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1.  Introduction
The Rel-18 WID[1] of sidelink positioning has been achieved as follows:
	· 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 100 MHz 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 procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling 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 signalling 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].
· 


RAN2 is mainly responsible for the protocol design between UEs, or between UE and LMF. Based on above, this contribution provides discussion and proposals for SLPP protocol and architecture design.
2.  Discussion
2.1.  Protocol between UE and LMF
RAN2#119-b[2] has achieved the following agreement on the signaling support of hybrid or PC5-only positioning:
	Agreement:
Protocol options between UE and LMF for hybrid PC5+Uu positioning and PC5-only positioning in-coverage are studied and RAN2 will down-select during normative work.
· Extension of LPP, whereby new signaling shall be defined to support hybrid Uu and PC5 based positioning, i.e. extend the existing LPP to support sidelink based positioning between UE and LMF
· Enhancement of LPP whereby SLPP/RSPP signaling can be transported within LPP transparently, i.e. use the newly defined SLPP/RSPP to support sidelink based positioning and use the existing LPP to support Uu based positioning; and the SLPP/RSPP is carried as a container in LPP
· Use of SLPP/RSPP between the UE and the LMF


Based on the rough classification, 1st and 2nd bullet are SLPP+LPP signaling between UE and LMF, and 3rd bullet is SLPP between UE and LMF. The proponents of 3rd bullet argue that there is a case that a UE can not support LPP but want to communicate with LMF for calculating/scheduling. From our point of view, LPP should be the basic protocol for a positioning UE. In addition, a unified design of PC5-only UE and Uu+PC5 UE is desired in order to reuse the legacy approach (i.e., LPP) as much as possible. We should avoid to design a new end-to-end protocol only for a special kind of UE (i.e., only support PC5 positioning, do not support Uu positioning) . Moreover, the PC5-only UE does not compulsively need the 3rd bullet to achieve the sidelink positioning. For example, the UEs that only support PC5 positioning can adopt at least two solutions: 1) these UEs adopt UE based calculating without network’s involvement; 2) if they want to perform LMF based positioning, these UEs can find a UE (maybe the SL positioning server UE or others) that supports LPP, then send RSPP/SLPP measurement to the LPP UE, then forward to the LMF.
When communicating with LMF, the difference between 1st bullet and 2nd bullet is that, 1st bullet is to set SLPP message as explicit signaling in LPP, i.e., add new IEs with concrete content in the existing LPP protocol; 2nd bullet is to set SLPP message as container in LPP, in which the RSPP/SLPP message only follows the LPP PDU transmission rules, but what content to be embedded in the container should follow SLPP module. From our point of view, either 1st bullet and 2nd bullet can be supported, and 2nd bullet is slightly preferred.
Observation 1: A unified design of PC5-only UE and Uu+PC5 UE is desired in order to reuse the legacy approach (i.e., LPP) as much as possible.
Proposal 1: Support to use the RSPP/SLPP+LPP between UE and the LMF, i.e., SLPP is designed as a container in the LPP.
LPP’s structure is depicted as below:
[image: legacy structure]
Figure 1.legacy LPP Message structure
Based on above, two structures of the SLPP container can be designed, i.e., add several SLPP containers per LPP message type (see figure 2), or add one SLPP container sharing the same sequence number, transaction ID within one LPP Message (see figure 3). Both structures are session-based approach, i.e., the SLPP container follows the establish/release/abort procedure of the attached LPP session. If the latter is applied, each LPP transaction performs a single operation as SLPP message. What to contain in one SLPP message is based on LMF’s implementation, but the scope of LMF’s decision is within the SLPP module and IEs. We think these two structures can be further considered and down-selected by RAN2.
[image: structure 1]
Figure 2. Several SLPP containers per LPP message type

