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Introduction
As Rel-17 WIs are targeting to complete in May 2022, there were some discussions and conclusions on the preparation for R17 NR NTN UE capabilities and the conclusions as follows in last RAN2#116bis meeting: 
Agreements:
1. define one single NR NTN UE capability to encompass essential features to support NTN, and UE can further indicate other optional capabilities.
2. gnss-Location-r16 is conditionally mandatory when UE indicates the support of NR NTN access, and update the field description to cover NTN case.
3. 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 (FFS for LEO)
	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 (for NGSO, FFS for GEO):
	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).
	FFS if CHO enhancements (time based and Event A4 based CHO) is essential or optional
1. Postpone the UE capability discussion on location reporting 
Working Assumption (further check if anything can be per band):
1. the granularities of all the optional RAN2 determined sub-features with capability signalling are per UE. 


Agreements via email - from offline 112:
1. RAN2 confirms that the RLC timer extension (i.e., t-Reassembly timer) is also essential for NGSO.
2. RAN2 confirms that the PDCP timer extension (i.e., discardTimer and t-Reordering timer) is also essential for NGSO.
3. RAN2 confirms 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.
4. The support of essential NTN features should be the Prerequisite for optional NR NTN UE capabilities.


Agreements:
1. Define single UE capability to encompass all features essential to support both GSO and NGSO, i.e., when UE indicates it, it means UE supports all the GSO and NGSO essential features (FFS for SMTC enhancements). (this does not automatically mean that interoperability testing between GSO and NGSO is also supported)
2. UE capabilities for optional CHO enhancements (at least location based CHO) for NTN are per band, which is also in line with R16 CHO design

According to R2-2201962, the following open issues are identified for company contributions:
	List of open issues on NR NTN UE capabilities
Set 2 for company contributions:
1. The granularity of SMTC UE capabilities (e.g., 4 SMTC in parallel), since RAN1/4 may define them as per band
2. The UE capability discussion on measurement gaps for connected mode;
3. The UE capability discussion on location reporting.


As per conclusions, in this contribution, the RAN2 determined UE features and capabilities in Set2 for for NTN.
Discussion
In RAN2-116e meeting, after several rounds of offline and online discussions, the conclusion relevant to SMTC and gap finally was achieved as follows:
Agreements:
1. In NW-based solution, the network can configure up to 2 SMTCs in parallel and the UE uses all of them, i.e. there is no switching between or activation/deactivation of configured SMTCs. FFS whether this (UE support for 2 SMTCs) requires a UE capability. A UE can optionally indicate support for 4 SMTCs (in this case the NW can configure up to 4 SMTCs in parallel)

Per the conclusion, the UE is required to utilize all the multiple SMTCs configured by gNB for various cells simultaneously , without switching between or activation/deactivation of configured SMTCs, where the gNB will not provide multiple configurations with time window for indicating when each configuration to use. And the association between SMTC and satellite is left to network implementation, which will be specified in a newly introduced SMTC list (SSB-MTC4List-r17), which is consisted of a list of cells with the signalled offset in SSB-MTC4List-r17, and assumes the periodicity and duration of the multiple SMTCs are identical for a measurement object. For example, if four SMTCs are configured, in the extremely use cases, the UEs will need to perform cell searching for the entire 20ms (=5ms x 4) frame. This will result in the increasing cost of the UE’s power consumption and processing with the increasing number of configured measuring SMTCs for different cells which all related to the UE capability, although due to the overlapping among the timing window of different configured SMTC, this relationship is not in liner manner.  Moreover, RAN4 had already confirmed the maximum number of configured SMTC per measurement object for the same ssbFrequency is 4 recommended by RAN2 in the replied LS (R4-2117024), while it is still FFS if different UE capabilities to support measurements for multiple configured SMTCs are needed.
Proposal 1: it is proposed to specify the SMTC enhancement with 4 SMTC configurations in parallel as optional sub-features, and can be revisited based on RAN4/RAN1’s further input.
As the granularity of the maximum number of configured SMTC is per measurement object for the same ssbFrequency, hence, it is reasonable that this capability is per band, not per UE.
Proposal 2: it is proposed that this capability is per band, not per UE.
Meanwhile, both the enhancement of the multiple measuring SMTCs and measurement GAP configured to the UEs in NR NTN aim to address the issue that the UEs are possible to miss the SSB/CSI-RS measurement window of neighbour satellites due to quite large propagation delay difference in NTN system. As we know, current maximum MG length that can be configured is 6ms. As indicating in RAN4 specs, among the duration of MG, 1ms is for the UE to retuning, i.e., enter and exit the measurement gap, hence, only 5ms is available for SSB search and measurement. If the UE needs to perform measurement of multiple satellites (e.g., satellites at 600km and 1200km), the current MG mechanism requires enhancement. However, the achieved conclusions regarding to MG as follows:
1. Measurement gaps enhancements should be supported. FFS on the details
2.  Measurement gap related aspects for Rel-17 NTN will be addressed in Rel-17 NTN WI. Coordination and avoiding overlap with other WIs and WGs is recommended.
3. RAN2 will reuse at least the SMTC agreements made for UE assistance information reporting also in the area of measurement gaps for NTN
4. RAN2 aims to minimize the number of configurable measurement gaps required for monitoring configured SMTCs in NTN. At least gap length and UE capabilities impact the number of required measurement gaps.

