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Introduction

SA2 has sent LS to RAN2 onRAN dependency for ranging/SL positioning in S2-2209961/R2-2211052 [1].

In this contribution, we will address the issues asked by SA2 in the LS.
Discussion
 Transport layer for SLPP/RSPP
In the LS, SA2 discussed the following options of transport layer for SLPP/RSPP and provided the pros and cons:
PS5-S is currently designed for unicast link management. PC5-U supports all the cast types. However, security aspect on PC5-U and PC5-S for broadcast and group-cast modes need to be re-evaluated.

Impact to existing protocols: a standalone extension of PC5-S is expected if PC5-S is used, or RSPP is transported over PC5-U as the payload. Whether it is feasible or desirable to carry RSPP as payload (e.g. metadata) in PC5-D could not yet be concluded, given the lack of information on the potential size of RSPP messages.

QoS of RSPP transportation: AS layer needs to guarantee RSPP QoS in case of PC5-S is used, or V2X/ProSe layer can explicitly request per Application RSPP QoS in case of PC5-U is used.
However, SA2 can’t reach consensus between PC5-S or PC5-U or PC5-D, and would like RAN to provide evaluation. Aside from the options provided by SA2, RAN2 also discussed PDCP and RRC as transport layer. We provide an analysis of these options in the table below:
	
	Security
	Signalling QoS(Not LCS QoS)
	Groupcast/Broadcast/Unicast

	PC5-S
	Yes
	No. all RSPP/SLPP Signalling for all applications are treated with the same QoS (i.e. same as SRB)
	- Unicast for now

- RAN enhancement is needed to support groupcast and broadcast

	PC5-D
	No
	No
	Broadcast

	PC5-U
	Yes
	Yes, SLPP/RSPP signalling from different applications can be mapped to different DRBs with different QoS parameters(e.g. PQI).
	Groupcast/Broadcast/Unicast

	RRC
	Yes
	No. Similar to PC5-S
	- Unicast for now

- RAN enhancement is needed to support groupcast and broadcast

	Control plane PDCP
	Yes
	No. Similar to PC5-S
	- Unicast for now

- RAN enhancement is needed to support groupcast and broadcast


Based on the comparison, we can see that only PC5-U can support security, signalling QoS, and broadcast/groupcast/unicast at the same time. Thus, we propose that:

RSPP/SLPP is on top of PC5-U.
 RAN relevant parameters required for Service Authorization
For service authorization, SA2 has identified the following parameters:

-
When the UE is served by NG-RAN, the PLMNs in which the UE is authorized to perform Ranging/SL positioning service over PC5 reference point for acquiring relative distance, relative direction, high accuracy relative distance and high accuracy relative direction.

-
When the UE is not served by NG-RAN, indicates whether the UE is authorized to perform Ranging/SL positioning service over PC5 reference point for acquiring relative distance, relative direction, high accuracy relative distance and high accuracy relative direction.

-
The mapping between Ranging/SL positioning services (e.g. ProSe identifiers, V2X service types) and Ranging/SL positioning QoS parameters.

NOTE 1:
The QoS parameters will be coordinated with RAN WGs during the normative phase.

-
The authorized Ranging/SL positioning role per PLMN, e.g. target UE, reference UE, assistant UE, and located UE.

-
When the UE is not served by NG-RAN, indicates the authorized Ranging/SL positioning role, e.g. target UE, reference UE, assistant UE, and located UE.

-
The discovery parameters for Ranging/SL positioning service depends on the conclusions of KI#3.

SA2 would like to understand what are the parameters used at AS layer for Ranging/SL positioning.
In our understanding, the parameters required in RAN should be addressed by RAN3. From UE perspective, at least the following parameters are needed in SLPP/RSPP layer or AS layer:

The mapping between Ranging/SL positioning services (e.g. ProSe identifiers, V2X service types) and Ranging/SL positioning QoS parameters.

However, it is unclear whether it means LCS QoS(e.g. accuracy) or PC5 QoS (e.g. PQI). Clarification is needed from SA2.
The authorized Ranging/SL positioning role per PLMN, e.g. target UE, reference UE, assistant UE, and located UE.

