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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.
SL based positioning methods
The SL based positioning methods can be categorized into:

Cat 1: RAT-independent SL positioning method, e.g. SL A-GNSS, SL WLAN, SL bluetooth, SL sensor;
Cat 2: RAT-dependent SL positioning method, e.g. SL RTT, SL TDOA, SL AOA/AOD, SL carrier phase.
For cat 1, it may be applicable for the case of out of coverage scenario, where assistant information relating to GNSS/WLAN/Sensor/TBS can be transfered from the assistant UE to the target UE. For example, if assistant UE is out of coverage, but it can acquire GNSS information (e.g. Ephemeris, reference time), it can provide these assistant GNSS information to the target UE to accelerate the GNSS positioning of target UE. 
For cat2:

SL-RTT: RAN1 has agreed to study both single-sided RTT and double-sided RTT. Applicable to relative positioning, ranging and absolute positioning.
SL-AOA: RAN1 has agreed to study both AOA and ZOA. Applicable to relative positioning, ranging and absolute positioning.
SL-AOD: RAN1 has agreed that it corresponds to a method where RSRP and/or RSRPP measurements similar to the DL-AoD method in Uu, and both AOD and ZOD are considered. Applicable to relative positioning, ranging and absolute positioning.
SL TDOA: Applicable to relative positioning, and absolute positioning.
SL carrier phase: RAN1 will further check whether to consider SL carrier phase positioning after the study of carrier phase positioning and the evaluation of SL positioning is progressed.

RAN2 to agree studying the following RAT dependent SL positioning: SL-RTT/SL-AOA/SL-AOD/SL-TDOA.
RAN2 to agree studying the following RAT independent SL positioning: SL-A-GNSS, SL-WLAN, SL-BlueTooth, SL-Sensor, SL-TBS.
RAN2 to postpone the SL carrier phase positioning until progress is made in RAN1 on SL carrier phase positioning.
Protocal layering
RAN2 has agreed to introduce a new protocol for sidelink positioning procedures between UEs (name FFS, e.g., RSPP, SLPP). It is FFS where it is specified. In this document, we refer to the new protocol as SLPP. Similar to LPP that can use either the control- or user-plane protocols as underlying transport, SLPP can also use control- or user-plane protocols as underlying transport. The options of transport include:

PC5-D: PC5-D is the 5G ProSe direct discovery protocol specified in TS23.304. PC5-D is so designed that the direct discovery message can contain metadata from application layer. SLPP can work as the application layer of PC5-D. PC5-D is carriered over SL-SRB4 which is not protected by PC5 security.

PC5-S: SLPP is contained as metadata in PC5-S messages. A new PC5-S message is defined to carry upper layer signalling (i.e. SLPP). The message is sent over SRB2 which is protected by PC5 security. Only unicast mode can be supported in this option.

PC5-RRC: SLPP is contained as metadata in PC5-RRC messages. A new PC5-RRC message is defined to carry upper layer signalling (i.e. SLPP). The message is sent over SRB3 which is protected by PC5 security. Only unicast mode can be supported in this option. It has RAN protocol impact.

Control plane PDCP: SLPP is located directly over the control plane PDCP, as a parallel protocol with PC5-D/PC5-S/PC5-RRC. One or more new SRB need to be introduced to carry SLPP message. The SRBs can be either PC5 security protected or not, depending on the configuration. It also has RAN protocol impact.

PC5-U: SLPP is carried as PC5 user plane data. No change to PC5-D/PC5-S/PC5-RRC/PDCP is needed. Broadcast, groupcast, unicast can be naturally supported by PC5-U. PC5 security can be enabled with unicast. 
Based on the above analysis, PC5-U solution has least protocol impact, and can support Broadcast, groupcast, unicast, and also support security. Thus, we propose:

The new protocol for sidelink positioning procedures is on top of PC5-U.
SLPP operation
SL Positioning procedures in the NG-RAN are modelled as transactions of the SLPP protocol using the procedures defined in this section. A procedure consists of a single operation of one of the following types:

-
Exchange of SL positioning capabilities;

-
Transfer of assistance data;

-
Transfer of location information (positioning measurements and/or position estimate);

-
Error handling;

-
Abort.

SLPP procedure consists of a single operation of one of the following types:

-
Exchange of SL positioning capabilities;

-
Transfer of assistance data;

-
Transfer of location information (positioning measurements and/or position estimate);

-
Error handling;

-
Abort.

Anchor UE Discovery
Anchor UE discovery procedure is used for target UE to discover the anchor UE. Discovery procedure can be used for the following purposes:

to discovery UEs in proxity that SL positioning can be initiated with

to determine SL positioning method based on the anchor UEs can be discovered

to discover the specific UEs that to be SL positioned with.

SL relay discovery and ProSe non-relay discovery use the PC5-D defined in ProSe as the discovery protocol. PC5-D protocol supports two discovery mode:

-
Model A uses a single discovery protocol message (Announcement).

-
Model B uses two discovery protocol messages (Solicitation and Response).

Both non-relay discovery and SL relay discovery support both modes. The discovery procedure for anchor UE discovery can also utilize PC5-D and supports both modes A and B.

Use PC5-D as the anchor UE discovery procedure, and both mode A and B are supported.
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.
SL-PRS resource coordination
For SL positioning, two or more UEs will participate in the procedure. The participating UE will transmit or receive SL-PRS to/from other UEs. SL-PRS resources coordination is to ensure that SL-PRS resources transmission or reception of the UE doesn’t collide. SL-PRS resource coordination can either be performed in distributed manner or central controlled.
 RAN2 to discuss whether SL-PRS resource coordination can be distributed or central controlled.
Conclusions  

RAN2 to capture the fig 1 to the TR.

RAN2 to agree that the use of LTE PC5 link is not excluded.
RAN2 to agree studying the following RAT dependent SL positioning: SL-RTT/SL-AOA/SL-AOD/SL-TDOA.
RAN2 to agree studying the following RAT independent SL positioning: SL-A-GNSS, SL-WLAN, SL-BlueTooth, SL-Sensor, SL-TBS.
RAN2 to postpone the SL carrier phase positioning until progress is made in RAN1 on SL carrier phase positioning.
The new protocol for sidelink positioning procedures is on top of PC5-U.
SLPP procedure consists of a single operation of one of the following types:

-
Exchange of SL positioning capabilities;

-
Transfer of assistance data;

-
Transfer of location information (positioning measurements and/or position estimate);

-
Error handling;

-
Abort.

Use PC5-D as the anchor UE discovery procedure, and both mode A and B are supported.
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.
RAN2 to discuss whether SL-PRS resource coordination can be distributed or central controlled.
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