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Introduction
According to the WID [1] of RAN #94, Rel-18 NR positioning will take sidelink positioning into account. And the study scope of SL positioning are given as follows. 
	· 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.



In this contribution, we discuss potential solutions for sidelink positioning and express our opinions. 
 SL positioning architecture and procedure
SL positioning protocol stack
In the last meeting, RAN2 has agree that a new protocol for SL positioning between UEs will be introduced. And the functionality of new protocol is similar to LPP protocol and the following procedure can be performed by using new protocol:
1) transfer capability related to SL positioning between UEs;
2) transfer assistance data related to SL positioning between UEs;
3) transfer location information related to SL positioning between UEs.
Observation 1: A new protocol for sidelink positioning (e.g., RSPP, SLPP) at least includes the following functionalities:
 - transfer capability related to SL positioning between UEs;
 - transfer assistance data related to SL positioning between UEs;
 - transfer location information related to SL positioning between UEs.
And further, the new protocol stack between UEs needs to be further study. Before that, we can review the existing R16 SL protocol stack. In R16 sidelink, radio protocol stack for NR sidelink communication has four types as shown in Figure 1-4: 1) Control plane protocol stack for SCCH for RRC; 2) Control plane protocol stack for SCCH for PC5-S; 3) Control plane protocol stack for SBCCH; 4) User plane protocol stack for STCH. We can see that PC5-S messages are carried directly over PDCP. Referring to Section 9.1.1.4 of TS 38.331, different PC5-S messages are transmitted by PDCP using SRB0, SRB1 and SRB2 respectively. And in SL, PC5-S is still regarded as control plane signalling, but it is directly carried over PDCP, and it does not need to be encapsulated in PC5-RRC.


            
Figure 1: CP protocol stack for SCCH for RRC.      Figure 2: CP protocol stack for SCCH for PC5-S.


               
Figure 3: CP protocol stack for SBCCH.                   Figure 4: UP protocol stack for STCH.     
Considering the existing protocol stack of the SL interface, there are two options to carry positioning new protocol:
· Alt 1: CP-based solution, with new protocol over PC5-S or over PC5-RRC;
· Alt 2: CP-based solution, with new protocol over PDCP.
Figure 5 illustrates one possible CP-based protocol stack for alternative 1. For Alt 1, SLPP/RSPP messages are carried over PC5-S or PC5-RRC. In this option, SLPP/RSPP messages needs to be encapsulated into PC5-S or PC5-RRC. This design is similar to LPP that it is over NAS. And another possible CP-based protocol stack for alternative 2 in Figure 6 is similar to the protocol stack of PC5-S over PDCP in Figure 2. SLPP/RSPP does not need to be encapsulated into PC5-S or PC5-RRC, but it can be carried directly over PDCP as SRB. 
In order to reduce processing complexity for SL positioning, we think that Alt2 solution is more suitable to processing SLPP/RSPP messages.


 
Figure 5. CP stack over PC5-S/RRC for SLPP/RSPP       Figure 6. CP stack over PDCP for SLPP/RSPP
Proposal 1: CP-based protocol stack over PDCP may be more suitable for SL positioning signalling transmission between UEs.
General signalling procedure
The last meeting has agreed that for SL positioning in-coverage, partial coverage and out-of-coverage scenarios shall be supported. And the general signalling procedure can be separately analysed for out-of-coverage and in-coverage scenarios.
For out-of-coverage scenarios, there is no LMF involved. SL positioning procedure occurs between UEs. The following Figure 7 illustrates a general SL positioning signalling procedure for out-of-coverage scenarios. 