This information is needed for SLPP/RSPP to determine the role of UE when participating a SL positioning.

When the UE is not served by NG-RAN, indicates the authorized Ranging/SL positioning role, e.g. target UE, reference UE, assistant UE, and located UE.

This information is needed for SLPP/RSPP to determine the role of UE when participating a SL positioning.

The discovery parameters for Ranging/SL positioning service depends on the conclusions of KI#3.

This information is needed for SLPP/RSPP to perform anchor/assistant/server UE selection.

RAN2 to agree that at least the following parameters are needed in SLPP/RSPP or AS layer:
The mapping between Ranging/SL positioning services (e.g. ProSe identifiers, V2X service types) and Ranging/SL positioning QoS parameters.

The authorized Ranging/SL positioning role per PLMN, e.g. target UE, reference UE, assistant UE, and located UE.

When the UE is not served by NG-RAN, indicates the authorized Ranging/SL positioning role, e.g. target UE, reference UE, assistant UE, and located UE.

The discovery parameters for Ranging/SL positioning service depends on the conclusions of KI#3.

 Assistant UE
SA2 Question: To support Ranging/SL Positioning using Assistant UE, how the determination of using assistant UE and the assistant UE selection/reselection is performed from RAN perspective?

In last RAN2 meeting, RAN2 agreed that RAN2 do not decide to support the role of assistant UE for now.  FFS if there is spec impact in RAN2 from the assistant UE.

From our perspective, RAN2 can first evaluate the impact to RAN2 and then decide if RAN2 would support assistant UE or not.

According to the definition of assistant UE in SA2 below, we can see that assistant UE is only used in scenario that only two UEs are involved in a SL positioning procedure and when there is no direct link between target UE and anchor UE:

	Assistant UE: A UE supporting Ranging/Sidelink Positioning between a SL Reference UE and a Target UE over PC5, when the direct Ranging/Sidelink positioning between the SL Reference UE and Target UE cannot be supported. The measurement/result of Ranging/Sidelink Positioning between the Assistant UE and the SL Reference UE and that between the Assistant UE and the Target UE are determined and used to derive the Ranging/Sidelink Positioning result between Target UE and SL Reference UE.


Observation: assistant UE is only used in scenario that only two UEs are involved in a SL positioning procedure and when there is no direct link between target UE and anchor UE.

No direct link means that

- the target UE or the anchor UE cannot be found by discovery procedure.

- the target UE or the anchor UE can be found by discovery procedure, but the SL RSRP of the sidelink between target UE and anchor UE is below a threshold.
RAN2 to discuss the following options for the condition to trigger assistant UE selection procedure:
- the target UE or the anchor UE cannot be found by discovery procedure.

- the target UE or the anchor UE can be found by discovery procedure, but the SL RSRP of the sidelink between target UE and anchor UE is below a threshold.
If UE decides to use assistant UE, assistant UE selection should be performed, from AS perspective, at least the following conditions should be considered for anchor UE selection:

- the SL RSRP of the sidelink between target UE and assistant UE, and the SL RSRP of the sidelink between assistant UE and anchor UE is above a threshold.

RAN2 to agree that the criterion for assistant UE selection at least include that the SL RSRP of the sidelink between target UE and assistant UE, and the SL RSRP of the sidelink between assistant UE and anchor UE is above a threshold.
The SL positioning can be either one-shot or periodic, or event triggered. For the periodic SL positioning, the selected assitant UE may become not satisfying the anchor UE selection criteria due to UE movement. If UE performs assistant UE selection at each periodic SL positioning, positioning delay may be large. To reduce the delay, assistant UE can be maintained during the periodic SL positioning. To maintain assistant UE, UE needs to decide on assistant UE reselection and cancellation. 

