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Introduction
The purpose of this email discussion ([Post112-e][115][NTN] Email Discussion on  LCS for NTN) is to collect and align on company views on the requirements and technology for LCS in NTN networks. 
In Rel. 16, RAT dependent and RAT independent positioning solutions are specified with terrestrial RAN networks in consideration.  The NTN network has fundamentally different characteristics, among others moving satellite (i.e. a moving TRP), wider range, higher Doppler shift and so on, compared to the terrestrial network, and the performance achieved in the terrestrial network may not be fully reached in NTN for a given method.
Likewise, in the WID [1], FS_NR_NTN_solutions, Study on solutions for NR to support non-terrestrial networks (NTN) for Rel‑16, the following justification has been given on NTN-network based UE location:
· Study activity on NTN scenarios addressing
· […]
· NTN-network based location of UE (for regulatory services): identify possible solutions 

Consequently, the following objectives for RAN2 and RAN3 are named in the WID:
The following control plane procedures enhancements should be specified (see TR 38.821)
· […]
· Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]
Companies are invited to provide their views on the open issues pertaining to LCS in NTN network until 10 Jan 2021 23:59 UTC. 
Open issues
In the justifications for the WI [1], regulatory services were listed as application area for the use of LCS within NTN. However, no requirement on minimum accuracy was specified for the location services. Furthermore, other use cases intended to be supported on NTN and their accuracy requirements are also not specified. In order to evaluate the suitable technology for positioning, there needs to be a common understanding regarding usage scenario and performance targets to be considered for evaluation in RAN2 working group
For the emergency call use case, the requirements specified by the two major regulatory bodies are summarized as follows: 
	Regulatory body
	Accuracy requirements

	EC [3]
	”capability to achieve a horizontal position error of maximum 5 metres in open sky conditions and maximum 25 metres in urban canyon conditions with a confidence level of 95 % (2s coverage factor), where open sky conditions and urban canyon conditions are as defined, respectively, in points 2.1.8 (Figure 1) and 2.2.4.2 (Figure 3) of Annex VI to Delegated Regulation (EU) 2017/793“
The European directive is based on an assumption of use of GNSS as positioning technology.

	FCC [4]
	[bookmark: _GoBack]In 2020, the FCC specifies a 50-meter horizontal accuracy or provide a dispatchable location for 70 percent of all wireless 911 calls, which increases to 80 percent of all calls in 2021. 
From 2021 onwards, an additional requirement to achieve an accuracy with ±3m is applies in addition.



Companies are invited to provide their views on the supported use cases (regulatory and non-regulatory) and their anticipated accuracy requirements. 
1.1 Use cases of NTN positioning
The foreseen use cases are conforming to regulatory (such as emergency calls or RF regulations) aspects and network operation aspects (such as applying a country specific profile, handling roaming).
Question 1: Do companies agree on the above use cases for NTN positioning? Please provide other use cases that need to be additionally considered, especially for NTN positioning.
	Company
	Comments

	CATT
	We agree the above use cases and furthermore, positioning use cases only for outdoor, such as:
-	Regulatory (e.g. emergency call, LI)
-	Mission Critical
-	Location-Based Services (e.g. LCS, gaming, social networking, position-enabled advertisement) 
-	Operation of NTN networks (e.g. gNB may get the draft location info of UE if there is no security issue valued by SA3, AMF may get the location info of UE).


	OPPO
	We tend to agree with CATT on the point that outdoor use cases can be supported by NTN positioning, while the list by CATT may not be exhaustive, if referring to SA1 TR
-	Regulatory (e.g. emergency call, LI)
-	Mission Critical
-	Location-Based Services (e.g. LCS, gaming, social networking, position-enabled advertisement) 
-	Industry and eHealth (e.g. automation, asset management and tracking, device telemetry – metering, patient monitoring)
-	Road (e.g. vehicle environment, road-user charging) 
-	Railway 
-	Maritime
-	Aerials (e.g. UAV/UAS)
-	Others
Besides “Industry and eHealth”, other use-cases can benefit from NTN positioning.

	APT
	Not sure why we need to define any use case.
Based on the following t-docs, if we understand correctly, the intention shall be to build another independent scheme on top of UE GNSS to cross-check the UE location accuracy.
· [R2-2008228] Therefore a trusted and independent scheme to locate the UE is needed so that the NTN infrastructure can ensure that the UE will be served by service providers in the country where the UE is.
· [R2- 2008884] In other works, NTN-network based UE location which may be used to cross-check and validate the more accurate position computed using GNSS, which itself is potentially susceptible to jamming and spoofing.

	Ericsson
	RAN2 needs to discuss for what “NTN positioning” is needed and if it is needed. Verifying GNSS location may be one but it is not yet clear. RAN2 may receive requests from other groups to support a certain use case but the initiative should come from there.

	Huawei, HiSilicon
	We don’t need to define new use cases in RAN2, in our understanding the intention is just to meet the regulatory requirement as mentioned by SA3-LI LS R2-2006532.

	MediaTek
	Location services in NR is introduced to meet the requirements as stated above. Refer to 38.855. The NR-NTN WI objective is to identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any.  In this context we only need to discuss those cases already covered by LCS and or new requirements introduced by RAN as part of NR-NTN. Therefore we agree with Ericsson that if there are additional use cases to address, requests should come from other groups, e.g. SA2.

	Thales
	The work should be priorized and we recommend to align with SA2 which considered 2 following use cases in its TR 23.737 issue #10:
1) Regulatory service use cases such as Public Warning System (PWS), lawful interception (LI) and emergency services (EMS): R2-2002542 coming from SA3-LI S3i200056: Response LS on the “LS OUT on Location of UEs and associated key issues” emphasized the importance of extending the LCS capabilities onto the non-terrestrial networks
2) Mandatory registration of UE accessing over satellite (Cf S2-2009484, draft CR agreed for TS23.502 showed the need to determine the country of the UE at registration), and charging and operation aspects of NTN network: for personalizing services, routing traffic, defining roaming and billing policies
For services listed in 2, it is essential to determine the country in which the UE is located so that, the services can be provided by the relevant service provider.
For services listed in 1, the location accuracy shall be comparable to the information provided for terrestrial network. As mentioned in R2-2002542: “SA3-LI thanks SA2 for a timely consideration of the LI aspects in designing candidate solutions to the key issues of the study.
In principle, SA3-LI have no objections to the approaches emulating terrestrial cellular networks topologies (cells, tracking areas) to support network access and mobility for a satellite UE.
However, SA3-LI want to emphasize the fundamental LI requirements to be met by any of those approaches:
· The logical location information (Cell ID) shall be reliable, i.e. network-provided or network-verified.
· The logical location shall unambiguously map to the geographical area of the UE physical location. Granularity of such geographical areas needs to be able to provide network location accuracy comparable with terrestrial networks.
· Any solution shall support the ability to enforce the use of a Core Network of PLMN in the country where the UE is physically located. The enforcement needs to also include cross-border service continuity scenarios.
Furthermore, SA3-LI would like to point out that any solution addressing extraterritorial (e.g. international maritime zone and aeronautical) use cases should provide means to notify the HPLMN on roaming in and out of those areas, including the cases when the serving PLMN has not changed.
SA3-LI would also like to emphasize the importance of extending the LCS capabilities onto the non-terrestrial networks.”
The feature of being able to locate the UE is essential for NTN to comply with the national regulations in order to obtain a license to operate.
This requires to be able to determine the position of the UE with sufficient accuracy through  trusted means.
Unfortunately, the position determined by the UE through its GNSS capability cannot be trusted by the network operators and hence, the network shall have the capability to determine the UE position in an independent manner.
For all these reasons, It is therefore mandatory to Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3] to be addressed as part of the Rel-17 WI NR-NTN-solutions.

