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1	Introduction
In this contribution, we discuss the UE features for NR NTN enhancements [1] and propose updates to the UE features list after RAN1#114bis [4].
[bookmark: _Ref178064866]2	Discussion
2.1	Coverage enhancement
2.1.1	PUCCH repetition
Even though repetition for common PUCCH is specified within the NR NTN enhancements work item, the feature as such should not be limited to non-terrestrial networks. Indeed, coverage on cell-specific PUCCH can potentially be a problem also in terrestrial networks. The need for Msg4 HARQ-ACK PUCCH repetitions in terrestrial networks was evaluated during the Rel-17 coverage enhancement study. The results in TR 38.830 [5] were inconclusive since only a few companies evaluated this channel, but the results indicate that the Msg4 HARQ-ACK PUCCH might be the bottleneck in some FDD scenarios (see e.g. Table 5.1.1.5-2 in TR 38.830 [5]).
[bookmark: _Toc134708315][bookmark: _Toc149932134]UE should be allowed to indicate support for FG 44-1 for both NTN and TN bands. Therefore, the note within brackets limiting FG 44-1 to satellite and HAPS bands should be removed (see Table 1).
2.1.2	PUSCH DMRS bundling
For information, the anatomy of the Rel-17 DMRS bundling FGs and the Rel-18 NTN DMRS bundling enhancement FG is illustrated in Figure 1.
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[bookmark: _Ref149061823]Figure 1: The relation between FG 44-2 (NTN DMRS bundling enhancement for PUSCH) and FG 30-4x (Rel-17 DMRS bundling feature)
The components of FG 44-2 (see [4]) are listed below:
	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.]



Component 3 describes support of not performing actions if they violate a performance requirement. It is obvious that the UE shall not do anything that violates a requirement and therefore this does not have to be stated here.
[bookmark: _Toc149932133]Component 3 of FG 44-2 describes support of not performing an action if it violates a performance requirement. It is obvious that the UE shall not do anything that violates a requirement and therefore this does not have to be stated. 
[bookmark: _Toc149932135]Remove Component 3 of FG 44-2 (see Table 1).
An open issue is how the UE reports the maximum supported duration for DMRS bundling with pre-compensation to keep phase rotation due to timing drift within the phase difference limit (i.e., for the Rel-18 NTN DMRS bundling enhancement feature). Two options have been discussed:
1. The existing Rel-17 RRC IE maxDurationDMRS-Bundling-r17 (associated with FG 30-4) is used to report the max duration. FG 44-2 is used to report that the max duration indicated by maxDurationDMRS-Bundling-r17 is supported with phase pre-compensation to keep phase rotation due to timing drift within the phase difference limit.
2. A new Rel-18 RRC IE associated with FG 44-2 is used for reporting the max duration. The IE maxDurationDMRS-Bundling-r17 associated with FG 30-4 is ignored by the gNB.
With option 2, the IE maxDurationDMRS-Bundling-r17 is signalled but not used, which is a waste of bits. Therefore, we support option 1.
[bookmark: _Toc149932136]Use the Rel-17 RRC IE maxDurationDMRS-Bundling-r17 associated with FG 30-4 to report the max supported duration also when NTN DMRS bundling enhancement is supported.
[bookmark: _Toc149932137]Use FG 44-2 to report that the max duration indicated by maxDurationDMRS-Bundling-r17 is supported with phase pre-compensation to keep phase rotation due to timing drift within the phase difference limit (i.e., the NTN DMRS bundling enhancement).
At RAN1#114, it was also agreed that the UE capability reporting does not differentiate between satellite orbits or elevation angles. Still, the timing drift limits the maximum duration of the TDW differently depending on the current satellite orbit and elevation angle, while the UE capability is static information. E.g., the following was observed at RAN1#112:
	Observation
For NTN-specific PUSCH DMRS bundling, in LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Timing error limit (Table 7.1C.2-1 in 38.133) can be satisfied within at most 13 slots if TA pre-compensation update is not assumed.
· FFS: whether/how to consider the initial timing error at the beginning
· FFS: TA pre-compensation update is assumed
· Frequency error limit (Section 6.4.1 in 38.101-5) can be satisfied over 32 slots if frequency pre-compensation update is not assumed.
· FFS: impact of phase difference limit



