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At RAN2#119-e, a series of contributions were submitted on positioning support for L2 UE-to-Network remote UEs:
[1]	R2-2208314, "Positioning support for remote UEs", MediaTek Inc., CATT, Huawei, HiSilicon,	discussion.
[2]	R2-2208315, "Downlink positioning support and posSIB request for L2 UE-to-network remote UE", MediaTek Inc., CATT, Huawei, HiSilicon, CR 38.331.
[3]	R2-2208317, "Indication to LMF of operation as a L2 UE-to-network remote UE", MediaTek Inc., CATT, Huawei, HiSilicon, CR 37.355.
[4]	R2-2208319, "Positioning method support for L2 UE-to-network remote UE", MediaTek Inc., CATT, Huawei, HiSilicon,	CR 38.305.
In this contribution, we discuss the positioning support for remote UEs and provide our views on [1] – [4].
2.	Discussion
As observed in [1], a remote UE served by a relay UE can have a requirement for positioning like any other UE. The Remote UE's AMF may receive a location service request either from some entity in the 5GC (e.g., a GMLC), or the serving AMF of the Remote UE determines the need for some location services (e.g., for support of an emergency call or lawful intercept), or the Remote UE requests some location service (e.g. positioning or delivery of assistance data) as illustrated in Figure 1.
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Figure 1: Location Services Request for (L2 UE-to-Network) Remote UEs.

For a Remote UE served by a L2 UE-to-Network Relay, the LCS/LPP/UE-associated NRPPa signalling can work like for any other UE. However, there are some restrictions on the applicability of positioning methods (in particular for RAT-dependent methods) for the Remote UE scenario.
(1)	Positioning operation relies on knowledge of UE's serving cell.
	The serving cell is relevant for an approximate reference position, which affects the usefulness of some assistance data; e.g., GNSS Reference Location, Search Windows in GNSS Acquisition Assistance, Neighbour cell/TRP list, DL-PRS search windows, Expected Angle Assistance.

After PC5 connection establishment, the serving cell of the Relay UE is regarded as Remote UE’s serving cell. Therefore, a LMF may make wrong assumptions on the target UE's a-priori location.
(2)	Some Assistance Data/Measurements require knowledge of (serving) cell timing.
	Examples include GNSS Fine-Time-Assistance (FTA) or UL FTA measurements, DL-PRS occasions depend on reference/serving cell timing, (DL-PRS) measurements are time stamped with SFN#/slot# of reference/serving cell. 
	The Relay UE knows the SFN timeline of its serving cell, but the Remote UE only sees the DFN timeline provided by the Relay UE.
(3)	Lower Layer Signalling.
	Lower Layer Signalling (MAC CE, DCI) may be used for positioning: Aperiodic and semi-persistent SRS activation/deactivation, Measurement Gap activation/deactivation, or PPW activation/deactivation.
	The above MAC CE's/DCI's can not be used for the Remote UE, meaning that only periodic SRS should be configured, and any pre-configured measurement gap/PPW activation would not be possible.
(4)	Measurement gaps for positioning.
	Performing DL-PRS measurements at a target UE requires measurement gaps or PRS Processing Windows (PPW). 
	There are no measurement gaps/PPWs defined on PC5 to enable the remote UE to measure DL-PRS on Uu interface.
(5)	Hearability issues for RAT-dependent positioning.
	RAT-dependent positioning methods rely on serving and neighbour cell TRP measurements. For an out-of-coverage Remote UE, it seems unlikely that a Remote UE can make sufficient/high-quality TRP measurements. Similar for UL methods, where multiple TRPs should measure the signal from the Remote UE. However, positioning measurements have higher sensitivity requirements, so some positioning measurements may be possible, dependent on scenario.
	In principle, (RAT-dependent) positioning could also fail for normal UEs, but failure rate is higher for Remote UEs. Fallback to Cell-ID positioning results in larger location uncertainty for Remote UEs.

The feasibility of positioning methods for a remote UE is summarized in the Table below.
	Method
	Limitations
	Consequences
	Possible Overcome

	A-GNSS
	Reference Location/Acquisition Assistance: UE may be outside confidence region, which may result in wrong signal search windows.
	Seems not essential. NW is assumed to include sufficient margin, and a UE may also add some implementation dependent margin to the search windows.
	NW/UE include enough margin when calculating/providing search windows. (e.g., 1 C/A code chip ~ 300 m).

	
	No SFN timeline at Remote UE, therefore, no FTA possible, and no UL FTA measurement reports.
	Seems not essential. Remote UE would use coarse time assistance only.
	Provide SFN timeline to the Remote UE.

	Sensor / WLAN / BT
	No issues identified.
	
	

	DL-TDOA
DL-AoD
	Expected RSTD/Uncertainty and expected angle/uncertainty may be wrong/too small.
	Similar to GNSS; may not be an issue in practice.
	NW/UE include enough margin when calculating/providing search windows.

	
	No SFN timeline at Remote UE, therefore, DL-PRS subframes can not be determined. Measurements can not be time stamped.
	Method may fail since no DL-PRS measurements may be possible.
	Provide SFN timeline to the Remote UE.

	
	No measurement gaps on PC5 link for DL-PRS measurements.
	Method may fail since no DL-PRS measurements may be possible. 
	Measurement gaps would be needed on PC5 link to measure DL-PRS on Uu link.

	
	No pre-configured measurement gaps/PPW can be activated/deactivated.
	NRPPa Activation would fail and LMF would not be aware of the failure (NRPPa Measurement Activation message has no response). 
"Low Latency" MG/PPW activation not possible, and LMF may make wrong assumptions about Response Time (i.e, may time out before receiving UE measurements).
	LMF should know a-priori that target UE is a Remote UE. LMF could then choose not to use "low latency" MG/PPW feature.