	Xiaomi
	We don’t need to introduce new use cases in RAN2. RAN2 can discuss the NTN positioning based on the requirements of regulatory services from other WG. 

	Turkcell
	We don’t need to define new use cases in RAN2. We agree with MediaTek, Xiaomi and Ericsson that if there are additional use cases to address, requests should come from other groups.

	Intel
	We agree both CATT and OPPO use cases. However, we are not sure about the accuracy for each use case. We think that NTN can be applied to the use cases if accuracy can be achieved.  

	Lenovo
	Although some use cases mentioned by companies may be reasonable, we don’t think introducing new use case is RAN2’s work, and this should come from other WGs.  

	Qualcomm
	We agree NTN positioning is needed to meet the regulatory requirements, for example, for emergency calls or lawful intercept. This concerns both locating a UE and verifying that a UE is located in a country that a PLMN is permitted to operate in. We also agree with the other location related user cases identified by CATT and OPPO.

	Nokia
	We agree that location services in NTN should be used to meet the regulatory requirements + address other cases, listed e.g. by OPPO. In RAN2 we should, however, focus on more RAN2-type of case, e.g. analyse for what purposes the UE’s location can be used in IDLE or CONNECTED mode, etc.

	China Telecom
	We agree with Ericsson that the requirement of use cases come from other groups such as SA1.

	LG
	We agree that the requirement of each use case should be defined, but defining the use cases is not RAN2 scope and can be informed by other groups.

	Apple
	We agree with the objective of reusing TN positioning for NTN positioning or any adaptation as needed. However, use case discussions are not needed as they are not part of RAN2 scope. Instead, we should focus on NTN coverage scenarios for determining positioning methods.

	BT
	We should align with SA2. Regulatory, mission critical and process are key.

	Sony
	We agree to reuse TN positioning for NTN but defining new use cases is not in RAN2 scope.

	Vodafone
	In addition to comments made by Qualcomm and Thales, we need to handle the situation where the operators’ Spectrum allocations are different on either side of the land border. 
Note these are not new use cases but are issues where the larger ‘cell size’  of the NTN exacerbates situation.

	Fraunhofer
	We are of the opinion that the positioning with NTN networks should particularly focus on supporting the needs of emergency calls, lawful interception (regulatory aspects), and operation of NTN network. We agree with the views of Thales, Vodafone and BT. We think that the detailed answer of Thales summarises the motivation behind this discussion. 

	ZTE
	· We share similar understanding with Nokia that in RAN2 we should analyze RAN2 type of use, e.g. the use of location service in measurements and mobility handling. However, we do not see clear need for location service in RAN2 for the time being.
· For the use case identified by other group, e.g. emergency call, we can take a look at the possible RAN2 impact rather than verify the validity of these use cases.

	Samsung
	Per Section 3 (“Justification”) in NTN WID: “NTN-network based location of UE (for regulatory services): identify possible solutions.”
Per Section 4.1.2 (RAN2 scope for R17 WI): “Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3].”
Hence, the “regulatory requirements” use case is clear. Furthermore, the need to identify the country is clear (from Thales comments and associated references). 
RAN2 needs to first decide whether to go beyond these two use cases. It is unclear if RAN2 should support ALL the use cases supported by R16 LCS for TNs. 

	Convida
	We agree with the regulatory use cases. Also, the existing LCS use cases for TNs can be reused. There is no need to further identify new use cases unless SA has determined new use cases for NTN are necessary. 
It should be further clarified, what is “NTN positioning”? Are we addressing positioning based on NTN-based positioning methods or simply positioning when a UE is served by an NTN cell?



Rapporteur’s Summary: 
Based on the opinion of the companies, the following can be observed:
Observation 1: There is a broad consensus that the Use case are not defined / introduced in RAN2 but the requirements should come from other groups. 
Observation 2: The requirement to support positioning in NTN for supporting positioning for regulatory services such as public warning system (PWS), lawful interception and emergency services originates from SA3. 
Observation 3:  The UE location at least within the country borders needs to be known to the network at the time of registration. It was pointed out in the discussion that there is a draft CR agreed for TS 23.502, which charging and operation aspects of NTN network: for personalizing services, routing traffic, defining roaming and billing policies. 
We also observe that some companies would like to have other positioning use cases supported while connected to NTN. 
Based on the above observations, we propose the following as a possible agreement
Proposal 1: RAN2 shall support at least the following use cases of positioning when accessing over NTN 
· regulatory services (PWS, Lawful interception and emergency services)
· determination of the country for the purpose of registration of UE (PLMN selection)


1.2 Accuracy requirements
For the emergency calls, the requirements correspond to the requirement given by EC directive or FCC or similar regulatory bodies. For other regulatory and operation aspects, determining user position within the border of the country should be sufficient. 
Question 2: Does emergency call scenario capture the most demanding accuracy requirement for NTN positioning? 

	Company
	Comments

	CATT
	No, Emergency call is just one of positioning use cases. It doesn’t capture the most demanding accuracy requirement. 
The detail requirement analysis is specified in 3GPP TR 22.872 Study on positioning use cases; Stage 1(Release 16). Since NTN only provides outdoor coverage in Rel-17 WI so far, the service by NTN can follow the use cases only for outdoor. Below please find the use cases synthesis in TR 22.872.
RAT-Independent positioning methods, especially HA-GNSS, support the outdoor use cases in Rel-16, and location request for operation of NTN networks also can be supported under the LCS frame in Rel-16. 
Table 6.1-1 – Use cases synthesis
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Use cases
	Potential requirements per use cases

	
	Environment of Use
	Position Accuracy
	Velocity
	Avail.
	Update rate or interval
	TTFF
	Latency
	Other KPI

	5.2.1
	Bike sharing
	5G positioning service area - Outdoor
	2m Horizontal
	
	90 %
	
	10s
	1s
	

	
	
	Enhanced positioning area - Outdoor
	0.2m Horizontal
	
	99 %
	
	10s
	1s
	

	5.2.2
	Augmented Reality
	Outdoor - 5G positioning service area
	1-3m Horizontal
0.1-3m Vertical
	2 m/s
 10deg.
	80 %
	1 - 10 Hz
	10s
	1s
	Low Energy

	5.2.3
	Wearables
	5G positioning service area - -Outdoor/Indoor
	2m Horizontal
1-3m Vertical
	
	90 %
	30s - 300s
	10s
	
	Power saving mode

	
	
	5G positioning service area - -Outdoor/Indoor
	2m Horizontal
1-3m Vertical
	
	99 %
	1s - 30s
	10s
	1s
	Normal mode

	5.2.4
	Advertisement push
	5G positioning service area - -Outdoor/Indoor
	3m Horizontal
3m Vertical
	
	90 %
	
	
	60s
	

	5.2.5
	Flow management
	Enhanced positioning- Outdoor/Indoor
	10m Horizontal
	
	80 %
	10s
	10s
	
	

	5.3.1
	Person and medical equipment location in Hospital
	Enhanced positioning- Outdoor/Indoor
	3m Horizontal
2m Vertical
	