[image: structure 2]
Figure 3. One SLPP container per LPP Message
Further, the detailed SLPP message of capability transfer, assistance data transfer and location measurement information transfer should be discussed by RAN2, considering the difference between the SLPP message in the SLPP container between UE&LMF and SLPP message between UEs, if exists.
Proposal 2: RAN2 to discuss and down-select the two structures of the SLPP container in LPP: add several SLPP containers per LPP message type, or add one SLPP container within one LPP Message.
2.2.  Anchor UE (re)selection
In RAN2#121[3], the following agreement regarding to the SL positioning procedure is agreed as follows:
	Agreement:
With respect to the overall signaling procedure for PC5-only positioning (including at least IC and OOC; FFS if there are differences for PC), it is proposed to agree that the sidelink positioning procedure comprises the following series of steps as a baseline, between the LMF/positioning server UE/NG-RAN/candidate Anchor UE(s) and Target UE(s):
1.Triggering event
2. Sidelink positioning capability exchange 
3.	Sidelink positioning assistance data transfer
4.	SL Positioning Request Location Information
5.	Measurement of SL-PRS
6.	Location calculation
7.	SL Positioning Provide Location Information
Some steps may have dependencies on SA2 and can be revisited in this light.  The order is subject to further discussion.  FFS if discovery and selection of anchor UEs and/or server UE are part of the positioning layer in RAN2 scope.
LS to SA2 to ask for confirmation and guidance on the SA2 aspects.


The procedure basically follows the LPP signaling from RAN2 perspective depicting a UE-to-UE flow. For the FFS part on the discovery/anchor UE (re)selection, note that there is relay UE discovery/(re)selection procedure already specified in 24.554[4] and 38.331[5], describing relay (re)selection in AS layer and relay discovery in NAS layer, respectively. We think the anchor UE discovery and (re)selection can take the existing procedure as baseline for further discussion. 
Discovery filtering is from NAS layer perspective, it is to compare whether the the service level requirement for discovery is satisfied or not(i.e., the NAS layer criteria) as specified in TS24.554, and the AS layer criteria should be determined by RAN2. Regarding to the issue how the anchor UE is considered good enough to be (re)selected (the AS layer criteria of anchor UE (re)selection), at least the AS layer criteria of relay UE (re)selection is suitable to be reused, since SL positioning also needs good channel condition at PC5 interface. In addition, the anchor UE’s attribute should be taken into consideration as another kind of AS layer criteria when determining whether the anchor UE should be chosen as a final anchor UE. For example, target UE would like to have interactions with the anchor UE that can transmit SL-PRS with the SCS of 30kHz, etc.
Proposal 3: Support to take relay UE (re)selection criteria as the baseline of anchor UE (re)selection criteria, i.e., target UE determines whether anchor UE’s transmission RSRP is larger than a threshold.
Proposal 4: Support to take anchor UE’s capability into consideration when target UE performs anchor UE (re)selection.
According to SA2’s specification TS23.586, both mode A and mode B discovery are supported. Here gives example procedures for mode A and mode B discovery, respectively:
[image: mode a]
Figure 4. Procedure of mode A anchor UE discovery
Step 1: Anchor UE(s) broadcast discovery announce message.
Step 2: target UE sends request capability message via SLPP broadcast/groupcast.
Step 3: anchor UEs send their SL positioning capability to the target UE via broadcast/groupcast/unicast.
Step 4: target UE determines final anchor UEs which satisfies both AS layer criteria(including anchor UE’s capability) and NAS layer criteria.
Step 5: target UE may send the acknowledgement to the selected anchor UEs in step 4, e.g., to set up SL positioning session. 
Step 6: Target UE and selected anchor UEs begin to perfom SL positioning (capability if any/assistance data/SL-PRS transfer).
[image: mode b]
Figure 5. Procedure of mode B anchor UE discovery
Step 1: Target UE sends the discovery request message.
Step 2: anchor UE monitors the discovery request message to see if it satisfies the NAS layer criteria of the discovery request.
Step 3: Target UE receives the discovery response of several candidate anchor UEs which satisfy the NAS layer criteria.
Step 4: target UE sends request capability message via SLPP broadcast/groupcast.
Step 5: anchor UEs send their SL positioning capability to the target UE via broadcast/groupcast/unicast.
Step 6: Target UE selects final anchor UEs based on the AS layer criteria(including anchor UE capability) from the several candidate anchor UEs 
Step 7: target UE may send the acknowledgement to the selected anchor UEs in step 6, e.g., to set up SL positioning session. 
Step 8: Target UE and selected anchor UEs begins to perfom SL positioning (capability if any/assistance data/SL-PRS transfer).
Proposal 5: Support target UE to discover candidate anchor UEs according to NAS layer criteria, then select final anchor UEs according to AS layer criteria. Take figure 4 and figure 5 for mode A and mode B discovery procedure as baseline.
2.3.  Procedure of partial coverage 
SA2 TS23.586[6] has agreed following definitions:
	[bookmark: _Toc128520599]TS23.586:
5.5.2 Network assisted SL Positioning of UE with NAS connection
A UE with a NAS signalling connection is in CM-Connected state. The UE enters CM-Connected state by performing UE triggered Service Request for 5GC-MO-LR or performing Network triggered Service Request for 5GC-NI-LR or 5GC-MT-LR.
(omitted)
[bookmark: _Toc69883514][bookmark: _Toc66701849][bookmark: _Toc114572413][bookmark: _Toc73625526][bookmark: _Toc125974544][bookmark: _Toc128520600]5.5.3	Network assisted SL positioning without NAS connection
When Target UE cannot establish the NAS connection with AMF due to the Target UE being out of coverage, for 5GC-MO-LR or pending 5GC-MT-LR (e.g. deferred 5GC-MT-LR), the following principles are applied:
(omitted)


