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1Introduction
In the RAN#98e, we revisited the status of Network verified UE location and decided to continue the specification work. The WID [1] is revised as below: 
	4.1.3	Network verified UE location
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



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, we will further discuss the positioning architecture aspects to support the UE location verification. Base on the discussion, we will provide the observations and proposals accordingly.
2. Discussion
The overall procedures of Multi-RTT as been specified in TS 38.305 [2] are highlighted below:
	
[bookmark: _Hlk29907095]Figure 8.10.4-1 shows the messaging between the LMF, the gNBs and the UE to perform LMF-initiated Location Information Transfer Procedure for Multi-RTT.


Figure 8.10.4-1: Multi-RTT positioning procedure
0.	The LMF may use the procedure in Figure 8.10.3.2.1-1 to obtain the TRP information required for Multi-RTT positioning.
1.	The LMF may request the positioning capabilities of the target device using the LPP Capability Transfer procedure described in clause 8.10.3.1.1.
2.	The LMF sends a NRPPa POSITIONING INFORMATION REQUEST message to the serving gNB to request UL information for the target device as described in Figure 8.10.3.2.1-2.
3.	The serving gNB determines the resources available for UL-SRS and configures the target device with the UL-SRS resource sets at step 3a.
4.	The serving gNB provides the UL-SRS configuration information to the LMF in a NRPPa POSITIONING INFORMATION RESPONSE message.
[bookmark: _Hlk30678308]NOTE:	It is up to implementation on whether SRS configuration is provided earlier than DL-PRS configuration.
5.	In the case of semi-persistent or aperiodic SRS, the LMF may request activation of UE SRS transmission by sending a NRPPa Positioning Activation Request message to the serving gNB of the target device as described in clause 8.10.3.2.3. The gNB then activates the UE SRS transmission and sends a NRPPa Positioning Activation Response message. The target device begins the UL-SRS transmission according to the time domain behavior of UL-SRS resource configuration.
6.	The LMF provides the UL information to the selected gNBs in a NRPPa MEASUREMENT REQUEST message as described in clause 8.10.3.2.2. The message includes all information required to enable the gNBs/TRPs to perform the UL measurements.
7.	The LMF sends a LPP Provide Assistance Data message to the target device as described in clause 8.10.3.1.2.1. The message includes any required assistance data for the target device to perform the necessary DL-PRS measurements.
8.	The LMF sends a LPP Request Location Information message to request Multi-RTT measurements.
9a:	The target device performs the DL-PRS measurements from all gNBs provided in the assistance data at step 7.
9b:	Each gNB configured at step 6 measures the UE SRS transmissions from the target device.
10.	The target device reports the DL-PRS measurements for Multi-RTT to the LMF in a LPP Provide Location Information message.
11.	Each gNB reports the UE SRS measurements to the LMF in a NRPPa Measurement Response message as described in clause 8.10.3.2.2.
12.	The LMF sends a NRPPa POSITIONING DEACTIVATION message to the serving gNB as described in clause 8.10.3.2.3.
13.	The LMF determines the RTTs from the UE and gNB Rx-Tx time difference measurements for each gNB for which corresponding UL and DL measurements were provided at steps 10 and 11 and calculates the position of the target device.



In legacy positioning procedures, LMF should know the TRP information in the very beginning of the positioning procedure. The LMF determines that certain TRP configuration information is desired (e.g., as part of a periodic update or as triggered by OAM) and sends an NRPPa TRP INFORMATION REQUEST message to the gNB. This request includes an indication of which specific TRP configuration information is requested. The gNB provides the requested TRP information in an NRPPa TRP INFORMATION RESPONSE message, if available at the gNB.
Observation 1: For legacy Positioning methods, LMF obtains the TRP information from OAM or from gNB via NRPPa TRP Information Request in the very beginning of the positioning procedure.

[bookmark: _Toc51776044][bookmark: _Toc56773066][bookmark: _Toc64447695][bookmark: _Toc74152351][bookmark: _Toc88654204][bookmark: _Toc99056273][bookmark: _Toc99959206][bookmark: _Toc105612392][bookmark: _Toc106109608][bookmark: _Toc112766500][bookmark: _Toc113379416][bookmark: _Toc120091969][bookmark: _Toc120534886]9.2.25	TRP Information
The TRP Information IE contains information for one TRP within an NG-RAN node. 
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	TRP ID
	M
	
	9.2.24
	
	-
	

	TRP Information Type
	
	1 .. <maxnoTRPInfoTypes>
	
	
	-
	

	>CHOICE TRP Information Item
	M
	
	
	
