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Introduction 
In RAN#98 meeting, the WID of R18 NR NTN was revised to clarify the scope of network verified UE location as follows [1]:
	Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.

Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance
Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)
Note 4 : Multiple satellite in view by the UE may be considered if time allows
Note 5 : The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
Note 6 : The enhancements should take into account the mirror-image ambiguity
Note 7 : Network verified UE location is an optional UE feature


According to the revised WID, only multi-RTT with single satellite in view is agreed. DL-TDoA and Multiple satellite in view may be considered if time allows. In this paper, we provide our views on how Multi-RTT positioning method works in NTN scenario with a single satellite in view.
Discussion 
Background information
Before discussing how to adapt Multi-RTT positioning method in NTN scenario, some background information is necessary to share as the starting point.
At first Multi-RTT is short for Multi-Round Trip Time Positioning (Multi-RTT based on NR signals). The detailed description of Multi-RTT is as below [2]:
	[bookmark: _Toc37338102][bookmark: _Toc46488943][bookmark: _Toc52567296][bookmark: _Toc124536452]4.3.11	Multi-RTT positioning
The Multi-RTT positioning method makes use of the UE Rx-Tx time difference measurements (and optionally DL-PRS-RSRP and/or DL-PRS-RSRPP) of downlink signals received from multiple TRPs, measured by the UE and the measured gNB Rx-Tx time difference measurements (and optionally UL-SRS-RSRP and/or UL-SRS-RSRPP) at multiple TRPs of uplink signals transmitted from UE.
The UE measures the UE Rx-Tx time difference measurements (and optionally DL-PRS-RSRP and/or DL-PRS-RSRPP of the received signals) using assistance data received from the positioning server, and the TRPs measure the gNB Rx-Tx time difference measurements (and optionally UL-SRS-RSRP and/or UL-SRS-RSRPP of the received signals) using assistance data received from the positioning server. The measurements are used to determine the RTT at the positioning server which are used to estimate the location of the UE.


It is clear that based on assistance data received from the positioning server (i.e., LMF), UE and multiple TRPs measure Rx-Tx time difference measurements. Then the measurement results are sent to positioning server to determine the RTTs which are used to estimate the location of the UE.
As illustrated in Figure 1, gNB/TRP transmits PRS to UE and after the PRS arrival at the UE, the UE transmits SRS to gNB/TRP. The time interval between PRS transmission and SRS arrival at gNB/TRP side is measured as T1, and the time interval between PRS arrival and SRS transmission at UE side is T2. So the RTT between UE and gNB/TRP is (T1-T2). Similar RTT measurements can be performed between UE and different gNB/TRPs, and then based on these RTT values and the gNB/TRP locations, UE location can be calculated.



Figure 1: The concept of legacy Multi-RTT positioning method

Impact on Multi-RTT in NTN
Who triggers the verification procedure
The overall sequence of events applicable to the UE, NG-RAN and LMF for any location service is shown in Figure 5.2-1 [2].

	

Figure 5.2-1: Location Service Support by NG-RAN
1a.	Either: some entity in the 5GC (e.g. GMLC) requests some location service (e.g. positioning) for a target UE to the serving AMF.
1b.	Or: the serving AMF for a target UE determines the need for some location service (e.g. to locate the UE for an emergency call).
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]1c.	Or: the UE requests some location service (e.g. positioning or delivery of assistance data) to the serving AMF at the NAS level.
2.	The AMF transfers the location service request to an LMF.
3a.	The LMF instigates location procedures with the serving and possibly neighbouring ng-eNB or gNB in the NG-RAN – e.g. to obtain positioning measurements or assistance data.
3b.	In addition to step 3a or instead of step 3a, the LMF instigates location procedures with the UE – e.g. to obtain a location estimate or positioning measurements or to transfer location assistance data to the UE.
4.	The LMF provides a location service response to the AMF and includes any needed results – e.g. success or failure indication and, if requested and obtained, a location estimate for the UE.
5a.	If step 1a was performed, the AMF returns a location service response to the 5GC entity in step 1a and includes any needed results – e.g. a location estimate for the UE.
5b.	If step 1b occurred, the AMF uses the location service response received in step 4 to assist the service that triggered this in step 1b (e.g. may provide a location estimate associated with an emergency call to a GMLC).
5c.	If step 1c was performed, the AMF returns a location service response to the UE and includes any needed results – e.g. a location estimate for the UE.



