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1. [bookmark: _Toc120549591][bookmark: _Hlk521259925]Introduction
In this contribution, we will discuss and share our views on UE features for Rel-18 NR NTN enhancements.
2. Discussion
2.1 UE feature for NTN coverage enhancement
The work item “NR NTN enhancements” has been studied during previous RAN1 meetings, for the NR NTN coverage enhancements schemes, RAN1 mainly focus on the PUCCH enhancements for Msg4 HARQ-ACK and DMRS bundling in NTN, and progress are reached on supporting PUCCH repetition for Msg4 HARQ-ACK and PUSCH DMRS bundling in NTN scenarios.
For PUCCH repetition for HARQ-ACK in NTN, UE may transmit the information of repetition request or capability report to inform gNB UE capable of PUCCH repetition for Msg4 HARQ-ACK, the corresponding WA achieved in previous meetings are listed below. 
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB at least when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured and the configured RSRP threshold is smaller than X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request if measured RSRP is lower than a RSRP threshold.
· If the RSRP threshold is not configured, or if the configured RSRP threshold is X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· FFS: value of X (the maximum configurable value of the RSRP threshold)
· Down-select one from the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report
Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE.
· Option B: Higher layer signaling in Msg3 PUSCH
Send an LS to RAN2 at RAN1#113 to provide details of “repetition request or capability report”, to ask the feasibility of Option B, and if feasible, to specify the details of Option B.


Therefore, one UE feature group for the support of PUCCH repetition for HARQ-ACK in NTN can be introduced, and the terminology for “PUCCH repetition for Msg4 HARQ-ACK” in NTN added in the components of FG can be further discussed.
Proposal 1. The support of PUCCH repetition for Msg4 HARQ-ACK can be introduced as a new UE feature group for NR NTN enhancement. 
For NTN-specific PUSCH DMRS bundling, it was agreed the TDW for DMRS bundling is determined based on gNB configuration, and UE capability reporting needs to be further discussed. Besides, it is assumed that UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit. From our perspective, the determination of TDW size should take the maximum time duration during which UE is able to maintain power consistency and phase continuity into consideration.
	Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4
Agreement
For NTN-specific PUSCH DMRS bundling, support Alt 2 for TDW determination.
· Alt 2: gNB-centric TDW determination
· Nominal TDW is determined based on gNB configuration.
· Actual TDW is determined based on gNB configuration/indication.
· Note: Alt 2 does not imply that spec impact of actual TDW determination is assumed for NTN.
· FFS: details, including UE capability and assistance information reporting



Therefore, one UE feature group for the support of UE reporting maximum duration during which UE can maintain the power consistency and phase continuity in NTN can be introduced.
Proposal 2. The maximum duration for DMRS bundling reported by UE in NTN can be introduced as a new UE feature group for NR NTN enhancement.
· The maximum duration during which UE is able to maintain power consistency and phase continuity to support DMRS bundling for PUSCH in NTN  
2.2 UE feature for ATG scenarios
The work item of enhancements for NR NTN with implicit compatibility to support HAPS (High Altitude Platform Station) and ATG (Air To Ground) scenarios is included in both Rel-17 and Rel-18 scope, thus the feature groups introduced for NTN solutions can also be applicable to HAPS and ATG scenarios. However, when specifying the feature groups for Rel-17 NR NTN solutions, the 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” added in the Feature 26 only mentioned satellite bands and HAPS bands, considering that ATG bands was not specified in the Rel-17 WI phase. 
ATG network deployment has been discussed in Rel-18 led by RAN4, and ATG operating bands in ATG network deployment scenarios specified by RAN4 are listed as below. From our perspective, as NR NTN solutions and enhancements are compatible with the ATG scenarios, with ATG operating bands already being specified, separate feature groups can be discussed and introduced in Rel-18. 
	Clause 5 in TR 38.876 v0.3.0
ATG will operate within existing NR operating bands and does not need new bands and band properties to be identified. Depending on the operator’s request, the following NR bands are intended for ATG deployment:
Table 5-1: ATG operating bands
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD

	n34
	2010 MHz – 2025 MHz
	2010 MHz – 2025 MHz
	TDD

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD






From our perspective, at least increasing the number of HARQ processes for HARQ enhancements and K1 range extension for timing relationship enhancement are supported in ATG scenarios, extending K1 value range is beneficial to guarantee all 32 HARQ processes’ feedback can be multiplexed in a HARQ-ACK codebook, at least for TDD or half-duplex FDD, which is important for ATG and HAPS, corresponding agreements reached in RAN1 are listed as following.
	Agreement:
For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 
· FFS: Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
Agreement:
The extension of maximal HARQ process number can be considered with following assumptions:
· The maximal supported HARQ process number is up to 32.
· FFS: Support on the maximal HARQ process number is up to UE capability
· Minimizing the impacts on specification and scheduling


Therefore, it is proposed to introduce new feature groups for NR ATG network, and support of maximal supported HARQ process number reported by UE and extended K1 value range of (0..31) for unpaired spectrum can be introduced as the new UE feature groups for ATG scenarios.
Proposal 3. Enhancement on the HARQ process number is introduced as a new UE feature group for ATG scenarios, and add the note “This UE feature group is applicable only for bands in Table 5-1 in TR 38.876”.
Proposal 4. Enhancement on the K1 range extension is introduced as a new UE feature group for ATG scenarios, and add the note “This UE feature group is applicable only for bands in Table 5-1 in TR 38.876”.
	Index
	Feature group
	Components
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Note
	Mandatory/Optional

	xx-x
	Increasing the number of HARQ processes
	The maximal supported HARQ process number is X for UL and Y for DL
	Yes
	No
	Increased number of HARQ processes is not supported for NR communication via satellite
	Per band
	Candidate component values for (X,Y): {(16,32),(32,16),(32,32)}
Note: This UE feature group is applicable only for bands in Table 5-1 in TR 38.876
	Optional with capability signalling

	xx-x
	K1 range extension
	Support of extended K1 value range of (0..31) for unpaired spectrum
	Yes
	No
	K1 range extension is not supported 
	Per band
	Note: This UE feature group is applicable only for bands in Table 5-1 in TR 38.876
	Optional with capability signalling 


[bookmark: _GoBack]

3. Conclusions
In this contribution, we mainly share our views on the feature groups introduced for Rel-18 NR NTN enhancement and NR ATG deployment. The proposals are summarized as follows:
Proposal 1. The support of PUCCH repetition for Msg4 HARQ-ACK can be introduced as a new UE feature group for NR NTN enhancement. 
Proposal 2. The maximum duration for DMRS bundling reported by UE in NTN can be introduced as a new UE feature group for NR NTN enhancement.
· The maximum duration during which UE is able to maintain power consistency and phase continuity to support DMRS bundling for PUSCH in NTN 
Proposal 3. Enhancement on the HARQ process number is introduced as a new UE feature group for ATG scenarios, and add the note “This UE feature group is applicable only for bands in Table 5-1 in TR 38.876”.
Proposal 4. Enhancement on the K1 range extension is introduced as a new UE feature group for ATG scenarios, and add the note “This UE feature group is applicable only for bands in Table 5-1 in TR 38.876”.
	Index
	Feature group
	Components
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Note
	Mandatory/Optional

	xx-x
	Increasing the number of HARQ processes
	The maximal supported HARQ process number is X for UL and Y for DL
	Yes
	No
	Increased number of HARQ processes is not supported for NR communication via satellite
	Per band
	Candidate component values for (X,Y): {(16,32),(32,16),(32,32)}
Note: This UE feature group is applicable only for bands in Table 5-1 in TR 38.876
	Optional with capability signalling

	xx-x
	K1 range extension
	Support of extended K1 value range of (0..31) for unpaired spectrum
	Yes
	No
	K1 range extension is not supported 
	Per band
	Note: This UE feature group is applicable only for bands in Table 5-1 in TR 38.876
	Optional with capability signalling 
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