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1. Introduction
In positioning study item, sidelink positioning is included in the scope [1]. At the RAN1#110 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. We use 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 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.  


At the last meeting, it was agreed that RTT-type solution, SL-AoA, SL-TDOA are potential candidates for positioning method. In this section, these mechanisms are discussed further.
RTT-type solution
RTT-type solution is robust to synchronization error. In SL, synchronization error between UEs will be non-negligible; thus, RTT-type solution was agreed as a potential candidate for SL positioning method. As the detail, there are two possibilities: single-sided RTT and double-sided RTT. For single-sided RTT, two UEs (a target UE and an anchor UE) transmit SL-PRS each other and then RTT is measured/obtained at the target UE. Meanwhile, in double-sided RTT, either UE does one more SL-PRS transmission additionally to mitigate measurement error due to clock drifts between UEs. In our view, at least single-sided RTT should be supported.
Example processing of single-sided RTT and doubled-sided RTT can be illustrated as follows. In single-sided RTT, only a single round trip is necessary and hence better latency performance can be expected. Meanwhile, in doubled-sided RTT, two round trips would be necessary for SL-PRS transmissions and also measurement report. Definitely latency performance and resource efficiency become worse compared to single-sided RTT. It might be possible to multiplex the two transmissions from anchor UE, but even in this case, still the performance is worse. In our understanding, why SL-TDOA was included in potential candidates is to enable SL positioning with better latency. Therefore, from the same reason, supporting single-sided RTT will be straightforward.
On double-sided RTT, we are not sure if the mechanism is really necessary. In our understanding, such an issue with RTT has not been discussed for Uu so far. Why SL needs to consider the issue and how much degradation is assumed should be explained to start study of double-sided RTT.
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(a) Single-sided RTT						(b) Double-sided RTT
Fig.1: RTT-type solutions
Observation 1:
· Double-sided RTT has disadvantage on latency performance compared to single-sided RTT.
· Necessity to consider clock drifts with RTT is unclear.
Proposal 1:
· For RTT-type solution using SL, single-sided RTT is prioritized.

Besides, high-level procedure for RTT-type solution should be clarified. In Fig.1, a target UE sends a request to an anchor UE and then the anchor UE performs responding behavior. However, it seems that this is not common among companies. For example, there is another way like an anchor UE sends SL-PRS periodically and a target UE can start subsequent steps if necessary. In our view, at least for SL-RTT, periodic SL-PRS transmission from anchor UEs is not beneficial due to worse resource efficiency, due to worse latency performance, and since it does not reduce the number of transmissions between the two UEs. 
It would be reasonable for a target UE to transmit SL-PRS with request to perform transmission for RTT-type mechanism, as illustrated in both Fig.1 (a) and Fig.2 (a). 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.
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(a) Target UE-based						(b) Anchor UE-based
Fig.2: Detailed procedure for RTT-type solution
Proposal 2:
· For RTT-type solution using SL, support target UE-based mechanism, i.e.,
· Step 1: A target UE sends SL-PRS and a request to become anchor UE
· Step 2: The anchor UE reports RX-TX timing difference with SL-PRS transmission
· Step 3: The target UE obtains its own location

SL-TDOA
As discussed at the last meeting (e.g., [3]), it is well-understood between companies that SL-TDOA cannot achieve good positioning accuracy when there is synchronization error between two anchor UEs, which is typical situation in SL scenario. However, it was agreed that SL-TDOA is one of potential candidates for SL positioning mechanism since the synchronization error between two anchor UEs can be zero or quite small e.g., if the anchor UEs are specific devices like RSUs. With this assumption, further consideration on how to mitigate impact of the synchronization error in SL-TDOA is definitely unnecessary. Available time for discussion of SL positioning is not so much; thus, we submit the following proposal.
Proposal 3:
· For SL-TDOA, do not discuss/study how to mitigate impact of synchronization error between two anchor UEs.

As discussed for RTT-type solution, high-level procedure for SL-TDOA can be discussed. Also for SL-TDOA, both target UE-based and anchor UE-based can be illustrated. From these illustrations, we feel that both have advantage over the other and hence both should be supported.
In target UE-based mechanism, a target UE requests SL-PRS transmission to an anchor UE and then the anchor UE transmits SL-PRS. Meanwhile, in anchor UE-based method, anchor UEs transmit SL-PRS periodically and thereby what a target UE needs to perform is to receive the SL-PRS and measure TDOA. The former can avoid wasted SL-PRS transmissions while the latter can skip request transmission.
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(a) Target UE-based						(b) Anchor UE-based
Fig.3: Detailed procedure for SL-TDOA

SL-AoA
High-level procedure for SL-AoA would be the same as for SL-TDOA.