According to the above specification, UE, some entity in the 5GC or the serving AMF can request the location service. Since the intention of positioning UE in NTN is to verify the UE reported location, the serving AMF should be responsible to trigger this verification procedure based on RAN2 agreements below:
Agreements:
1. RAN2 assumes that the network is able to compute possible UE locations independently from the GNSS location reported by UE
2. RAN2 assumes that the UE location verification procedure can be triggered by the CN and it is up to the CN to decide when to trigger the procedure
3. RAN2 assumes that the verification of the consistency (within 5-10 km) between the actual reported UE location with the UE location(s) computed by the network is up to the 5GC. (this doesn’t mean that RAN2 has nothing to do for this WI objective)
And this understanding is also confirmed by SA2 in the incoming LS [3] as below:
	In Release 17 and 18, location verification for regulatory services (e.g. Public Warning System, Charging and Billing, Emergency calls, Lawful Intercept, Data Retention Policy in cross-border scenarios and international regions, Network access) can occur when a UE performs some access to an AMF or MME at a NAS level, such as for initial PLMN Registration or Attach, Registration update or TAU, Service Request, PDU session or PDN connection establishment. The associated NAS procedure is first completed and then the serving AMF or MME can initiate location verification for the UE from an LMF or E-SMLC, respectively. Because the initial NAS procedure is first completed, there is no real time restriction on the latency of the location verification



Observation 1: the UE location verification procedure is triggered by the serving AMF, which is already supported in current specification.
Since the signalling procedure of location service can be reused for the purpose of network verified UE location in NTN, no enhancements are needed from this perspective.
Proposal 1: Legacy signalling procedure of location service can be reused for the purpose of network verified UE location in NTN.

Multi-RTT positioning method
Regarding the Multi-RTT positioning method itself, the legacy way is to measure multiple RTTs with multiple gNB/TRPs. But in single satellite Multi-RTT, it should be single RTT between a UE and the serving cell. And this RTT value needs to be measured for multiple times within this serving cell. As illustrated in Figure 2, at different time instances (i.e., t1, t2, t3), UE can receive PRS and transmit SRS. Based on the measurement results of Rx-Tx time difference derived at UE and gNB sides, multiple RTT values can be derived accordingly for positioning purpose.
[image: ]
Figure 2: single satellite Multi-RTT positioning method
And from positioning perspective, the LMF should be aware of the situation, i.e. not configure PRS from multiple cells for PRS measurements, and only the serving cell to measure the SRS transmitted from the UE that is different from legacy positioning procedure.
Observation 2: the difference between legacy Multi-RTT and single satellite Multi-RTT is that, in NTN scenario single RTT value between a UE and the serving cell needs to be measured multiple times at different instances of time within a given serving cell.
According to current LPP specification [4], The ProvideLocationInformation message body in a LPP message is used by the target device to provide positioning measurements or position estimates to the location server. And IE NR-Multi-RTT-ProvideLocationInformation is for Multi-RTT positioning method, in which it can accommodate multiple measurement instances with the maxMeasInstances-r17 set to 32.
	[bookmark: _Toc37681233][bookmark: _Toc46486807][bookmark: _Toc52547152][bookmark: _Toc52547682][bookmark: _Toc52548212][bookmark: _Toc52548742][bookmark: _Toc124534701]6.5.12.3	NR Multi-RTT Location Information
[bookmark: _Toc37681234][bookmark: _Toc46486808][bookmark: _Toc52547153][bookmark: _Toc52547683][bookmark: _Toc52548213][bookmark: _Toc52548743][bookmark: _Toc124534702]–	NR-Multi-RTT-ProvideLocationInformation
The IE NR-Multi-RTT-ProvideLocationInformation is used by the target device to provide NR Multi-RTT location measurements to the location server. It may also be used to provide NR Multi-RTT positioning specific error reason.
-- ASN1START

NR-Multi-RTT-ProvideLocationInformation-r16 ::= SEQUENCE {
	nr-Multi-RTT-SignalMeasurementInformation-r16
											NR-Multi-RTT-SignalMeasurementInformation-r16
																					OPTIONAL,
	nr-Multi-RTT-Error-r16					NR-Multi-RTT-Error-r16					OPTIONAL,
	...,
	[[
	nr-Multi-RTT-SignalMeasurementInstances-r17
[bookmark: _Hlk126495918]											SEQUENCE (SIZE (1..maxMeasInstances-r17)) OF
												NR-Multi-RTT-SignalMeasurementInformation-r16
																					OPTIONAL
	]]
}

-- ASN1STOP



So, in current specification, for single TRP, UE is allowed to report the measurement results of Rx-Tx time difference for multiple measurement instances.
Observation 3: It is already supported in current specification that for single TRP, UE can report the measurement results of Rx-Tx time difference for multiple measurement instances.