	99 %
	
	
	60s
	

	5.3.2
	Patient location
(outside Hospital)
	5G positioning service area 
Outdoor/Indoor
	10m Horizontal
3m Vertical (floor)
	
	99 %
	
	
	
	

	5.3.3
	Trolley
	Enhanced positioning- Outdoor/Indoor
	0.5m Horizontal
1-3m Vertical
	
	99 %
	
	
	20ms
	

	5.3.4
	Waste management
	5G positioning service area - Outdoor
	3m Horizontal
	
	99 %
	2h - 1 day
	
	60s
	Very low energy (15 years)

	5.4.1
	Emergency call
	5G positioning service area 
Outdoor/Indoor
	50m Horizontal
3m Vertical
	
	95 %
	
	30s
	60s
	Reliability/
Confidence

	5.4.2
	Accurate Positioning for First Responders
	Outdoor
	1m Horizontal, 
0.3 m Vertical
	
	98 %
	
	10s
	5s
	MCX Confidence
Event-triggered report

	
	
	Indoor
	1m Horizontal, 
2 m Vertical
	
	95 %
	
	10s
	1s
	

	5.4.3
	Alerting nearby emergency responders
	5G positioning service area Outdoor/Indoor
	50m Horizontal
3m Vertical (floor)
	
	99%
	
	10s
	
	Privacy, scalability, cross operator

	5.4.4
	Emergency equipment loc. outside hospitals
	5G positioning service area Outdoor/Indoor
	10m Horizontal
3m Vertical (floor)
	
	95%
	
	10s
	
	Extended sleep periods

	5.5.1
	Traffic Monitoring & Control
	5G positioning service area - Outdoor
	1-3m Horizontal
2.5m Vertical
	
	95 %
	10 Hz
	10s
	30ms
	Antispoofing
Antitampering

	5.5.2
	Road User Charging
	5G positioning service area - Outdoor
Enhanced positioning-Tunnels
	<1m (across track)
3m (along track)
	2 m/s
	99 %
	1 Hz
	10s
	
	Antispoofing
Antitampering

	5.6.1
	Asset tracking and management
	5G positioning service area - Outdoor
	10-30m Horizontal
	5 m/s
	99 %
	300s-1day
	
	
	20 mJ/fix (average), Antispoofing, Antitampering, support for "out of coverage" positioning

	
	
	Enhanced positioning - Outdoor
	1m Horizontal
	
	99 %
	1s
	1s in enhanced positioning area
	
	

	5.7.1
	UAV
(Data analysis)
	5G positioning service area - Outdoor
	0.1m Horizontal
0.1m Vertical
	0.5 m/s
2 deg.
	99 %
	
	10s
	
	Low Energy, Antispoofing, Antitampering

	5.7.2
	UAV (Remote control)
	5G positioning service area - Outdoor
	0.5m Horizontal
0.3m Vertical
	
	99 %
	
	
	150ms
	Antispoofing
Antitampering

	
	
	Enhanced positioning area - Outdoor
	0.5m Horizontal
0.1m Vertical
	
	99.9 %
	
	
	150ms
	Antispoofing
Antitampering

	5.8.1
	Support multiple different location service
	5G positioning service area - Outdoor
	2m Horizontal
	
	90 %
	
	10s
	1s
	Management of different KPI and positioning services

	
	
	Enhanced positioning area - Indoor
	0.1m Horizontal
	
	99 %
	
	10s
	1s
	

	5.8.2
	Support location method negotiation
	5G positioning service area Outdoor/Indoor
	
	
	
	
	
	
	Support + negotiation of positioning methods (incl. hybrid)

	Note: most use cases also feature potential requirements on modes of operation, intended for the UE, the Network or for the 5G system.




	OPPO
	Similar to the reply by CATT, as replied to Q1, since NTN positioning is only one solution for outdoor positioning, it does not necessarily limit to a particular out door positioning use case, e.g., emergency call.
KPI-wise, there are multiple use-case which is more demanding than emergency call, and furthermore, the KPI is not limited to accuracy.

	APT
	If this is for NTN synchronization, then, YES, if the accuracy requirement is only for UL timing and UL frequency pre-compensation, it is sufficient.
According to R1-2008809, the basic requirement for UL time and frequency pre-compensation shall have error ranges of satellite position and velocity as ∆U < ±120m and ∆V<±1.5 m/sec. 

	Ericsson
	The strictest requirement likely comes from RAN1 for the initial access. Whether RAN relies on GNSS or needs another verification is not clear. In CN often cell level has been considerd to be enough. Whether NTN cell level accuracy is enough or not should be decided by SA groups. Further, whether to rely on GNSS for their UE positioning needs stemming from SA groups.
In short, the discussion here should be limited to what RAN2 can discuss and what information we would potentially need from other groups.

	Huawei, HiSilicon
	We agree that for regulatory and operation aspects, determining user position within the border of the country should be sufficient.

	MediaTek
	We agree with Ericsson that potentially the strictest requirement would likely come from RAN1 for initial access and discussion here should be limited to RAN impacts and shortcomings of LCS protocols if any.

	Thales
	R2-2002542 coming from S3i-200056 SA3-LI in its ”Response LS on the “LS OUT on Location of UEs and associated key issues””, recommended that  “The logical location shall unambiguously map to the geographical area of the UE physical location. Granularity of such geographical areas needs to be able to provide network location accuracy comparable with terrestrial networks.”
This accuracy corresponds to a typical terrestrial cell size and should be the target accuracy for RAN2 work on network based UE location.

	Xiaomi
	Based on our understanding, RAN2 haven’t received the NTN positioning requirements on emergency call. According to R2-2011041 and R2-2002542 (LS from RAN3 and SA3-LI), the cell level accuracy may be enough. 

	Turkcell
	We don’t need to limit the most demanding accuracy requirement with emergency call. We believe that the strictest requirement comes from RAN1. 

	Intel
	Agree with Ericsson and MediaTek, requirement should come from RAN1.

	Intel
	Agree that positioning requirement should come from RAN1.

	Qualcomm
	We also think emergency call is just one scenario. We note that determining the country a UE is located in may be almost as demanding in a land border area between 2 countries. We also point out that some SA1 use cases will not be applicable to NTN because the type of UE would not support NTN (e.g. wearables) or the scenario would almost certainly have TN support (e.g. hospital cases).

	Nokia
	We do not think this question is relevant. Emergency call is one of the scenarios, demanding, we agree. But there are also other cases to address. Another thing is whether there is a separate list, specifically for NTN? Or can we rely on what is required in the TN?

	China Telecom
	Emergency call is just one of NTN use case, we can not limit accuracy requirement on this.

	LG
	We wonder if this issue is RAN2 scope. 

	Apple
	Agree with others that Emergency call is one of the requirements for LCS in NTN.  In general, achieving the same accuracy as TN positioning should be the overall goal based on other groups inputs and enhancements for the same should be pursued (in case of problems).

	BT
	Emergency call is just one scenario. The accuracy shall be comparable to TN network and that is terrestrial cell size.

	Sony
	We agree with others that emergency call is one of the scenarios from RAN2 point of view but at the same time agree with the rapporteur about the need for regulatory and operational aspects and determining the UE position within a country. There may be further requirements from RAN1 for initial access.

	Vodafone
	In terms of location accuracy, the emergency service is the most demanding ‘regulatory’ use case.
As CATT has indicated above, there are use cases which require better accuracy, however, the need to support these via NTN, at this time, is not critical. 
Please note that most positioning services, can be supported by the over the top use of GNSS. The key exception is the selection by the RAN of a core network where the UE is located. 