Partial coverage contains 2 cases: target UE is in coverage(TS23.586, section 5.5.2), or target UE is out of coverage while one of the anchor UE is in coverage(TS23.586, section 5.5.3). If network-involved SL positioning is enabled in partial coverage scenario, there can be two procedure flows for target UE in coverage, and target UE out of coverage while one of the anchor UE in coverage. The examples are given as follow:
[image: TU in]
Figure 6. target UE in coverage when network assisted SL positioning is performed
Step 1. LMF receives the location service request of target UE for MT-LR, MO-LR or NI-LR.
Step 2. LMF decides the target UE to perform SL positioning and send SL positioning trigger message via LPP RequestLocationInformation message.
Step 3. Interaction between LMF and NG-RAN nodes to negotiate SL-PRS configuration if necessary. Note that there is a case that there are more than one UEs (adopting scheme 1 SL-PRS transmission) but with different gNB’s coverage. The SL-PRS configuration given by gNB should be non-overlapped to avoid interference.
Step 4. Serving gNB of the target UE provides SL-PRS configuration for scheme 1 target UE via RRC signaling.
Step 5. target UE triggers discovery and anchor UE selection procedure according to section 2.2 above.
Step 6. at this step SLPP session is established. Anchor UEs may send SL-ProvideAssistanceData SLPP message to target UE including anchor UE’s location and/or anchor UE’s SL-PRS configuration; target UE may send the SL-PRS configuration to the anchor UEs.
Step 7. anchor UEs and target UE transmit SL-PRS to each other.
Step 8. anchor UEs and target UE measure SL-PRS and make SL positioning measurements(e.g., SL-RSTD) respectively.
Step 9. anchor UEs provide their SL positioning measurements to the target UE via SL-ProvideLocationInformation SLPP message.
Step 10. target UE includes all the SL positioning measurements in a container and transmit to LMF via LPP message.
Step 11. LMF takes all the UE’s SL positioning measurements (or with uu positioning measurements) and calculate target UE’s location.
Step 12. LMF returns the location estimate to the service request source.