Proposal 4:
· For SL-TDOA/SL-AoA, support both target UE-based mechanism and anchor UE-based mechanism, i.e.,
· Target UE-based mechanism:
· Step 1: A target UE sends a request to become anchor UE
· Step 2: The anchor UE transmits SL-PRS
· Step 3: The target UE obtains its own location
· Anchor UE-based mechanism
· Step 1: Anchor UE transmits SL-PRS periodically
· Step 2: A target UE obtains its own location


2.2. SL-PRS TX procedure
	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.


At the last meeting, the above agreement was reached. Based on this agreement and the above our proposals, we can discuss and propose further details on option 1 and option 2.
For option 1, this option would be beneficial for SL-TDOA/SL-AoA of anchor UE-based method. In these mechanisms (at least SL-TDOA), anchor UEs are specific devices like RSUs. These UEs would be put by regulator / service provider, and hence there is no reason to stop SL-PRS transmissions. Periodic SL-PRS transmission is (pre-)configured for these UEs.
For option 2, this option would be used for RTT-type solution/SL-TDOA/SL-AoA of target UE-based method. For the higher layer signalling, SL-PRS properties can be provided by (pre-)configuration per resource pool and by PC5-RRC configuration per link. Optimal SL-PRS configuration would be different between UEs/positioning methods/etc. One-bit lower layer signalling, i.e., SCI, indicates/requests aperiodic SL-PRS transmission.
Proposal 5:
· For option 1 of SL-PRS configuration/indication, periodic SL-PRS transmission is (pre-)configured per UE.
· For option 2 of SL-PRS configuration/indication, SL-PRS properties are (pre-)configured per resource pool and can be configured by PC5-RRC signaling. Aperiodic SL-PRS transmission is indicated/requested by SCI.

2.3. SL-PRS structure / Resource allocation for SL-PRS
	Agreement
[bookmark: _Hlk112226498]A new reference signal should be introduced for supporting SL positioning/ranging.

Agreement
For the sequence of the new reference signal for SL positioning/ranging, down select between Alt 1 and Alt 2:
· Alt. 1: pseudorandom-based. Use existing sequence of DL-PRS as a starting point.
· Alt. 2: ZC-based (SRS sequence as a starting point)

Agreement
With regards to the frequency domain pattern, a Comb-N SL-PRS occupying M symbol(s) design should be introduced for the support of NR SL positioning
· Note: there could be multiple values for M, N

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

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 the SL Positioning resource allocation, one of the following alternatives should be introduced for supporting SL positioning/ranging:
· Alt. 1: only dedicated resource pool(s) can be (pre-)configured for SL-PRS
· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS
· Note: whether other signals/channels can be present in the dedicated resource pool can be further discussed

Agreement
Regarding Scheme 2 SL-PRS resource allocation, study at least the following aspects:
· Resource selection mechanism for SL-PRS
· Inter-UE coordination
· Aspects for congestion control mechanisms for SL-PRS


At the last meeting, there was discussion on resource pool for SL-PRS. Two alternatives are remaining: Alt 1 is only dedicated resource pool and Alt 2 is either dedicated resource pool and/or shared resource pool. According to the agreement, further down-selection is planned.
In our current view, Alt 2 should be prioritized over Alt 1. The main reason is that SL-positioning is targeting V2X scenario as well and there is no sufficient frequency resource in the scenario. Only dedicated resource pool is not good choice from resource efficiency perspective. Meanwhile, at the same time, it is true that we do not have large TU to discuss SL positioning. To reduce workload, completely same structure between dedicated resource pool and shared resource pool is suggested strongly.
Proposal 6:
· For SL-PRS, either dedicated resource pool(s) or shared resource pool(s) with SL communication can be (pre-)configured.
· The same structure is prioritized.

Regarding dedicated resource pool, one question is which resource pool control signal transmission / measurement report are performed in. The following two options would be considerable:
· Option 1: Control signal transmission and/or measurement report are performed in resource pool for SL communication
In this option, new SCI-2 format or MAC-CE for the control signal is necessary to keep backward compatibility. The control signal in a communication pool indicates SL-PRS resource, and corresponding measurement report is performed at a communication pool. Although this mechanism can work, it is quite unclear whether each SL-PRS transmission needs occupy entire of the indicated resource. In addition, signal transmission at the communication pool will increase, which lead to performance degradation of the communication pool. Besides, basically resource pool is configuration per UE. If this kind of linkage between communication pool and SL-PRS pool shall be there, this is not aligned with the existing pool concept and actually the pools should be one pool with partitioning.
· Option 2: Control signal transmission and/or measurement report are performed in resource pool for SL-PRS
In this option, PSCCH/PSSCH is transmitted with SL-PRS. PSCCH (and PSSCH if necessary) conveys control signal, and PSSCH can include the measurement report if any. Signal structure can be the same as the existing PSCCH/PSSCH. SL-PRS can have sufficient number of symbols since PSCCH is mapped only two or three symbols. We believe that especially this option has advantage for SL-PRS transmission together with measurement report as described in Fig.1. In addition, this structure can be used at shared resource pool. Specification efforts can be reduced.
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(a) Option 1
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(b) Option 2
Fig.4: Signal structure for SL-PRS dedicated pool (Note: staggered structure is not illustrated)

Regarding SL-PRS structure, the number of SL-PRS symbols occupied by each SL-PRS transmission is dependent on conclusion for the above discussion. For example, if the isolated SL-PRS transmission is supported, AGC + 12 symbols SL-PRS + Gap would be one reasonable option. If the shared resource pool is supported, AGC + 2 or 3 symbols PSCCH + 12 symbols PSSCH with DMRS and SL-PRS + Gap should be a possible option. 
Proposal 7:
· Comb-N SL-PRS occupying M symbol(s) design is discussed after details of resource pool for SL-PRS and signal structure including multiplexing with other channel/signal are concluded.