	Fraunhofer
	In our view, the major use case with NTN positioning would be handling emergency calls (e.g. forwarding to appropriate response centres) and locating a UE within the border of a country for selection of proper PLMN. More demanding applications are mentioned in TR 22.872 (such as those that require 20 cm accuracy), but we are of the opinion that these can be supported only in terrestrial enhanced positioning service areas – presumably characterised by densification of terrestrial TRPs. 
Among the two major use cases of positioning in NTN network, NTN network operation and handling emergency calls, we see that handling emergency calls requires an accuracy of around 50 m and fulfilling this requirement could cover the requirements also for NTN operation (if we try to get the NTN cell-level accuracy comparable to TN) 


	ZTE
	The positioning requirements of emergency call should be analyzed in SA groups. As mentioned by Ericsson, usually cell level is considered to be enough in CN. Whether NTN cell level location is enough or not is now under SA discussion with the following approaches (From TR23.737):
· Approach 1: UE including UE location information in the SIP INVITE, as per existing IMS specification, to route the emergency call to a local PSAP.  It is also possible for the emergency service system to map the UE location to a terrestrial Cell ID and use that Cell ID for routing.
· Approach 2: Route a call to the closet PSAP, e.g. if the UE is not able to position itself, is for the operator to use a default PSAP that positions the UE and may re-route the call.
· Approach 3: A PSAP may be selected based on a fixed area supported by fixed radio cells (e.g. in the case of steerable beams).
And no RAN impact has been identified in any of the above approaches.

	Samsung
	Once the scope of RAN2 work on use cases is determined, the related performance requirements can be identified (e.g., the table specified by CATT). At a high level, the UL time and frequency synchronization would likely have the most stringent performance requirements. 
From the regulations perspective, the FCC has the location requirements of 50 m horizontal accuracy and 3 m z-axis (i.e., vertical) accuracy. The EC has 5 m or 25 m accuracy requirement for the location as mentioned by the rapporteur.

	Convida
	No, re-use the accuracy requirements already defined for TN scenarios. As others have stated, emergency calls are just one use case and others may require more accurate positioning requirements.



Rapporteur’s summary:
There is a consensus that the emergency call scenario is one of the use cases that needs to be supported when connected over the NTN network. There seems to be a split opinion on whether this is the most demanding use case or not.  Some companies have also expressed the positioning use cases having more stringent requirements. 
However, positioning accuracy at the cell-level does not seem to meet the FCC or EC accuracy requirements for the emergency services. Additionally, the cell-footprint of an NTN cell is significantly larger than that of a terrestrial cell.  
Proposal 2: Emergency call scenario shall be supported to have the similar accuracy when connected to NTN as compared to TN.  



A UE close to the border between two countries ‘A’ and ‘B’ can have some ambiguity in resolving whether it is country ‘A’ or country ‘B’. If a UE is actually in country ‘A’ but its position reports country ‘B’. 
Question 3: How far away from the border can UE be located in country ‘A’ but the positioning system may still report country B? 
	Company
	Comments

	CATT
	Usually, the positioning latency is less than 1s in HA-GNSS positioning methods.
· Situation 1: When UE is moving with very high speed(3000Km/h):
The positioning latency of UE is assumed as 3 seconds in NTN network with moving speed less than 3000Km/h, so the range of UE should be less than 2.5Km (=3000000m/3600s*3s)
So the range is 2.5Km from the border UE which can be located in country ‘A’ but the positioning system may still report country B when it is moving.
· Situation 2: When UE is moving with lower speed( less than 300Km/h):
The range of UE should be less than 250m (=300000m/3600s*3s)
In summary, the margin of location which may be flexible (e. g. 5km) can be taken into consideration when PLMN registration.

	OPPO
	On the one hand, we understand the accuracy evaluation for NTN-positioning is method-dependent and also architecture (LEO/GEO) dependent, and rigorously not a pure RAN2 work, i.e., we doubt the 3-second assumption as mentioned by CATT.
On the other hand, if RAN2 does need to conclude on this, the UE speed used by CATT needs to re-evaluated: based on 38.821, we normally evaluate UE speed < 1200km/h, where 1200km/h is for aircraft (even though it can be seen as the scenario for outdoor positioning of “Aerials (e.g. UAV/UAS)”. For the other outdoor positioning use case, a much lower UE speed can be considered, e.g., 3km/h.

	APT
	Not sure why this kind of error reporting would be an issue.
It may depend on how the Tracking Area (TA) is implemented. If there is a TA across countries A and B, then there is no issue with this kind of positioning error. On the contrary, if there is a geographical gap of TA between country A and B, there would be no service close to the border.

	Ericsson
	To our understanding TN networks have not defined this. Is the question what kind of regulations should be in place or is this how RAN2 take this accuracy into account? E.g. on reporting/triggering granularity or other planning? In case RAN2 need this information in deciding e.g. reporting granularity then RAN2 should find out where the information can be obtained and send LS if needed.
It should further be clarified which WG leads the below study objective:
· NTN-network based location of UE (for regulatory services): identify possible solutions

	Huawei, HiSilicon
	According to the conformance test specification TS 37.571-1, the 2-D position error is as follows:
[bookmark: _Hlk20928114]Table 13.2.1.2: Requirements for Sensitivity Coarse time assistance
	Success rate
	2-D position error
	Max response time

	95 %
	100 m
	20 s




	MediaTek
	We are not sure why this question is discussed. If the intention is to ensure if the network is connected to the suitable operator, it will depend on the TA planning and implementation. TN networks have not defined any such regulations. 

	Thales
	See response to question 2.
We recommend that the positioning latency should be comparable with the one of Terrestrial Networks.

	Xiaomi
	The motivation of the question is unclear for us. It seems on the TA implementation.  

	Turkcell
	The regulation requirements should be clarified before answering of this specific question. 

	Intel
	We are not sure if we need to discuss this. We can leave it to TA and network implementation.

	Lenovo
	We should see the regulation requirement first and we are not sure to discuss this in RAN2.

	Qualcomm
	At least for handheld UEs, this situation may not be so different than what is already present for TN. It may suffice to locate a UE with high accuracy in hundreds of meters and to expect some level of error, the same as for TN. In fact for TN, a UE is not located and is instead assumed to be in the same country as the serving PLMN, which can allow a UE in a different country but close to a border to access a PLMN. In such cases, the amount of “location error” may be a few hundred meters, implying that a similar location error could be allowed for NTN.

	Nokia
	Surely the country identification may be an issue and there is (also in TN) some tolerance for UEs very close to the border. The issue is very much specific to a certain area/environment and even in the TN this area can stretch over multiple kilometres.  We are not certain what is the intention of that question? Shall it lead to concluding a specific value (e.g. 100 m) where such ‘country ID’ may be still confusing? In our opinion RAN2 should rather focus on how accurate the position shall be for the purpose of PLMN selection.

	China Telecom
	If we want to answer this question, we should define the UE speed and positioning latency first. TA implementation can solve this issue.

	LG
	We also think that there may be ambiguity how to handle the UEs near the boundary. However, it can be solved by network implementation, and we wonder if it is really important how the UE is far from the boundary. For the UEs near the boundary, the NTN policy of both side should be supported.

	Apple
	We do not have such requirements for TN. And as mentioned by several others TA implementations and proper network planning can solve issue described. For us, therefore, this question is irrelevant. 

