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1. Introduction 
RAN2 has received new LS reply from SA3-LI in [1]. This clarifies that the GNSS-based location reporting is not considered reliable by the network and granularity of geographical area of the UE physical location needs to be able to provide network location accuracy comparable with terrestrial networks. In this document, we provide explanations on several options for network to determine/verify UE location.
2. Discussion 
SA2 has agreed in [2] that if network cannot verify UE location during registration procedure, i.e., depending on the available information of cell identity that represents a geographical area at the granularity of NTN cell beam, UE can still be admitted to the core network. Therefore, it can be assumed that at least in Rel-17, it is beneficial for the network to have additional information regarding UE location before AS security is enabled (e.g., mobile country code in Msg5) but this is not essential.
This document focuses on UE positioning methods that are used only after AS security is enabled, for example, reporting GNNS-based UE location information and other measurements reports for positioning to the network.
In NTN, there are two main entities that need the information of UE location. The first one is NG-RAN and second is AMF. The NG-RAN needs UE location information for scheduling purpose, measurement configurations and mapping cell identity to earth fixed geographical area. On the other hand, based on regulatory requirements, the AMF needs UE location to make sure or verify that UEs accesses the authorized core network depending on the region where the UE is present.
UE location for NG-RAN
Currently RAN does not operate as LCS client or has no LMF functionality. Therefore, existing LCS framework is not useful for RAN to determine UE location.
One option is that UE can directly report the GNSS location information in RRC message upon request from network. As part of SON/MDT, such UE location reporting configuration is already possible and same mechanism can be re-used in NTN, i.e., includeCommonLocationInfo can be configured in the corresponding reportConfig for a measurement object. NG-RAN can be allowed to configure UE location reporting either considering subscription-based user consent or based on UE’s GNSS capability indication.   

Additionally, it can be allowed for RAN to use existing measurement reporting or timing advance reporting to roughly determine UE location, but this could be left to network implementation. Such measurement/TA reporting also helps NG-RAN determine whether UE has moved away far from the last reported UE location and take appropriate action.

[bookmark: _Toc71156106][bookmark: _Toc71156263][bookmark: _Toc71156339][bookmark: _Toc71460159][bookmark: _Toc71460573][bookmark: _Toc71460875][bookmark: _Toc71156105][bookmark: _Toc71156262][bookmark: _Toc71572061][bookmark: _Toc71572470][bookmark: _Toc71572579]NG-RAN can obtain a GNSS location from the UE after AS security is established using existing signaling method, i.e., by configuring includeCommonLocationInfo in the corresponding reportConfig.
[bookmark: _Toc71156340][bookmark: _Toc71460160][bookmark: _Toc71460574][bookmark: _Toc71460876][bookmark: _Toc71572062][bookmark: _Toc71572471][bookmark: _Toc71572580]NG-RAN by implementation is enabled to determine UE’s rough location or whether UE has moved from available (or existing) NR measurements (e.g., MR or TA report) provided by a UE or obtained by NG-RAN.
UE location for AMF
The AMF can operate as a LCS client, therefore, it can trigger the existing LCS framework whenever needed, for example, when AMF needs to verify the UE had started registration procedure from a region where it was authorized to access the core network. During registration process, AS security would not have been enabled by NG-RAN and the cell ID provided by NG-RAN in ULI may not correspond to correct geo-graphical area. 
As clarified in SA3-LI reply LS [1], AMF may not rely on the UE location determined from GNSS measurements either computed by UE or LMF server. The GNSS-based positioning method alone will not be sufficient. Therefore, additional network-based UE positioning method is also needed in NTN.
[bookmark: _Toc71460141][bookmark: _Toc71460568][bookmark: _Toc71460868][bookmark: _Toc71572056][bookmark: _Toc71572465][bookmark: _Toc71572574]As per SA3-LI reply LS [1], A-GNSS based positioning method alone is not sufficient and other positioning methods are also needed in NTN.
As per TS 38.305 [3], the table shows the positioning methods currently supported by NR UEs.
Table 4.3.1-1: Supported versions of UE positioning methods
	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	SUPL