[image: tu out]
Figure 7. target UE out of coverage while one of the anchor UE in coverage when network assisted SL positioning is performed
Step 1. Target UE has a MO-LR service request for acquiring its own location.
Step 2. target UE may acquire SL-PRS configuration via pre-configuration.
Step 3. target UE triggers discovery and anchor UE selection procedure according to section 2.2 above.
Step 4: anchor UE that has NAS connection can trigger a MO-LR request to the AMF to get its own location or to transmit/receive target UE’s location in the following steps.
Step 5: AMF forwards the anchor UE’s MO-LR request to LMF.
Step 6. at this step SLPP session is established. Anchor UEs may send SL-ProvideAssistanceData SLPP message to target UE including anchor UE’s location and/or anchor UE’s SL-PRS configuration; target UE may send the SL-PRS configuration to the anchor UEs.
Step 7. anchor UEs and target UE transmit SL-PRS to each other.
Step 8. anchor UEs and target UE measure SL-PRS and make SL positioning measurements(e.g., SL-RSTD) respectively.
Step 9. target UE provides the SL positioning measurements to the anchor UE in step 4 via SL-ProvideLocationInformation SLPP message.
Step 10. anchor UE includes all the SL positioning measurements (of target UE and/or itself) in a container and transmit to LMF via LPP message.
Step 11. LMF takes all the UE’s SL positioning measurements (or with uu positioning measurements) and calculate target UE’s location.
Step 12. LMF returns the location estimate of the target UE to the AMF.
Step 13: AMF sends MO-LR response containing target UE’s location to the anchor UE.
Step 14. anchor UE forwards the target UE’s location to the target UE via SL-ProvideLocationInformation SLPP message.
Proposal 6: Support to take the figure 6 and figure 7 for partial coverage procedures for NW assisted SL positioning as baseline for further discussion. 
2.4.  SLPP session containing multiple target UEs
In RAN2#121, SA2 has sent an LS R2-2301928[7] to RAN2 asking the support of multiple target UEs containing in one SL positioning session:
	1. Overall Description:
SA2 would like to inform RAN2 that during the development of the Ranging/SL Positioning support (as in TS 23.586), use cases had been identified where multiple Target UEs are involved in the same positioning session. In these cases, it is desirable to allow the Ranging/SL Positioning control to support multiple target UEs, e.g. with broadcast or groupcast support.
SA2 understand that RAN2 is currently defining the Ranging/SL Positioning Protocol (the SLPP in RAN2’s context). Therefore, SA2 would like to ask RAN2 whether the SLPP would support multiple Target UEs in the same signalling session, and whether there is possibility of signalling the positioning results of multiple Target UEs in the same message.
2. Actions:
To RAN2 WG:
ACTION: SA2 would like to ask RAN2 to provide feedback on the support of multiple Target UEs in the same Ranging/SL Positioning session.


In the uu interface, a LPP positioning session contains only one target UE for absolute positioning. Each LPP positioning session is associated with a service request. If multiple target UEs are to be contained in a same positioning session, there should be requirements on the multiple target UE’s measurements, for example, requiring multiple UEs to measure simultaneously, or the multiple UEs should perform positioning with the same positioning purpose (for example, ranging, two UEs are associated to be positioned). one way to achieve this is that: the service trigger should include multiple target UE’s service request at the very first beginning. For example, for SL-MO-LR service request, one SL-MO-LR service request generated by one target UE can contain other target UEs’ location request. For SL-MT-LR service request, one SL-MT-LR service request from network to a target UE can contain other target UE’s’ location request. For example in figure 8, there is a MT-LR request with multiple target UEs’ location request, and one LPP session is associated with a SLPP session that contains target UE1, target UE2 and target UE3.
[image: session]
Figure 8. Example of MT-LR request with multiple target UEs in a SLPP session
Proposal 7: For multiple target UEs in a same positioning session, support the service trigger to include multiple target UE’s service request at the very first beginning.
Regarding the question ‘whether there is possibility of signalling the positioning results of multiple Target UEs in the same message’, we think it is also possible. This is to allow one SL-ProvideLocationInformation SLPP message to contain multiple UE’s SL-PRS measurements/location estimate, each with the corresponding UE identity. This is useful when forwarding measurements between UEs in a positioning session, or when forwarding measurements to the LMF via LPP container.
Proposal 8: Support one SL-ProvideLocationInformation SLPP message to include multiple UE’s location measurements/estimates, each with corresponding UE identity.
2.5.  Joint SL and Uu positioning methods and measurements
According to RAN2#119[8] in SI phase, both SL-only-based positioning and joint SL & Uu positioning are studied and recommended for normative work:
	Agreement 
Proposal 2: Study the architecture and signaling procedures to enable at least the following two operation scenarios:
-	Operation Scenario 1: PC5-only-based positioning.
-	Operation Scenario 2: Combination of Uu- and PC5-based positioning.


