[bookmark: DocumentFor]3GPP TSG RAN WG1 #110		                         			  R1-2206124
Toulouse, France, August 22nd – 26th, 2022

Agenda Item: 	9.5.1.3
Source: 	Sony 
Title: 	Considerations on potential solutions for SL positioning
Document for: 	Discussion & Decision
1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A new release-18 study item on expanded and improved NR positioning was approved in RANP#94e meeting in December 2021 [1]. The study item to develop sidelink positioning is related to the outcome of the previous study/report, the study on "Scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases" which focussed on V2X and public safety use cases with the outcome being captured in TR 38.845. Additionally, SA1 has developed requirements for "Ranging based services" in TS 22.261, and positioning accuracy requirements for IIoT uses cases in out-of-coverage scenarios in TS22.104.
The particular objective related to the sidelink positioning in Rel-18 is given below [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 RAN1#109e meeting as the first NR Positioning Rel-18 discussion, the following selected agreements were made [2]:
	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.
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.
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.
For the purpose of RAN1 discussion during this study item, at least the following terminology is used:
· Target UE: UE to be positioned (in this context, using SL, i.e. PC5 interface).
· Sidelink positioning: Positioning UE using reference signals transmitted over SL, i.e., PC5 interface, to obtain absolute position, relative position, or ranging information.
· Ranging: determination of the distance and/or the direction between a UE and another entity, e.g., anchor UE.
· Sidelink positioning reference signal (SL PRS): reference signal transmitted over SL for positioning purposes.
· SL PRS (pre-)configuration: (pre-)configured parameters of SL PRS such as time-frequency resources (other parameters are not precluded) including its bandwidth and periodicity. 
· Continue discussion on additional terminology clarification(s) such as: Initiator UE, Responder UE, Sidelink Positioning group, reference UE, etc, including whether such terminology is needed within RAN1 discussion. 
For the purpose of RAN1 discussion during this study item, at least the following terminology is used:
· Anchor UE: UE supporting positioning of target UE, e.g., by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc., over the SL interface. 
· FFS: clarification of the knowledge of the location of the anchor UE
[bookmark: _Hlk104074592]
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)
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
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
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




This contribution provides our views / considerations on potential solutions for SL positioning.
2. Discussion
Sidelink Reference Signal
Studying of sidelink reference signals for positioning purposes is part of the study item. In the existing NR sidelink, the following reference signals have been used:
· Demodulation reference signal (DMRS): for channel estimation purpose to be used for demodulation.
· Sidelink PSS/SSS: for synchronization purpose
· Sidelink Channel State Information (CSI): for channel measurement
· Sidelink Phase-tracking reference signal (PTRS): for the mitigation of the effect of phase noise.
The aforementioned reference signals are not designed for positioning purpose. However, positioning reference signals have been introduced in Uu-interface, such as:
· DL-Positioning reference signal (PRS): for positioning purpose in downlink direction based on Gold sequence.
· UL-Sounding reference signal (SRS) for positioning: for positioning purpose in uplink direction and based on Zadoff-Chu sequence.
During study item phase of NR positioning rel-16, extensive study had been carried out and resulting in the selection of the above reference signal for positioning using Uu interface. UL-SRS which is based on Zadoff-Chu sequence with the main property of low-PAPR. The signal with low-PAPR is beneficial for the UE to obtain high power amplifier efficiency, hence, improved UE power consumption. Based on this reason, we consider sidelink positioning reference signal is similar to UL-SRS for positioning in Uu-link. Further modifications may be needed to customize the property of sidelink transmission.
[bookmark: _Toc111194522]Proposal 1: Support UL-SRS as the sidelink reference signal for positioning, at least as the baseline during the evaluation.

Sidelink Resource Allocation
In principle, the legacy sidelink resource allocation can be reused for positioning purpose. However, the resource utilization may not be optimal. For example, SL for positioning may require wider bandwidth while SL for communication as in legacy may not always need wider bandwidth. Allocating wider bandwidth for the legacy sidelink may results in unutilized resources.
Sidelink resource allocation for positioning, especially for SL-PRS transmission were initially discussed in RAN1#109e. Two options for SL Positioning resource (pre-)configuration were identified, namely dedicated resource pool for SL-PRS (Option 1) and shared resource pool with sidelink communication. We consider both options shall be supported. Both options can be deployed in different scenarios, and providing deployment flexibility.
Supporting Option 1 would be beneficial, particularly a flexibility in providing wider frequency allocation for SL-PRS transmission in order to obtain high accuracy positioning. It becomes independent from the resources for sidelink communications. The resources for sidelink communication may not consider wider frequency allocation. In legacy system, a UE operating sidelink communication can only be configured with one bandwidth part (BWP). This BWP is typically the UE active UL BWP that is used for communication purpose. The bandwidth of the UE UL BWP may not always be wide enough to support SL-PRS transmission. The dedicated resources for SL-PRS transmission can be realized by introducing separate BWP that is primarily used for positioning. Hence, a UE can be configured with at least 2 BWPs, such that 1 BWP for supporting legacy SL communication and 1 BWP for positioning. The BWP for positioning is not restricted for positioning. It can also be configured to support communications. However, considering it may be designed to be configured with wider bandwidth, it may also be designed with a shorter time duration. Hence, all of the resources, such as the resource pool, are assuming to be used for SL-PRS transmission. 
[bookmark: _Toc111194523]Proposal 2: Support dedicated frequency allocation for SL-PRS transmission.