	A-GNSS
	Yes
	Yes
	No
	Yes

	OTDOA Note1, Note 2
	No
	Yes
	No
	Yes

	E-CID Note 4, Note 7 
	No
	Yes
	Yes
	Yes for E-UTRA

	Sensor
	Yes
	Yes
	No
	No

	WLAN
	Yes
	Yes
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No

	TBS Note 5
	Yes
	Yes
	No
	Yes (MBS)

	DL-TDOA
	Yes
	Yes
	No
	Yes

	DL-AoD
	Yes
	Yes
	No
	Yes

	Multi-RTT
	No
	Yes
	Yes
	Yes

	NR E-CID 
	No
	Yes
	Yes
	Yes (DL NR E-CID)

	UL-TDOA
	No
	No
	Yes
	Yes

	UL-AoA
	No
	No
	Yes
	Yes

	NOTE 1:	This includes TBS positioning based on PRS signals.
NOTE 2:	In this version of the specification only OTDOA based on LTE signals is supported.
NOTE 3:	Void
NOTE 4:	This includes Cell-ID for NR method when UE is served by gNB.
NOTE 5:	In this version of the specification only for TBS positioning based on MBS signals.
NOTE 6:	Void
NOTE 7:	Enhanced Cell ID based on LTE signals.



Since OTDOA and E-CID in the second and third row of the Table are based on LTE, the methods of interest for NTN use case are 
#1: A-GNSS
#2: TDOA-based (DL-TDOA, UL-TDOA)
#3:  DL-AoD and UL-AoA 
#4: Multi-RTT
#5: NR E-CID
#1: A-GNSS-based positioning method
There are two modes supported in this method.
-	UE-Assisted: The UE performs GNSS measurements (pseudo-ranges, pseudo Doppler, carrier phase ranges, etc.) and sends these measurements to the LMF where the position calculation takes place, possibly using additional measurements from other (non GNSS) sources;
-	UE-Based: The UE performs GNSS measurements and calculates its own location, possibly using additional measurements from other (non GNSS) sources and assistance data from the LMF.
Since NTN UEs are assumed to be capable of GNSS, A-GNSS based position method can be supported without any need of the specification modification. Therefore, there is no harm in supporting existing A-GNSS based positioning method.
[bookmark: _Toc71460575][bookmark: _Toc70603593][bookmark: _Toc70603925][bookmark: _Toc70604294][bookmark: _Toc70604755][bookmark: _Toc70605387][bookmark: _Toc71156102][bookmark: _Toc71156259][bookmark: _Toc71156336][bookmark: _Toc71460161][bookmark: _Toc71460576][bookmark: _Toc71460877][bookmark: _Toc71572063][bookmark: _Toc71572472][bookmark: _Toc71572581]Existing A-GNSS based position method is baseline. 
#2: TDOA based positioning methods
Time difference of arrival (TDOA) estimation requires the measurement of the difference in time of the received signals (either at the UE which receives signals from multiple satellites/gateway (DL-TDOA), or at multiple satellites/gateway which all receive the signal transmitted by the UE (UL-TDOA)). The transmitted signals need not contain a time stamp, and all the transmitters and receivers in the system do not need to be precisely synchronized. 

Instead, positioning based on TDOA measurements require that the gateways/gNBs have sufficient information of satellites and precisely synchronize clocks (either for transmitting the ranging signal (DL-TDOA), or for measuring the UE uplink signal (UL-TDOA)). This corresponds to the timing standard typically available at gateway/gNB and multiple satellites for measurements served by a gateway/gNB, making TDOA based positioning more practical.

the TDOA measurement 𝑟𝑇𝐷𝑂𝐴𝑗 with reference to “j = 1” can then be written as
 𝑟𝑇𝐷𝑂𝐴𝑗 = (𝑇𝑗 − 𝑇1) + (1/c) ∙ (𝑑𝑗 − 𝑑1) +(𝑛𝑗 − 𝑛1) , 𝑗 = 2,3, … , 𝑁.

Where, Tj is signal transmit time from satellite j, dj is distance between UE (x) and satellite j (xj), c is speed of light and nj is measurement error. The position location problem based on TDOA measurements is then to estimate UE position (x) given the TDOA measurements {𝑟𝑇𝐷𝑂𝐴j }. However, TDOA is typically not directly measured, but calculated as the difference of two time of arrival measurements made relative to the same receive time base. The relative synchronization offset (𝑇𝑗 −𝑇1) between satellites must be known.