Adaptations of Multi-RTT in NTN
According to the analysis for previous observation 2, the key change of single satellite Multi-RTT is that the RTT value between UE and serving cell needs to be measured for multiple times within this serving cell. But for each of those measurement instance, the UE behaviour and gNB operation can be the same as legacy multi-RTT. Also as analysed for observation 3, from LPP signalling perspective, for one TRP, the UE can report the measurement results of Rx-Tx time difference for multiple measurement instances. Similarly, the TRP Measurement Result including gNB Rx-Tx Time Difference can also be sent to LMF from gNB in existing specification [5]. Regarding the measurements of UE/gNB Rx-Tx Time Difference and measurement reporting, existing specification for Multi-RTT is sufficient to support network verified UE location in NTN.
[bookmark: _Hlk126521106]Proposal 2: Regarding the measurements of UE/gNB Rx-Tx Time Difference and measurement reporting, existing Multi-RTT mechanism can be reused to support network verified UE location in NTN.
But from LMF perspective, two additional assistance data is needed to estimate UE location in NTN scenario. In our view, they are:
1. Serving satellite’s location
In legacy Multi-RTT, the location of gNB/TRP is fixed, and the geographical coordinates information of gNB/TRP should be provided from gNB to LMF only once. But in single satellite Multi-RTT, the satellite location of each measurement instance is different as the LEO satellite keeps moving, in this case serving satellite location of each measurement instance needs to be provided to LMF for the calculation of UE location. Both UE and gNB can provide serving satellite location to LMF, e.g., in the PVT format (position and velocity state vector in ECEF). But considering for each measurement instance, UE or gNB has to transfer this satellite location information to LMF, the signalling overhead is relatively large. Another alternative is that UE or serving gNB provides orbital parameters of serving satellite to LMF, when the timestamp of each measurement instance is provided by UE to LMF, the LMF can calculate the corresponding satellite location.
2. [bookmark: _Hlk126660339]Feeder link RTT
The gNB reported gNB Rx-Tx Time Difference includes the RTT value of the whole link between UE and gNB, and also the UE processing time (i.e., UE Rx-Tx Time Difference). Thus, the RTT value can be derived by gNB Rx-Tx Time Difference minus UE Rx-Tx Time Difference. 
As illustrated in Figure 3, the derived RTT value between UE and gNB is the sum of service link RTT (between UE and satellite) and feeder link RTT (between satellite and gNB). The UE location should be calculated according to service link RTT and satellite locations, so UE or gNB needs to provide the feeder link RTT value of each measurement instance to positioning server. Then the service link RTT can be calculated by measured RTT minus feeder link RTT. 



Figure 3: service link RTT and feeder link RTT

[bookmark: _Hlk126660512]For provision of additional assistance data, a general idea is that it might be better if this comes from the gNB. The UE verified location use case is driven by concerns about trusting information provided by the UE and so it makes sense to minimise the UE involvement (while acknowledging that with Multi-RTT, it is impossible to fully eliminate UE involvement). In this case, an LS can be sent to RAN3 to ask whether additional assistance data for Multi-RTT can be provided by gNB (instead of UE) to LMF, and based on the discussion above at least serving satellite’s location and feeder link RTT are required.
Proposal 3: an LS is sent to RAN3 to ask whether additional assistance data for Multi-RTT can be provided by gNB (instead of UE) to LMF, and at least serving satellite’s location and feeder link RTT are required.

Performance analysis
In [3], SA2 provided their answer to the question about constraint on the latency (from trigger to result) of network verified UE location as below:
	However, a long period of location verification is not preferred because it could interfere with power saving for UEs which need to access a PLMN for only very short periods, and would allow a UE that was not at an allowed location to obtain service from the PLMN that might violate regulatory requirements. Hence, SA2 requests that location verification be capable of being completed within a period of approximately 1 minute maximum and 30 seconds preferably.


According to [6], the typical beam footprint size of LEO satellite is 100 – 1000 km, and the relative speed of LEO satellite with respect to earth is 7.56 km per second. If the verification procedure is completed within 30 seconds in one serving cell, it means the footprint size (edge to edge) should be at least 226.8km. Since 226.8km is in the lower range of typical footprint size of a LEO cell, it’s reasonable to assume UE can finish Multi-RTT positioning procedure in one serving cell, i.e., without cell change. But it’s still up to RAN1 to evaluate what is the minimum time interval between each RTT measurement instance, or if the whole Multi-RTT procedure in NTN can be finished within 30s.
Proposal 4: RAN2 to assume that UE can finish Multi-RTT positioning procedure without cell change.
Conclusion
In this paper, we discuss the Multi-RTT positioning method in NTN, and we have the following observations:
Observation 1: the UE location verification procedure is triggered by the serving AMF, which is already supported in current specification.
Observation 2: the difference between legacy Multi-RTT and single satellite Multi-RTT is that, in NTN scenario single RTT value between a UE and the serving cell needs to be measured multiple times at different instances of time within a given serving cell.
Observation 3: It is already supported in current specification that for single TRP, UE can report the measurement results of Rx-Tx time difference for multiple measurement instances.
And we propose:
Proposal 1: Legacy signalling procedure of location service can be reused for the purpose of network verified UE location in NTN.
Proposal 2: Regarding the measurements of UE/gNB Rx-Tx Time Difference and measurement reporting, existing Multi-RTT mechanism can be reused to support network verified UE location in NTN.
Proposal 3: an LS is sent to RAN3 to ask whether additional assistance data for Multi-RTT can be provided by gNB (instead of UE) to LMF, and at least serving satellite’s location and feeder link RTT are required.
Proposal 4: RAN2 to assume that UE can finish Multi-RTT positioning procedure without cell change.
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