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1. Introduction
In the last RAN#98 meeting, a new WI on expanded and improved NR positioning has been approved, and the sidelink positioning related objectives are presented as follows (RAN2 part are highlighted in yellow): 
The specific objectives of this work item are:
· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1]
· Specify support for SL PRS bandwidths of up to 100MHz in FR1 spectrum
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified.
· Specify measurements to support RTT-type solutions using SL, SL-AOA, and SL-TDOA [RAN1, RAN2]
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2:
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1]
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1]
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1]
· Note: For SL positioning resource (pre-) configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify signaling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmission [RAN1, RAN2].
· Specify reporting signaling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]:
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)) 
· Specify the protocol and procedures for SL positioning between UEs and LMF.
· Specify signaling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2]
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4]






















In this paper, we would like to present our views on supporting the sidelink positioning in NR from the perspective of architecture, protocol stack, signaling procedure.
2. Discussion
2.1 Transport layer choice for SLPP
In the last RAN2#120 meeting, it was agreed that RAN2 should adopt one from PC5-U and control plane PDCP to take the role as the transport layer for the SLPP. 
The advantage of PC5-U is that it supports the broadcast/groupcast inherently. However, the SLPP msg needs to be mapped to DRBs to be transmitted between UEs. As a result, the QoS rules of the SLPP need to be designed carefully for mapping the SLPP msgs to the proper DRBs to satisfy the positioning timing requirement. Note that according to the SA2’s reply in [1], both of the PQI and LCS QoS need to be taken into account to map the QoS flow the proper DRBs, which may require significant amount of discussion time in RAN2 to design suitable QoS flow to DRB mapping rule. As a result, we propose RAN2 to choose the control plane PDCP as the final option.
Observation 1: while for PC5-U option, the network needs to take care of mapping the QoS flows carrying SLPP msgs to proper DRB, broadcast/groupcast mechanism should be introduced to the control plane PDCP, which all require spec effort in RAN2 for supporting the positioning service. 
Proposal 1: RAN2 to agree to choose the control plane PDCP as the transport player to support the SL positioning protocol.

2.2 Sidelink positioning with a LMF as location server role 
As well known, the LMF plays the key role in managing the localization services of the 5G NR network, such as receiving UE localization related capabilities, determination of the positioning method to be used, collecting DL-PRS configurations from TRPs and sending the configuration towards the UE, commanding the serving gNB to configure UL-SRSp towards the UE, retrieving the positioning measurement result from gNB, etc. The NRPPa and LPP protocol are used for related signaling msg transmission between LMF and gNB, and between LMF and UE, respectively.
For the specific in-coverage and partial-coverage scenario where the target UE is in-coverage, it is possible that the LCS request comes from the network or external LCS client connected with 5G network, as currently specified in 23.273. In addition, if the Uu positioning result is not good enough, it is possible that the network would trigger the SL positioning to calibrate the Uu positioning result. So, from our perspective of view, in such cases, the LMF should take the role of location server. On the other hand, it is awkward that if the target UE is out-of-coverage but the LCS request comes within the network. 
Observation 2: the case that the target UE is out-of-coverage but the LCS request comes within the network is an  invalid scenario.  
Proposal 2: RAN2 to agree that LMF should take the role of location server when the LCS request comes from an entity connected with or within 5G network.
For RTT-type solutions, both of the target UE and anchor UEs should be configured with the SL-PRS configuration. An example of the positioning procedure wherein the LMF functions as the location server is depicted as follows:



Figure 1: the SL positioning signaling procedure for the case of RTT-type positioning and the LMF acting as the location serving role 
1. [bookmark: _Hlk126846852]The LMF may request the SL positioning capabilities from the target UE and the anchor UE. FFS messages from which protocol to be used.
2. The network (the gNB or the LMF, pending on RAN1’s further decision) determines and sends the SL-PRS configuration towards the target UE. FFS messages from which protocol to be used.
3. In the case of semi-persistent or aperiodic SL-PRS, the LMF may request activation of UE SL-SRS transmission by sending a NRPPa Positioning Activation Request message to the serving gNBs of the target device and anchor UEs, or by sending a Positioning Activation Request message to the relayed UEs of the OOC target device and anchor UEs. The gNBs and/or the relay UEs then activates the UE SL-PRS transmissions and sends a Positioning Activation Response message. The target device and the anchor UEs begin the SL-PRS transmission according to the timing pattern of the SL-PRS resource configuration.
4. The LMF provides the SL-PRS information of the target device to the selected anchor UEs and the SL-PRS information of the selected anchor UEs to the target device in Provide Assistance Data messages, and requests them to perform the SL-PRS measurements with the MEASUREMENT REQUEST message. The messages include all information required to enable UEs to perform the SL-PRS measurements. FFS messages from which protocol to be used.
5. The anchor UEs and the target device perform the SL-PRS measurements according to the information given in step 4.
6. The anchor UEs and the target device report the SL-PRS measurements in the MEASUREMENT RESPONSE msg to the LMF. FFS messages from which protocol to be used.
7. The LMF calculates the position of the target device according to the retrieved SL-PRS measurement results from both of the target device and the anchor UEs.
Proposal 3: RAN2 to agree to capture the signaling procedure with LMF as a location server role as shown in the figure 1 in the SL positioning stage 2 specification.