Since RAN4 is still working on measurement requirements, RAN2 is still working on SMTC and measurement gap enhancement and RAN1 may not have bandwidth to enhance the positioning reference signal for NTN, the existing mechanism for both DL and UL TDOA may not be possible in Rel-17 NTN.
[bookmark: _Toc70603594][bookmark: _Toc70603699][bookmark: _Toc70603954][bookmark: _Toc70604289][bookmark: _Toc70604750][bookmark: _Toc70605382][bookmark: _Toc71156097][bookmark: _Toc71156255][bookmark: _Toc71460143][bookmark: _Toc71460569][bookmark: _Toc71460870][bookmark: _Toc71572057][bookmark: _Toc71572466][bookmark: _Toc71572575]Further RAN1/RAN4 involvement is needed to make TDOA based positioning method work in NTN.
#3: Multi-RTT based positioning method
Based on measurement of time of signal transmission and time of signal reception, RTT can be determined for a N satellites as shown in Figure 1. The UE and gNB may just report the time difference between signal transmission time and reception time for each satellite and location server can calculate the RTT and UE position.

[image: ]
Figure 1 Multi-RTT based measurement
Since RTT can be large and both UL and DL measurements are needed, this measurement may take very long time. In addition, satellite is moving, and it may be difficult to complete measurements of N satellites. This method also requires RAN1 involvement.
[bookmark: _Toc70603596][bookmark: _Toc70603701][bookmark: _Toc70603956][bookmark: _Toc70604291][bookmark: _Toc70604752][bookmark: _Toc70605384][bookmark: _Toc71156099][bookmark: _Toc71156256][bookmark: _Toc71460145][bookmark: _Toc71460570][bookmark: _Toc71460872][bookmark: _Toc71572058][bookmark: _Toc71572467][bookmark: _Toc71572576]Whether multi-RTT based positioning method is feasible should be checked with RAN1.
#4: DL-AoD and UL-AoA based positioning methods
Downlink Angle-of-Departure (AoD) positioning can be based on per-beam RSRP measurements of DL-PRS performed at the UE (DL-PRS Reference Signal Received Power (DL-PRS RSRP) measurement). The measured RSRPs per DL-PRS TX beam may then be reported in an LPP Provide Location Information message to the LMF for each measured TRP where the corresponding AoDs are estimated and position calculation is performed (in case of UE-assisted mode). However, in NTN, the beam angular width of 6 degree can have very large coverage on earth surface and there may be just one beam per cell. 

The gNB uses the received signal transmitted by the UE to derive the angle of arrival (AOA) in azimuth and zenith. To estimate the angle of arrival of incident signals a directional antenna is required which may be issue for NTN satellites considering a small angular beam width of 6 degree can have larger coverage, e.g., cell size of 100km.

Therefore, feasibility of the both positioning methods Downlink Angle-of-Departure (AoD) and Uplink angle of arrival (AOA) needs to be checked with RAN1.
[bookmark: _Toc70603597][bookmark: _Toc70603702][bookmark: _Toc70603957][bookmark: _Toc70604292][bookmark: _Toc70604753][bookmark: _Toc70605385][bookmark: _Toc71156100][bookmark: _Toc71156257][bookmark: _Toc71460146][bookmark: _Toc71460571][bookmark: _Toc71460873][bookmark: _Toc71572059][bookmark: _Toc71572468][bookmark: _Toc71572577]The feasibility of the both positioning methods Downlink Angle-of-Departure (AoD) and Uplink angle of arrival (AOA) needs to be checked with RAN1.
#5: NR E-CID 
Cell-ID (CID) positioning is a network-based method that can be used to estimate the position of the UE immediately, but typically with relative low accuracy. The position of the UE can be estimated to be the position of the base station the UE is camped on. In Enhanced Cell ID (E-CID) positioning, cell ID positioning performance can be enhanced by measuring additional network attributes. For ECID positioning, the UE typically reports the RRM measurements already available (i.e., not positioning specific) to the LMF. The LMF may use various techniques to determine the location of the UE.