Figure 7: A general SL positioning procedure for out-of-coverage scenarios

1a) or 1b).	The UE A receives a Sidelink Location Request message, or the UE A initiated a SL positioning location request itself. UE A may be a target UE or anchor UE.
2.	The UE A may initiate the discovery with UE B and/or perform anchor UE (re)selection. 
3.	The UE A initiates the sidelink positioning capability exchange procedure with UE B.
4.	The UE A performs the assistance data transfer procedure with UE B.
5.	The UE A transmits the SL PRS and the UE B measure the SL PRS, or the UE B transmit the SL PRS and the UE A measures the SL PRS.
6.	The UE A performs the location information transfer procedure with UE B.
7.	The UE A or UE B calculate the SL positioning estimate results.
8.  The UE B transmits location estimate results to UE A
9a) or 9b).	The UE A provides the location estimate via Sidelink Location Response.
The following Figure 8 illustrates a general SL positioning signalling procedure for in-coverage scenarios. 




Figure 8: A general SL positioning procedure for in-coverage scenarios

1a) or 1b).	The LMF receives a Location Service Request from the AMF or target UE.
2.	The LMF obtains the sidelink positioning capability of the target UE from the target UE, e.g., via the LPP Request Capabilities message. Or, The LMF obtains the Uu positioning result estimate of the target UE from the target UE, e.g., via the LPP provide location information message.
3.	The LMF determines to perform the sidelink positioning, e.g., when the UE is not able to perform Uu-based positioning (not support, or not able to measure on enough TRP to perform Uu-based positioning), or, when the Uu positioning can not meet the positioning QoS requirements.
4.	The LMF may initiate a discovery procedure to find suitable anchor UEs via PC5 interface. 
5.	The LMF may perform the exchange of LPP messages for sidelink positioning between the LMF and Anchor UE(s), e.g., Assistance Data Transfer and Location Information Transfer. 
6.	The LMF performs the exchange of LPP messages for sidelink positioning between the LMF and the target UE, e.g., Assistance Data Transfer and Location Information Transfer.
7a) or 7b).	The LMF or target UE obtains the location information of the target UE based on the information from Step 5 or 6.
8a) or 8b).	The LMF sends Location Service Response to the AMF or target UE.

Proposal 2: UE-based and network-based sidelink positioning methods should be considered. 
Proposal 3: Capture Figure 7 and 8 into the TR as a general SL positioning procedure for out-of-coverage and in-coverage scenarios. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Anchor UE (re)Selection
After initiate sidelink positioning, we need to find suitable anchor UEs to assist positioning target UE. In order to determine the relative or absolute location of the target UE, we need to find suitable assisted UEs or anchor UEs.
Currently SA2 has a project, namely, Study on Architecture Enhancement to support Ranging based services and sidelink positioning, to study the architecture and signalling enhancement for SL positioning. SA2 lists a key issue “Ranging/Sidelink Positioning device discovery” to study how to find suitable SL devices, and takes the discovery Model A and Model B procedure as the baseline in TR 23.700-86. Thus, in the subsequent RAN2 discussion, we can assume that model A and model B can be a baseline for SL positioning discovery procedure.
In discovery procedure, discovery message may include the UE type, positioning service code, UE capability, etc. message. And this part will be discussed in SA2. And in RAN2, we need to discuss the selection of anchor UEs.  For the sake of select the appropriate anchor UEs, besides high layer criteria in the discovery procedure, AS layer criteria should also be considered due to the uncertainty of wireless environment. Mobility, channel condition such as NLOS/LOS indication of AS layer criteria may be considered.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 4: WA: Model A and Model B can be a baseline for SL positioning discovery procedure.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 5: In order to select suitable anchor UEs, AS layer criteria should be considered besides the high layer criteria of discovery procedure.
Resource allocation
Considering resource allocation, RAN1 has agreed to further study scheme 1 (e.g., similar to a legacy Mode 1 solution) and scheme 2 (e.g. similar to legacy Mode 2 solution). According to scheme 1 resource allocation, the gNB may allocate resources for SL-PRS in a centralised manner. In order to obtain the relative or absolute positioning estimate for a positioning session, multiple UEs may be involved as shown in Figure 9. Purple UE may be as a target UE requiring positioning estimate. And other white UEs serve as anchor UEs to transmit or measurement SL PRS to support positioning of target UE. According to the current resource allocation scheme, the in-coverage UEs will request the serving gNB to obtain the SL-PRS resources respectively, and out-of-coverage UEs will obtain the resources through sensing by itself. 
And in order to reduce signalling overhead between UE and gNB for in-coverage UEs or to avoid sensing procedure for out-of-coverage UEs, RAN2 can further study mode1 coordination of SL PRS resources scheme. In this scheme, network can cooperate to allocate SL-PRS resources in a centralized way for multiple UEs participating a SL positioning session regardless of UE within out-of-coverage or in-coverage.




