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1. Introduction/Discussion
This paper aims at providing evaluation and conclusion on KI#5.
KI#5 in TR 23.700-86 contains objective to address Network assisted Sidelink Positioning for In Network Coverage and Partial Network Coverage. So far, 12 solutions are proposed for this key issue: #6-8, 12, 14, 20, 21, 26-28, 31, 32. 
	Solution
	Highlights

	#6
	Located UE requested procedure and Target UE requested procedure

	#7
	Target UE within the network coverage and MT-LR procedure

	#8
	LMF triggers the Located UE discovery

	#12
	Located UE acts as a ProSe UE-to-Network Relay for location reporting

	#14
	A general reference architecture

	#20
	Scheduled location time is used to achieve more accurate positioning

	#21
	AMF determines network assisted sidelink positioning, and selects Located UE

	#26
	Location Server functionality and Location Server UE are discussed

	#27
	LMF selection enhancement with Ranging/SL positioning support

	#28
	On ranging result calculation modes

	#31
	Immediate and deferred location procedures for partial network coverage

	#32
	Involving Multiple Reference UEs for Sidelink positioning



· Solution #6 proposed two MO-LR procedures for network assisted ranging and sidelink positioning. In the first procedure, Located UE, the one that has capabilities that offers Sidelink Positioning and/or Uu based positioning, requests positioning service on behalf of the Target UE; In the second procedure, target UE initiates and requests network-assisted ranging/sidelink positioning service. For the second procedure, it assumes the Target UE is either in coverage or out of coverage but able to establish connection with the AMF. The LMF initiates the Located UE positioning after receiving the request from Target UE or Located UE. LMF performs the Target UE position determination based on the Uu position of Located UE and the ranging information between Located UE and Target UE. The solution also provides the discovery procedure of the located UE.
· Solution #7 proposed MT-LR procedure for network-based ranging and sidelink positioning. It is assumed that the UE is in the network coverage, either directly over Uu or via relay, and in a location where Uu based positioning is not possible. After the AMF initiates the location request to the LMF, the LMF sends the DL Positioning message to the UE1. UE1 decides to perform sidelink positioning and then initiate the discovery and positioning procedures. Afterwards, UL positioning message is sent to the LMF including positioning data and Located UE ID. The LMF resolves the received Located UE’s ID and triggers the location determination of Located UE. The LMF determines the location of Target UE based on the Ranging/Sidelink positioning data and the location of Located UE.
· Solution #8 provided the similar MT-LR solutions as solution #7 in terms of network-assisted ranging and sidelink positioning. The difference is the procedure for the LMF to determine to perform discovery/positioning between the UEs, as well as trigger the discovery of a Located UE and the target UE for positioning assistance. For example, LMF triggers the Located UE discovery based on LCS QoS verification, and sends the Application ID to UE for performing ProSe Direct Discovery. Based on the discovery report from Target UE, the LMF determines the specific Located UE. LMF determines the location estimate of Target UE based on the positioning measurements obtained over both Uu and PC5.
· Solution #12 addressed both KI#7 and KI#5 by proposing an LCS-based ranging service exposure solution, in which a ranging application server (AF) requests a ranging/sidelink positioning service operation request between the located UE and the target UE. 5G-MT-LR procedure has been enhanced to support ranging/sidelink positioning by considering the service operation information shared by ranging application server. LMF performs the interactions with the ProSe Application Server or PCF to initiate Relay operation for location reporting. The Located UE acts as a ProSe UE-to-Network Relay for reporting the ranging/sidelink positioning measurements/results, and the Located UE is provisioned with special Relay Service Codes authorized for reporting of target UE location. LMF combines the location information of Located UE with the ranging/sidelink positioning measurements/results to derive absolute location of the Target UEs.
· Solution #14 provided general architecture for sidelink Positioning and Ranging-based services, including non-roaming and same PLMN operation, inter-PLMN operations non-roaming operation, and inter-PLMN operation with roaming. The solution applies to all KIs and may be considered as the underlying architecture solution for KI#5. To address specifically for KI#5, the solution proposed that the UEs may be configured by SL Positioning Ranging Server regarding the corresponding operation parameters and configurations via SR1, the reference point between the UE Sidelink Positioning and Ranging application in the UE and the SL Positioning/Ranging Server. In additional, the Ranging control signalling, discovery message, and measurement results may be sent via SR5 (the new reference point between the Sidelink Positioning and Ranging application in UEs) or the LMF. 
