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Introduction
[bookmark: OLE_LINK1]In RAN#94e, a new study item on “expanded and improved NR positioning” was approved [1].
In RAN1#109-e, RAN1 started discussions on the potential solutions for SL positioning. Companies actively discussed the solutions for SL positioning from various aspects [2].
In this contribution, we share the view on potential solutions for SL positioning.
Discussions
SL Positioning Methods & Measurements
	Agreement in RAN1#109-e
· 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.



In last meeting, the positioning methods which are studied for SL positioning were clarified [2]. 
In Rel-16/17 Uu positioning, the positioning methods are basically absolute positioning which derive an absolute position of a target UE by using the measurement results from/to multiple TRPs/gNBs and the location of the multiple TRPs/gNBs are known. However, if the location of the TRP/gNB is unknown, it is difficult to cooperate between multiple TRPs/gNBs to derive the absolute position.
Observation 1: 
· Rel-16/17 Uu positioning methods support only using multiple TRPs whose locations are known
Observation 2: 
· When the locations of supporting devices are unknown, the positioning methods to derive an absolute position by the cooperated multiple supporting devices does not work

For Rel-18 sidelink (PC5) positioning, mainly three positioning (absolute positioning, relative positioning, ranging) are being considered and our understanding is as the following:
Absolute positioning: Deriving an absolute position of a target UE by using the measurement result(s) from/to one or more anchor UEs whose positions are known.
Relative positioning: Deriving a relative position of a target UE relates to an anchor UE by using the measurement result from/to the anchor UE whose location information is not required
· When absolute positioning is available, the relative position relates to the one or more anchor UEs can be also obtained
Ranging: Deriving a distance or a direction of a target UE relates to an anchor UE by using the measurement result from/to the anchor UE whose location information is not required
· If both distance and direction for ranging are measured, the relative position relates to the anchor UE can be also obtained

Proposal 1: 
· The definition of absolute positioning, relative positioning and ranging should be clarified considering whether the location of anchor UE is known or not and whether multiple anchor UEs can be used or not: 
· Absolute positioning: Deriving an absolute position of a target UE by using the measurement result(s) from/to one or more anchor UEs whose positions are known.
· Relative positioning: Deriving a relative position of a target UE relates to an anchor UE by using the measurement result from/to the anchor UE whose location information is not required. 
· Ranging: Deriving either a distance or a direction of a target UE relates to an anchor UE by using the measurement result from/to the anchor UE whose location information is not required

Considering the definition above, at least for the sidelink positioning methods for relative positioning and ranging, Rel-16/17 Uu positioning methods using multiple supporting devices cannot be reused and other positioning methods using only one anchor UE whose location information is not required is needed.
Observation 3: 
· For relative positioning and ranging, Rel-16/17 Uu positioning methods cannot be reused
Proposal 2: 
· Irrespective of whether location of an anchor UE is known or unknown, for relative positioning and ranging, the positioning method using a single anchor UE should be supported

When multiple anchor UEs cooperate, distance-based only positioning method or angle-based only positioning method can work. However, to derive the relative position relate to a single anchor UE, both distance and direction with the anchor UE need to be calculated. Therefore, to support relative positioning and ranging, both timing-based positioning and angle-based positioning should be supported.
Proposal 3: 
· For relative positioning using a single anchor UE, the positioning method which jointly uses both timing-based positioning for distance and angle-based positioning for direction to derive a point on the relative coordinates should be supported
· e.g., RTT-type solution and SL-AoA/SL-AoD

As for the ranging, when the distance is to be known, use of timing-based positioning with a single anchor UE would be sufficient. Similarly, when the direction is to be known, use of angle-based positioning with a single anchor UE would be sufficient.
Proposal 4: 
· For ranging for distance, use of timing-based positioning with a single anchor UE is a baseline
· For ranging for direction, use of angle-based positioning with a single anchor UE is a baseline

When the locations of one or more anchor UEs are known, the absolute position of target UE can be calculated.
At least, in coverage scenario, same protocol with Rel-16/17 Uu positioning can be applied with the connection between gNB/LMF and the anchor UEs. In such case, same positioning methods with Rel-16/17 (i.e. Multi-RTT, DL-TDOA, UL-TDOA, DL-AoD, UL-AoA using multiple TRPs) can be applied for the absolute positioning.
For out-of-coverage scenario, since there may be some issues on who and how to deliver the assistance data among a target UE and one or more anchor UEs, UE-based Rel-16/17 UE-based positioning methods such as DL-TDOA and DL-AoD may be suitable.
Observation 4: 
· For absolute positioning using multiple anchor UEs, Rel-16/17 Uu positioning methods can be reused