Figure 9. SL positioning scenario for centralised resources allocation
Proposal 6: RAN2 to further study mode1 coordination of SL PRS resources for multiple UEs participating a SL positioning session.
SL-PRS Configuration procedure 
After sidelink positioning initiation and anchor UE selection procedure, SL-PRS configuration is a critical issue. In Rel-16/Rel-17 positioning, PRS and SRS are configured by LMF/gNB through LPP/RRC signalling. 
Back to the SL-PRS configuration, because SL UE can be in-coverage, partial-coverage and out-of-coverage. Thus, there are three types of configuration. 
The first type is that LMF or gNB determines the SL-PRS configuration and sends the configuration to SL UE. The first type is applicable to in-coverage UE or out-of-coverage UE. For the RRC_CONNECTED UE, the configuration can be send to UE via dedicated signalling. And for RRC_IDLE/INACTIVE UE, the configuration can be send to UE via system information. And for out-of-coverage UE, the SL-PRS can also be configured to UE via pre-configuration. The pre-configuration can be allocated to UE when it is in coverage.
The second type is the combination of semi-static configuration and sensing. Specifically, some semi-static configuration parameters, such as, RS comb size, RS bandwidth, number of symbols, resource type etc., can be configured to the UE by LMF or gNB.  And the dynamic parameters can be determined by UE itself, such as obtaining the time-frequency resources through sensing. And this options can be used by in-coverage and out-of-coverage UEs. Similar to the type one, for the RRC_CONNECTED UE, the semi-static configuration can be send to UE via dedicated signalling. And for RRC_IDLE/INACTIVE UE, the semi-static configuration can be send to UE via system information. And for out-of-coverage UE, the semi-static configuration can also be send to UE via pre-configuration.
The third type is that the SL-PRS configuration is determined by UE itself, that is, the specific time-frequency resources configuration can be determined via mode2 sensing. And other SL-PRS configuration is determined by UE. This type may only applied for specific scenarios, such as for out-of-coverage UE and without pre-configuration parameters. 
Proposal 7: Consider following SL-PRS configuration schemes:
· Alt1: SL-PRS is configured by gNB/LMF via high layer signalling;
· Alt2: SL-PRS semi-static parameters are configured by gNB/LMF and dynamic parameters are determined by UE;
· Alt3: SL-PRS is determined by UE.
Combination SL and Uu Positioning
Sidelink interface have many roles when positioning a target UE. Simplicity scheme is standalone sidelink positioning. That is SL positioning can independently determine a location of target UE, especially for out-of coverage UEs. Figure 5 illustrates standalone SL positioning. In this case, UE can obtain relative location information with respect to another UE, or obtain absolute location relative to a UEs with known locations via SL positioning measurements.


Figure 10. PC5-only based positioning
For Combination sidelink and Uu positioning, specific scenarios are shown in figure 11-13. Specifically， Figure 11 is SL positioning to enhance Uu positioning. Figure 12 is combined SL and Uu positioning to enable positioning. And Figure 13 is that relative position is obtained by SL positioning, and the absolute position is obtained by combining with Uu positioning.