For LEO 1200, the timing error limit can be satisfied within at most 13 slots. For LEO 600, the timing error limit can be satisfied within even fewer slots, while for GEO, the timing error limit does not limit the number of slots. If the UE reports as UE capability its max duration for DMRS bundling assuming that autonomous TA pre-compensation updates are needed based on the worst-case timing drift (i.e., lowest orbit altitude and elevation angle), the full potential of DMRS bundling will not be utilized at higher elevation angles and/or altitudes. Therefore, the UE should report its max duration for DMRS bundling without taking the need for autonomous TA pre-compensation updates into account. Instead, gNB should be responsible for configuring a shorter TDW in scenarios with high timing drift, to allow the UE to update its autonomous TA pre-compensation as often as needed. Since the UE may be prohibited from updating its autonomous TA pre-compensation during an actual TDW (e.g., due to the phase continuity requirement), the timing error of the signal received at the gNB during an actual TDW should be allowed to increase corresponding to the timing drift even if it exceeds the timing accuracy requirement specified for NTN in TS 38.133.
[bookmark: _Toc149932138]A UE reports its max duration for NTN DMRS bundling enhancement without taking the need for autonomous TA pre-compensation updates into account.
[bookmark: _Toc149932139]gNB is responsible for configuring a shorter TDW than the reported max duration for DMRS bundling in scenarios with high timing drift, to allow the UE to update its autonomous TA pre-compensation as often as needed (i.e., between the actual TDWs). 
[bookmark: _Toc149932140][bookmark: _Hlk149901245]If UE is prohibited from updating autonomous TA pre-compensation during the actual TDW, the timing error should be allowed to increase corresponding to the timing drift even if it exceeds the initial timing accuracy requirement.
In summary, we propose to add the following component to FG 44-2:
[bookmark: _Toc149932141]Add the following component to FG 44-2 (see Table 1):
3. Report in maxDurationDMRS-Bundling-r17 the maximum duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH, when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without taking need for autonomous TA pre-compensation update into account.
Finally, the note restricting the feature to satellite and HAPS bands refers to Table 5.2.2-1 in 38.101-5, which defines satellite bands in FR1 only. Since support for FR2-NTN is specified in Rel-18, a reference should be added to the table that defines satellite bands in FR2-NTN. This table is not yet specified in 38.101-5, so it is proposed to add a placeholder to a reference to this table.
[bookmark: _Toc149932142]In the note for FG 44-2, add a placeholder for a reference to FR2-NTN satellite bands (see Table 1).
2.2	Network verified UE location
For network verified UE location, RAN1 has agreed to introduce two new parameters “UE Rx-Tx time difference offset” and “DL timing drift” that need to be measured and reported by the UE in addition to the legacy UE Rx-Tx time difference measurement. 
[bookmark: _Toc149932143]Adopt the text proposed (changes in chromatic font) for FG 44-3 in Table 1.   
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[bookmark: _Ref134993280]Table 1: Proposed FG updates for NR NTN.
	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.]
3. Report in maxDurationDMRS-Bundling-r17 the maximum duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH, when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without taking need for autonomous TA pre-compensation update into account.
	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 and [table defining FR2-NTN bands] 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 and [table defining FR2-NTN bands] in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling







3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Component 3 of FG 44-2 describes support of not performing an action if it violates a performance requirement. It is obvious that the UE shall not do anything that violates a requirement and therefore this does not have to be stated.
Based on the discussion in the previous sections we propose the following:
Proposal 1	UE should be allowed to indicate support for FG 44-1 for both NTN and TN bands. Therefore, the note within brackets limiting FG 44-1 to satellite and HAPS bands should be removed (see Table 1).
Proposal 2	Remove Component 3 of FG 44-2 (see Table 1).
Proposal 3	Use the Rel-17 RRC IE maxDurationDMRS-Bundling-r17 associated with FG 30-4 to report the max supported duration also when NTN DMRS bundling enhancement is supported.
Proposal 4	Use FG 44-2 to report that the max duration indicated by maxDurationDMRS-Bundling-r17 is supported with phase pre-compensation to keep phase rotation due to timing drift within the phase difference limit (i.e., the NTN DMRS bundling enhancement).
Proposal 5	A UE reports its max duration for NTN DMRS bundling enhancement without taking the need for autonomous TA pre-compensation updates into account.
Proposal 6	gNB is responsible for configuring a shorter TDW than the reported max duration for DMRS bundling in scenarios with high timing drift, to allow the UE to update its autonomous TA pre-compensation as often as needed (i.e., between the actual TDWs).
Proposal 7	If UE is prohibited from updating autonomous TA pre-compensation during the actual TDW, the timing error should be allowed to increase corresponding to the timing drift even if it exceeds the initial timing accuracy requirement.
Proposal 8	Add the following component to FG 44-2 (see Table 1): 3. Report in maxDurationDMRS-Bundling-r17 the maximum duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH, when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without taking need for autonomous TA pre-compensation update into account.
Proposal 9	In the note for FG 44-2, add a placeholder for a reference to FR2-NTN satellite bands (see Table 1).
Proposal 10	Adopt the text proposed (changes in chromatic font) for FG 44-3 in Table 1.
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Appendix A (for information) UE features for Rel-17 DMRS bundling and dynamic PUCCH repetition
Table 2 shows UE features for Rel-17 DMRS bundling and dynamic PUCCH repetitions and is included for information only.
[bookmark: _Ref134987264]Table 2: FGs for Rel-17 DMRS bundling and slot-based dynamic PUCCH repetition.

