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1. Introduction

In RAN#94e, SI for expanded and improved NR positioning has been approved. Solutions for sidelink positioning is one of the main objectives as captured from SID for expanded and improved NR positioning as below [1].

SID for expanded and improved NR positioning (RP-213588)
- 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.
According to the above objectives in SID for expanded and improved NR positioning, in this contribution, we seek to present our view on potential solutions for sidelink positioning in NR
2. Potential solutions for sidelink positioning in NR
In the RAN1#110bis-e meeting, followings ware agreed for further discussions on potential solutions for sidelink positioning in NR.

Agreement

With regards to SL-TDOA positioning method for SL-only positioning,

▪ It corresponds to a method where SL-PRS is being transmitted from multiple anchor UEs to a target UE (i.e., DL-TDOA-like operation), and/or from a target UE to multiple anchor UEs (i.e. UL-TDOA-like operation) at least for the purpose of absolute positioning estimation of the target UE

▪ Study the detailed procedure, necessary signalling for SL-TDOA, method(s) to mitigate impact of synchronization error between multiple anchor UEs including whether such method(s) are needed.

Agreement

Regarding Scheme 1 SL-PRS resource allocation, a transmitting UE receives a SL-PRS resource allocation signaling from the network. Consider one or more of the following options:

▪ Opt. 1: through higher layers from the LMF

▪ Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB

▫ Up to further discussion which one or more of these shall be applicable

Regarding above agreements, following scenarios for sidelink positioning are considerable as described in Figure 1. In Figure 1, “Target UE” receives sidelink RS for positioning from at least 3 UEs (UE#1, UE#2, UE#3).
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Figure 1. Scenarios for sidelink positioning
If all of UEs which transmit sidelink RS (e.g., UE#1, UE#2 and UE#3 in Figure 1) are located on in-coverage, each UE can receive assistance data for positioning (e.g., allocation information for sidelink RS) from LMF and/or gNodeB. 
On the other hand, if only some of UEs are located on in-coverage, only the some of UEs can receive assistance data for positioning from LMF and/or gNodeB. In this case, the other UEs should receive assistance data for positioning from the some of UEs by sidelink. For example, as seen in Figure 1, UE#1 receives assistance data for positioning from LMF and/or gNodeB, but UE#2 and UE#3 receive assistance data for positioning from UE#1 by sidelink.
Target UE receives sidelink RS for positioning from at least 3 anchor UEs (e.g., UE#1, UE#2 and UE#3 in Figure 1). Furthermore, Target UE should receive allocation information for sidelink RS transmitted from the at least 3 anchor UEs before receiving sidelink RS for positioning.
If there is not a master UE among the at least anchor 3 UEs, each of the at least 3 anchor UEs transmits allocation information for sidelink RS to the target UE.

On the other hand, if there is, only the master UE transmits allocation information for sidelink RS (which includes allocation information for all of the at least 3 anchor UEs) to the target UE.
Proposal 1:
With regards to SL-TDOA positioning method for SL-only positioning 
- A master UE among multiple anchor UEs should be considered where SL-PRS is being transmitted from multiple anchor UEs to a target UE (i.e., DL-TDOA-like operation), and/or from a target UE to multiple anchor UEs (i.e. UL-TDOA-like operation)

- The master UE can transmit allocation information for sidelink RS (which includes allocation information for all of the multiple anchor UEs) to the target UE
Proposal 2:
- Regarding Scheme 1 SL-PRS resource allocation, a transmitting UE receives a SL-PRS resource allocation signaling from the network. Consider both of the following options:

▪ Opt. 1: through higher layers from the LMF

▪ Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB
- Regarding Scheme 1 and/or Scheme 2 SL-PRS resource allocation, following mechanism should be further considered:

▪ A transmitting UE receives a SL-PRS resource allocation signaling from other UE (=master UE) by sidelink
In the RAN1#110bis-e meeting, following was also agreed for further discussions on potential solutions for sidelink positioning in NR.

Agreement

- With regards to the SL-PRS time domain behavior, at least study the following behaviors from Tx UE perspective:

▪ Periodic SL-PRS 

▫ SL-PRS is transmitted periodically with a transmission periodicity 
▫ FFS: any additional details, including whether or not higher layers can start/stop transmission.

▪ Semi-persistent SL-PRS 

▫ SL-PRS is transmitted periodically with a transmission periodicity after activation and until deactivation

▫ FFS: any additional details

▪ Aperiodic SL-PRS 

▫ SL-PRS is transmitted at least once after [triggering/request] 

- Note: the brackets in the above means that companies are encouraged to study further whether “triggering” and/or “request” should be used and provide their definitions. 

▫ FFS: any additional details

▪ FFS: Applicability of the above time behaviors for scheme 1 & scheme 2

▪ FFS: Rx UE behavior is separately discussed.

▪ FFS: What mechanism(s) are used for activation/deactivation/triggering is part of the study

On-demand request for NR positioning is specified in Rel-17. Similarly, sidelink positioning by request from target UE also should be considered at least with association of above aperiodic SL-PRS time domain behavior.
Proposal 3:
Sidelink positioning by request from target UE also should be considered at least with association of aperiodic SL-PRS time domain behaviour.
3. Conclusion

In this contribution, we discussed and provide our views on potential solutions for sidelink positioning in NR
Proposal 1:
With regards to SL-TDOA positioning method for SL-only positioning 
- A master UE among multiple anchor UEs should be considered where SL-PRS is being transmitted from multiple anchor UEs to a target UE (i.e., DL-TDOA-like operation), and/or from a target UE to multiple anchor UEs (i.e. UL-TDOA-like operation)

- The master UE can transmit allocation information for sidelink RS (which includes allocation information for all of the multiple anchor UEs) to the target UE

Proposal 2:
- Regarding Scheme 1 SL-PRS resource allocation, a transmitting UE receives a SL-PRS resource allocation signaling from the network. Consider both of the following options:

▪ Opt. 1: through higher layers from the LMF

▪ Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB
- Regarding Scheme 1 and/or Scheme 2 SL-PRS resource allocation, following mechanism should be further considered:

▪ A transmitting UE receives a SL-PRS resource allocation signaling from other UE (=master UE) by sidelink
Proposal 3:
Sidelink positioning by request from target UE also should be considered at least with association of aperiodic SL-PRS time domain behaviour.
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