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Introduction
The Release-18 NR NTN enhancement work item was approved in RAN #94e meeting [1] and updated in RAN #100 meeting [1]. RAN1-related objectives are shown below.

Coverage enhancement:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To specify, if necessary, enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) [RAN1]

Network verified UE location:
· Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.

In RAN1 #114bis meeting [3], the UE features on NR NTN enhancements have been discussed. The latest version of the UE features on NR NTN enhancements is in [4] and copied below. 

	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information for PUCCH Msg4 HARQ-ACK repetition
5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional without capability signaling

	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH
	1. Support of DM-RS bundling for PUSCH over consecutive slots
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
[3. Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.]
	At least one of {30-4a/b/c}, 26-1
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NTN
	Per Band
	N/A
	N/A
	N/A
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104
	Optional with capability signaling

	44. NR_NTN_enh
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset measurement and report for Multi-RTT positioning with single satellite in NTN
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period
	13-4, 13-8
	Yes
	No
	UE does not support Multi-RTT positioning with single satellite in NTN
	Per Band
	N/A
	N/A
	N/A
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling



In this contribution, we discuss the UE features on NR NTN enhancements and give our proposals.

Discussion on NR NTN UE features
In FG 44-2, it is open whether it contains a component of “Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.” 

We have the following RAN1 agreements.
  
	RAN1 #113 Agreement
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report (in addition to FG 44-2), one or more of the following is down-selected.
· Option 1a: No new capability except for FG44-2
· Note: FG 30-4 is reported [in consideration of pre-compensation to keep phase rotation due to timing drift within the phase difference limit and without taking TA pre-compensation update into account]
· Option 1b: Max TDW size when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without taking TA pre-compensation update into account
· Note: FG 30-4 is not reported for NTN band
· Option 1c: Support of antenna switching with DMRS bundling in NTN
· Option 1d: Max TDW size per NTN platform (e.g., LEO, MEO, GEO) with taking TA pre-compensation update into account
· FFS details
· Option 1e: Max TDW size per elevation angle with taking TA pre-compensation update into account
· Option 1f: Whether to support actual TDW across pre-compensation segments
· Segments defined in R17 IoT-NTN is baseline, FFS details
· Option 1g: Whether to support TA pre-compensation update within an actual TDW that does not violate the phase difference limit
· As UE assistance information (i.e., report by signaling other than UE capability report (FFS details)), one or more of the following is down-selected.
· Option 2a: No assistance information
· Option 2b: Max TDW size based on reporting timing
· FFS which timing is referred
· Option 2c: TA adjustment timing
· Option 2d: Antenna switching interval

RAN1 #114 Agreement
For NTN-specific PUSCH DMRS bundling,
· As UE capability report,
· UE reports the max TDW size it can support by fulfilling the phase difference limit requirement.
· Note: phase difference limit requirement is assumed to be at gNB receiver from RAN1 perspective.
· Details, e.g., whether FG 30-4 is used without new FG or new FG is introduced, is discussed in UE feature session.
· No consensus on whether to support Option 1d/1e/1f/1g.



Basically, there is no consensus on UE capability report of whether to support TA pre-compensation updated within an actual TDW if it causes phase discontinuity that may violate the phase difference limit (i.e., UE capability report of Option 1g). Hence, we have the following proposal. 

Proposal 1: In FG 44-2, do not include the following component:
· Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.

It is open whether FG 44-1 and FG 44-3 apply to HAPS operation bands in Clause 5.2 of TS 38.104.  

Considering that all Rel-17 NR NTN features (i.e., FG 26 series) are applicable to HAPS operation band and that it is mentioned in Rel-18 NR NTN WID [2] that the work item aims at specifying enhancements for NR NTN with implicit compatibility to support HAPS and ATG scenarios, we think FG 44-1 and FG 44-3 apply to HAPS operation bands in Clause 5.2 of TS 38.104. 

Proposal 2: FG 44-1 and FG 44-3 apply to HAPS operation bands in Clause 5.2 of TS 38.104. 

In Rel-18 NR NTN, there is an objective of NR-NTN deployment in above 10 GHz bands. This RAN4-led objective has RAN1 impact, which is currently in discussion in RAN1. 

In all the existing Rel-17 NR NTN RAN1 UE features [5] (i.e., FG 26-1, FG 26-4, FG 26-5, FG 26-6, FG 26-6a, FG 26-6b, FG 26-8, FG 26-9, FG 26-10), there is a note of “This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104”. Considering Table 5.2.2-1 in TS 38.101-5 only defines NTN satellite bands in FR1, which does not cover NTN satellite bands above 10 GHz bands, it is observed that the existing Rel-17 NR NTN RAN1 UE features do not apply to a UE operating in FR2-NTN bands. 

On the other hand, we think all the UE features in FG 26-1, FG 26-4, FG 26-5, FG 26-6, FG 26-6a, FG 26-6b, FG 26-8, FG 26-9, FG 26-10 need to be defined for a UE operating in FR2-NTN bands. Here, FG 26-1 is mandatory for a UE to support NR communication via satellite. The other FGs in the list are related to enhancing scheduling efficiency, enhancing coverage, saving power and increasing data rate. Hence, we have the following proposal. 

Proposal 3: To support UE NR-NTN operation in above 10 GHz bands, in FG 26-1, FG 26-4, FG 26-5, FG 26-6, FG 26-6a, FG 26-6b, FG 26-8, FG 26-9, FG 26-10, modify the note to “This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5, HAPS operation bands in Clause 5.2 of TS 38.104, and FR2-NTN bands in Table XXX in TS 38.101-5”. 

Summary
In this contribution, we discuss the Rel-18 NR NTN enhancement UE capabilities, and have the following proposals:

Proposal 1: In FG 44-2, do not include the following component:
· Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.

Proposal 2: FG 44-1 and FG 44-3 apply to HAPS operation bands in Clause 5.2 of TS 38.104. 

Proposal 3: To support UE NR-NTN operation in above 10 GHz bands, in FG 26-1, FG 26-4, FG 26-5, FG 26-6, FG 26-6a, FG 26-6b, FG 26-8, FG 26-9, FG 26-10, modify the note to “This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5, HAPS operation bands in Clause 5.2 of TS 38.104, and FR2-NTN bands in Table XXX in TS 38.101-5”. 
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