Obviously, the details on the NTN measurement gaps enhancements are still FFS. One way is to extend MG length; alternative way is to configure multiple MGs properly. Regardless the selected options, as configuring multiple SSBs, either the gap length or the number of the MG are all related to the UE capability of power consumption and process handling. Currently, RAN2 has already agreed that for NGSO, SMTC enhancements with event-triggered assistance information reporting and 2 SMTC for cell search and measurement in parallel capability is specified as essential sub-features for NTN UEs. Based on above analysis, it is reasonable to specify the SMTC enhancement with 4 SMTC configurations in parallel and extended GAP length and number as optional sub-features, and the detailed number and length can be specified based on RAN4/RAN1’s input.
Proposal 3: it is proposed to specify the extended GAP length and/or the number of multiple GAPs as optional sub-features, and the detailed number and length can be specified based on RAN4/RAN1’s input.

2.4 Feature list in TS 38.822 format
The following table contains the feature list:
[bookmark: _Toc90635247]5.2.x	NR_NTN WI 
Table 5.2.5-1: Layer-2 and Layer-3 feature list for NR_NTN WI 

	X. NR_NTN WI 

	X-1
	
	k. Indicates whether the UE supports 4 SMTC configurations in parallel for NR NTN measurements, as specified in TS 38.331 [2].
l. Indicates whether the UE supports the extended GAP length NR NTN measurements, as specified in TS 38.331 [2].
m. Indicates whether the UE supports Y [TBD] multiple gap patterns NR NTN measurements, as specified in TS 38.331 [2].

NOTE1: there is dependency for the three components as given above

	
	No
	No
	
	
	No
	No
	No
	
	Optional with capability signalling. 

.


Conclusion
This contribution presents our views on UE feature regarding RAN2 support for NR NTN and summarizes a table as follows:
Proposal 1: it is proposed to specify the SMTC enhancement with 4 SMTC configurations in parallel as optional sub-features, and can be revisited based on RAN4/RAN1’s further input.
Proposal 2: it is proposed that this capability is per band, not per UE.
Proposal 3: it is proposed to specify the extended GAP length and/or the number of multiple GAPs as optional sub-features, and the detailed number and length can be specified based on RAN4/RAN1’s input.
	X. NR_NTN WI 

	X-1
	
	n. Indicates whether the UE supports 4 SMTC configurations in parallel for NR NTN measurements, as specified in TS 38.331 [2].
o. Indicates whether the UE supports the extended GAP length NR NTN measurements, as specified in TS 38.331 [2].
p. Indicates whether the UE supports Y [TBD] multiple gap patterns NR NTN measurements, as specified in TS 38.331 [2].

NOTE1: there is dependency for the three components as given above

	
	No
	No
	
	
	No
	No
	No
	
	Optional with capability signalling. 

.
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