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Introduction
There was an email discussion [Post112-e][151][NTN]_LCS_for_NTN_Fraunhofer to start the analysis on LCS in NTN.
At the RAN2#111-e meeting, the agreement on GNSS location is reached as below:
Agreements:
1. In Rel-17, only UEs with GNSS capabilities are supported
2. As part of the NR-NTN WI, the following stepped approach is proposed:
-	   Step 1: Assessment of the Rel-16 LCS framework/application protocols (3GPP TS 23.273, TS 29.572, TS 38.455, TS 38.305, in particular but not excluding other TS) and its applicability to NTN
-	Step 2: Assess whether changes to the existing network-based location methods are needed and define them if needed.
We are going to discuss in this contribution:
1. The requirement on UE’s location analysis in NTN ;
2. Evaluation of the Rel-16 LCS framework supporting these requirement;
3. Potential solution to meet the requirement on UE location in NTN network
Requirement on UE’s location analysis
Companies discussed LCS use cases in [Post112-e][151][NTN]_LCS_for_NTN_Fraunhofer. The out-door use cases mentioned in 3GPP TR 22.872 Study on positioning use cases; Stage 1(Release 16) still work in NTN Rel-16.
Even the location request from network operation (gNB or CN) still is under the LCS frame.
Here is the summary of requirement on UE location required from network operation including:
· Which entity requires UE location(Who);
· When the requirement happens (When); 
· Why the UE’s location is required by the entity(Why); 
· What the accuracy on the UE’s location in this scenario(Accuracy)

Table 2-1 UE location requirement analysis in network operation
	Scenario
	Who
	When
	Why
	Accuracy 

	1
	gNB
	Paging UE
	UE’s location may help gNB paging more efficiently 
	< 3000m

	2
	gNB
	Handover
	UE’s location may help gNB select target cell better
	< 3000m

	3
	CN
	PLMN registration
	PLMN registration in CN
	< 3000m

	4
	UE
	Radom Access
	Help UE-Specific TA  in UE
	< 100m

	5
	UE
	Cell selection /reselection
	Help UE find the proper target cell
	< 500m



gNB and CN requires the UE’s location with accuracy(< 3000m) , according to the requirement analysis above. The requirement from CN is still under discussion in SA2.
· Scenario 1 gNB hopes to get UE’s location info for paging more efficiently from gNB perspective.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 1：gNB may retrieve the UE’s location info for paging UE more efficiently with the accuracy not more than 3000m.
· Scenario 2 gNB hopes to get UE location info to help select target cell during HO. 
Observation 2：gNB may retrieve the UE’s location info during HO with the accuracy not more than 3000m.
UE needs its GNSS location info in scenario 4 according to the email discussion #908 RACH and HARQ feedback aspects. It’s up to UE use its location info for better performance. We won’t discuss the detail requirement on UE location from UE side.
Rel-16 LCS framework in NTN network 
The general LCS control plane architecture in the 5GS applicable to a target UE with NG-RAN access is defined in TS 23.501 and TS 23.273.
The overall sequence of events applicable to the UE, NG-RAN and LMF for any location service is shown in Figure 3-2.


[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Figure 3-2: Location Service Support by NG-RAN
[bookmark: _GoBack]LMF is required in the LCS control plane architecture in the 5GS. UE reports its location info to LMF in RRC_CONNECTED mode per LCS request, or LMF calculates the location per LCS request. 5GC LCS Entitles can get the UE’s location in Rel-16 LCS framework.
Positioning methods analysis in NTN
The request of LCS in NTN is still covered in LCS framework.  Not all positioning methods will be supported well in NTN, however the same thing happens in TN. For example, A-GNSS doesn’t work well indoor coverage in TN, and OTDOA doesn’t work well if the gNBs is not synchronized. 
	Method
	UE-based
	UE-assisted, LMF-based
	Remarks