DL-TDOA-like method is a typical technique for joint positioning where both DL-PRS from multiple TRPs and SL-PRS from multiple anchor UEs are transmitted to target UE. Take Figure 9 as an example, target UE’s position cannot be calculated by either Uu positioning or SL positioning since DL-TDOA-like positioning requires at least 3 anchor nodes wherein one of them is a reference node. In such case, we have to merge both Uu measurements (i.e. measured between target UE and TRP 1/2) and SL measurements (i.e. measured between target UE and anchor UE 1/2). 
[image: ]
Figure 9. DL-TDOA-like joint SL & Uu positioning
[bookmark: _GoBack]However, usually anchor UEs and TRPs are not accurately synchronized and reference nodes for SL and Uu positioning are selected separately. For Uu positioning, a reference TRP (e.g. TRP 1) is selected as reference node, Uu RSTD measurement is obtained by calculating relative timing difference between the anchor TRP and a reference TRP. For SL positioning, a reference UE (e.g. anchor UE 1) is selected as reference node, SL measurement RSTD is obtained by calculating relative timing difference between the anchor UE and the SL reference node. For UE-assisted positioning, DL measurement and SL measurement can be reported to LMF jointly. In order for the LMF to know the time difference or time synchronization error between Uu session and SL session, a special RSTD measurement can be introduced and reported from target UE to LMF. This special RSTD is used to specify the measurement of the relative timing difference between SL reference node and Uu reference node.
Proposal 9: Support DL-TDOA-like joint SL & Uu positioning:
· For a target UE, Support reporting a RSTD for the timing difference between SL reference node and Uu reference node.

3.   Conclusion
In this contribution, we propose the following observation and proposals:
Observation 1: A unified design of PC5-only UE and Uu+PC5 UE is desired in order to reuse the legacy approach (i.e., LPP) as much as possible.
Proposal 1: Support to use the RSPP/SLPP+LPP between UE and the LMF, i.e., SLPP is designed as a container in the LPP.
Proposal 3: Support to take relay UE (re)selection criteria as the baseline of anchor UE (re)selection criteria, i.e., target UE determines whether anchor UE’s transmission RSRP is larger than a threshold.
Proposal 4: Support to take anchor UE’s capability into consideration when target UE performs anchor UE (re)selection.
Proposal 5: Support target UE to discover candidate anchor UEs according to NAS layer criteria, then select final anchor UEs according to AS layer criteria. Take figure 4 and figure 5 for mode A and mode B discovery procedure as baseline.
Proposal 6: Support to take the figure 6 and figure 7 for partial coverage procedures for NW assisted SL positioning as baseline for further discussion. 
Proposal 7: For multiple target UEs in a same positioning session, support the service trigger to include multiple target UE’s service request at the very first beginning.
Proposal 8: Support one SL-ProvideLocationInformation SLPP message to include multiple UE’s location measurements/estimates, each with corresponding UE identity.
Proposal 9: Support DL-TDOA-like joint SL & Uu positioning:
· For a target UE, Support reporting a RSTD for the timing difference between SL reference node and Uu reference node.
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