In addition, if same positioning methods with relative positioning and ranging using single anchor UE whose location is known can have enough performance for absolute positioning, the positioning methods may be available as common methods for absolute/relative positioning and ranging.
Observation 5: 
· When the location of a single anchor UE is known, a point on the absolute coordinates can be derived by the relative positioning result.
Proposal 5: 
· For absolute positioning, both the positioning methods based on the existing Rel-16/17 Uu positioning and the positioning methods for relative positioning and ranging should be studied
· Rel-16/17 Uu positioning-based: Multi-RTT, DL-TDOA, UL-TDOA, DL-AoD, UL-AoA using multiple anchor UEs whose locations are known, instead of multiple TRPs/gNBs
· Same positioning methods for relative positioning: the combination of timing-based positioning and angle-based positioning with an anchor UE whose location is known

Joint SL and Uu Positioning
In last RAN1 meeting, for in-coverage scenarios, in addition to standalone SL positioning method, whether hybrid positioning should be studied or not was discussed [3].
	Discussed proposal in RAN1#109-e
· Regardless of the network coverage, study first the standalone SL positioning, wherein positioning/ranging is estimated using the measurements derived on SL positioning only
· At least for in-coverage scenarios, in addition to standalone SL positioning methods, study hybrid positioning methods wherein one or more of the UE(s) perform SL measurements and UE position/ranging is estimated using measurements derived on both SL and Uu positioning. 
· Note: Companies are encouraged to focus their study on the solutions for standalone SL positioning, while providing information on how their solutions would enable hybrid positioning.
· Note: Uu positioning corresponds to RAT dependent methods



In our view, for absolute positioning using sidelink, one or more of the anchor UEs can be replaced by gNBs. In other words, if the sidelink positioning methods for absolute positioning are based on the methods with Rel-16/17 positioning, Rel-17 measurement report can be reused and the specific enhancement for Uu positioning will not be required.
Proposal 6: 
· Uu positioning methods for hybrid positioning are the methods of existing Rel-16/17 positioning

SL-PRS 
SL-PRS Sequence design
In last RAN1 meeting, for the sequence for a potential SL positioning RS, it was proposed to study two basic sequences based on the existing RSs for positioning and/or existing SL RS [3].
	Discussed proposal in RAN1#109-e
Study further both the following options with regards to the sequence design for a potential SL Positioning Reference Signal:
· Option 1: ZC-based design, (e.g. similar to the sequences used for NR SRS)
· Option 2: Pseudorandom sequence (e.g. Gold sequence signals, similar to DL-PRS, or SL-CSI-RS). 
· Note 1: Companies are encouraged to consider at least the following aspects in their study: Benefit of PAPR aspects, high mobility, commonality with other SL-RS, performance evaluation(s) 
· Note 2: RAN1 shall strive to downselect one of the options



Regarding the determination of the sequence design based on the 2 options, the required aspect for SL-PRS may depend on the UE type of the transmitter. In SL positioning, there are two types of UE (i.e. target UE and anchor UE). Although the target UE can be assumed as a movable device with a unknown location like the UE in existing Uu positioning, the anchor UE may be various devices. For example, if the anchor UE has a stable location, e.g. RSU, neighboring anchor UE can be static interference source in the same way as a neighboring gNB in existing Uu positioning. On the other hand, if the anchor UE is movable such as vehicle/terminal, it will be like the neighbor UE which is un-static interference source.
Observation 6:
· The suitable SL-PRS sequence may depends on whether the locations of interfering SL-PRS sources are stable or not.
Therefore, for the sequence design for a potential SL PRS, both of option 1 (ZC-based) and option 2 (Pseudorandom sequence) should be studied considering the UE type (e.g. vehicle, RSU, mobile) of the transmitter. Then if the applicable sequence should be differed among different UE types, both options may be required to support in the specification. In such case, each UE supports only one sequence of them for transmission and there is not much UE complexity issue.
Observation 7:
· Given that each type of UE supports a respective sequence, support of more than one sequence would not cause UE implementation complexity.
Proposal 7:
· Both ZC-based sequence and Pseudorandom sequence should be studied for SL-PRS.
· Based on the UE-type (e.g. vehicle, RSU, mobile) of transmitter, either of two sequences may be applied