	-
	

	>>NR PCI
	M
	
	INTEGER (0..1007)
	NR Physical Cell ID
	-
	

	>>NR CGI
	M
	
	9.2.9
	
	-
	

	>>NR ARFCN
	M
	
	INTEGER (0..3279165)
	
	-
	

	>>PRS Configuration
	M
	
	9.2.44
	
	-
	

	>>SSB Information
	M
	
	9.2.54
	
	-
	

	>>SFN Initialisation Time
	M
	
	Relative Time 1900
9.2.36
	
	-
	

	>>Spatial Direction Information
	M
	
	9.2.45
	
	-
	

	>>Geographical Coordinates
	M
	
	9.2.46
	
	-
	

	>>TRP type
	M
	
	ENUMERATED (prs-only-tp, srs-only-rp, tp, rp, trp…)
	TS 38.305 [18]
	YES
	reject

	>>On-demand PRS TRP Information
	M
	
	9.2.65
	
	YES
	reject

	>>TRP Tx TEG Association
	M
	
	9.2.79
	
	YES
	reject

	>>TRP Beam Antenna Information
	M
	
	9.2.82
	
	YES
	reject



	Range bound
	Explanation

	maxnoTRPInfoTypes
	Maximum no of TRP information types that can be requested and reported with one message. Value is 64.



In the existing NRPPa, TRP information, e.g. NR PCR, NCGI, ARFCN, Geographical Coordinates, are static. But for NTN, we understand a TRP is associated to a satellite. For LEO deployment, the TRP information (e.g. Geographical Coordinates) may change with time. 
Observation 2: In the current Positioning architecture, TRP information, e.g. NR PCR, NCGI, ARFCN, Geographical Coordinates are is static. But in NTN, the TRP information may change with time.

The position of the TRP for positioning measurements ?
To realize the single satellite verification, 3~4 time points should be selected to perform corresponding positioning measurement. The typical scenario for single satellite verification could be illustrated with the figure below:


Figure 1: Single satellite UE location verification

To adopt the legacy positioning procedures as much as possible, we should firstly decide where the TRP is located, on the satellite or on the gNB? In the RAN1#112 meeting, several options on the position of the TRP are discussed, as below:

For TN, the definition of UE Rx – Tx time difference and gNB Rx – Tx time difference are given in [TS 38.215].
The definition of the UE RX-TX time difference measurement should be revisited/adapted to NTN. In this regard, RAN1#112 made the following agreement:
Agreement:
[bookmark: OLE_LINK7]In NTN, for the position of the reference point for definition of gNB Rx – Tx time difference measurement, consider the following options:
· Option 1: Onboard the satellite
· Option 2: The uplink time synchronization reference point
· Option 3: on the gNB

Observation 3: RAN1 assumes the location of the reference point for gNB Rx – Tx time difference measurement could be on-board the satellite, on the gNB, or the uplink time synchronization reference point.
For the option 1, LMF should know the exact position of the TRP/satellite for each measurement result to calculate the UE location. For the option 2, LMF should know the exact position of the uplink time synchronization reference point for each measurement result. For the option 3, LMF should know the position of the satellite, and gNB should make compensation for the latency between gNB and the reference point. For the option 3, LMF may also need to know the satellite position for each positioning measurement result.
Above all, no matter which option will be decided in RAN1, the ephemeris data of the satellites should be known by the LMF. 
LMF should know the accurate location of the satellite(s) involved in UE location verification at any given time.  The most straightforward way is to use OAM to configure the necessary info to LMF, including the ephemeris info of satellites, just as the ephemeris info configured for the gNB. 
Proposal 1: Ephemeris info of the satellites should be configured to the LMF via OAM.
In the legacy NRPPa positioning procedures, the measurement request and report is based on the TRP ID. Thus, to reuse the existing NRPPa procedures as much as possible, the association between the satellite and the TRP ID should also be configured to the LMF. With above, LMF could obtain the precise position of the TRP for each measurement result.
Proposal 2: Association between the satellite and TRP should also be configured to LMF via OAM.
Corresponding stage 2 draft CR for TS 38.305 is provided in [3], the stage 2 TP for TS 38.300 is provided in [4]. And besides that, we should also send LS to SA5, to indicate the OAM requirement for the LMF to make support of network based UE location verification. The draft LS is provided in the section 5.
[bookmark: _GoBack]Proposal 3: Discuss and agree the stage 2 draft CR to TS 38.305 in [3], stage 2 TP to TS 38.300 in [4] to capture corresponding OAM requirement.
Proposal 4: Send the LS to SA5 (CC RAN1, RAN2, SA2) on the OAM requirement for UE location verification.

