.
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