SL-PRS Time domain Behaviour
In RAN1#109-e, the following options were raised to discuss the time-domain behavior of the SL-PRS. However, no agreement/conclusion was made, as companies had different understanding on the options [3].
	With regards to the time-domain behavior of the SL-PRS, study the following options:
· Option 1: Always-on SL-PRS
· [If (pre-)configured, SL-PRS is (pre-)configured and is always transmitted in a given deployment until the (pre-)configuration is disabled.]
· Option 2: On-demand SL-PRS 
· [Request/PC5-RRC-configuration/Uu-RRC-configuration /activation/deactivation/triggering (except for the (pre-)configuration for Always-on SL-PRS) message(s), or a combination of such messages, is needed for one or more instances of a SL-PRS to be transmitted]
· Note: This may include periodic, semi-persistent, and/or aperiodic SL-PRS.
· Note: How SL-PRS is configured, e.g, through high layers, Uu/PC-5 RRC configuration, and/or activated/deactivated through MAC-CE, and/or triggered by SCI or DCI, or any combination of signaling, is a separate topic. 
· Companies are encouraged to comment whether the above is acceptable with or without the subbulets in brackets. If you have preference to keep the subbulets in brackets, please comment if the description is acceptable. If the description in the subbulets is still controversial, we could potentially remove the subbulets, and let the companies to provide their views on always-on/on-demand SL-PRS in their contributions for next meeting.




When the above FL proposal was discussed in RAN1#109-e, people had different understanding on the definition of “Always-on” and ”On-demand”. Some companies discussed whether it is pre-configured or not, while some others talked about whether/how the configuration can be overridden or not.
From our perspective, whether to support autonomous SL-PRS transmission or not would leads to significant impacts on the SL-PRS procedure design. Therefore, it is suggested firstly discussing if pre-configured SL-PRS transmission is considered.

Observation 8:
· There is a fundamental difference between the following schemes, from the viewpoint of whether to support autonomous SL-PRS transmission or not.
· SL-PRS transmission starts based on pre-configuration (i.e., without RRC/PC-5 RRC connection establishment)
· SL-PRS transmission starts after RRC/PC-5 RRC connected establishment
SL-PRS Configuration/Triggering/Activation
With regards to the configuration/activation/deactivation/triggering of SL-PRS, the following options have been raised in RAN1#109-e, but no agreement related to these options was made.
· 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

[bookmark: _Hlk106898313]Before discussing the signaling details, we should make it clearer which kinds of use cases are considered for designing the signaling of SL-PRS configuration. Our discussions can be found in our companion contribution [x].

Resource pool for SL-PRS
With regards to the SL Positioning resource allocation, the following 2 options for SL Positioning resource (pre-)configuration were brought up during the discussions in RAN1#109-e.
· 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

When the above options were discussed in RAN1#109-e, companies had different aspects to understand the concepts of the options. Some companies had the configuration perspective in mind, while some others talked about the overlapping of physical resources.
Observation 9:
· When the sharing between resource pool for sidelink positioning and the existing sidelink resource pool is considered, following 2 aspects should be considered
· Aspect 1: the dedicated configuration or the shared configuration
· Aspect 2: the dedicated resource or the shared resource

Considering these two different aspects, the options can be reformulated into the following three options.
Proposal 8:
With regards to the SL Positioning resource allocation, study further the following 3 options for SL Positioning resource (pre-)configuration:
· Option A: Fully overlapping between resource pool for SL-PRS and existing SL resource pool, each configured by respective dedicated configuration
· Option B: Common resource pool for SL-PRS and existing SL communication, which is configured by a common configuration
· Option C: Dedicated resource pool for SL-PRS with dedicated configuration

In RAN1#109-e, some companies raised a question, what the use case of the different resource pool is. This question is also related to the above Option C, since it implies different resource pool from the one for the existing sidelink communication. Figure 1 shows a possible use case that we have in mind, where there are two UEs – one performs SL-PRS transmission and the other performs SL-PRS measurement. Both UEs have RRC connection, and therefore all the SL-PRS and measurement configurations are provided via Uu interface. In this case, these UEs do not have to have RC5 RRC connection, which means sidelink communication between these UEs is not necessary.
[image: ]
Figure 1: SL-PRS transmission/measurement by UEs having no PC5 RRC connection
Observation 10:
· There is a use case that the UE receiving SL-PRS does not need to be configured with SL communication with the UE sending the SL-PRS.