The conditions for assistant UE reselection may include:

- the SL RSRP of the sidelink between target UE and assistant UE, or the SL RSRP of the sidelink between assistant UE and anchor UE is below a threshold;

- The target UE/assistant UE can not detect assistant/target UE, or the anchor/assistant UE can not detect assistant/anchor UE. 
The conditions for assistant UE cancellation may include one of the two options:

- the SL RSRP of the sidelink between target UE and anchor UE is above a threshold;

- the target UE can discover the anchor UE;
RAN2 to agree that the conditions for triggering assistant UE reselection include:
- the SL RSRP of the sidelink between target UE and assistant UE, or the SL RSRP of the sidelink between assistant UE and anchor UE is below a threshold;

- The target UE/assistant UE can not detect assistant/target UE, or the anchor/assistant UE can not detect assistant/anchor UE. 
 RAN2 to agree on of the conditions for assistant UE cancellation:
- the SL RSRP of the sidelink between target UE and anchor UE is above a threshold;

- the target UE can discover the anchor UE;

 Discovery
On Ranging/SL Positioning discovery, SA2 concluded to reuse 5G ProSe Discovery procedures and V2X Communication procedures with the additional Ranging/SL Positioning parameters in below:

-
When ProSe Direct Discovery is used, the ProSe identifier indicates “Ranging/Sidelink Positioning”; when V2X communication is used, the Service Type indicates “Ranging/Sidelink Positioning”. 
-
The expected roles of the UEs (e.g., Target UE, SL Reference UE) can be reflected in discovery procedure.
SA2 would like RAN2 to provide views on whether those Ranging/SL Positioning parameters are transparent to ProSe/V2X layer or not.

From RAN2 point of view, to answer this question, the first issue is whether SLPP/RSPP layer can trigger the discovery procedure. If SLPP/RSPP cannot trigger the discovery procedure, then RAN2 cannot answer this question since it is out of RAN2 scope.

For SL positioning, if it only involves two UEs, discovery procedure may not be necessary or can be simply combined with PC5 unicast link establishment procedure. If multiple UEs are involved, e.g. SL-TDOA, discovery procedure is needed to find anchor UEs that can help position the target UE. For MO-LR, the anchor UE selection procedure may need to be performed at UE side, e.g. out-of-coverage scenario. Then, UE needs to perform discovery procedure. Either application layer or SLPP/RSPP can trigger the discovery procedure. For MT-LR, the anchor UE selection procedure may need to be performed at LMF. Then, LMF needs to ask UE to provide UEs in vicinity using SLPP/RSPP message. UE’s SLPP/RSPP can then trigger discovery procedure.

 RAN2 to confirm that SLPP/RSPP can trigger the discovery procedure.
When SLPP/RSPP trigger the discovery procedure, it might be desirable that only certain type of UEs are discovered. For example, LMF only wants to find anchor UEs that support SL-TDOA. The benefit is that UE power consumption and signalling can be reduced by not involving UEs not with the requested type in the discovery procedure.

 SLPP/RSPP can request to discover only specific type of UEs (e.g. specific UE role, support specific positioning method).
To support SLPP/RSPP to request to discover only specific type of UEs, the discovery parameters may need to be visible to ProSe/V2X layer in order to perform the filtering.

 Discovery parameters are visible to ProSe/V2X layer in order to perform the filtering.
Besides, aside from the discovery parameters agreed by SA2, we also think that the following discovery parameters may be beneficial for the anchor UE selection:

location is known or not.
This information can be used to determine whether absolute positioning can be applied.
in coverage or not.

This information can be used to determine whether LMF participation is applicable.

supported positioning methods.
This information can be used to determine the target positioning methods and to determine how many anchor UEs need to involve in the positioning.
 The following discovery parameters are also supported: 
- location is known or not.

- in coverage or not.

- supported positioning methods.
 Protocol between UE and AMF

SA2 concluded that LMF may be involved when the Target UE and the Reference UE are both in network coverage, and the protocol used between UE and LMF can be a standalone extension of LPP,  a new protocol or both,  such that only this extension needs to be supported for UEs supporting only SL Positioning/Ranging. This extension and RSPP should be defined as common as possible. 

And SA2 would like to understand whether this is feasible from RAN perspective.