	Sony
	We think it is early to discuss such error case and depends on if we can reuse existing requirements for accuracy or not. 

	Vodafone 
	Similar with the Terrestrial networks, this depends on the bilateral agreements between the two regulators, which in turn will depend upon each regulator’s agreement with the operators in their country. 

	Fraunhofer
	The reasoning behind this question is that the footprint of NTN cell is larger than the TN cell. The NTN cell span significant geographical region in more than one country. Determining location simply based on CID could affect the intended use cases (emergency response, NTN operation). The required accuracy could give some guidance towards selecting the suitable positioning method for NTN operation. 

We think we should be able to locate a user within the geographical boundary of a country but small errors in the boundary should be tolerated. If we are able to locate a UE within 100 – 300 m of the boundary, then emergency calls handling, NTN operation aspects could be covered. We agree with the views of Qualcomm, Nokia and Thales.

	ZTE
	We share similar understanding with Ericsson, QC, and Nokia that the situation is already present in TN and we have not defined this for TN.
We are not sure whether we should define this in RAN2 or some other groups should try to clarify this first. For example, there has been discussion in SA2 and CT1 on selection to a PLMN in the country where UE is physically located while determination of the country of the UE’s location is one of the key issues to be studied in CT1 (see key issue 1 in TR24.821).

	Samsung
	There would be some ambiguity of the UE location because of the UE movement. If RAN2 needs to answer this question, let’s determine the UE speed and positioning latency. The network can then accept or reject the registration request from the UE based the UE-reported location and time and assumed UE speed and positioning latency.

	Convida
	In our opinion, this “accuracy requirement” or thresholds at country boarders are not necessary.  We can re-use the accuracy requirements and regulatory requirements already defined for TN scenarios. If UEs are served by NTN cells, the regulatory requirements should not be impacted.



Rapporteur’s Summary: 
There seems to be a majority consensus that the UE at the border could actually be located in a different country as the PLMN, even in terrestrial network. The problem is left to TA implementation and network planning. 
Proposal 3: RAN2 shall agree that the error in position leading to selection of a PLMN in a neighbouring country (‘B’) while being physically located in a given country (‘A’) shall be comparable to that of the terrestrial networks.

1.3 Positioning methods
The stage 2 description of the positioning methods in Rel. 16 [3] specifies the following options 
	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	Remarks

	A-GNSS
	Yes
	Yes
	No
	RAT-independent

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

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

	Sensor
	Yes
	Yes
	No
	RAT-independent

	WLAN
	Yes
	Yes
	No
	RAT-independent

	Bluetooth
	No
	Yes
	No
	RAT-independent

	TBS Note 5
	Yes
	Yes
	No
	RAT-independent

	DL-TDOA
	Yes
	Yes
	No
	Specified in Rel. 16 5G-NR

	DL-AoD
	Yes
	Yes
	No
	Specified in Rel. 16 5G-NR

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

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

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

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



The positioning methods in the table above can be broadly categorized into three categories: 
1. Positioning methods (RAT-independent techniques), in blue above,  based on external systems/sensors and network assistance: A-GNSS, Sensor, WLAN, Bluetooth, TBS
2. Positioning methods from previous releases based on LTE signals, in red above, e.g. up to Rel-15: OTDOA, E-CID;
3. Positioning methods based on NR signals for Rel-16, in green above,: DL-TDOA, DL-AoD, Multi-RTT, NR E-CID, UL-TDOA, UL-AoA;
Companies are invited to provide their views on the selection of positioning methods applicable to NTN positioning in sub-paragraphs below.

1.3.1 RAT-independent positioning methods
We note that, in RAN2#111e, the following agreement was made
5. In Rel-17, only UEs with GNSS capabilities are supported

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]The agreement implies that positioning using GNSS in either UE-based or UE-assisted mode may be the baseline method for positioning with NTN. However, the position computed by the UE may not be trustworthy, because the reported position may be manipulated by the UE itself, or it may be subject to impairments, such as spoofing or jamming. For this purposes, it is desirable to have a mechanism to cross-check any prior and possibly degraded GNSS positioning solution provided by the UE or to obtain reliable and accurate enough estimates of UE position in case the UE fails to deliver.
One way to improve the reliability of positioning estimate is to compute UE-based GNSS position and time and report the received waveform (for example Gallileo PRS) back to the LMF. The LMF may then send it to secure PRS (public regulated service) server for validation and receive a reply whether or not the computed position corresponds to the snapshot of received waveform. 


Question 4: Do the companies agree with the above solution? Please indicate alternative solution (if any) that could help improve reliability.

	Company
	Comments

	CATT
	No, we don’t agree the above solution because 3GPP already supports LMF calculates the location of UE based on the GNSS signal measurement report from UE. We don’t see it is necessary to report waveform to LMF from UE.
Both UE-based A-GNSS and UE-assisted A-GNSS are included in RAT-independent positioning methods in Rel-16.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]UE-Assisted A-GNSS means UE measures and reports the measurement of GNSS to LMF with IE GNSS-SignalMeasurementInformation which is used by the target device to provide GNSS signal measurement information to the location server specified in TS 37.355. So LMF (network) can calculate the position of UE. 
HA-GNSS/A-GNSS positioning methods with UE-based or UE-Assisted can also support the requirement on Operation of NTN networks (new in NTN). Furthermore, we think the below requirement can be discussed for the operation.
· UE may report its location directly to AMF per AMF request, instead of following LPP process to reduce the latency.
· gNB hopes to get the UE’s location info for: paging UE more efficiently with the accuracy not more than 3000m if there is no security issue.
· gNB hopes to get the UE’s location info during HO with the accuracy not more than 3000m if there is no security issue.

	OPPO
	No.
We understand the question in two aspects:
1. W.r.t RAT independent method, we agree that GNSS based positioning method is more in line with NTN positioning architecture;
2. The mentioned “solution”, if pointing to “compute UE-based GNSS position and time and report the received waveform (for example Gallileo PRS) back to the LMF. The LMF may then send it to secure PRS (public regulated service) server for validation and receive a reply whether or not the computed position corresponds to the snapshot of received waveform”, our understanding is that RAN2 should start from problem identification before going into solution directly – so far, it sounds like within the integrity scope of R17 positioning, which is an on-going work already, and related discussion would be preferably handled in positioning session together.

	APT
	No, reporting the received waveform sounds infeasible. 
There shall be existing solutions to support this purpose. For example, when  NTN UE is in RRC_CONNECED, NW shall have UE-specific RTT by receiving a TA report (still FFS in the current stage) and uplink signals, e.g., PUCCH, PUSCH, or SRS. After having certain samples collected by NW and based on the serving satellite movement, NW shall have roughly UE location. This might be sufficient to cross-check UE’s location.

	Ericsson 
	UEs mobility reports, e.g. RSRP already tell something on UE location. RSRP has the PCI information and roughly network then knows where UE is if it reports one or two RSRPs with corresponding PCIs.
However, most importantly, we should know what is the RAN2 specific problem we are trying to solve with this positioning discussion. Is it the regulatory study objective? Is it triggering accuracy? Is it something else?


	Huawei, HiSilicon
	We don’t think the following argument stands on its own, as RAN5 already defined UE positioning conformance test for GNSS positioning in TS 37.571.
	However, the position computed by the UE may not be trustworthy, because the reported position may be manipulated by the UE itself


For RAT-independent methods, the existing LCS architecture 23.273 should be reused, which means that AMF hosts the positioning request (MO-LR, MT-LR, NI-LR), LMF provides LCS service, UE provides measurement or location based on GNSS to LMF.
And UE-assisted A-GNSS can still be applied in NTN to cross check the UE based A-GNSS location information, if needed.