	UL-TDOA
UL-AoA
	Aperiodic and semi-persistent SRS can not be activated/deactivated.
	Periodic SRS only is available.
	LMF should know a-priori that target UE is a Remote UE. LMF could then choose not to use AP/SP SRS.

	Multi-RTT
	Same issues as DL-only and UL-only
	
	

	NR (E-)CID
	LMF would assume that the target UE is within the footprint of its serving cell. RRM measurements on Uu may not be available or stale.
	Larger UE location error, which may also affect location dependent assistance data generated by the LMF.
	LMF should know a-priori that target UE is a Remote UE. LMF could then assume that the target is located beyond cell edge/coverage.



If an LMF would know a-priori that the target UE is a Remote UE, the LMF could choose a proper positioning method and/or proper attributes of the selected method. Otherwise, a 1st location attempt may fail, and there may not always enough time for a 2nd attempt.
Proposal 1:	LMF should know a-priori that the target UE is a Remote UE.
A solution for Proposal 1 could be achieved with LPP only, as also proposed in [3]. An indication of L2 U2N remote UE operation is added to CommonIEsRequestAssistanceData and NR-ECID-SignalMeasurementInformation in [3]. However, it is unclear why the L2 U2N Remote UE status is added to these two IEs. According to Proposal 1, it would be more beneficial to provide the Remote UE Status in a message which is normally exchanged before any positioning specific signalling. Given that a LPP session typically starts with capability exchange, the Remote UE Status could be included in the Request/Provide Capabilities messages. The indication that the UE is operating as a L2 U2N Remote UE could also be generalized to a "UE Status" indication, where the 'L2 U2N Remote UE' indication is one field/bit in the message. With this, an LMF could be aware of the UE Status before instigating any positioning method specific LPP and/or NRPPa signalling. In addition, the UE Status could be included in all Error Response messages (method-TargetDeviceErrorCauses). An LMF could then know the reason for a position measurement failure or why not all requested measurements are provided and could instigate a proper positioning method at 2nd attempt (e.g., in the case when no LPP capability exchange has been executed).
Proposal 2:	Include a "UE Status Indication" in an LPP message which is normally exchanged before any positioning specific signalling (e.g., CommonIEsRequestCapabilities/ CommonIEsProvideCapabilities) and in all 'method'-TargetDeviceErrorCauses.

In [2], it is proposed to add an "SFN-DFN Offset" in the RRCReconfigurationSidelink message. With this, the Remote UE could derive the SFN timeline from the DFN timeline provided by the Relay UE. However, it appears a Relay UE would then be required to always ("proactively") provide the SFN-DFN Offset to the Remote UE, independent on any ongoing positioning session or need. It would be more efficient if there is a Request/Response mechanism so that the Remote UE can request the offset when needed. This could be achieved for example by introducing a PC5 RRC LocationMeasurementIndication message (analogous to Uu). Another (and probably better) possibility would be to use the Relay Discovery Additional Information Procedure as defined in TS 23.304, which already has a Request/Response mechanism and is used by a Remote UE to request a UE-to-Network Relay to announce additional parameters. This also allows providing the SFN-DFN offset periodically with a configurable frequency and when the UE-to-Network Relay detects updated SFN-DFN Offsets.
Proposal 3:	Allow a Remote UE to request the SFN-DFN Offset from the Relay UE when needed (e.g., via a PC5 RRC LocationMeasurementIndication message (analogous to Uu) or via the Additional Parameters Announcement Procedure defined in TS 23.304).

[4] proposes a Stage 2 CR (38.305) to add a table of supported positioning methods for a Layer-2 UE-to-Network remote UE. However, the purpose of this table is unclear and appears not complete (compare with the table above). If the LMF can be aware of the Remote UE Status (Proposal 1/2), any impacts on positioning method selection could be left to LMF/UE implementation. 
Proposal 4:	A Stage 2 specification of applicable positioning methods for a Layer-2 UE-to-Network Remote UE is not needed and could be left to (LMF/UE) implementation.

Implications for posSIBs
Like [1],[2], we have not identified any principle limitations for posSIB applicability for a Remote UE. The on-demand posSI messages/procedures are the same as for normal SIBs and should work equally for the Remote UE. The Remote UE performs Mobility Registration Update procedures based on the L2 U2N Relay UE’s serving cell. Therefore, the Remote UE can obtain ciphering keys for the posSIBs like a normal UE. There are impacts on the applicability of the posSIB content (assistance data) as discussed above. However, a UE is of course aware of the Remote Status and would request (and apply) a desired posSIB applicable for the current situation (e.g., GNSS posSIBs only, etc.). 
Proposal 5:	The SIB request mechanism from the Remote UE is extended to allow requesting the posSIBs.

3.	Summary
In this contribution, we discussed the positioning support for a L2 UE-to-network Remote UE in connection with [1] – [4]. The following proposals are made.
Proposal 1:	LMF should know a-priori that the target UE is a Remote UE.
Proposal 2:	Include a "UE Status Indication" in an LPP message which is normally exchanged before any positioning specific signalling (e.g., CommonIEsRequestCapabilities/ CommonIEsProvideCapabilities) and in all 'method'-TargetDeviceErrorCauses.
Proposal 3:	Allow a Remote UE to request the SFN-DFN Offset from the Relay UE when needed (e.g., via a PC5 RRC LocationMeasurementIndication message (analogous to Uu) or via the Additional Parameters Announcement Procedure defined in TS 23.304).
Proposal 4:	A Stage 2 specification of applicable positioning methods for a Layer-2 UE-to-Network Remote UE is not needed and could be left to (LMF/UE) implementation.
Proposal 5:	The SIB request mechanism from the Remote UE is extended to allow requesting the posSIBs.
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