Currently, all the positioning methods supported by LPP is optional, and it is not mandatory for UE to support any positioning methods. It means that if UE only wants to support SL positioning, it can choose not to implement any Uu positioning methods. Thus, it is feasible that the extension of LPP is used between UE and LMF to support UE with only SL positioning capability. 
 RAN2 to confirm that current LPP specification allows UE to not support any Uu positioning method. Thus, it is feasible that the extension of LPP can be used between UE and LMF to support UE with only SL positioning capability.
 Resource coordination and scheduling
SA2 Question: For out-of-coverage SA2 would like to understand how resource coordination and scheduling will be done to enable SL Positioning/Ranging.

We think this is related to RAN1, and should be decided by RAN1.

 Left to RAN1 to decide how Resource coordination and scheduling is performed.
 SL positioning server UE
SA2 Question: A SL Positioning Server UE can be discovered and selected for result calculation for the case of partial coverage and out of coverage, in case a constrained UE is not able to support all SL Positioning/Ranging features. Whether the SL Positioning Server functionalities can support more functionalities, e.g. SL Positioning/Ranging method determination, operation coordination, resource coordination and scheduling, in addition to result calculation is FFS. SA2 would like to understand whether this is reasonable from RAN perspective.

In addition, in last RAN2 meeting, RAN2 also discussed the following SL Positioning Server functionalities:

- determine how many and which Ues act as anchor UEs.

-managing the overall co-ordination and scheduling of resources

-determining type and number of position methods

In our understanding, operation coordination mentioned by SA2 means anchor UE determination, configuration and assistant data provision. It is similar to determine how many and which Ues act as anchor UEs.
SL Positioning/Ranging method determination:
For partial coverage and out of coverage, if LMF is not involved, positioning method is determined at UE side. The factors considered for positioning method determination may include:

- LCS QoS

- the supported positioning methods by UE

- the supported functionalities of UEs in proximity

- in coverage/ out of coverage 
All the above factors are available at the initiating UE instead of a third UE. Thus, the initiating UE is capable and more easily to decide the positioning method instead of another UE. Please note that, after positioning method determination, the initiating UE will initiate the SL positioning to the target/anchor UEs. If the target/anchor UE doesn’t intent to accept the SL positioning, they can still reject it. So, positioning method determination doesn’t mean that other participating UEs cannot reject the positioning.
it should be the initiating UE to UE initiates location request SL positioning 
For PC and OOC, if LMF is not involved, Positioning method determination is performed by initiating UE.
Resource coordination and scheduling:
For out of coverage, resource allocation is based on UE autonomous SL-PRS resource allocation. Resource coordination may involve:

- Transmitting UE provides the resources that it will use to transmit the SL-PRS.

- IUC: Transmitting UE and receiving UE coordinate preferred resources for SL-PRS reception.
For ranging using SL-RTT, only two UEs are involved. Resource coordination is performed between the two UEs, no SL positioning server UE is needed. For relative/absolute positioning using SL-TDOA/SL-AOA, at least four UEs are involved: 3 anchor UEs and 1 target UE. If SL-PRS is transmitted from the anchor UEs to the target UE, we assume anchor UE is periodically broadcasting the SL-PRS resource configuration and SL-PRS. Because anchor UEs for SL-TDOA/SL-AOA is expected to be infrastructure like RSU, they need to serve a lot of UE. No IUC is needed for SL-PRS broadcasting. If SL-PRS is transmitted from target UE to anchor UEs, we assume that target UE will only transmit SL-PRS when triggered by SL positioning, i.e. not periodically broadcasting SL-PRS. Then, target UE needs to provide SL-PRS resource configuration to anchor UEs. And potentially IUC between target UE and anchor UE is needed, since anchor UE may serve a lot of other UEs, the preferred resources need to coordinate. To exchange the SL-PRS resource  configuration and IUC, if there is no SL positioning server UE, target UE needs to establish unicast connection with each of the anchor UE. However, if anchor UE can serve as server UE, target UE only needs to establish unicast link with this server UE. There are majorly two arguments against this behavior.

1. It requires direct sidelink connection between server UE and other anchor UEs.

2. Groupcast can be used for the resource coordination. 

For the first argument, given that SL-TDOA requires synchronization among the anchor UEs, timing synchronization protocol may be operated among anchor UEs. Please note that GNSS along as synchronization source is not enough, since the synchronization error from GNSS is around 100ns (corresponding to 30m), as shown in table below [TR 38.825]: 

Table 6.3.4.1-1: Maximum absolute time error (TE) between TSN GM clock and gNB

	Synchronization source
	Synchronization accuracy

	Local on-site GNSS receiver (GPS is TSN GM clock) 
	|TE| = 100 ns.

