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Introduction
In the agenda for RAN2#117-e, the discussion on NR NTN UE capabilities is to be continued:
8.10.4	UE capabilities

In RAN2#116bis-e meeting, for NR NTN, there was significant progress in the UE capabilities topic during both the online session and the following two e-mail discussions where the outcome is reported in [1] and [2], respectively.
[Post116-e][111][NTN] UE capabilities (Intel)	
	Scope: discuss UE capabilities for NR NTN
	Intended outcome: summary of the email discussion & initial running CR
	Deadline: Long

[AT116bis-e][112][NTN] Capabilities (Intel)
Initial scope: Continue the discussion on NTN capabilities, based on R2-2200040 and possibly other company contributions
Initial intended outcome: Summary of the offline discussion with e.g.:
· List of proposals for agreement (if any)
· List of proposals that require online discussions
· List of proposals that should not be pursued (if any)
Initial deadline (for companies' feedback): Monday 2022-01-24 1400 UTC
Initial deadline (for rapporteur's summary in R2-2201748): Monday 2022-01-24 1600 UTC
Proposals marked "for agreement" in R2-2201748 not challenged until Tuesday 2022-01-25 0800 UTC will be declared as agreed via email by the session chair (for the rest the discussion might continue in the GTW session).

As a result, the following agreements were achieved [3]:
1. define one single NR NTN UE capability to encompass essential features to support NTN, and UE can further indicate other optional capabilities.
1. gnss-Location-r16 is conditionally mandatory when UE indicates the support of NR NTN access, and update the field description to cover NTN case.
1. consider the following differentiation of user plane enhancements as baseline: 
	Essential sub-features include:
	1)	the adaptations of RACH;
	2)	DRX HARQ RTT timer extension;
	3)	the timer extension to accommodate long RTT for other MAC timers (e.g., extended sr-ProhibitTimer);
	4)	the timer extension to accommodate long RTT in RLC and PDCP layers 
	Optional sub-features include:
	1)	TA reporting (TA reporting during RACH using MAC CE, and Event-triggers for TA reporting in connected mode);
	2)	disabling HARQ feedback for downlink transmission;
	3)	new HARQ state for uplink transmission and the corresponding new LCP mapping rule for dynamic grants.
4.	consider the following differentiation of control plane enhancements as baseline: 
	Essential sub-features include:
	1)	soft TAC update;
	2)	SMTC enhancements (event-triggered assistance information reporting, 2 SMTC in parallel);
	Optional sub-features include:
	1)	cell stop-time based neighbour cell measurements;
	2)	location based cell reselection criteria;
	3)	SMTC enhancements (4 SMTC in parallel and UE based solution in idle/inactive);
	4)	CHO enhancements (location based CHO).

Similarly, the following proposal were made for agreement:
· RAN2 to confirm that the RLC timer extension (i.e., t-Reassembly timer) is also essential for NGSO.
· RAN2 to confirm that the PDCP timer extension (i.e., discardTimer and t-Reordering timer) is also essential for NGSO.
· RAN2 to confirm that Multiple TACs feature (i.e., UE should be able derive multiple TACs per PLMN in a cell, and indicate to NAS layer all received TACs per PLMN) is essential for both GSO and NGSO.
· RAN2 to confirm that enhanced SMTC feature (i.e., event-triggered assistance information reporting, 2 SMTC in parallel) is only essential for NGSO.
· Define single UE capability to encompass all essential features to support both GSO and NGSO, i.e., when UE indicates it, it means UE supports all the GSO and NGSO essential features.
· The support of essential NTN features should be the Prerequisite for optional NR NTN UE capabilities.

Finally, the following topics were left for further discussion:
· UE supporting multiple measurement gaps for connected mode.
· Location reporting.


In this paper, we elaborate on the NR NTN UE capabilities pushed for further study.
NR NTN capabilities
Measurement gaps for connected mode
In NTN, the different propagation delay from different satellites to different UEs and its relative movements may arise timing issues when the UE needs to perform measurements of neighboring cells. As a result, different enhacements to SMTC and measurment gaps have been discussed. In RAN2#113bis-e, it was agreed to enable multiple SMTC configurations and, in RAN2#116-e, it was agreed that the network can configure up to 2 SMTC configurations in parallel. As mentioned above [1] [2], the outcome was creating an essential capability for SMTC enhancements (event-triggered assistance information reporting and 2 SMTC in parallel) for NGSO scenarios. The configuration of measurement gaps should go hand-in-hand with the SMTC window configuration.
Measurement gaps should mirror SMTC configuration.
Therefore, we think that this is also an essential capability for NGSO and there is no need to introduce a separate capability.
Multiple measurement gap patterns is an essential capability for NGSO.
No separate capability is introduced for measurement gaps for connected mode.

Location reporting
Location reporting, core network location awareness, and their potential privacy issues have been discussed in length and involved a considerable number of LS to RAN3, SA2 and SA3. The network needs to know the (approximate) location of the UE to meet certain regulatory requirements (e.g., lawful intercept), or to select a core network in the correct country if the cell covers multiple countries, or, relating to the topic above, to configure SMTC and measurement gap correctly.
There has been a few LS to RAN3, SA2 and SA3 about UE’s location reporting due to possible security and privacy issues.

Therefore, in RAN2#115-e, it was decided that the UE may be configured by the network to report ”its coarse GNSS coordinates during initial access (before AS security is activated)” [4]. In this context took place the initial discussion of NR NTN capabilities in RAN2 in which it was proposed to differentiate between periodic and triggered location reporting [2]. Even though the discussion was paused until RAN2 addressed SA3’s reply LS [5], most companies agreed at that stage that location reporting should be an optional capability.
The discussion on reporting UE location during initial access continued in [6] and a new LS [7] was sent from RAN2, where it was stated that “RAN2 is likely to decide that UE does not report to the NG-RAN its coarse GNSS coordinates during initial access (before AS security is activated)” due to “possible privacy issues” and new questions were sent to SA2 and RAN3. In addition, RAN2 is waiting for a reply from SA3 to the latest LS [8] regarding the possibilities on the specific user content that would be required in periodic reporting.
Even though there are a few aspects that remain to be settled, we believe that location reporting after AS security has been established should be a mandatory capability.
Location reporting should be a mandatory capability.
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[bookmark: _Hlk16780604]In the above sections we made the following observations:
1. Measurement gaps should mirror SMTC configuration.
There has been a few LS to RAN3, SA2 and SA3 about UE’s location reporting due to possible security and privacy issues.

We propose the following:
1. Multiple measurement gap patterns is an essential capability for NGSO.
No separate capability is introduced for measurement gaps for connected mode.
Location reporting should be a mandatory capability.
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