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1	Introduction
The following regarding LCS in NTN has been agreed at RAN2#115 (August 2021) [1]:
	1. If SA3 replies with concern on reporting UE location with any granularity during initial access, RAN2 will revisit agreement/solution for reporting UE location during initial access.
2. UE coarse location information refers to coarse GNSS coordinates (FFS on the details, e.g. X MSB bits out of 24 bits of longitude/latitude or GNSS coordinates with ~2km accuracy). FFS if any enhancements to validate the UE’s coarse location information is needed. FFS whether this is only used in initial access or also in connected
3. If SA3 has no concern reporting coarse location during initial access, the coarse location information is reported in Msg5, i.e., via RRCSetupComplete/RRCResumeComplete message.
4. For coarse UE location reporting during initial access, the location granularity is not indicated to UE via SIB
5. Enhancements to validate the UE ’s coarse location information is not needed from RAN2 perspective. Whether this is needed by the network is up to other WGs.
6. After AS security is established, gNB can obtain a GNSS-based location information from the UE using existing signalling method, i.e., by configuring includeCommonLocationInfo in the corresponding reportConfig. It is up to SA3 to decide whether User Consent is required before NW acquires location information from the UE in NTN. RAN2 discuss whether to send LS to SA3
7. Aperiodic location reporting (e.g., via DCI) is not supported.
Working assumption:
8. Event triggered-based UE location reporting are configured by gNB to obtain UE location update of mobile UEs in RRC_CONNECTED
9. If accepted by SA3, if the gNB has user consent to obtain UE location in NTN, reporting of finer location information/full GNSS coordinates in RRC_CONNECTED can be supported after AS security is enabled
10. Periodic location reporting can also be configured by gNB to obtain UE location update of mobile UEs in RRC_CONNECTED. RAN2 discuss whether it is part of existing periodic measurement report configuration or a new configuration for periodic reporting of UE location.



In addition, SA2 has responded to the LS sent by RAN3 [2]. RAN2 is one of the targeted working groups of [2]. This paper provides our further views regarding how to finalize the location-related aspects for Rel-17 NTN.
2	Discussion
2.1	Required accuracy during the initial access
As can be seen in the Introduction, RAN2 agreement assumes a coarse UE location is understood as x MSBs out of 24 bits used to represent longitude and latitude/GNSS coordinates. x used to denote the number of bits shall be chosen so that ~2 km accuracy is achieved. However, it remains to be seen if such accuracy is truly required and confirmed by other WGs, e.g. SA3.
Observation 1: The 2 km accuracy of UE’s location during initial access may not be confirmed/allowed by other WGs involved in designing the Rel-17 NTN specifications.
The decision to support 2 km accuracy was taken by RAN2 after long and painful discussion. Nevertheless, we still have a feeling this particular value was not justified in any clear way. When looking at the response LS from SA2 [2], one also cannot find there any reason for such requirement. Quite the contrary [2]:
	Answer from SA2:

SA2 previously commented on the accuracy/granularity of a reported CGI in an LS entitled “Reply to LS on UE location aspects in NTN” in S2-2103550 sent from SA2#144e to RAN2 and CC’d to RAN3. SA2 reiterates that the geographic area represented by the CGI in a ULI may need to be comparable to a TN cell coverage area in order to support e.g. emergency services, etc. Although, when this is not possible, it can be possible for the 5GCN to obtain a UE location that can be used instead. For an initial access where the UE has just entered an RRC CONNECTED state, SA2 confirms that it is unnecessary for the geographic area represented by the CGI to be comparable to a TN cell coverage area as long this can be supported in a ULI provided subsequently (e.g. in a ULI provided for a subsequent NAS message sent to an AMF).