[bookmark: _Toc111194524]Proposal 3: A UE supporting SL positioning can be configured with at least 2 BWPs. For example, one of the BWPs is primarily designed for SL Positioning that may requires wider bandwidth.

In option 2 where a resource pool is shared with sidelink communication, coexistence between SL communication and SL positioning is the important aspects, including backward compatibility. The SL positioning resources can be allocated in TDD manner as illustrated in Figure 1, such that it is allocated after the SL communication resources and separated with a guard period (GP). The GP is needed to avoid/minimize any potential interference of SL communication to SL positioning.
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[bookmark: _Ref111194077]Figure 1: Illustration of shared resource pool for SL communication and SL positioning.
[bookmark: _Toc111194525]Proposal 4: In option 2, SL-PRS can be allocated within a resource pool and separated with a guard period.

The aspects on configuration, activation/deactivation/triggering of SL-PRS were also discussed in RAN1#109e. A UE supporting SL-PRS should be aware of the SL-PRS configuration. It includes, for example, the SL-PRS resources, SL-PRS parameters (comb-type, etc), and also possible set of SL-PRS resources that the UE can use. These parameters may require relatively large packet size and expected to not be changed frequently. Hence, they can be conveyed via RRC message. 
Unlike the configuration, the activation/deactivation of the selected SL-PRS configuration typically requires a small packet size and preferably be conveyed to the UE in a quick manner. For these information, it can be conveyed via lower layer signalling, such as SL-MAC-CE, DCI. These information can also use SCI, in case the TX-SL-UE convey the information to RX-SL-UE.
[bookmark: _Toc111194526]Proposal 5: Support high-layer and lower-layer signalling involvement in the SL-PRS configuration.

In SL Mode 1, the above high and lower layer signalling is expected to be provided from serving gNB to the UE. High layer configuration can also be provided by LMF. However, we consider the serving gNB has a better knowledge in term of the current cell resource utilization. Hence, we prefer the serving gNB to provide such signalling. The detailed discussions can be discussed in RAN2.
[bookmark: _Toc111194527]Proposal 6: High-layer and lower-layer signalling is provided from serving gNB to the UE.

In V2X positioning or any other sidelink positioning use-cases, a UE may need to determine the distance to surrounding UEs. For example, a moving vehicle needs to determine whether there are surrounding VRUs and the relative distance to those VRUs. The determination operation should be performed in a quick manner. Hence, in case one or more VRUs are detected to be very close, the moving vehicle and/or VRUs can perform the necessary action to avoid potential collision. The aforementioned determination of surrounding UEs (VRUs) can be facilitated by allowing concurrent transmission of SL-PRS from multiple UEs. For example, multiple VRU(s) can transmit “SL-PRS” concurrently and/or within the same set of resources. The transmitted SL-PRS can be received by moving vehicle(s), VRU(s), or RSU(s). The concurrent transmission of “SL-PRS” can be arranged by allowing multiplexing of SL-PRS from multiple UEs within a given set of resources (e.g., time-division multiplexing (TDM), frequency-division multiplexing (FDM), and/or Code-division Multiplexing (CDM)).
[bookmark: _Toc111194528]Proposal 7: Consider supporting multiplexing of SL-PRS from multiple UEs within a given set of resources.

Other Potential Solutions
NR Positioning based on direct-link (Uu) has been well established since Rel-16. NR positioning is designed to support commercial requirements that have stringent positioning accuracy as required for certain Industrial IoT use-cases. The required accuracy as introduced in Rel-17 is in the order of 20 cm which is quite challenging. The study of sidelink positioning can be used to improve the overall positioning accuracy. For example, if one of the UE is RSU in which the location is known and the RSU has LOS component towards the VRU or moving vehicle. On the other hand, the LOS component from gNB in direct link can be limited due to buildings and obstructions. In this particular example, it would be beneficial to jointly utilize direct-link and sidelink for positioning estimation purpose. 
[bookmark: _Toc111194529]Proposal 8: Support hybrid positioning where the UE receives reference signal for positioning from both direct-link (Uu) and sidelink (PC5) and jointly utilize for positioning estimation purpose.

