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Introduction
Rel-18 is specifying the network verified UE location feature to 5G NTN. The multi-RTT method with a single satellite in view is prioritize to determine UE location. RAN1#114 concluded work on network verified UE location item with the below conclusion:
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

At RAN3#121-bis, the following options was discussed for the location verification solution:
	Opt1: Reusing the existing NR-CGI IE to transfer the mapped Cell ID.
Opt2: Include mapped Cell ID in Measurement Quantities Value IE for E-CID MEASUREMENT INITIATION REQUEST NRRPa message and Define a new Mapped Cell ID IE in E-CID Measurement Result information element
Opt3: By implementation
Opt4: Provide additional indication from LMF to gNB on the top of the mapped Cell ID
Opt5: Provide the right or left of the satellite obit from gNB to LMF



Following this conclusion, RAN#101 endorses that E-CID method could be further analyzed and enhanced in RAN3, if needed for NTN scenarios (NR-NTN and IoT-NTN).
In this contribution, we discuss necessary enhancements to support existing E-CID method in NTN.
Discussion
Multi-RTT mirror-image ambiguity
The network verified UE location feature uses the multi-RTT with a single satellite in view method to determine the UE location.
The principle of the multi-RTT computation performed with only one satellite in the 5G NTN context is illustrated in Figure 1. The RTT measurements (corresponding to the round trip time on the service link) can be repeated in different instants, and from different positions on the satellite orbit. On ground, every measured RTT corresponds to a circle (or a ring by considering the RTT measurement error). The subsequent measurement of RTT will describe a different circle of different diameter (depending if distance increase or decrease), and with a different center. In this way the intersection of all the circles will point at the UE location (assumed not moving). 
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Figure 1: multi-RTT based positioning with single satellite

To perform RTT measurements, satellite movement between TX and RX (the uplink and down link one-way delays are different) should be taken into account. To this aim, every measured RTT should correspond to an ellipse (and not circle) on the ground : For each measured RTT the possible UE location is traced by a point moving in  the space so that the sum of its distances from two anchor points (the foci/ the two focal points) is constant = measured RTT. The two anchor points are the satellite positions at TX and RX respectively.
Different measurements of RTT will describe different ellipses with different eccentricity. The intersection of these ellipses with the ground will determine the resulting UE position uncertainty area, the mirror-image ambiguity issue.
RAN1#114 concluded this mirror-image ambiguity could be solved by implementation, by UL-AoA method or existing E-CID method.
Existing E-CID method



[image: ]
Figure 2: Position estimation based on E-CID
In the Cell ID (CID) positioning method [1], the UE position is estimated with the knowledge of the geographical coordinates of its serving gNB. Enhanced Cell-ID (E-CID) positioning is an enhancement of CID introduced in 5G NR. The E-CID estimates the position of the UE based on the Cell ID of the cell and measuring the Timing Advance (TA) and the Angle-of-Arrival (Azimuth and Elevation). 
gNB transfers the Cell Global Identifier (or Physical Cell ID), the cell portion ID the UL Angle-of-Arrival, the TA, the RSRP and the RSRQ to LMF via the NRPPa protocol [2] (E-CID Measurement report message). UE transfers measurements to LMF [3] via LPP protocol [4] such as RSRP, RSRQ and the physical Cell ID (LPP provide location information).

	Information 
	UE‑assisted 

	 SS Reference signal received power (SS-RSRP)
	Yes

	 SS Reference Signal Received Quality (SS-RSRQ)
	Yes

	 CSI Reference signal received power (CSI-RSRP)
	Yes

	 CSI Reference Signal Received Quality (CSI-RSRQ)
	Yes

	 NR Cell Global Identifier, Physical Cell ID
	Yes


Table: Information that may be transferred from UE to the LMF

	Information 

	UL Angle of Arrival (azimuth and elevation)

	Cell Portion ID

	NR Measurement Results List:

	- SS Reference signal received power (SS-RSRP)

	- SS Reference Signal Received Quality (SS-RSRQ)

	- CSI Reference signal received power (CSI-RSRP)

	- CSI Reference Signal Received Quality (CSI-RSRQ)

	- NR Cell Global Identifier /Physical Cell ID

	- Timing Advance (TADV)


Table: Information that may be transferred from gNB to the LMF

E-CID for NTN
NTN re-uses LPP and NRPPa protocols for location services. RAN1 concluded that E-CID procedure can be used in NTN without RAN1 specification impacts.
Observation 1:	NTN re-uses existing positioning protocols and E-CID procedure
Except for the information relevant to the E-UTRA cell (not relevant for NR NTN), the information (angle of arrival, timing advance, RSRP,...) currently supported in NRPPa for NR E-CID are also applicable for NR NTN.
Observation 2:	The current E-CID method is currently applicable to NR NTN scenario and its usage should not be precluded.
The typical NTN architecture [6] is a satellite (GEO or NGSO) with a transparent payload (no processing of 5G NR signal on-board) and the gNB on-ground close to the NTN gateway.
The NTN architecture has two consequences that does not exist in TN. Physical Cells are not fixed on the ground because of the satellite movement. The satellites move at hundreds of kilometers above the cell on the ground, implying an important latency and timing advance. Moreover, the satellite antennas have a limited field of view on the ground, reducing the range of arrival angle for signal.
Observation 3:	Physical Cell ID, Timing Advance and UL Angle of Arrival information elements are impacted by the NTN
In the same time, values remain the same in TN and NTN. The reference signal received power and quality values are the same in TN and NTN. The UE is transparent to the network and therefore is not aware of the network’s mapped cell but only of the physical cell ID.
Observation 4:	The reference signals received power and quality IEs transferred by UE and gNB to LMF are not impacted by the NTN. The UE is transparent to the network and should not know the mapped Cell ID
Proposal 1: The E-CID measurement information transferred from UE to the LMF has not to be adapted for NTN.
Figure 2 shows a wide angle of view in the TN case but in NTN, the satellite beam angle of view is limited to 0.4011° for GSO and 4.41° for NGSO [5]. Thus, the UL-AoA azimuth and zenith could be difficult to determine UE location in the cell with a good accuracy. So, while in principle the usage of UL-AoA to resolve mirror image ambiguity is not precluded, for NTN its usage seems problematic. 
Proposal 2:	The UL-AoA is not expected to be used for NTN in Release 18.
The timing advance is defined as the timing difference between Rx and Tx at the TRP and is used to estimate the UE distance from the TRP. In the case of NTN, the timing advance (TA) [6] related to the RP in NTN is composed of the common TA and user link timing advance. For E-CID in NTN, the Timing Advance to estimate the distance of the UE in the cell is the TA due to user link since TA also includes common TA that is the TA due to satellite-TRP link.
Observation 5:	The user link TA is the TA useful to calculate the distance between UE and the satellite.
However, the distance is already calculated with RTT measurement by the Multi-RTT method. Therefore, it is not necessary to adapt the definition of TA measurement IE in E-CID when E-CID method is used in complement of multi-RTT to solve the mirror-image ambiguity issue.
Proposal 3:	The E-CID Timing Advance reporting is not expected to be adapted for NTN in Release 18.

