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1. Introduction 
Following agreements were made in the RAN2#123 meeting.
· A Rel-18 UE capability is needed for indicating whether UE supports the feature of network verified UE location in NR NTN network (FFS whether this is an additional capability on top of FG 44-3)

· RAN2 assumption is that how the network handles the access to NR NTN cells for R18 UEs that do not support the new Rel-18 NR NTN “network verified UE location” capability is up to NW implementation, with no need for specs impact (RAN2 can still introduce needed changes to RAN2 specs for this, if requested by other groups)

Following agreements were made in the RAN1#114 meeting.

· The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on the following: 
· UE reports the actual index difference between subframe j and subframe i 
· The uplink subframe j is closest in time to the DL subframe #i received from the TP 
· The DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported

· In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.

· Note: This does not imply that the actual gNB receive-transmit time difference measurement is necessarily made at the uplink time synchronization reference point

· To resolve the mirror positions ambiguity for multi-RTT positioning, the following methods can be used without RAN1 specification impact from RAN1 perspective:

· by gNB or LMF implementation

· existing ECID method

· UL-AoA

In this document, we focus on the detail operation and signaling support for the multi-RTT based positioning with only a single satellite visible at a time.

2. Discussion 

UE capability
In RAN1 feature list, following UE capability 44-3 is specified.
	44. NR_NTN_enh-Core
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx Measurement and Report for Multi-RTT positioning with single satellite in NTN
[2. Support of assistance information report [to mitigate the timing error] in Multi-RTT positioning in NTN]
	13-4, 13-8
	Yes
	No
	UE does not support Multi-RTT positioning with single satellite in NTN
	Per Band
	N/A
	N/A
	N/A
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling


 
In our view, the multi-RTT with single satellite solution is same a the current multi RTT positioning method with addition of UE reporting the time drift information to LMF. Therefore, the gNB does not need to know the UE’s radio capability. In addition to existing multi RTT positioning capabilities, the LMF needs to know the UE’s additional capability of reporting time drift information in NTN. Therefore, we propose to add a capability in LPP UE capability response message.
6.5.12.6
NR Multi-RTT Capability Information

–
NR-Multi-RTT-ProvideCapabilities
The IE NR-Multi-RTT-ProvideCapabilities is used by the target device to indicate its capability to support NR Multi-RTT and to provide its NR Multi-RTT positioning capabilities to the location server.

-- ASN1START

NR-Multi-RTT-ProvideCapabilities-r16 ::= SEQUENCE {


nr-Multi-RTT-PRS-Capability-r16


NR-DL-PRS-ResourcesCapability-r16,


nr-Multi-RTT-MeasurementCapability-r16
NR-Multi-RTT-MeasurementCapability-r16,


nr-DL-PRS-QCL-ProcessingCapability-r16
NR-DL-PRS-QCL-ProcessingCapability-r16,


nr-DL-PRS-ProcessingCapability-r16

NR-DL-PRS-ProcessingCapability-r16,


nr-UL-SRS-Capability-r16



NR-UL-SRS-Capability-r16,


additionalPathsReport-r16



ENUMERATED { supported }




OPTIONAL,


periodicalReporting-r16




ENUMERATED { supported }




OPTIONAL,


...,


[[


ten-ms-unit-ResponseTime-r17


ENUMERATED { supported }




OPTIONAL,


nr-DL-PRS-ExpectedAoD-or-AoA-Sup-r17
BIT STRING {
eAoD

(0),
















eAoA

(1)















}
(SIZE (1..8))



OPTIONAL,
nr-Multi-RTT-On-Demand-DL-PRS-Support-r17












NR-On-Demand-DL-PRS-Support-r17



OPTIONAL,


nr-UE-RxTx-TEG-ID-ReportingSupport-r17
BIT STRING {
case1
(0),
















case2
(1),
















case3
(2)















}
(SIZE (1..8))



OPTIONAL,


nr-los-nlos-IndicatorSupport-r17
SEQUENCE {












type-r17


LOS-NLOS-IndicatorType2-r17,












granularity-r17

LOS-NLOS-IndicatorGranularity2-r17,












...











}











OPTIONAL,


additionalPathsExtSupport-r17


ENUMERATED { n4, n6, n8 }




OPTIONAL,


scheduledLocationRequestSupported-r17
ScheduledLocationTimeSupport-r17


OPTIONAL,


nr-dl-prs-AssistanceDataValidity-r17
SEQUENCE {









area-validity-r17
INTEGER (1..maxNrOfAreas-r17)

OPTIONAL,









...