	A-GNSS
	Yes
	Yes
	RAT-independent

	OTDOA Note1, Note 2
	No
	Yes
	Legacy E-UTRA positioning method

	E-CID Note 4 
	No
	Yes
	Legacy E-UTRA positioning method

	Sensor
	Yes
	Yes
	RAT-independent

	WLAN
	Yes
	Yes
	RAT-independent

	Bluetooth
	No
	Yes
	RAT-independent

	TBS Note 5
	Yes
	Yes
	RAT-independent

	DL-TDOA
	Yes
	Yes
	Specified in Rel. 16 5G-NR

	DL-AoD
	Yes
	Yes
	Specified in Rel. 16 5G-NR

	Multi-RTT
	No
	Yes
	Specified in Rel. 16 5G-NR

	NR E-CID 
	No
	Yes
	Specified in Rel. 16 5G-NR

	UL-TDOA
	No
	No
	Specified in Rel. 16 5G-NR

	UL-AoA
	No
	No
	Specified in Rel. 16 5G-NR



Observation 3: A-GNSS method including UE-based and UE-assisted, LMF-based meets the LCS request in NTN because of the outdoor coverage.
However the RAT-Dependent methods in Rel-16 don’t work well in NTN network.
· RSTD related positioning methods 
RSTD is the time difference of receiving two TRPs/satellites signals in this method. However the accuracy should be evaluated at first because the time difference in NTN is quite different from TN network. RAN1 should be involved to evaluate the accuracy in NTN.
· Multi-RTT positioning method
More than three visible TRPs/satellites are mandatory in this method. However the NTN network defined in Rel-17 doesn’t make it sure. RAN1 should be involved to evaluate the accuracy in NTN.
· Angles related positioning methods
Obviously angles related methods won’t work well in NTN because of the antenna in satellites.

According to the analysis of RAT-Dependent and RA-independent positioning methods, we proposed only A-GNSS supports in NTN.
Proposal 1: RAN2 to discuss A-GNSS is the mandatory positioning method in NTN. While other RAT-Dependent methods should be suspended to support in NTN until there are evaluation results from RAN1.
LCS client and response enhancement in NTN 
Whether gNB can be the 5GC LCS Entities or not is not clear in 3gpp protocols. If gNB can be the 5GC LCS client, then gNB may get the UE’s location info when gNB sends the request to AMF (step1a) in Figure 3-2: Location Service Support by NG-RAN. SA3 should be involved to discuss if the 5GC LCS is located in gNB or not. There are two options for gNB to get the UE’s location for NTN network operation.
Option 1: UE reports the rough location info to gNB directly per the request from gNB. 
Option 2: 5GC LCS client entity is located in gNB after the evaluation of 
Proposal 2: RAN2 to discuss if gNB is permitted to get the UE’s rough location in NTN and if LS to SA3 is required.
Proposal 3: UE may report its rough location to network or gNB may retrieve the rough location info of UEs in NTN for network operation.
LMF must be introduced under the Rel-16 LCS framework, even if there is no location calculation request to LMF according to the requirement analysis above. LMF must help forward the UE’s location info to AMF from UE according to the Rel-16 LCS framework. 
Observation 4: It takes gNB more than four steps to get UE’s location if LCS client is located in gNB: I.E., step 1 request from gNB to AMF; step 2 request from AMF to LMF; step 3 Request from LMF to UE; step 4 Response from UE to LMF; step 5 Response from LMF to AMF; step 6 Response from AMF to gNB.



The latency of UE’s location info from UE to gNB can be reduced if UE report its location directly to gNB or AMF. 
Proposal 4: RAN2 to discuss if the enhancement of Rel-16 LCS framework is needed when requiring the UE’s location in NTN network: 
· UE may report its location directly to AMF per AMF request, 
· UE may report its rough location directly to gNB directly per gNB request.
Conclusions
We discuss the requirement on UE’s rough location from NTN network perspective in the contribution. The evaluation of Rel-16 LCS framework was analysed and the potential solution to meet the requirement on UE location from NTN network. So what are observed and proposed are below:
Observation 1：gNB may retrieve the UE’s location info for paging UE more efficiently with the accuracy not more than 3000m.
Observation 2：gNB may retrieve the UE’s location info during HO with the accuracy not more than 3000m.
Observation 3: A-GNSS method including UE-based and UE-assisted, LMF-based meets the LCS request in NTN because of the outdoor coverage.
Proposal 1: RAN2 to discuss A-GNSS is the mandatory positioning method in NTN. While other RAT-Dependent methods should be suspended to support in NTN until there are evaluation results from RAN1.
Proposal 2: RAN2 to discuss if gNB is permitted to get the UE’s rough location in NTN and if LS to SA3 is required.
Proposal 3: UE may report its rough location to network or gNB may retrieve the rough location info of UEs in NTN for network operation.
Observation 4: It takes gNB more than four steps to get UE’s location if LCS client is located in gNB: I.E., step 1 request from gNB to AMF; step 2 request from AMF to LMF; step 3 Request from LMF to UE; step 4 Response from UE to LMF; step 5 Response from LMF to AMF; step 6 Response from AMF to gNB.
Proposal 4: RAN2 to discuss if the enhancement of Rel-16 LCS framework is needed when requiring the UE’s location in NTN network: 
· UE may report its location directly to AMF per AMF request, 
· UE may report its rough location directly to gNB directly per gNB request.
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