	MediaT
	No. 
The assumption that UE’s reporting is not trustworthy is not correct, as there are conformance tests for this, as pointed out by Huawei. Furthermore, we would like to highlight that the WI objective is to identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any. This questions has skipped the step of identifying why are doing this in RAN2.

	Thales
	UE-based and UE-Assisted positions can be manipulated (code phases reported in UE-report can also easily be falsified). Which is why those positions are not trustworthy. 
Reporting snapshot of signal waveform is a potential solution. However, we identify several issues related to this solution that need to be checked:
· This solution cannot use GALILEO PRS signal because the authorisation of this signal
· The operational feasibility considering the number of dependences between telecom and navigation systems
· Implementation impact on the UE
3GPP specification impact beyond RAN2 scope

	Xiaomi
	NO. We should firstly confirm that the position computed by the UE may not be trustworthy. Moreover, the UE assisted A-GNSS positioning can be used to cross-check the positioning results reported by UE. 

	Turkcell
	Network can roughly calculate the calculation of UE. This might be sufficient to cross-check UE’s location if it’s manipulated or not trustworthy. We don’t have strong view reporting the received waveform feasible or not. 

	Intel
	No. We disagree with the argument that the UE reporting is not trustworthy. 

	Lenovo
	No. We don’t agree with the assumption that the position computed by the UE may not be trustworthy.

	Qualcomm
	No, the above represents a significant change to current positioning and may not be reliable or feasible.  But requirement from SA3LI should be considered. We believe instead that current location solutions should be reused if possible. For example, a gNB could make use of signal strength measurements to validate a UE provided GNSS location. UE assisted measurements of NTN satellites could also be used to help validate a location, which might be hard for a UE to spoof if the UE is not aware of the precise satellite orbital data.

	Nokia
	Isn’t that question a step too far? We understand that the rapporteur wants to suggest a particular solution which would increase the reliability of UE-location reporting, but we believe RAN2 should discuss first how to ensure the UE’s position is known and if the reporting is not trustworthy, consider various techniques how to improve it. i.e. we suggest agreeing on the problem first, then considering the solutions. 


	China Telecom
	No. We are confused on the assumption “position computed by the UE may not be trustworthy”.

	LG
	We think it is too early to discuss such UE-based GNSS position reporting.

	Apple
	No, UE-assisted A-GNSS is already supported in Rel-16 NR positioning.  Whether this solution is trustworthy or vulnerable to attack is a completely different topic and not related to positioning methodologies. In general, reliability issues are not NTN-specific and should be discussed first in the positioning WI.

	BT
	We tend to agree with the problem described and it is difficult to achieve TN accuracy using legacy procedures. A reliable position method is needed considering the satellite coverage may cover several countries, but we consider it requires further discussion.

	Sony
	No, we think that existing LCS architecture should be used for RAT-independent methods. Also agree with others that UE-assisted A-GNSS can be used in NTN.

	Vodafone
	As stated above, we also agree that a UE based position technique is vulnerable to manipulation. Therefore, a network-based positioning solution is needed for selection of the core network in the UE’s country. For other use cases, GNSS is probably sufficient. 

	Fraunhofer
	The main issue is how we make sure whether the code and phases are not falsified. While it is true that the conformance tests for GNSS are defined in TS 37.571, the issue arises when there are external disturbances such as spoofing which leads the UE to compute and/or report wrong PVT solutions. We need a mechanism (either GNSS-based or using RAT-dependent measurements) for the network to be able to cross-check the position reported by the UE. 
From our point of view, we see that the technical possibility that the UE could be able to record the GNSS waveform (e.g. Gallileo PRS) of short duration and send to LMF for verification. But we also agree with other companies view that this could have some significant specification impacts beyond the scope of this WI. We are open to alternative suggestions – which may be RAT-dependent. 

	ZTE
	Before  discussion on any solution to improve the reliability of positioning estimation, we understand that the requirements for GNSS in NTN and what is the RAN2 specific problem we are trying to solve should be clarified first.

	Samsung
	SA would be better venue to address security concerns such as a rogue UE.  However, in general, the NTN network needs to validate or cross-check the UE-reported location. We suggest the inclusion of certain UE measurement quantities that can facilitate position validation in an NTN. Examples of potentially useful UE measurement quantities in an NTN include (i) RSRPs of the serving and detected neighbor cells (including “weak” neighbors that would not be suitable for communications but that could help with the UE position validation), (ii) UE-NTN platform propagation delay (as a more direct indicator of the UE-NTN platform distance) instead of full TA, and (ii) full TA/RTT between the UE and the gNB. The combination of measurement quantities could potentially enhance the reliability and accuracy of the UE position validation mechanism in the network (e.g., the gNB).

	Convida
	The RAN2 agreement “In Rel-17, only UEs with GNSS capabilities are supported” is consistent with the WID “UEs with GNSS capabilities are assumed”. However, this rewording of the requirement does not suggest that reliability requirements for NTN should be different from TNs. It also does not preclude other existing R16 RAT-independent methods. Hence, we suggest reuse of the existing LCS protocols and requirements.



Rapporteur’s summary:
Opinion were expressed by several companies that the A-GNSS is already supported within the LCS framework and this should be used. However, there are three different opinions regarding the trustworthiness of UE position reported by the receiver. 
Opinion 1: The position reported by the UE can be trusted, so cross checking is not needed
Opinion 2: The position reported by the UE needs to be cross checked 
Opinion 3: The position reported by the UE can be cross checked by the network. 
However, there is a majority view that reporting the received waveform is not suitable for cross-validating the UE position.
Proposal 4: RAN2 shall discuss whether the position reported by the UE can be trusted for the purpose of regulatory use cases and for PLMN selection. 
Proposal 5: If RAN2 can agree that additional mechanism to cross check the position in network is needed, then the approach to cross-check the position shall be contribution driven in the next meeting. 

1.3.2 RAT-dependent positioning methods
The terrestrial NR positioning methods specified in Rel. 16 have been designed taking into account the typical propagation and coverage requirements of terrestrial network in mind. The NTN network has fundamentally different characteristics, among others moving anchor location, wider range, higher Doppler shift and so on, compared to the terrestrial network, and the performance achieved in the terrestrial network may not be fully reached in NTN for a given method.
Angle-based methods (AoA or AoD) can be excluded due to wide beam spot. Time-based methods (DL-TDoA, UL-TDoA, NR-ECID and multi-RTT) can be considered.  Tight time-synchronisation between satellites may be difficult to achieve in a bent-pipe architecture. Therefore, multi-RTT may be more suitable approach.
Question 5: Do companies agree to down-select multi-RTT as positioning method for NTN-positioning from time-based methods specified in Rel. 16 for terrestrial network as a starting point for RAT-dependent positioning methods? Please indicate alternative views (if any).
	Company
	Comments

	CATT
	No, we don't agree. 
Generally speaking, RAT-Dependent positioning methods on LEO won’t work well because: a). It’s hard for UE to measure the signals of multi satellites. b). The accuracy of location is not good enough when the RSTD of different satellites is almost zero or locations of satellites are relative.
There is positioning session in RAN2 who focus on the signalling and procedure of positioning. Any accuracy related topic should be evaluated by positioning session of RAN1 at first. RAN2 are not sure:
1. DL PRS and UL SRS for positioning still work well in NTN coverage;
2. The accuracy of RAT-Dependent positioning methods especially the angle-based positioning methods in NR should be evaluated under NTN scenario because the scenarios have been changed a lot compared with the evaluation results in TR 38.855 (Study on NR positioning support).