The NTN UE may also perform measurement of TN cell to determine the UE location in the granularity of a TN cell size. Other additional measurement parameters can also be reported to improve the granularity of location. Therefore, the enhanced C-ID based position method should work in NTN without major specification impact.
[bookmark: _Toc70603598][bookmark: _Toc70603703][bookmark: _Toc70603958][bookmark: _Toc70604293][bookmark: _Toc70604754][bookmark: _Toc70605386][bookmark: _Toc71156101][bookmark: _Toc71156258][bookmark: _Toc71460147][bookmark: _Toc71460572][bookmark: _Toc71460874][bookmark: _Toc71572060][bookmark: _Toc71572469][bookmark: _Toc71572578]The enhanced C-ID based position method should work in NTN.
To further improve the location granularity, timing advance or propagation delays or differential propagation delays can also be reported together with time stamp as additional attribute. In case of NTN, since UE can calculate the propagation delays of N satellites using its GNSS location and satellite positions from ephemeris, E-CID-based positioning method can be extended to carry propagation delays (di) of N satellites. With N values of propagation delays, the LMF (with satellite information) can calculate UE location as


[bookmark: _Toc4628301][bookmark: _Toc4689599][bookmark: _Toc512892215][bookmark: _Toc505612407][bookmark: _Toc505612410]From the above observations, we make following proposals.
[bookmark: _Toc70603600][bookmark: _Toc70603927][bookmark: _Toc70604296][bookmark: _Toc70604757][bookmark: _Toc70605389][bookmark: _Toc71156103][bookmark: _Toc71156260][bookmark: _Toc71156337][bookmark: _Toc71460162][bookmark: _Toc71460577][bookmark: _Toc71460878][bookmark: _Toc71572064][bookmark: _Toc71572473][bookmark: _Toc71572582]The existing E-CID based positioning method is extended to carry timing advance report/propagation delay/differential delay as an additional attribute.
[bookmark: _Toc70603602][bookmark: _Toc70603929][bookmark: _Toc70604298][bookmark: _Toc70604759][bookmark: _Toc70605391][bookmark: _Toc71156104][bookmark: _Toc71156261][bookmark: _Toc71156338][bookmark: _Toc71460163][bookmark: _Toc71460578][bookmark: _Toc71460879][bookmark: _Toc71572065][bookmark: _Toc71572474][bookmark: _Toc71572583]The feasibility of the other existing positioning methods, Time Diffference of arrival (TDOA), multi-RTT, Downlink Angle-of-Departure (AoD) and Uplink angle of arrival (AOA) needs to be checked with RAN1.
[bookmark: _Toc70603603]
3. Conclusion
Following observations are made.
Observation 1.	As per SA3-LI reply LS [1], A-GNSS based positioning method alone is not sufficient and other positioning methods are also needed in NTN.
Observation 2.	Further RAN1/RAN4 involvement is needed to make TDOA based positioning method work in NTN.
Observation 3.	Whether multi-RTT based positioning method is feasible should be checked with RAN1.
Observation 4.	The feasibility of the both positioning methods Downlink Angle-of-Departure (AoD) and Uplink angle of arrival (AOA) needs to be checked with RAN1.
Observation 5.	The enhanced C-ID based position method should work in NTN.

Following proposals are made.
Proposal 1	NG-RAN can obtain a GNSS location from the UE after AS security is established using existing signaling method, i.e., by configuring includeCommonLocationInfo in the corresponding reportConfig.
Proposal 2	NG-RAN by implementation is enabled to determine UE’s rough location or whether UE has moved from available (or existing) NR measurements (e.g., MR or TA report) provided by a UE or obtained by NG-RAN.
Proposal 3	Existing A-GNSS based position method is baseline.
Proposal 4	The existing E-CID based positioning method is extended to carry timing advance report/propagation delay/differential delay as an additional attribute.
Proposal 5	The feasibility of the other existing positioning methods, Time Diffference of arrival (TDOA), multi-RTT, Downlink Angle-of-Departure (AoD) and Uplink angle of arrival (AOA) needs to be checked with RAN1.
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