Mapped Cell ID for E-CID
During RAN2#123-bis, RAN2 understands that “to solve the mirror point issue, the measurement reported by RAN should include the information of the cells in the opposite side”. Our understanding is that NG-RAN should help LMF to discriminate cells where the UE is not. The E-CID method could provide this information by indicating the cell where the UE is camping. The E-CID measurements could be triggered by the LMF to solve the mirror image ambiguity issue.
Observation 6:	The RAN can report measurements, at the request of the LMF, the UE serving cell to LMF to solve the mirror image ambiguity issue.
The NTN defines two type of scenarios where cells moves on the ground, Earth-moving Cell (EMC) and where cells are fixed on the ground, Quasi-Earth fixed cell. In NTN, the Cell Identity, as defined in TS 38.413 and TS 38.423, used in following cases corresponds to a Mapped Cell ID. The mapping between Mapped Cell IDs and geographical areas is configured in the RAN and Core Network and provide a fixed framework for User Location Information. The mapping between mapped Cell ID and gNB is always known at the RAN. In our understanding, the mapped Cell ID are fixed to the ground and used to determine a geographical position to serve with a physical cell.
Current Cell ID included in the E-CID measurement quantities refers to the Serving Cell ID IE (physical or mapped cell ID). The UE reports the physical Cell ID since it was only aware of this value. The mapped Cell ID is hidden to the UE. However, the mapped Cell ID is very useful to quickly determine a fixed geographical area. In our understanding, the two quantities are necessary at the LMF to efficienctly implement E-CID for NTN.
Observation 7:	Both physical Cell ID and mapped Cell ID are useful at the LMF for E-CID location determination method.
Therefore, to ensure support of NTN in the E-CID procedure, the mapped Cell ID should be included along with physical cell ID in measurement quantity requested by the LMF [2].
	Measurement Quantities
	
	1
	
	
	EACH
	reject

	>Measurement Quantities Item
	
	1..<maxnoMeas>
	
	
	-
	

	>>Measurement Quantities Value
	M
	
	ENUMERATED (Cell-ID, Angle of Arrival, Timing Advance Type 1, Timing Advance Type 2, RSRP, RSRQ,…, SS-RSRP, SS-RSRQ, CSI-RSRP, CSI-RSRQ, NR Angle of Arrival, NR Timing Advance, mapped Cell ID)

	
	-
	-


E-CID MEASUREMENT INITIATION REQUEST message [2]-§9.1.1.1

Proposal 4: 	Include mapped Cell ID in Measurement Quantities Value IE for E-CID MEASUREMENT INITIATION REQUEST NRRPa message
In the E-CID measurement request response, the mapped cell ID is different to Service Cell ID and so  need to define a new Mapped Cell ID IE.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	Mapped Cell ID
	O
	
	NG-RAN CGI
9.2.6
	NG-RAN Mapped Cell Identifier of the NTN serving cell
	-
	


E-CID MEASUREMENT Result IE [2]-§9.2.5

Proposal 5:	Define a new Mapped Cell ID IE in E-CID Measurement Result information element

Conclusions and Proposals
Our proposals are summarized below:
Observation 1:	NTN re-uses existing positioning protocols and E-CID procedure
Observation 2:	The current E-CID method is currently applicable to NR NTN scenario and its usage should not be precluded.
Observation 3: Physical Cell ID, Timing Advance and UL Angle of Arrival information elements are impacted by the NTN
Observation 4:	The reference signals received power and quality IEs transferred by UE and gNB to LMF are not impacted by the NTN. The UE is transparent to the network and should not know the mapped Cell ID
Proposal 1:	The E-CID measurement information transferred from UE to the LMF has not to be adapted for NTN
Proposal 2:	The UL-AoA is not expected to be used for NTN in this release
Observation 5:	The user link TA is the TA useful to calculate the distance between UE and the satellite.
Proposal 3:	The E-CID Timing Advance reporting is not exptected to be adapted for NTN in Release 18.
Observation 6:	The RAN can report measurements, at the request of the LMF, the UE serving cell to LMF to solve the mirror image ambiguity issue.
Observation 7:	Both physical Cell ID and mapped Cell ID are useful at the LMF for E-CID location determination method.
Proposal 4: 	Include mapped Cell ID in Measurement Quantities Value IE for E-CID MEASUREMENT INITIATION REQUEST NRRPa message
Proposal 5:	Define a new Mapped Cell ID IE in E-CID Measurement Result information element
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