As can be read from the quoted SA2 response, for the initial access, the size of geographic area represented by CGI does not have to be comparable to the TN-like cell coverage. We understand this allows the UE to report a lower number of MSBs for representing the GNSS coordinates when the UE is accessing the network and AS security is not established. 
Observation 2: The number of MSBs out of 24 bits used to represent longitude and latitude/GNSS coordinates can be relatively low for the initial access.
If the representation relies on longitude/latitude then to express the location within the circumference (equator) of the Earth with ~2km accuracy one would need around 14 bits for the longitude. That is a worst-case scenario as lower number of bits is required the closer the UE gets to the poles. 12 bits would be needed to achieve ~10 km accuracy, which may be acceptable in many cases either. 
Observation 3: 12 – 14 bits to represent the longitude may be sufficient to achieve the accuracy between 2 and 10 km (Equator case). 
The most problematic cases could be related to country borders (e.g. to know if the UE is susceptible for LI in particular country), but even today, in TN the achievable accuracy is likely not as high as 2 km. 
Observation 4: UE location accuracy is especially important at the country borders (e.g. for lawful interception). However, even in Terrestrial Networks the location accuracy for such cases may be worse than 2 km.
As Rel-17 is on the verge of completion (at least from the time perspective), it is not likely any advanced UE location estimation solution will be designed and supported as the outcome of this WI. Thus, all we have for Rel-17 is to rely on UE’s GNSS measurements. 
Observation 5: Rel-17 NTN will have to rely on UE’s GNSS measurements. 
2.2 	UE location for Timing Advance (TA) purposes
At RAN2#115 it has been also agreed UE’s location can be used for TA estimation at the network. This will be used to facilitate UL scheduling, so the change of UE’s location resulting in propagation difference shall not exceed the duration of a single slot (ranging from 0.125 to 1 ms, depending on the subcarrier spacing, SCS). Location accuracy of 2 km is good enough to ensure the condition described above is met and UE’s location accuracy can be slot-based. This UE-location may be even relaxed as the RTT measurement error (calculated in [3]) is as little as 0,0047 ms, so ensuring 2 km UE location accuracy is not essential to make sure the UL scheduling based on reported location works fine.
Observation 6: UE location accuracy of 2 km is also not essential for estimating Timing Advance and facilitating UL scheduling in NTN.  
UE location update aspects are also discussed in our other paper [4]. 
2.3 UE consent
It has been largely underlined at RAN2#115 [1] that UE’s consent shall be given so that UE’s location can be shared with the network. Even though it is up to SA3 to provide further thoughts on the topic, we were wondering if this is sufficiently clear what happens when such UE consent is not given. In our understanding the lack of UE’s consent may impact the NAS registration procedure (e.g. NG-RAN may decide not to continue it). In addition, we think UE’s consent would not matter much if the AMF/LMF are involved in positioning procedure run for regulatory purposes (LI or emergency session). 
Observation 7: The lack of UE’s consent can impact the NAS registration which may be discontinued.
In any case, we expect it is UE’s interest to share its credible location information so that AMF/LMF can finalize their procedure, register the UE in the network and let it operate in NTN system. Finally, it is worth noting most of these aspects are in fact beyond RAN2 responsibility.
3	Conclusion
The following observations have been made in this paper:
Observation 1: The 2 km accuracy of UE’s location during initial access may not be confirmed/allowed by other WGs involved in designing the Rel-17 NTN specifications.
Observation 2: The number of MSBs out of 24 bits used to represent longitude and latitude/GNSS coordinates can be relatively low for the initial access.
Observation 3: 12 – 14 bits to represent the longitude may be sufficient to achieve the accuracy between 2 and 10 km (Equator case). 
Observation 4: UE location accuracy is especially important at the country borders (e.g. for lawful interception). However, even in Terrestrial Networks the location accuracy for such cases may be worse than 2 km.
Observation 5: Rel-17 NTN will have to rely on UE’s GNSS measurements. 
Observation 6: UE location accuracy of 2 km is also not essential for estimating Timing Advance and facilitating UL scheduling in NTN.  
Observation 7: The lack of UE’s consent can impact the NAS registration which may be discontinued.
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