· Solution #20 proposed a similar principle as the aforementioned solutions, apart from the scheduled location time is explicitly considered while performing Network assisted Sidelink positioning. The scheduled location time defined in TS23.273 is used to get the Ranging/Sidelink positioning measurement data and the location of the Located UE at a same time, to achieve more accurate positioning of the Target UE. Specifically, the scheduled location time is used to obtain the positioning of the located UE and the Ranging/Sidelink positioning results between the Located UE and the target UE at the same time. Under such circumstance, the LMF can calculate the target UE position in a more precise way. The solution applies to both MT-LR procedure and MO-LR procedure and assumes the positioning target UE (UE1) is within the network coverage.
· Solution #21 presented the procedures similar to above solutions but focused on the scenario that the target UE is out of coverage and the located UE is in coverage. It focuses on the MT-LR scenario. Different from above solutions is that the serving AMF of the target UE/target area is responsible for discovery and selection the Located UE. The serving AMF of Target UE is determined by the GMLC if no serving AMF address is returned from UDM. The AMF then sends the selected located UE list and service request to the serving LMF. The serving AMF determines to trigger network assisted sidelink positioning, and selects one or multiple Located UEs based on the received UE capability of Located UE during the registration procedure. LMF receives LCS service request from the serving AMF including target UE ID and Located UE ID(s). Afterwards, LMF triggers the Ranging/Sidelink positioning procedure which includes the discovery and service operation procedure over PC5.
· Solution #26 proposed a functional Split and Positioning Protocol for SL Positioning in which a SL positioning server UE is defined to offload the functionalities provided by a Location Server. Similar to location server, positioning server UE can provide positioning assistance to the target UE, as well as obtain reference information from reference UEs. Ranging/Sidelink Positioning Protocol is considered to be applied at UEs, and location server, etc. Location Server UE can be separated from Reference UE and Target UE, and the interaction between Location Server UE and Reference UE/Target UE is needed. The interaction is more complex with the new UE involved, and Reference UE and Target UE can support location calculation, thus an additional Location Server UE is not needed.
· Solution #27 provided an LMF selection solution that addressed KI#2, KI#3, KI#4, KI#5, KI#6, and KI#7. LMF is selected by considering the requirement and capability to supporting Ranging/SL positioning functionalities.
· Solution #28 addressed KI#2, KI#3, KI#4, KI#5, KI#6, and KI#7 by proposing the solutions to involve LMF in Ranging/Sidelink positioning. The possible applications may be a UE is in coverage or UEs are with partial coverage. Three modes have been proposed in terms of which node to perform Ranging/Sidelink positioning result calculation: UE-based, LMF-based and hybrid. The procedures include LMF triggered ranging/sidelink positioning and LMF initiated Ranging/sidelink positioning capability negotiation between UE and LMF. The main principle is similar to Solution #7, #8, #12. 
· Solution #31 focused on enabling the immediate and deferred network-assisted SL positioning when the target UE is out of coverage. The basic principle is similar to Solution #7, #8, #12, #20, #21. In the solution, the AMF perform the selection of the candidate list of located UEs to assist positioning of the out-of-coverage target UE (requested UE), and the LMF triggered the SL positioning request after selected the located UE based on the exchanged capability of Ranging/sidelink positioning of each located UEs. This solution support both UE-based and LMF-based SL positioning calculation, as well as hybrid mode. Both immediate location request and deferred location request with triggering condition are presented, while target UE may initiate procedure for 5GC-MO-LR request in deferred location procedure. This solution assumes that UE and AMF do not remove UE’s context and AMF maintains UE’s last known location information even though UE is considered as deregistered.
· Solution #32 complemented the above solutions by involving multiple Reference UEs in ranging/sidelink positioning to improve positioning accuracy. Difference from previous solution includes that the LMF receives or determines information about ranging "constellations” instead of the candidate list of reference UEs. The LMF may also collects data about potential Reference UEs/Located UEs in an area. After discovery and authorization procedures, the LMF determines one or more other Reference UEs to be involved in the ranging session. Procedures are elaborated for different scenarios ranging from both target and reference UEs are in coverage, target UE is out of coverage and at least one Reference UE is in coverage, to target UE and the Reference UEs are out of coverage. For the last case that target UE and the reference UEs are out-of-coverage, it is assumed that one reference UE could support a subset of the LMF functionality.