	Local on-site TSN GM clock
	TE is negligible.

	Remote TSN GM clock entity using cascaded PTP capable transport network connections
	|TE| ~N*40ns, where N is the number of PTP hops.


Thus, direct link among anchor UEs is needed for exchanging synchronization protocol messages.
For the second argument, groupcast would make the procedure much more complex, since it will involve group management. Besides, security is difficult to support for groupcast.
For SL-TDOA/SL-AOA, one of the anchor UE can serve as positioning server UE for resource coordination and scheduling.
Determine how many and which UEs act as anchor UEs

For SL-TDOA/SL-AOA, multiple anchor UEs are involved. There are two options for selecting anchor UE:

Option 1: target UE selects all the anchor UE;
Option 2: target UE selects one anchor UE, and the anchor UE selects the other anchor UEs.
The drawback for option 1 is that target UE doesn’t know whether the selected anchor UEs are synchronized, and that target UE needs to establish SL connection with all the anchor UEs.

Option 2 has the advantage that the server anchor UE knows which anchor UEs are synchronized with it, and that target UE only needs to establish SL connection with the server anchor UE.
For SL-TDOA/SL-AOA, one of the anchor UE can serve as positioning server UE for selecting other anchor UEs.
Conclusions  

RSPP/SLPP is on top of PC5-U.
RAN2 to agree that at least the following parameters are needed in SLPP/RSPP or AS layer:
The mapping between Ranging/SL positioning services (e.g. ProSe identifiers, V2X service types) and Ranging/SL positioning QoS parameters.

The authorized Ranging/SL positioning role per PLMN, e.g. target UE, reference UE, assistant UE, and located UE.

When the UE is not served by NG-RAN, indicates the authorized Ranging/SL positioning role, e.g. target UE, reference UE, assistant UE, and located UE.

The discovery parameters for Ranging/SL positioning service depends on the conclusions of KI#3.

RAN2 to discuss the following options for the condition to trigger assistant UE selection procedure:
- the target UE or the anchor UE cannot be found by discovery procedure.

- the target UE or the anchor UE can be found by discovery procedure, but the SL RSRP of the sidelink between target UE and anchor UE is below a threshold.
RAN2 to agree that the criterion for assistant UE selection at least include that the SL RSRP of the sidelink between target UE and assistant UE, and the SL RSRP of the sidelink between assistant UE and anchor UE is above a threshold.
RAN2 to agree that the conditions for triggering assistant UE reselection include:
- the SL RSRP of the sidelink between target UE and assistant UE, or the SL RSRP of the sidelink between assistant UE and anchor UE is below a threshold;

- The target UE/assistant UE can not detect assistant/target UE, or the anchor/assistant UE can not detect assistant/anchor UE. 
 RAN2 to agree on of the conditions for assistant UE cancellation:
- the SL RSRP of the sidelink between target UE and anchor UE is above a threshold;

- the target UE can discover the anchor UE;

 RAN2 to confirm that SLPP/RSPP can trigger the discovery procedure.
 SLPP/RSPP can request to discover only specific type of UEs (e.g. specific UE role, support specific positioning method).
 Discovery parameters are visible to ProSe/V2X layer in order to perform the filtering.
 The following discovery parameters are also supported: 
- location is known or not.

- in coverage or not.

- supported positioning methods.
 RAN2 to confirm that current LPP specification allows UE to not support any Uu positioning method. Thus, it is feasible that the extension of LPP can be used between UE and LMF to support UE with only SL positioning capability.
 Left to RAN1 to decide how Resource coordination and scheduling is performed.
For PC and OOC, if LMF is not involved, Positioning method determination is performed by initiating UE.
For SL-TDOA/SL-AOA, one of the anchor UE can serve as positioning server UE for resource coordination and scheduling.
For SL-TDOA/SL-AOA, one of the anchor UE can serve as positioning server UE for selecting other anchor UEs.
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