}














OPTIONAL,


multiMeasInSameMeasReport-r17


ENUMERATED { supported }




OPTIONAL,


mg-ActivationRequest-r17



ENUMERATED { supported }




OPTIONAL

]],


[[


posMeasGapSupport-r17




ENUMERATED { supported }




OPTIONAL


]] ,


[[


multiRTT-SingleSat-r18




ENUMERATED { supported }




OPTIONAL


]]

}

-- ASN1STOP

Proposal 1 Add a new LPP capability by extending the current multi-RTT positioning capability NR-Multi-RTT-ProvideCapabilities-r16.

Satellite switch
Latency could be one potential issue of using multi-RTT positioning in NTN. When satellite switch happens, following procedure needs to start as soon as possible because in the new cell, the PRS and SRS configuration could be different and satellite switch could be transparent to LMF.
(1)
PRS configuration to UE via LPP

(2)
SRS configuration to UE by gNB

(3)
TRP info update and SRS config update to LMF

If SRS configuration changes upon satellite switch, the RAN can send POSITIONING INFORMATION UPDATE message to LMF. After this message, LMF can determine the cell switch has occurred and act immediately to continue the positioning. However, this depends on network implementation.
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Figure 1 multi RTT positioning with satellite switch
When satellite switch with PCI unchanged happens, for UE it is no handover or cell change. It is just satellite ephemeris update. The SRS and PRS configurations remain same and hence RAN may not send the POSITIONING INFORMATION UPDATE message to LMF. In this case, LMF needs some indication that it can continue positioning by just sending the TRP INFORMATION REQUEST message. 
When UE is handed over from NTN to TN, then the LPP session may continue but the positioning procedure may fail. In NTN, the UE may not support positioning procedures like TDOA and the full features of multi RTT positioning procedure but support in TN. Therefore, the LMF should be able to know the change of network type (TN or NTN) after handover and start the LPP with UE capabilities exchange (i.e., do not use stored UE capabilities). 

Therefore, we think the flag in NRPPa message can carry information like TN-NTN switch, satellite switch with PCI unchanged, Handover success. We think this indication over NRPPa is sufficient and UE does not need to indicate anything via LPP. Therefore, RAN3 can be consulted.

Proposal 2 A new flag in NRPPa message (e.g., POSITIONING INFORMATION UPDATE) is introduced to indicate TN-NTN switch, satellite switch with PCI unchanged, Handover success.

Proposal 3 Source sends the flag in NRPPa message (e.g., POSITIONING INFORMATION UPDATE) to LMF before path switch, i.e., receiving end marker.

Proposal 4 Clarify that LMF will start enquiring UE capability upon handover between TN and NTN and send LS to RAN3 to inform potential change in NRPPa signaling.
Mirror point

RAN2 made following agreement.

· RAN2 assumes that in general the mirror point issue can be resolved by properly configuring neighbor cell measurement to UE, for example, measurement of two neighbor cells in the opposite side of a satellite beam. FFS if there are any cases that require anything in the specs.
RAN1 made following agreement.

· To resolve the mirror positions ambiguity for multi-RTT positioning, the following methods can be used without RAN1 specification impact from RAN1 perspective:

· by gNB or LMF implementation

· existing ECID method

· UL-AoA

In our view, the LMF could send indication to the gNB that mirror point also needs to be resolved. In this case, the gNB may configure the connected mode measurement (e.g., measurement objects) for proper neighbor cells and gNB receives measurement report from the UE. Then gNB sends the corresponding measurements to the LMF.

For this purpose, existing ECID messages in NRPPa can be used to carry indication of mirror point resolution and measurement result. Since this method just provides the available measurement results (i.e., LMF is not one to configure measurement), the reported measurement to LMF may not be useful if UE is not configured with measurement of proper neighbor cells.
Proposal 5 To resolve mirror point, LMF sends indication to gNB asking to configure connected mode measurements of neighbor cells in such a way that can resolve the mirror point. Send LS to RAN3 for possible impact to NRPPa message to carry indication.

3. Conclusion

Following proposals are made.
Proposal 1
Add a new LPP capability by extending the current multi-RTT positioning capability NR-Multi-RTT-ProvideCapabilities-r16.
Proposal 2
A new flag in NRPPa message (e.g., POSITIONING INFORMATION UPDATE) is introduced to indicate TN-NTN switch, satellite switch with PCI unchanged, Handover success.
Proposal 3
Source sends the flag in NRPPa message (e.g., POSITIONING INFORMATION UPDATE) to LMF before path switch, i.e., receiving end marker.
Proposal 4
Clarify that LMF will start enquiring UE capability upon handover between TN and NTN and send LS to RAN3 to inform potential change in NRPPa signaling.
Proposal 5
To resolve mirror point, LMF sends indication to gNB asking to configure connected mode measurements of neighbor cells in such a way that can resolve the mirror point. Send LS to RAN3 for possible impact to NRPPa message to carry indication.
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