Conclusion
In this contribution, we have the following proposals:
Observation 1: 
· Rel-16/17 Uu positioning methods support only using multiple TRPs whose locations are known
Observation 2: 
· When the locations of supporting devices are unknown, the positioning methods to derive an absolute position by the cooperated multiple supporting devices does not work
Proposal 1: 
· The definition of absolute positioning, relative positioning and ranging should be clarified considering whether the location of anchor UE is known or not and whether multiple anchor UEs can be used or not: 
· Absolute positioning: Deriving an absolute position of a target UE by using the measurement result(s) from/to one or more anchor UEs whose positions are known.
· Relative positioning: Deriving a relative position of a target UE relates to an anchor UE by using the measurement result from/to the anchor UE whose location information is not required. 
· Ranging: Deriving either a distance or a direction of a target UE relates to an anchor UE by using the measurement result from/to the anchor UE whose location information is not required
Observation 3: 
· For relative positioning and ranging, Rel-16/17 Uu positioning methods cannot be reused
Proposal 2: 
· Irrespective of whether location of an anchor UE is known or unknown, for relative positioning and ranging, the positioning method using a single anchor UE should be supported
Proposal 3: 
· For relative positioning using a single anchor UE, the positioning method which jointly uses both timing-based positioning for distance and angle-based positioning for direction to derive a point on the relative coordinates should be supported
· e.g., RTT-type solution and SL-AoA/SL-AoD
Proposal 4: 
· For ranging for distance, use of timing-based positioning with a single anchor UE is a baseline
· For ranging for direction, use of angle-based positioning with a single anchor UE is a baseline
Observation 4: 
· For absolute positioning using multiple anchor UEs, Rel-16/17 Uu positioning methods can be reused
Observation 5: 
· When the location of a single anchor UE is known, a point on the absolute coordinates can be derived by the relative positioning result.
Proposal 5: 
· For absolute positioning, both the positioning methods based on the existing Rel-16/17 Uu positioning and the positioning methods for relative positioning and ranging should be studied
· Rel-16/17 Uu positioning-based: Multi-RTT, DL-TDOA, UL-TDOA, DL-AoD, UL-AoA using multiple anchor UEs whose locations are known, instead of multiple TRPs/gNBs
· Same positioning methods for relative positioning: the combination of timing-based positioning and angle-based positioning with an anchor UE whose location is known
Proposal 6: 
· Uu positioning methods for hybrid positioning are the methods of existing Rel-16/17 positioning
Observation 6:
· The suitable SL-PRS sequence may depends on whether the locations of interfering SL-PRS sources are stable or not.
Observation 7:
· Given that each type of UE supports a respective sequence, support of more than one sequence would not cause UE implementation complexity.
Proposal 7:
· Both ZC-based sequence and Pseudorandom sequence should be studied for SL-PRS.
· Based on the UE-type (e.g. vehicle, RSU, mobile, terrestrial) of transmitter, either of two sequences may be applied
Observation 8:
· There is a fundamental difference between the following schemes, from the viewpoint of whether to support autonomous SL-PRS transmission or not.
· SL-PRS transmission starts based on pre-configuration (i.e., without RRC/PC-5 RRC connection establishment)
· SL-PRS transmission starts after RRC/PC-5 RRC connected establishment
Observation 9:
· When the sharing between resource pool for sidelink positioning and the existing sidelink resource pool is considered, following 2 aspects should be considered
· Aspect 1: the dedicated configuration or the shared configuration
· Aspect 2: the dedicated resource or the shared resource
Proposal 8:
With regards to the SL Positioning resource allocation, study further the following 3 options for SL Positioning resource (pre-)configuration:
· Option A: Fully overlapping between resource pool for SL-PRS and existing SL resource pool, each configured by respective dedicated configuration
· Option B: Common resource pool for SL-PRS and existing SL communication, which is configured by a common configuration
· Option C: Dedicated resource pool for SL-PRS with dedicated configuration
Observation 10:
· There is a use case that the UE receiving SL-PRS does not need to be configured with SL communication with the UE sending the SL-PRS.
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