	OPPO
	No need to discuss this.
When it comes to RAT-dependent positioning, it highly coupled with RAN1, which however is out of the NTN-positioning bullet in WID
· Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]
So we do not think R17 NTN needs to look into RAT dependent methods.

	APT
	We are open to this issue, and it is fine to evaluate multi-RTT only. 

	Ericsson
	We should know what is the RAN2 specific problem we are trying to solve with this positioning discussion. For what we are agreeing a positioning method? Is it the regulatory study objective? Is it triggering accuracy? Is it something else?

	Huawei, HiSilicon
	No, not needed. In NTN UE-assisted A-GNSS can be used for NW based positioning without further specification impact.
Regarding any RAT-dependent positioning techniques, it needs RAN1 to study the feasibility first. And we are not sure if RAN1 can handle this in NTN session since there is only RAN2/3 impact as mentioned by WID.

	MediaTek
	No. We can depend on A-GNSS for network based positioning. If other methods need to be discussed, we should first identify the problem we are trying to solve in RAN2.

	Thales
	We are open to listed RAT-dependant methods, excluding DL-TDoA and Angle-based methods.
The remaining methods (UL-TDoA, NR-ECID and multi-RTT) should be further evaluated before down selecting the most suitable method(s) for NTN context.

	Xiaomi
	No. We think A-GNSS can be used for network based positioning and it can be considered with priority since the UE with GNSS capability was assumed. 

	Turkcell
	No. We don’t need to down select options at this stage. We agree that NTN has different characteristics than TN. The requirements should be defined before to choose the method in NTN positioning. 

	Intel
	No, we don’t think this is needed. We share the same view as Xiaomi as GNSS is supported at the UE.

	Lenovo
	Agree with Ericsson that we should first know RAN2 specific problems.

	Qualcomm
	First, we should focus on reusing the solutions for all RAT-dependent positioning methods e.g, AoA, multi-RTT, DL-TDOA, UL-TDOA, AOD, ECID, in a way that they do not require additional RAN1 work.

	Nokia
	We believe this is also a question where we go a bit too far. First, we need to define the problem and decide on the required accuracy and the scenarios we consider (e.g. GEO, LEO, both?). Multi-RTT may not work well for GEO, for example. Thus, it is not possible to down-select now, one solution that fits all. 

	China Telecom
	No. We already have A-GNSS method in NTN for positioning. If it can not work well, other methods can be considered. At that time, we can consider the down selection of RAT-dependent methods. 

	LG
	No. We think GNSS based RAT-independent scheme is enough.

	Apple 
	We do not agree to down-scope the RAT-dependent methods to multi-RTT only. Before giving up any existing TN positioning methods, we need a more thorough analysis of them. If any of the methods has specific issues to meet the requirements, RAN2 first needs to discuss the gravity of the problem and solution spaces to fix them before eliminating the method altogether. If necessary, other groups can also be involved.

	BT
	At this stage, we consider it is important to understand the problem to be solved as stated by Ericsson and Nokia.
Based on 2.3.1 question, A-GNSS method may not be sufficient for NTN.

	Sony
	We think RAN1 should discuss it first and WID should allow some time for RAN1.

	Vodafone 
	Normally satellite systems minimise the number of the satellites in the orbit and hence it is rare for more than one satellite to be visible to the UE. Thus, we don’t think multi-RTT will work (As multi RTT will require more than one satellite to be visible)
GNSS is probably sufficient for all use cases except selection of a core network in the UE’s country. 

	Fraunhofer
	In our opinion, we either need to have the A-GNSS computed by the UE to be reliable or need to have an alternative method to verify. We agree with Nokia that multi-RTT would not work with GEO. With LEO constellation multi-RTT is feasible. 
With UL-TDOA and DL-TDOA synchronisation could have effect. We agree with Apple and other companies about a systematic approach to select from existing terrestrial RAT-dependent positioning methods for their use over NTN satellites. 

	ZTE
	No. We understand GNSS based RAT-independent scheme is enough.

	Samsung
	We can prioritize the GNSS-based method, and, if time is available in R17, we can re-visit RAT-dependent methods. We expect the application of RAT-dependent methods to an NTN more challenging than a TN.

	Convida
	No and we don’t agree with the question of down-selection. Per the objective in the WID: “Identify potential issues associated to the use of the existing Location Services (LCS) application protocols” we would like to understand what the issue(s) are with regard to re-using the existing Rel-16 LCS protocols.



Rapporteur’s summary: 
As with question 3, there was a split of opinion on whether a separate mechanism for cross-checking the position reported by the UE is needed. 
Opinion 1: A-GNSS for network-based positioning is enough. 
Opinion 2: Existing terrestrial methods can be used for network based position computation but a more thorough analysis of terrestrial method is needed before down selecting. 
Even among the companies supporting the use of RAT-dependent methods for positioning, there is interest shown towards evaluating the available options first before downselecting to one particular positioning method. 
Proposal 6: RAN2 shall discuss and conclude whether we rely on A-GNSS only or if we need to evaluate RAT-dependent positioning methods in NTN.

1.4 Any other views on NTN Positioning 
Question 5: Do you have other views not explicitly covered by one of the questions above but relevant to NTN positioning? If yes, please provide your comments. 

	Company
	Comments

	CATT
	We think RAT-Independent positioning methods (e.g. A-GNSS, HA-GNSS) can support the location requirement from NTN already. UE can calculate the location by itself or LMF can calculate the location based on the measurement report from UE in A-GNSS postioning methods.
We suggest positioning session take lead to study the RAT-Dependent methods for NTN at first, following the process: use cases analysis by SA1 or RAN2, methods evaluation by RAN1 and finalize the positioning methods for NTN by both RAN1 and RAN2.

	OPPO
	1. For RAT-independent method, similar view as CATT that existing method is sufficient, and integrity related discussion can happen at positioning session.
2. For RAT-dependent method, we do not see necessity for R17 NTN to look into it, especially considering the scope of both R17 NTN and R17 positioning.

	APT
	During Rel-16 NTN SI, both RAN1 and RAN2 have proposals related to LCS, however, there is no consensus and many companies don’t think this is an urgent feature, especially after GNSS UEs have been prioritized. Even for satellite companies, they did not see the need during the SI, for example,
R2-1913493	UE positioning in legacy satellite communication systems for 5G NTN	THALES	
· Observation 1: legacy satellite communication systems provide geo-location procedures as part of the access and registration process. This process is based on propagation delay measurements, frequency shifts, beam information and satellite ephemeris. The maximum error that can be achieved for UE location without GNSS is 10 km.
· Proposal 1: RAN2 is kindly asked to consider the UE location mechanisms supported in legacy satellite communication systems as a baseline solution for NTN UE network positioning with a maximum distance accuracy of 10 (TBC) km in less than 30 (TBC) seconds. The exact NTN UE location mechanism would be implementation dependent.
APT is open to this issue and respects the scheduled timeline proposed by R2-2009695, quoted as below.
12-20 April 2021, RAN2#113-bis-e, e-meeting
· Agree remaining details on MAC layer
· Agree remaining details on RLC/PDCP
· Agree detailed solution for idle mode
· Continue discussion on Connected mode
· Identify potential issues with Location Services (LCS) application protocols for NR NTN 
· Initial discussion on HAPS enhancement
Considering the limited time budget in Rel-17, APT slightly prefers to evaluate RAT-independent positioning methods only.