             
Figure 11. SL positioning to enhance Uu positioning   Figure 12. Combined SL and Uu positioning to enable positioning


Figure 13. SL communication to offload Uu control signalling

· SL positioning to enhance Uu positioning performance.
Figure 11 shows the specific scenario. SL positioning can be utilized to enhance the performance of Uu positioning. When the UE needs ultra-high positioning accuracy, or there are harsh NLOS conditions of Uu link, target UE (purple UE) can initiate hybrid positioning. It can be seen from the figure that normal Uu positioning may be able to determine the location of the target UE, but the accuracy may not be enough. Thus, turning on hybrid positioning can improve positioning accuracy.
In hybrid positioning, anchor UE can be RSU or other UE with known/fixed location. And the location of anchor UE can be determined by Uu-based positioning. In this scenario, LMF calculation location (network-based) or UE calculation location (UE-based) can be supported. 
· Combined SL and Uu positioning to enable positioning function
Figure 12 shows the specific scenario. In this scenario, the wireless condition is deteriorated seriously and LOS path is rare. The positioning function cannot be achieved only by Uu interface positioning. Thus, SL positioning provides additional path to achieve positioning function. SL anchor UE also need have known or fixed locations. The location of SL anchor UE can obtain by Uu positioning.
· SL communication to offload Uu control signalling
In this scheme, SL positioning is controlled by gNB/LMF via Uu signalling. Normally, Uu signalling should be transmitted by Uu link between anchor UEs and gNB. However, the anchor UE may not be in-coverage of network, and in order to reduce the Uu signalling overhead, SL link can be used to offload Uu control signalling toward SL positioning. In this scenario, the target UE (purple UE) is similar to the relay UE to relay the Uu control signalling between gNB and anchor UEs (blue UE).
From the above analysis, the three scenario have benefits to positioning. Thus we think RAN2 should to support hybrid positioning. 
Observation 2： Combination SL and Uu positioning can facilitate the positioning accuracy.
Proposal 8: Figure 11, 12 and 13 may be used as subsequent research scenarios for Combination SL and Uu positioning.
For above Figure 11 and 12 scenarios, we can see that SL positioning is used as a supplement to improve the accuracy of Uu positioning or enable the positioning function. And SL positioning may be initiated when the radio condition or Uu positioning are worse. And further which entity will decide to initiate SL positioning, e.g., LMF or serving gNB or target UE? Thus we think we should further study this issue:
Proposal 9: RAN2 to further study a trigger procedure to enable combination of Uu and PC5-based positioning.
[bookmark: _Ref528871418]Conclusions
In this contribution, we discuss the positioning enhancements of Rel-18 positioning sidelink positioning techniques. And the proposals are given as follows:
Observation 1: A new protocol for sidelink positioning (e.g., RSPP, SLPP) at least includes the following functionalities:
 - transfer capability related to SL positioning between UEs;
 - transfer assistance data related to SL positioning between UEs;
 - transfer location information related to SL positioning between UEs.
Observation 2： Combination SL and Uu positioning can facilitate the positioning accuracy.
Proposal 1: CP-based protocol stack over PDCP may be more suitable for SL positioning signalling transmission between UEs.
Proposal 2: UE-based and network-based sidelink positioning methods should be considered. 
Proposal 3: Capture Figure 7 and 8 into the TR as a general SL positioning procedure for out-of-coverage and in-coverage scenarios. 
Proposal 4: WA: Model A and Model B can be a baseline for SL positioning discovery procedure.
Proposal 5: In order to select suitable anchor UEs, AS layer criteria should be considered besides the high layer criteria of discovery procedure.
Proposal 6: RAN2 to further study mode1 coordination of SL PRS resources for multiple UEs participating a SL positioning session
Proposal 7: Consider following SL-PRS configuration schemes:
· Alt1: SL-PRS is configured by gNB/LMF via high layer signalling;
· Alt2: SL-PRS semi-static parameters are configured by gNB/LMF and dynamic parameters are determined by UE;
· Alt3: SL-PRS is determined by UE.
Proposal 8: Figure 11, 12 and 13 may be used as subsequent research scenarios for Combination SL and Uu positioning.
[bookmark: _GoBack]Proposal 9: RAN2 to further study a trigger procedure to enable combination of Uu and PC5-based positioning.
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