2.3 Sidelink positioning with a location server UE 
There exists a possibility that the LCS request comes from an out-of-coverage SL client UE. For example, in rural areas, vehicles on the road would like to obtain the ranging result between each other to make the correct decision for the purpose of autonomous driving. In such cases, since out-of-coverage SL client UE could not communicate with the LMF directly and we cannot assume there could be a relay UE between UE and LMF, it is better to choose a SL positioning server UE. 
Observation 3: If out-of-coverage SL client UE could not communicate with the LMF directly, LMF cannot be used for providing positioning service without the relayed UE.
Proposal 4: RAN2 to agree that a SL positioning server UE should take the role of location server if LCS request comes from an entity not connected with 5G network.
Correspondingly, the exampling RTT-type SL positioning procedures are illustrated in the following figures.


Figure 2: the SL positioning signaling procedure for the case of target UEs transmitting the SL-PRS and the location serving UE is charged of the positioning service. 
1. The location server UE may request the SL positioning capabilities from the target device and the anchor UE via SLPP msg. 
2-4. The location server UE request the SL-PRS configuration from the target device and anchor UEs. They autonomously decide the SL-PRS configuration and send the configuration towards the location server UE. 
5. [bookmark: _GoBack]The location server UE provides the target device’s SL-PRS configuration as the assistance data towards the anchor UEs and provide the anchor UEs’ SL-PRS configuration as the assistance data towards the target device (may relayed by gNB or other UE if there is no direct SL link). In addition, the location server UE requests them to perform the SL-PRS measurement with the MEASUREMENT REQUEST message. The message includes all information required to enable the anchor UEs and target device to perform the SL-PRS measurements.
6. The anchor UEs and the target device perform the SL-PRS measurements according to the information given in step 5.
7. The anchor UEs and the target device report the SL-PRS measurement in the MEASUREMENT RESPONSE msg to the location server UE. 
8. The location server UE derives the position of the target device according to the retrieved SL-PRS measurement results.
Note: in step 4&5, it is also possible to directly exchange the S-PRS configuration between target device and anchor UEs.
Proposal 5: RAN2 to agree to capture the signaling procedure with UE as a location server role as shown in the figure 2 in the SL positioning stage 2 specification.

2.4 Combination of Uu- and PC5-based positioning
As well known, the DL-PRS/SRSp propagation path between the UE and the gNB may be blocked or scattered to a large extent in the urban area, which causes NLOS complicated multipath and therefore degrades of the positioning accuracy. However, it should be noted that whether the DL-PRS/SRSp propagation path between a UE and a gNB in a particular scenario should be categorized to NLOS or LOS is only known at the receiver after the practical transmission of such reference signal has been done. 
Observation 4: if the DL-PRS/SRSp propagation path between a UE and a gNB in a particular scenario should be categorized to NLOS or LOS is only known at the receiver after the practical transmission of such reference signal has been done.
Such observation leads to two modes of adding PC5 based positioning for further calibration of the Uu based positioning result:
· Option 1: UE/LMF autonomously triggers PC5 based positioning during the Uu positioning session, potentially based on pre-configured condition, e.g., detection of NLOS transmission of the DL-PRS/SRSp, low RSRPP of the received DL-PRS/SRSp, etc.
· Option 2: LMF triggers PC5+Uu based positioning after the Uu positioning session is ended. The decision of triggering further PC5 positioning to calibrate the Uu based positioning could be a result of the bad Uu positioning result, i .e., low positioning accuracy or the integrity of the positioning result could not be guaranteed. 
Obviously, Option 2 consumes more time than Option 1 to obtain a satisfied positioning result, due to the fact that another new positioning session has to be triggered, and the Uu positioning capability and reference signal configuration needs to be transferred again between the UE and the gNB during such new positioning session. As a result, we suggest RAN2 to take the Option 1 as a feasible option for combination of Uu- and PC5-based positioning.
Observation 5: Option 2 (LMF triggering PC5+Uu based positioning in a new positioning session) may consume more time than Option 1 (autonomously triggering PC5 based positioning based on some preconfigured condition) obtain a satisfied positioning result, due to the fact that another new positioning session has to be triggered, and the Uu positioning capability and reference signal configuration may need to be transferred again between the UE and the gNB during such new positioning session.
Proposal 6: RAN2 to agree that the Option 1 ((autonomously triggering PC5 based positioning based on some preconfigured condition) should be taken as a feasible option for triggering the PC5 based positioning to calibrate the Uu positioning to design the signalling procedure of combination of Uu- and PC5-based positioning.

