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1. Introduction
In positioning study item, sidelink positioning is included in the scope [1]. At the RAN1#109-e meeting [2], there was discussion on potential solutions for SL positioning. In this contribution, we share our further views on potential solutions for SL positioning. This contribution uses the terminologies agreed at the RAN1#109-e meeting.
	Agreement
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. 
Agreement
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




2. Discussion
2.1. SL-positioning method
	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.


At the last meeting, the above four mechanisms were listed for further study. Whether each mechanism is applicable or not is still under discussion. In this section, we share our analysis on time-based SL-positioning methods.
In Uu positioning, several mechanisms are supported, e.g. TDOA, RTT, AOA/D. Let us use the following illustration as an example. UE-X is a target UE. UE-Y1/Y2/Y3 are surrounding UEs of UE-X and anchor UEs. To obtain positioning-related information at UE-X, UE-X and/or UE-Ys transmit reference signal each other for SL-positioning and measure some information.
One important note to discuss SL-positioning method would be that there is a small timing-misalignment among UE-X and UE-Ys as illustrated below. Even when they are synchronized by using the same sync source (GNSS/eNB/gNB/SyncRefUE), the timing is a bit different since propagation delay between the sync source device and each UE is different among UE-X and UE-Ys. The difference represented as  will be within CP duration, then communication each other is still possible. However, the difference leads to large positioning error. The error should be removed appropriately.
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Fig. 1: Assumed situation and a small time-misalignment among UEs.
Observation 1:
· In SL, there is a small time-misalignment among target UE and anchor UEs even when they are synchronized based on the same sync source. For SL-positioning, this time-misalignment needs to be considered.
Proposal 1:
· For time-based positioning mechanisms, study impact on time-misalignment among target UE and anchor UEs.

Here, in our view, at least RTT can be supported as mechanisms of SL-positioning even when  exists.
In SL-RTT mechanism,  in the above illustration is what target UE needs to obtain to calculate positioning information. For example UE-X transmits SL-PRS to UE-Y. UE-Y receives the SL-PRS and then transmits SL-PRS to UE-X. After that, UE-X receives the SL-PRS from UE-Y. In addition, UE-Y reports RX-TX time difference (= Tdiff). This is illustrated in the following figure, where the time difference is considered. RTT measured at UE-X is given as the time duration between starting timing of SL-PRS transmission and starting timing of SL-PRS reception. By using parameters shown in the figure, the RTT can be written as follows:

Therefore, in SL-RTT mechanism,  can be obtained at UE-X as , thus there is no impact from the time-misalignment between UE-X and UE-Y.
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Fig. 2: SL-RTT mechanism.
Observation 2:
· It seems that RTT measured at target UE does not include time-misalignment among the target UE and anchor UEs.
Proposal 2:
· For SL-positioning, at least SL-RTT mechanism is supported.
· Target UE transmits SL-PRS to anchor UEs.
· The anchor UEs transmit SL-PRS with information on RX-TX time difference to the target UE, after the SL-PRS reception.

Meanwhile, it seems that SL-TDOA would lead to large estimation error due to existence of .
In SL-TDOA mechanism, measurement is performed based on one-way propagation delay. For example, UE-Y1 and UE-Y2 transmit SL-PRS, respectively. UE-X receives both SL-PRS transmissions and then measures the time-difference of arrival. When the SL-PRS transmissions are performed at different slots, TDOA can be represented as follows:

where  is the measured value in ideal synchronization and  is timing-misalignment between UE-Y1 and UE-Y2. This is illustrated in the following figure with ideal case for better/easy understanding.  can be removed easily since this parameter is just slot offset of the two SL-PRS transmissions. However,  is unknown and it would be difficult to obtain the exact value; hence accurate positioning information cannot be obtained from this mechanism. Based on this analysis, we believe that RAN1 do not need to spend time to support SL-TDOA.
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Fig. 3: TDOA mechanism.
Observation 3:
· It seems that TDOA measured from SL-PRS receptions includes time-misalignment between anchor UEs.
Proposal 3:
· For SL-positioning, SL-TDOA is not supported.