3. Conclusion
In this contribution, we briefly analysed the potential RAN3 impact to support the UE location verification. Based on the discussion, we provided the following observations and proposals:
Observation 1: For legacy Positioning methods, LMF obtains the TRP information from OAM or from gNB via NRPPa TRP Information Request in the very beginning of the positioning procedure.
Observation 2: In the current Positioning architecture, TRP information, e.g. NR PCR, NCGI, ARFCN, Geographical Coordinates are is static. But in NTN, the TRP information may change with time.
Observation 3: RAN1 assumes the location of the reference point for gNB Rx – Tx time difference measurement could be on-board the satellite, on the gNB, or the uplink time synchronization reference point.
Proposal 1: Ephemeris info of the satellites should be configured to the LMF via OAM.
Proposal 2: Association between the satellite and TRP should also be configured to LMF via OAM.
Proposal 3: Discuss and agree the stage 2 draft CR to TS 38.305 in [3], stage 2 TP to TS 38.300 in [4] to capture corresponding OAM requirement.
Proposal 4: Send the LS to SA5 (CC RAN1, RAN2, SA2) on the OAM requirement for UE location verification.
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5. Draft LS to SA5
Title:	[Draft] LS on OAM requirements for UE location verification 
Release:	Rel-18
Work Item:	NR_NTN_enh

Source:	CATT (to be RAN3)
To:	SA5
Cc:	RAN WG1, RAN WG2, SA2


Contact Person:
Name:	Jiancheng Sun
E-mail Address:	sunjiancheng@catt.cn

Attachments:	n/a

1. Overall Description:
RAN3 have discussed the positioning architecture aspects to support network based UE location verification for NR NTN. To reuse the existing Positioning procedures as much as possible, RAN3 identifies the potential OAM requirements for the LMF.
The following NTN related parameters shall be provided by O&M to the LMF, which participates in the network based UE location verification for NTN:
-	Ephemeris information describing the orbital trajectory information or coordinates for the NTN payload. This information is provided on a regular basis or upon demand to the LMF;
-	Association between the satellite (Ephemeris information) and the TRP.

2. Actions:
To SA5:
ACTION: RAN3 respectfully requests SA5 to take the above information into consideration in their future work.

3. Date of Next TSG-RAN WG3 Meetings:
RAN3#121	       21 - 25 August 	2023		Toulouse, France

image1.emf
UE

gNB/TRP

gNB/

TRP

gNB/

TRP

gNB/

TRP

LMF

9b. UL SRS Measurements

1. LPP Capability Transfer 

Serving Neighbour

2. NRPPa POSITIONING INFORMATION REQUEST

3. gNB determines 

UL SRS Resources

4. NRPPa POSITIONING INFORMATION RESPONSE

6. NRPPa  MEASUREMENT REQUEST

11. NRPPa MEASUREMENT RESPONSE

8. LPP Request Location Information

10. LPP Provide Location Information

7. LPP Provide Assistance Data

9a. DL-PRS 

Measurements

3a. UE SRS 

Configuration 

0. NRPPa DL PRS CONFIGURATION INFORMATION EXCHANGE 

5b.  Activate UE SRS 

transmission

5a.  NRPPa POSITIONING ACTIVATION REQUEST

5c.  NRPPa POSITIONING ACTIVATION RESPONSE

12.  NRPPa POSITIONING DEACTIVATION


oleObject1.bin
UE


gNB/TRP


gNB/TRP


gNB/TRP


gNB/TRP


LMF


11. NRPPa MEASUREMENT RESPONSE


9a. DL-PRS Measurements


9b. UL SRS Measurements


1. LPP Capability Transfer 


Serving


Neighbour


2. NRPPa POSITIONING INFORMATION REQUEST


3. gNB determines UL SRS Resources


4. NRPPa POSITIONING INFORMATION RESPONSE


6. NRPPa  MEASUREMENT REQUEST


8. LPP Request Location Information


10. LPP Provide Location Information


7. LPP Provide Assistance Data


3a. UE SRS Configuration 


0. NRPPa DL PRS CONFIGURATION INFORMATION EXCHANGE 


5b.  Activate UE SRS transmission


5a.  NRPPa POSITIONING ACTIVATION REQUEST



image2.emf
T0

T1

T2

T3

x

y

z

NTN GW


oleObject2.bin
�

T0


T1


T2


T3


x


y


z