2.5 Application of broadcast of positioning signalling msg
The SA2 has agreed to reuse 5G ProSe Discovery procedures and V2X Communication procedures on Ranging/SL Positioning discovery, with the additional Ranging/SL Positioning parameters such as ProSe identifier or the Service Type identifier “Ranging/Sidelink Positioning” and the expected roles of the UE (i.e., Target UE, SL Reference UE, Located UE, Assistant UE, SL positioning Server UE). With such information, the RAN layer can know the candidate UEs being involved in a particular positioning session potentially. To further determine the positioning method to be used, and the exact UEs to be applied and the corresponding roles, the positioning capability needs to be transferred from the candidate UEs. Conventionally, positioning capability are retrieved by the LMF from the target UE in the unicast way. However, reusing such mechanism for performing SL positioning introduces significant timing latency, since the SL positioning capabilities need to be collected from potentially all candidate UEs. As the transfer of the positioning capability needs to be done before making the decision on which positioning method to be used and the exact UEs for involving in a particular positioning session and corresponding roles, the positioning capability should be broadcast periodically, similar with the SL positioning discovery model A, to accelerate the SL positioning procedure.
Observation 6: retrieving positioning capability in the unicast way for performing SL positioning introduces significant timing latency, since the SL positioning capabilities need to be collected from candidate UEs potentially more than the necessary UEs required for the SL positioning.
Proposal 7: RAN 2 to agree the positioning capability can be broadcast/groupcast periodically, similar with the SL discovery model A.  
Regarding the broadcast of the assistance data, in step 4&5 of the figure 2, it is also possible to directly exchange the S-PRS configuration between target device and anchor UEs via groupcast or the broadcast. To achieve this, the target device and anchor UEs simply need to know the ID of the source of the SL-PRS to monitor in prior, which could be included in the Request of SL-PRS configuration msg sent towards the target device and anchor UEs. 
Proposal 8: RAN2 to agree that SL-PRS configuration could be broadcast/groupcast between anchor UEs and the target UE, after they autonomously determine the SL-PRS configuration. 