2.2. SL-positioning procedure
	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.


At the last meeting, the above agreements were reached for measurement report. What kind of information should be reported or some other aspect would be dependent on SL-positioning mechanism. In this contribution, we focus on SL-RTT as proposed above.
2.2.1. Request to be anchor UE
For SL-RTT, target UE needs to transmit SL-PRS to anchor UE. This transmission can be performed via unicast, thus this SL-PRS transmission can be used as a kind of request signal to the destination UE to be anchor UE. Once the destination UE receives the SL-PRS, the UE can be an anchor UE and perform SL-PRS transmission with information report to the target UE.
Proposal 4:
· For SL-RTT, SL-PRS transmission is an implicit request to be anchor UE.
· When the destination UE receives the SL-PRS, the UE performs behavior as an anchor UE.

2.2.2. Reporting contents
For SL-RTT, RX-TX time difference needs to be reported from anchor UE to target UE as abovementioned. In addition, RSRP-related information is available in RTT for NR-Uu. Similarly, received RSRP can be reported. In this case, transmission power of the anchor UE’s SL-PRS transmission would also need to be reported so that the target UE can use RSRP-related information effectively.
Proposal 5:
· For SL-RTT, anchor UE reports RX-TX time difference.
· Optionally, received RSRP of SL-PRS transmitted from the target UE and transmission power of SL-PRS transmitted from the anchor UE are reported.

2.2.3. Combination between Uu and SL
Combination with Uu positioning should be discussed. In section 2-1, all anchors are anchor UE. However, it might be possible to replace UE to gNB and thus a part of measurement for supported SL-positioning method is performed from communication between UE and gNB (i.e. by using Uu signaling instead of SL signaling). This direction is illustrated as below. Whether such a flexible mechanism can be supported or not should be discussed.
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Fig. 4: Possible SL-positioning procedure with Uu measurement.
Proposal 6:
· Study whether SL-positioning can use Uu measurement or not.
· If supported, some anchor UE in SL-positioning method can be replaced to gNB, and study when/how replaced.

Besides, if UE that needs its own location or other UE’s position is in coverage of gNB, it might be possible to obtain the required information from gNB and in this case there would be no need to perform SL positioning since gNB can do Uu-positioning or have location information already. In other words, after checking possibility of location acquisition at Uu link, SL-positioning procedure is performed.
Although we think that this mechanism should be discussed, it seems that companies think this is out of RAN1 scope. We are OK to discuss it at other WG, thus no more discussion in RAN1 should be done for this topic.

2.2.4. Initiator UE / Responder UE
At the last meeting, there was a discussion on initiator UE and responder UE. In our understanding, initiator UE is a UE that needs position information of other UE (UE-B) and requests to UE-B to perform SL-positioning procedure and report the measured position information. This UE-B is responder UE. Details procedure is below:
Initiator UE (UE-A) would like to obtain not its own position but UE-B’s location. Then at the 1st step, UE-A will transmit a request of position report to UE-B. As the 2nd step, UE-B performs acquisition of its own location e.g. by using SL-RTT as a target UE. UE-B reports the acquired information to UE-A as the last step.
In our view, this mechanism would have RAN1 impact, e.g., the request and/or the report at PHY layer. Whether this mechanism should be supported or not might be determined by RAN2/RAN3/SA2, so RAN1 should send an LS to them in order to know whether RAN1 need to study it or not.
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Fig. 5: Initiator UE / Responder UE
Proposal 7:
· Send an LS to RAN2/RAN3/SA2 to ask whether initiator UE and responder UE are supported or not, and if supported, whether PHY layer signaling is necessary or not.