2.4. Measurement 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


At the last meeting, the above agreement was reached for measurement report. Our understanding of the first bullet is that it is intended for measurement results like RX-TX time difference, RSTD, etc. but clear contents were dropped since which positioning mechanisms are supported was unclear.
Now we have agreement that at least RTT-type mechanism/SL-TDOA/SL-AoA are potential candidates, then the reported contents should be RX-TX time difference/RSTD/AoA. In addition, RSRP-related information is available in RTT for NR-Uu. Similarly, received RSRP can be reported. In this case, at least for RTT-type mechanism, transmission power of anchor UE’s SL-PRS transmission should also be reported so that the target UE can use RSRP-related information effectively. Besides, absolute location information would be necessary to calculate absolute possible at a target UE.
Proposal 8:
· Reported information includes RX-TX time difference, RSTD, AoA, received RSRP, transmission power of SL-PRS, absolute location information.

Another important topic is latency bound. In Rel-16 SL, latency bound for SL-CSI report was defined. After SL-CSI report triggering, the triggered UE might fail to report corresponding SL-CSI e.g. due to prioritization behavior, congestion control, re-evaluation/pre-emption, etc. The same rule would be straightforward for measurement report of SL positioning; otherwise, target UE does not know when retrigger should be performed.
Proposal 9:
· Define latency bound of SL positioning measurement result.


2.5. SL Positioning Client UE / SL Positioning Location Server UE
At the previous meeting, there was a discussion on initiator UE and responder UE and now it seems that they are defined by SA2 as ‘SL Positioning Client UE’ and ‘SL Positioning Location Server UE’, respectively. SL Positioning UE may not have SL positioning capability and initiates SL positioning via SL communication with target UE/anchor UE. SL Positioning Location Server UE is a UE that calculates location of the target UE. 
The following illustration would be an example of SL positioning procedures with SL Positioning Client UE. 
A SL Positioning Client UE (UE-A) would like to obtain not its own position but a SL Positioning Location Server UE (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.
Although we feel that this mechanism would have RAN1 impact, e.g., the request and/or the report at PHY layer, it would be up to RAN2/RAN3/SA2 decision. 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: SL Positioning Client UE / SL Positioning Location Server UE
Proposal 10:
· Send an LS to RAN2/RAN3/SA2 to ask whether PHY layer signaling for SL Positioning Client UE / SL Positioning Location Server UE is necessary or not.


3. Conclusion
In this contribution, we discussed potential solutions for SL positioning. Observations/Proposals are summarized as following: 
Observation 1:
· Double-sided RTT has disadvantage on latency performance compared to single-sided RTT.
· Necessity to consider clock drifts with RTT is unclear.
Proposal 1:
· For RTT-type solution using SL, single-sided RTT is prioritized.
Proposal 2:
· For RTT-type solution using SL, support target UE-based mechanism, i.e.,
· Step 1: A target UE sends SL-PRS and a request to become anchor UE
· Step 2: The anchor UE reports RX-TX timing difference with SL-PRS transmission
· Step 3: The target UE obtains its own location
Proposal 3:
· For SL-TDOA, do not discuss/study how to mitigate impact of synchronization error between two anchor UEs.
Proposal 4:
· For SL-TDOA/SL-AoA, support both target UE-based mechanism and anchor UE-based mechanism, i.e.,
· Target UE-based mechanism:
· Step 1: A target UE sends a request to become anchor UE
· Step 2: The anchor UE transmits SL-PRS
· Step 3: The target UE obtains its own location
· Anchor UE-based mechanism
· Step 1: Anchor UE transmits SL-PRS periodically
· Step 2: A target UE obtains its own location
Proposal 5:
· For option 1 of SL-PRS configuration/indication, periodic SL-PRS transmission is (pre-)configured per UE.
· For option 2 of SL-PRS configuration/indication, SL-PRS properties are (pre-)configured per resource pool and can be configured by PC5-RRC signaling. Aperiodic SL-PRS transmission is indicated/requested by SCI.
Proposal 6:
· For SL-PRS, either dedicated resource pool(s) or shared resource pool(s) with SL communication can be (pre-)configured.
· The same structure is prioritized.
Proposal 7:
· Comb-N SL-PRS occupying M symbol(s) design is discussed after details of resource pool for SL-PRS and signal structure including multiplexing with other channel/signal are concluded.
Proposal 8:
· Reported information includes RX-TX time difference, RSTD, AoA, received RSRP, transmission power of SL-PRS, absolute location information.
Proposal 9:
· Define latency bound of SL positioning measurement result.
Proposal 10:
· Send an LS to RAN2/RAN3/SA2 to ask whether PHY layer signaling for SL Positioning Client UE / SL Positioning Location Server UE is necessary or not.
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