One of the challenging scenarios for positioning in V2X use-cases is to handle Vulnerable Road User (VRU). This is one of the scenarios that has been identified by 5GAA as shown in Figure 1.
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[bookmark: _Ref97034718]Figure 2: Illustration of VRU, ref. 5GAA Technical report on C-V2X Use Cases and Service Level Requirements Volume I

In Figure 1, the main purpose is to alert vehicle (Host Vehicle - HV) of VRUs approaching the road or crossing an intersection and warn of any risk of collision. Hence, to provide safety, typically in the road or crossing, there is a road side unit (RSU) that can be in a form of road sign or traffic light. In V2X context, HV, VRU and RSU are equipped with communication module that can support both Uu and PC5 interfaces. In order to avoid the collision, the position of VRU and HV should be known, at least the relative distance  position between VRU and HV. If the relative distance is relatively close then a warning on potential collision message can be provided. RSU can be used to assist the position of VRU and HV. The positioning estimation can be performed in VRU, HV, RSU, or LMF, depending on the context / purposes.
[bookmark: _Toc111194515]Observation 1: In V2X scenario, some UE(s) may be stationary (e.g., a UE in RSU). This type of UE can be used to facilitate positioning procedure, such as to perform as reference UE for positioning.
The radio resources for the SL-PRS transmissions are limited. Furthermore, it should also consider the following circumstances:
· The need to perform positioning measurement and estimation in a timely manner. Hence, the transmission, in some cases, may require low latency and high accuracy.
· UEs (VRUs) distribution that can be significantly changed. In one particular time, it can be many UEs (rush hours) and another particular time, it can be a few UEs (midnight time).

The usage of radio resources and the SL-PRS transmission should be controlled (e.g., by gNB) so that sidelink-positioning can be used, particularly to support V2X use-cases (e.g., collision avoidance) where the positioning estimation shall be obtained in a timely manner. Network-controlled radio resources have been supported in legacy sidelink for communication and known as Mode-1. In a junction scenario and during rush hour, the number of VRUs are expected to be high. There should be a mechanism to control which UEs that are allowed to transmit. For example, the RSUs can be configured to transmit SL-PRS and the VRUs are configured to receive SL-PRS. Outside of rush-hours, there could be the opposite case where VRUs are configured to transmit SL-PRS. In this example, UE-types classification for V2X positioning (e.g., RSU, VRU, Car) can be beneficial for V2X positioning. RAN1 can consider sending LS to RAN2 or SA2 with respect to this.
[bookmark: _Toc111194530]Proposal 9: Consider supporting UE-types classification for V2X positioning (e.g., RSU, VRU, Car).
The concept of region / zone has been commonly used in sidelink for communication. In a given zone, a UE is expected to perform communication using a specific carrier frequency. Similar concept of region / zone can be applied for positioning purpose, such as to adapt positioning procedure based on the region/zone of the UE. For example, if a UE is in a cross-junction, the UE is expected to perform frequent positioning procedure (e.g., positioning measurement / estimation), particularly to detect and avoid potential collision.
[bookmark: _Toc111194531]Proposal 10: Consider adapting positioning procedure based on the region/zone of the UE.
Sidelink positioning relies on the interaction, such as transmission and reception, between UEs. For example, a UE-A transmits SL-PRS, and another UE-B receives it and performs a positioning measurement. From the positioning measurement, the UE-B is expected to measure the relative position from UE-B to UE-A.
[image: Diagram
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Figure 3: Illustration of relative positioning without angle information

Obtaining the relative positioning and relative angle are needed in certain use-cases. One of the use-cases is the use-cases identified in ranging based services technical report [6]. Furthermore, the work in SA2 [7], has identified a key issue on supporting ranging service operation procedure with the assistance of another UE. The assistance of another UE can be used to estimate both relative positioning (distance) and angle as illustrated in Figure 4. 
[image: Diagram
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[bookmark: _Ref99115338]Figure 4: Illustration of ranging between host and target UEs, with help form an assistant UE. 

We consider RAN1 should also study this aspect, particularly how the physical layer aspects and the interaction with higher layer can support this procedure. 
[bookmark: _Toc111194532]Proposal 11: Consider supporting positioning procedure with the assistance of another UE for the estimation of relative positioning and relative angle.
3. Conclusion
In this contribution, we provide our initial view on potential solution for sidelink positioning. The observations and proposals are listed below.
Observation 1: In V2X scenario, some UE(s) may be stationary (e.g., a UE in RSU). This type of UE can be used to facilitate positioning procedure, such as to perform as reference UE for positioning.

Proposal 1: Support UL-SRS as the sidelink reference signal for positioning, at least as the baseline during the evaluation.
Proposal 2: Support dedicated frequency allocation for SL-PRS transmission.
Proposal 3: A UE supporting SL positioning can be configured with at least 2 BWPs. For example, one of the BWPs is primarily designed for SL Positioning that may requires wider bandwidth.
Proposal 4: In option 2, SL-PRS can be allocated within a resource pool and separated with a guard period.
Proposal 5: Support high-layer and lower-layer signalling involvement in the SL-PRS configuration.
Proposal 6: High-layer and lower-layer signalling is provided from serving gNB to the UE.
Proposal 7: Consider supporting multiplexing of SL-PRS from multiple UEs within a given set of resources.
Proposal 8: Support hybrid positioning where the UE receives reference signal for positioning from both direct-link (Uu) and sidelink (PC5) and jointly utilize for positioning estimation purpose.
Proposal 9: Consider supporting UE-types classification for V2X positioning (e.g., RSU, VRU, Car).
Proposal 10: Consider adapting positioning procedure based on the region/zone of the UE.
Proposal 11: Consider supporting positioning procedure with the assistance of another UE for the estimation of relative positioning and relative angle.
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