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Introduction

The study item positioning enhancement has been agreed in [1] with the following objective:

-
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

In this contribution, we will address on this aspect.
Discussion
Architecture
The architecture for supporting SL positioning is shown in the following figure.
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Fig 1 architecture for supporting SL positioning
Note 1: The SET function of UE outside NG-RAN coverage is used for the case that UE communicates with SLP through SL U2N Relay. But this scenario is not considered as SL positioning.

Note 2: Whether the PC5 include both LTE PC5 and NR PC5 is to be decided.
RAN2 to capture the fig 1 to the TR.

RAN2 to agree that the use of LTE PC5 link is not excluded.
Broadcast
For Uu positioning, gNB/eNB can broadcast positioning assistant data using system information. It supports broadcasting assistant data for OTDOA, DL-TDOA/AOD. 

For SL positioning, there might be a lot of anchor UEs deployed to provide SL positioning service, e.g. RSU. For these kind of anchor UEs, they may serve a lot of UEs. If positioning assistant data can be broadcast, it will save signalling as well as UE power. In addition, UE may not need to establish SL connection with the anchor UEs. This method is at least applicable to SL-TDOA and SL-AOA. 
Anchor UE can broadcast SL positioning assistant information by SL SIB. The supported SL positioning methods at least include SL-TDOA and SL-AOA.
For Uu positioning, ciphering of positioning assistant data is supported. From security point of view, the broadcast SL positioning assistant information may also need to be ciphered.

 Support ciphering of the SL SIB broadcast SL positioning assistant information.
For the capability broadcast, as the SL positioning assistant information can already reveal anchor UE’s ability, and the discovery message may also provide some capability information, it is unclear whether additional capability information need to be broadcast. Thus, we suggest to postpone the discuss about capability broadcast.
Groupcast
There are two kinds of groupcast:

- group positioning: request for distance/angle between a UE and a group of UEs.
- groupcast of SLPP/RSPP message.

Groupcast of SLPP/RSPP message
For SL-TDOA/SL-AOA, multiple anchor UEs are involved in the SL positionging procedure. For DL-TDOA like SL-TDOA, anchor UE can broadcast SL positioning assistant data to target UE. If location is calculated by UE itself, target UE doesn’t need to exchange SLPP/RSPP message with anchor UEs. If location is calculated by a location server UE, target UE only needs to communicate with the location server UE. There is no need for groupcasting SLPP/RSPP to anchor UEs. For UL-TDOA like SL-TDOA, target UE provides SL positioning assistant data to anchor UEs. If groupcast is used, target UE needs first to establish a group with the anchor UEs. Thus, target UE needs to establish unicast connection with all the anchor UEs for group management. Then the benefit of groupcast is only to reduce the signalling of providing assistant data. As typically only 3 anchor UEs are involved in UL-TDOA. The gain of signalling reduction is not significant. Besides, groupcast of SLPP/RSPP signalling also impacts the SLPP/RSPP session management, and how to provide security for groupcast is also an issue.

Groupcast of SLPP/RSPP message without group positioning is not supported.
Group positioning
For group positioning, the group of UEs to be positioning should be provided by upper layers. Upper layer can manage the member of the group. When UE initiates SL positioning toward the group of UEs, UE needs to ensure that the chosen positioning method and parameters are supported by all the members of the group. In this way, there is no additional need to consider group management due to UE’s capability. Besides, it is also possible that some members of the group may not be discovered. Then they will not join in the group positioning. There is no issue for this. Still, there might be cases that a UE who is participating the group positioning may not be able to continue the group positioning due to e.g. movement, then some special handling without group management can also be adopted. 
For group positioning, if supported by SA2, group management is done at upper layer(e.g. application layer) instead of SLPP/RSPP layer.
For the SLPP/RSPP signalling for group positioning, upper layer can provide the group ID together with the mapping between group ID and Destination layer 2 ID. For SLPP/RSPP messages sent to the group, groupcast can be applied by using the destination layer 2 ID for this group. The target UE can send request capability/asistant data/location information message to the group of UEs in groupcast mode. The target UE can also send provide capability/assistant data message to the group of UEs in groupcast mode. The group of UE can send provide capabillity/assistant data/location information in unicast mode. 
For group positioning, if supported by SA2, request for capability/asistant data/location information can be sent in groupcast mode.
For group positioning, if supported by SA2, provide capability/asistant data can be sent in groupcast and unicast mode.
For group positioning, if supported by SA2, provide location information can be sent in unicast mode.
Another issue is whether group positioning is session based or sessionless. The advantage of session based group positioning is that it can provide duplication detection and reliability robustness by using SN and acknowledgement mode. The trigger of session establishment can still be based on the first SLPP/RSPP message. And the session is ended when the last transaction is over. No much spec effort is needed. 
For group positioning, if supported by SA2, session based mechanism is used.
Positioning method determination
For MT-LR, AMF will request LMF to initiate the positioning. It then would be the LMF to decide which positioning method to use as legacy.

For MT-LR, the positioning method determination is located in LMF.
For MO-LR, if the UE is in coverage, UE will decide whether to initiate Uu positioning or SL positioning. If Uu positioning is determined, UE will send MO-LR to AMF. The factors to be considered for the decision may include:

- the requested location type, e.g. distance/angle/relative location/absolute location.

- the requested location QoS, e.g. distance/angle/relative location/absolute location.