These solutions could be mainly classified in the following two categories: 
· MO-LR based solution, where ranging/sidelink request is initiated by mobiles and network provides positioning assistance (Solution #6, 14. 20, 26, 27, 31, 32). The main principles are
· Most solutions cover the scenarios when the target UE is in coverage or out-of-coverage. 
· If the target UE is in coverage, MO-LR procedures can be performed by target UE directly. 
· If the target UE is out-of-coverage, three options are considered: first, the target UE could reuse the procedure as it is in coverage if the target UE is able to establish connections to the network via UE-to-network relay or non-3GPP access; second, reference UE/located UE could forward the location request or send it on behalf of the target UE. Third, reference UE may take some functionality as location server, but the security mechanism needs to be further studied to be determined by SA WG3.
· MT-LR based solution, where ranging/sidelink positioning request is initiated by network/applications and received at the mobiles. Network also provides positioning assistance for ranging/sidelink positioning. (Solution #7, 8, 12, 14, 20, 21, 26, 27, 28, 31, 32). The main principles are
· Most solutions are applicable for the scenarios where the target UE is in coverage, or UE is out-of-coverage but have access to network e.g., via a UE-to-Network relay. 
· Most solutions proposed that the network (AMF, LMF, etc) determines the discovery and selection of located UE, triggers the performance of ranging/sidelink positioning between target UE and one or more reference UEs based on the signaling information between network/target UE/reference UE/assistance UE or AF info.
Both categories are necessary for KI#5 and the solutions need to cover in-coverage, partial-coverage, and out-of-coverage scenarios. 
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-86.
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[bookmark: _Toc104302606][bookmark: _Toc104359572][bookmark: _Toc104872765][bookmark: _GoBack]7.X	Key Issue #5: Network assisted Ranging and Sidelink Positioning 
KI#5 in TR 23.700-86 contains objective to address Network assisted Sidelink Positioning for In Network Coverage and Partial Network Coverage. So far, 12 solutions are proposed for this key issue: #6-8, 12, 14, 20, 21, 26-28, 31, 32. 
· Both MO-LR procedure (i.e., Target UE initiates the request) and MT-LR procedure (i.e., LCS client or AF initiates the request) are supported.
· MO-LR based solution, where ranging/sidelink request is initiated by mobiles and network provides positioning assistance (Solution #6, 14. 20, 26, 27, 31, 32). The main principles are
· Most solutions cover the scenarios when the target UE is in coverage or out-of-coverage. 
· If the target UE is in coverage, MO-LR procedures can be performed by target UE directly. 
· If the target UE is out-of-coverage, three options are considered: first, the target UE could reuse the procedure as it is in coverage if the target UE is able to establish connections to the network via UE-to-network relay or non-3GPP access; second, reference UE/located UE could forward the location request or send it on behalf of the target UE. Third, reference UE may take some functionality as location server, but the security mechanism needs to be further studied to be determined by SA WG3.
· MT-LR based solution, where ranging/sidelink positioning request is initiated by network/applications and received at the mobiles. Network also provides positioning assistance for ranging/sidelink positioning. (Solution #7, 8, 12, 14, 20, 21, 26, 27, 28, 31, 32). The main principles are
· Most solutions are applicable for the scenarios where the target UE is in coverage, or UE is out-of-coverage but have access to network e.g., via a UE-to-Network relay. 
· Most solutions proposed that the network (AMF, LMF, etc) determines the discovery and selection of located UE, triggers the performance of ranging/sidelink positioning between target UE and one or more reference UEs based on the signaling information between network/target UE/reference UE/assistance UE or AF info.
Both categories are necessary for KI#5 and the solutions need to cover in-coverage, partial-coverage, and out-of-coverage scenarios. 
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