2.5 The impact of the assistance UE on the RAN side
In [1], SA2 asks RAN2 if the assistance UE should be supported (e.g., in SLPP) in this release. We think that the assistance UE is useful for performing accurate ranging between UEs with NLOS propagation condition, and such use case is valid. For instance, in V2X scenario, suppose a vehicle cannot see a pedestrian crossing the road, i.e., no LOS propagation condition exists between them, if without the accurate ranging result, the vehicle may occasionally hit the person. Suppose there is an assistance UE to perform the ranging between the vehicle and the pedestrian, such accident could be avoided.   Also, it seems that RAN2 impact could be avoided. 
For example, if the assistance UE transmits the SL-PRS, the two target UEs should only be commanded to perform the SL-PRS measurement towards the assistance UE and report the measurement result towards the position computation entity. On the contrast, if it is the target UEs performing the SL-PRS transmission, the assistance UE needs only to perform the SL-PRS measurements and subsequently either calculates the ranging result between two target UEs or sends both measurement results towards the position computation entity. Finally, the position computation entity could derive the ranging result, provided that the NAS positioning signalling for ranging between two target UEs has been received. We can easily find that that both of such two kind of implementation do not need addition RAN2 impact dedicated to this particular use case.
As a result, we think RAN2 could reply to the SA2 to keep the use scenario of using assistance UE to perform ranging between two target UEs without dedicated RAN2 impact.
Proposal 9: RAN2 to agree to reply to the SA2 to keep the use scenario of using assistance UE to perform ranging between two target UEs without any dedicated RAN2 impact is foreseen.
3. Conclusion and proposals
Observation 1: while for PC5-U option, the network needs to take care of mapping the QoS flows carrying SLPP msgs to proper DRB, broadcast/groupcast mechanism should be introduced to the control plane PDCP, which all require spec effort in RAN2 for supporting the positioning service. 
Proposal 1: RAN2 to agree to choose the control plane PDCP as the transport player to support the SL positioning protocol.Proposal 2: RAN2 to agree that LMF should take the role of location server when the target UE is in-coverage and LCS request comes from an entity connected with or within 5G network.
Observation 2: the case that the target UE is out-of-coverage but the LCS request comes within the network is not a valid scenario.  
Proposal 2: RAN2 to agree that LMF should take the role of location server when the LCS request comes from an entity connected with or within 5G network.
Proposal 3: RAN2 to agree to capture the signaling procedure with LMF as a location server role as shown in the figure 1 in the SL positioning stage 2 specification.
Observation 3: If out-of-coverage SL client UE could not communicate with the LMF directly, LMF cannot be used for providing positioning service without the relayed UE.
Proposal 4: RAN2 to agree that a SL positioning server UE should take the role of location server if LCS request comes from an entity not connected with 5G network.
Proposal 5: RAN2 to agree to capture the signaling procedure with UE as a location server role as shown in the figure 2 in the SL positioning stage 2 specification.
Observation 5: Option 2 (LMF triggering PC5+Uu based positioning in a new positioning session) may consume more time than Option 1 (autonomously triggering PC5 based positioning based on some preconfigured condition) obtain a satisfied positioning result, due to the fact that another new positioning session has to be triggered, and the Uu positioning capability and reference signal configuration may need to be transferred again between the UE and the gNB during such new positioning session.
Proposal 6: RAN2 to agree that the Option 1 ((autonomously triggering PC5 based positioning based on some preconfigured condition) should be taken as a feasible option for triggering the PC5 based positioning to calibrate the Uu positioning to design the signalling procedure of combination of Uu- and PC5-based positioning.
Observation 6: retrieving positioning capability in the unicast way for performing SL positioning introduces significant timing latency, since the SL positioning capabilities need to be collected from candidate UEs potentially more than the necessary UEs required for the SL positioning.
Proposal 7: RAN 2 to agree the positioning capability can be broadcast/groupcast periodically, similar with the SL discovery model A.  
Proposal 8: RAN2 to agree that SL-PRS configuration could be broadcast/groupcast between anchor UEs and the target UE, after they autonomously determine the SL-PRS configuration. 
Proposal 9: RAN2 to agree to reply to the SA2 to keep the use scenario of using assistance UE to perform ranging between two target UEs without any dedicated RAN2 impact is foreseen.

Reference
[1] Reply LS on Reply LS on RAN dependency for Ranging/Sidelink Positioning, S2-2301464, SA2





Microsoft_Visio_2003-2010_Drawing.vsd
UE


other gNB or relay UE


Anchor UE


Anchor UE


Anchor UE


1. Sidelink Positioning Capability Transfer 


2a.SL-PRS determined by the network and configured towards the target UE


2b. SL-PRS Configuration


 3a. Activate UE SL-PRS transmission 


Serving gNB


LMF


 3b.POSITIONING ACTIVATION RESPONSE



image2.emf
5.  Assistance data and MEASUREMENT REQUEST

UE

1. Sidelink Positioning Capability Transfer 

Anchor 

UE

Anchor 

UE

Anchor 

UE

7 Measurement Response

     3. Decide the SL-PRS resource

Location 

server UE

Relay gNB or 

UE

2. Request of SL-PRS configuration

4. Provide of SL-PRS configuration

8. Positioning 

derivation

           6. SL-PRS measurement


Microsoft_Visio_2003-2010_Drawing1.vsd
UE


Anchor UE


Anchor UE


Anchor UE


1. Sidelink Positioning Capability Transfer 


     3. Decide the SL-PRS resource


5.  Assistance data and MEASUREMENT REQUEST


7 Measurement Response


Location server UE


Relay gNB or UE


2. Request of SL-PRS configuration


4. Provide of SL-PRS configuration


8. Positioning derivation


           6. SL-PRS measurement



image1.emf
 3b.POSITIONING ACTIVATION RESPONSE

UE

other 

gNB or 

relay UE

1. Sidelink Positioning Capability Transfer 

2b. SL-PRS Configuration

 3a. Activate UE SL-PRS transmission 

Serving 

gNB

Anchor 

UE

Anchor 

UE

Anchor 

UE

LMF

6. Measurement Response

2a.SL-PRS determined by the network and configured 

towards the target UE

4.  Assistance data and MEASUREMENT REQUEST

5. SL-PRS Measurements