- UE capability, e.g. whether only support Uu positioning or whether also support SL positioning.

- coverage: in coverage or out of coverage.

- network policy: network may provide policy to UE for the decision.

From our understanding, the decision to decide whether to use Uu positioning or SL positioning can involve network policy, so perhaps we need to ask SA2 whether the selection of Uu positioning or SL positioning is done at upper layer or SLPP/RSPP layer.

For MO-LR, if the UE is in coverage, RAN2 to discuss whether the selection of Uu positioning or SL positioning is done at SLPP/RSPP layer, or consult with SA2 is needed.
For MO-LR, if the UE is out of coverage, UE can only select SL positioning.

After UE determines to use SL positioning, UE then needs to decide which SL positioning method to use. Given that SL positioning method is only visible to SLPP/RSPP instead of upper layer, we suggest that SL positioning method determination is done at SLPP/RSPP layer. 
If UE determines to use SL positioning, SL positioning method determination is done at SLPP/RSPP layer.
Discovery procedure
SA2 has concluded to reuse 5G ProSe Discovery procedures and V2X Communication procedures as discovery procedure. One issue to discuss is when the discovery procedure is performed. We identified the following cases that UE may initiate the discovery procedure:

Case 1: For MO-LR, the application layer first discovers the UE in proximity, then triggers SLPP/RSPP, together with the discovery result, to initiate the SL positioning. This case is out of RAN2 scope.
Case 2: For MO-LR, upper layer requests SLPP/RSPP for SL positioning but without providing discovery result, and if SLPP/RSPP requires but has no target UE/anchor UE/assistant UE/server UE information, SLPP/RSPP triggers the discovery procedure. UE may trigger the discovery procedure before/after positioning method determination.
Case 3: For MT-LR, LMF needs to know the UEs in proximity to the target UE in order to determine the positioning method, LMF sends request of assistant data about UEs in proximity to the target UE. The target UE triggers discovery procedure if there is no available discovery result.
RAN2 to discuss whether the case 2 and case 3 are valid cases for SLPP/RSPP/LPP to trigger discovery procedure.
Anchor UE selection and reselection
After discovering anchor UE, the anchor UE selection is performed. If the anchor UE discovered is indicated by upper layer. It will be directly selected as anchor UE. Otherwise, anchor UE selection is perfomed among the discovered UEs. The decision on which  UEs can be selected as anchor UE may involve the following aspects:

- the UE is capable of being anchor UE;
- the SL RSRP of the UE is above the threshold;

- the intended positioning methods are supported by the UE;

- the UE is location known.

- the UE is in coverage.  
RAN2 to discuss which of the following conditions can be used for anchor UE selection：
- the UE is capable of being anchor UE;
- the SL RSRP of the UE is above the threshold;

- the intended positioning methods are supported by the UE;

- the UE is location known.

- the UE is in coverage. 

After a list of candidate anchor UEs determined based on the above anchor UE selection conditions, UE may initiate anchor UE selection request towards one or multiple candidate anchor UEs. anchor UE will decide if it can serve as anchor UE as requested. The decision may be made by the anchor UE itself based on pre-configured policy or by command from a control entity, e.g. LMF. The case involves LMF decision may be that the anchor UE is deployed by operator and the operator need to take in charge of the anchor UE management.

RAN2 to discuss whether LMF/a third UE can participate in the decision of anchor UE selection.
If anchor UE accepts the request, it will send accept message to target UE. Then anchor UE will participate in the following SL positioning. The SL positioning can be either one-shot or periodic, or event triggered. For the periodic, or event triggered SL positioning, the selected anchor UE may become not satisfying the anchor UE selection criteria due to UE movement. Anchor UE reselection needs to be performed.

Anchor UE reselection is supported.
Conclusions  

RAN2 to capture the fig 1 to the TR.

RAN2 to agree that the use of LTE PC5 link is not excluded.
Anchor UE can broadcast SL positioning assistant information by SL SIB. The supported SL positioning methods at least include SL-TDOA and SL-AOA.
Support ciphering of the SL SIB broadcast SL positioning assistant information.
Groupcast of SLPP/RSPP message without group positioning is not supported.
For group positioning, if supported by SA2, group management is done at upper layer(e.g. application layer) instead of SLPP/RSPP layer.
For group positioning, if supported by SA2, request for capability/asistant data/location information can be sent in groupcast mode.
For group positioning, if supported by SA2, provide capability/asistant data can be sent in groupcast and unicast mode.
For group positioning, if supported by SA2, provide location information can be sent in unicast mode.
For group positioning, if supported by SA2, session based mechanism is used.
For MT-LR, the positioning method determination is located in LMF.
For MO-LR, if the UE is in coverage, RAN2 to discuss whether the selection of Uu positioning or SL positioning is done at SLPP/RSPP layer, or consult with SA2 is needed.
If UE determines to use SL positioning, SL positioning method determination is done at SLPP/RSPP layer.
RAN2 to discuss whether the case 2 and case 3 are valid cases for SLPP/RSPP/LPP to trigger discovery procedure.
RAN2 to discuss which of the following conditions can be used for anchor UE selection：
- the UE is capable of being anchor UE;
- the SL RSRP of the UE is above the threshold;

- the intended positioning methods are supported by the UE;

- the UE is location known.

- the UE is in coverage. 

RAN2 to discuss whether LMF/a third UE can participate in the decision of anchor UE selection.
Anchor UE reselection is supported.
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