2.3. Reference signal for SL-positioning
	Agreement
Study power control mechanisms for SL-PRS transmission, including whether it is necessary.
Agreement
With regards to the numerologies of the SL-PRS, limit the study to those supported for NR Sidelink. 
· Note 1: NR Sidelink supports {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2
· Note 2: This doesn’t imply that SL-PRS FR2-specific optimization(s) are expected to be studied
Agreement
Study new reference signal for SL positioning/ranging using the existing PRS/SRS design and SL design framework as a starting point.
· The study could at least include: Sequence design, frequency domain pattern, time domain pattern (e.g. number of symbols, repetitions, etc), time domain behavior, configuration/triggering/activation/de-activation of the SL-PRS, AGC time, Tx-Rx Turanround time, supportable bandwidth(s), multiplexing options with other SL channels, randomization/orthogonalization options.
· Note: The study of existing SL reference signal for SL positioning/ranging is not precluded. Companies are encouraged to perform performance evaluation/comparison to investigate whether such reference signals can meet the positioning accuracy requirements.
Agreement
With regards to the 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 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)
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
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

Agreement
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


At the last meeting, a lot of agreements were reached for SL-PRS. We provide our views on top of the agreements.
2.3.1. Configuration/activation/deactivation/triggering of SL-PRS
Regarding configuration/activation/deactivation/triggering of SL-PRS, we believe that the same approach as legacy SL communication should be adopted. That is, configuration of SL-PRS is performed at higher layer, and corresponding transmissions are performed with PHY layer indication. Our preference among three options is Option 2.
Proposal 8:
· With regards to the configuration/activation/deactivation/triggering of SL-PRS, Option 2 is supported.
· Higher layer signaling is used for SL-PRS configuration.
· Lower layer signaling is used for resource indication/reservation of SL-PRS.

2.3.2. SL positioning resource allocation
From the agreed two options on resource pool utilization, we prefer Option 1. Now occupied resources for each SL-PRS seem to become quite a lot. In this case, if SL-PRS is transmitted in a shared resource pool with sidelink communication, quite large spec impact is expected. Separate resource pool is much easier and we do not see any issue on this direction. To keep scope of this agenda small, Option 2 should not be supported.
Proposal 9:
· With regards to the SL Positioning resource allocation, Option 1 of SL positioning resource (pre-)configuration is supported.


3. Conclusion
In this contribution, we discussed potential solutions for SL positioning. Observations/Proposals are summarized as following: 
Observation 1:
· In SL, there is a small time-misalignment among target UE and anchor UEs even when they are synchronized based on the same sync source. For SL-positioning, this time-misalignment needs to be considered.
Proposal 1:
· For time-based positioning mechanisms, study impact on time-misalignment among target UE and anchor UEs.
Observation 2:
· It seems that RTT measured at target UE does not include time-misalignment among the target UE and anchor UEs.
Proposal 2:
· For SL-positioning, at least SL-RTT mechanism is supported.
· Target UE transmits SL-PRS to anchor UEs.
· The anchor UEs transmit SL-PRS with information on RX-TX time difference to the target UE, after the SL-PRS reception.
Observation 3:
· It seems that TDOA measured from SL-PRS receptions includes time-misalignment between anchor UEs.
Proposal 3:
· For SL-positioning, SL-TDOA is not supported.
Proposal 4:
· For SL-RTT, SL-PRS transmission is an implicit request to be anchor UE.
· When the destination UE receives the SL-PRS, the UE performs behavior as an anchor UE.
Proposal 5:
· For SL-RTT, anchor UE reports RX-TX time difference.
· Optionally, received RSRP of SL-PRS transmitted from the target UE and transmission power of SL-PRS transmitted from the anchor UE are reported.
Proposal 6:
· Study whether SL-positioning can use Uu measurement or not.
· If supported, some anchor UE in SL-positioning method can be replaced to gNB, and study when/how replaced.
Proposal 7:
· Send an LS to RAN2/RAN3/SA2 to ask whether initiator UE and responder UE are supported or not, and if supported, whether PHY layer signaling is necessary or not.
Proposal 8:
· With regards to the configuration/activation/deactivation/triggering of SL-PRS, Option 2 is supported.
· Higher layer signaling is used for SL-PRS configuration.
· Lower layer signaling is used for resource indication/reservation of SL-PRS.
Proposal 9:
· With regards to the SL Positioning resource allocation, Option 1 of SL positioning resource (pre-)configuration is supported.
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