	Ericsson
	We should know what is the RAN2 specific problem we are trying to solve with this positioning discussion. For what we are agreeing a positioning method? Is it the regulatory study objective? Is it triggering accuracy? Is it something else?

	Huawei, HiSilicon
	The basic assumption is that UE has GNSS capability, so both UE based and UE assisted A-GNSS can be applied in NTN as already specified in R16. We need to evaluate if current A-GNSS can meet all positioning requirements at first, but it’s more of a RAN1 task.

	MediaTek
	Given that all NTN UEs will have A-GNSS, we should first identify the problem we need to resolve with A-GNSS that warrants use of other methods.

	Thales
	RAT-dependent based and RAT-independent based methods can be combined to provide accurate and reliable UE position.

	Xiaomi
	We should only consider  A-GNSS as network based positioning in Rel-17 NTN. 

	Turkcell
	We should first define the problems and requirements in NTN positioning. 

	Lenovo
	Agree with Ericsson that we should first know RAN2 specific problems.

	Qualcomm
	We agree that RAT-independent position methods can provide the needed accuracy and latency for NTN positioning in Rel-17. But they may not necessarily support security aspects. SA3LI stated the following in an LS sent to RAN2 and other WGs in January 2020 (in S3i200056):
However, SA3-LI want to emphasize the fundamental LI requirements to be met by any of those approaches:
-	The logical location information (Cell ID) shall be reliable, i.e. network-provided or network-verified.
-	The logical location shall unambiguously map to the geographical area of the UE physical location. Granularity of such geographical areas needs to be able to provide network location accuracy comparable with terrestrial networks.
-	Any solution shall support the ability to enforce the use of a Core Network of PLMN in the country where the UE is physically located. The enforcement needs to also include cross-border service continuity scenarios.
Therefore, at a minimum, we believe SA3LI should be asked to comment on use of RAT-independent position methods if RAN2 expects not to support any form of network verified location.

	Nokia
	Agree with some of the preceding comments (e.g. Ericsson), the questions asked in that thread are a bit irrelevant (i.e. not applicable to RAN2) and we do not focus on identifying the issues first. 

We can also consider if/what impacts the introduction of RAT-dependent LCS procedures for LMF selection (as per SA2 decisions) may bring.

	LG
	We think existing schemes are enough. Similarly with preceding comments, as this is initiation of NTN-positioning discussion, we should focus on filtering what are RAN2-related issues, rather than discussing adoption of new solutions.

	Apple
	It is typically fundamental to discuss what is the assumed scenario for RAT-dependent NTN positioning. Will an NTN UE be covered by PRS signals from multiple satellites at the same time? Do we assume availability of at least one GEO satellite for NTN positioning purpose? How signal coverage issues can affect UEs capabilities of measurements and reporting response in regards to latency and accuracy of positioning? Why exisiting methods are not sufficient to solve these issues and then proceed towards newer ones. Without the initial steps, it is difficult for RAN2 to assess the need for any adoption of new solutions.  

	BT
	As first step, RAN2 should conclude which are the additional features in NTN compared with TN for positioning. After that, we may consider an approach as proposed by Thales.

	Sony
	Both UE based and UE assisted A-GNSS can be applied in NTN as UE has GNSS capability. We think there is a need to evaluate if current A-GNSS can meet all positioning requirements and that Ran2 may simply focus on allowing the UE location to be reported to the RAN.

	Vodafone 
	The following draft CRs have been agreed by SA2 and should be taken into the account:
1- S2-2009486 Selection of CN node by NG-RAN node providing satellite access across multiple countries
2- S2-2008312; draft CR to 23.502 (Rel-17, 'B'): Intra NG-RAN handover via CN for NR satellite access
3- S2-2009484 Network selection for NR satellite access

	Fraunhofer
	We think we should look at how the NW can independently verify whether the location reported by the UE can be relied upon, one way to do so would be to evaluate the positioning methods used in TN as they are and see if these methods are sufficient to cross check the location reported by the UE. Then, the existing methods could be enhanced if needed.

	Samsung
	In our view, the main items to be discussed are the following.
(i) Use Cases. At least, the regulatory use case is known at this time per WID. RAN2 needs to determine if other use cases need to be identified or not. If yes, RAN2 should identify those non-regulatory use cases. Identify use cases to be addressed and associated performance requirements.
(ii) NTN-specific Issues. At least, one issue seems to be certain; the network needs to implement a mechanism to validate or cross-check the UE-reported location. In an NTN, there are unique challenges due to large cells, moving cells, inadequacy of standalone RSRPs (serving cell and neighbor cells) due to smaller RSRP differences and position ambiguity (i.e., same RSRP for multiple UE positions), and inadequacy of standalone and single-sample delay due to position ambiguity (i.e., same delay for multiple UE positions in the cell). To enable the network to reliably and accurately validate the UE-reported location, RAN2 can consider historical measurements (i.e., multiple samples) of multiple quantities (e.g., RSRP and propagation delay between the UE and the NTN platform). For delay estimation, a method that is decoupled from the UE-determined GNSS-based position would be preferable if a feasible and accurate delay estimation mechanism is identified (e.g., broadcast of a high-resolution instant to enable the UE to accurately estimate the UE-platform propagation delay).

	Convida
	Similar to the Ericsson and Huawei comments, we would like to understand what are the unique NTN issues associated with re-using the existing Location Services (LCS) protocols that are in scope for RAN2.



Rapporteur’s summary: 
Some companies have expressed concerns that the regulatory aspects (LI, Emergency services) require a mechanism for the network to verify the UE location, as raised by SA3-LI and also for PLMN selection (SA2).  

At the same time, other companies have expressed their opinion saying that the A-GNSS should be enough. 

Proposal 7: RAN2 shall discuss and come to conclusion whether or not the requirements from SA3-LI (S3i200056) and SA2 (PLMN selection) can be fulfilled with the use of A-GNSS only. 
1.5 Conclusions
Proposal 1: RAN2 shall support at least the following use cases of positioning when accessing over NTN 
· regulatory services (PWS, Lawful interception and emergency services)
· determination of the country for the purpose of registration of UE (PLMN selection)
Proposal 2: Emergency call scenario shall be supported to have the similar accuracy when connected to NTN as compared to TN.  
Proposal 3: RAN2 shall agree that the error in position leading to selection of a PLMN in a neighbouring country (‘B’) while being physically located in a given country (‘A’) shall be comparable to that of the terrestrial networks.
Proposal 4: RAN2 shall discuss whether the position reported by the UE can be trusted for the purpose of regulatory use cases and for PLMN selection. 
Proposal 5: If RAN2 can agree that additional mechanism to cross check the position in network is needed, then the approach to cross-check the position shall be contribution driven in next meeting. 
Proposal 6: RAN2 shall discuss and conclude whether we rely on A-GNSS only or if we need to evaluate RAT-dependent positioning methods in NTN.
Proposal 7: RAN2 shall discuss and come to conclusion whether or not the requirements from SA3-LI (S3i200056) and SA2 (PLMN selection) can be fulfilled with the use of A-GNSS only. 
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