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	30. NR_cov_enh
	30-4
	The maximum duration for DM-RS bundling
	The maximum duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH/PUCCH
	
	maxDurationDMRS-Bundling-r17
{
fdd-r17,
tdd-r17
}
	BandNR
	N/A
	N/A
	Candidate values for the maximum duration for FDD are {4, 8, 16, 32}
Candidate values for the maximum duration for TDD are {2, 4, 8, 16}

NOTE:	DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders for the corresponding physical channels.
	Optional with capability signalling

	30. NR_cov_enh
	30-4a
	DM-RS bundling for PUSCH repetition type A
	Support DM-RS bundling for PUSCH repetition type A over consecutive symbols
	30-4 and one of {5-14, 5-16, 5-17}
	dmrs-BundlingPUSCH-RepTypeA-r17
	BandNR
	N/A
	N/A
	This capability is applicable to following multiple carrier scenarios in addition to single carrier scenarios
-	FR1+FR2 UL CA, FR1+FR2 DC, and EN-DC with NR on FR2. DMRS bundling configuration is limited to one uplink NR carrier in total on all FRs at a time.
-	FR1 inter-band DL CA with a "single" uplink band configured, meaning no switching to transmit SRS on another carrier.
-	DL CA with "additional" UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured)
-	FR1 inter-band UL CA with DMRS bundling
-	SUL with DMRS bundling

For the last three scenarios listed above, DMRS bundling can be applied with the following conditions:
-	Concurrent transmissions scheduled/configured over multiple carriers are not expected by UE
-	Only configuration of a single TAG
-	Only applicable for the back-to-back case (i.e., zero gap between two transmissions within an actual TDW)
-	Only one band can be configured with DMRS bundling at a time

NOTE 1:	Under the above conditions, phase continuity and power consistency within any actual TDW on one carrier is not impacted by operations on a different carrier.
NOTE 2:	Under the above conditions, the events defined in clause 6.1.7 of TS38.214 [20] for the carrier with DMRS bundling are not triggered by any transmission within any actual TDW on the other carrier.
NOTE 3:	If the modulation scheme higher than QPSK is scheduled for transmission on any carrier configured with DMRS bundling, DMRS bundling is not applicable according to UE feature 30-4 (i.e., the error case and up to UE implementation)
	Optional with capability signalling

	30. NR_cov_enh
	30-4b
	DM-RS bundling for PUSCH repetition type B
	Support DM-RS bundling for PUSCH repetition type B over consecutive symbols

	30-4, 11-5
	dmrs-BundlingPUSCH-RepTypeB-r17
	BandNR
	N/A
	N/A
	This capability is applicable to following multiple carrier scenarios in addition to single carrier scenarios

-	FR1+FR2 UL CA, FR1+FR2 DC, and EN-DC with NR on FR2. DMRS bundling configuration is limited to one uplink NR carrier in total on all FRs at a time.
-	FR1 inter-band DL CA with a "single" uplink band configured, meaning no switching to transmit SRS on another carrier.
-	DL CA with "additional" UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured)
-	FR1 inter-band UL CA with DMRS bundling
-	SUL with DMRS bundling

For the last three scenarios listed above, DMRS bundling can be applied with the following conditions:

-	Concurrent transmissions scheduled/configured over multiple carriers are not expected by UE
-	Only configuration of a single TAG
-	Only applicable for the back-to-back case (i.e., zero gap between two transmissions within an actual TDW)
-	Only one band can be configured with DMRS bundling at a time

NOTE 1:	Under the above conditions, phase continuity and power consistency within any actual TDW on one carrier is not impacted by operations on a different carrier.
NOTE 2:	Under the above conditions, the events defined in clause 6.1.7 of TS38.214 [20] for the carrier with DMRS bundling are not triggered by any transmission within any actual TDW on the other carrier.
NOTE 3:	If the modulation scheme higher than QPSK is scheduled for transmission on any carrier configured with DMRS bundling, DMRS bundling is not applicable according to UE feature 30-4 (i.e., the error case and up to UE implementation)
	Optional with capability signalling

	30. NR_cov_enh
	30-4c
	DM-RS bundling for TB processing over multi-slot PUSCH
	Support DM-RS bundling for TB processing over multi-slot PUSCH over consecutive symbols
	30-4, 30-3
	dmrs-BundlingPUSCH-multiSlot-r17
	BandNR
	N/A
	N/A
	NOTE 1:	If a UE reports support of FG 30-3a and 30-4c, the UE supports DMRS bundling for the repetitions of TBoMS.

This capability is applicable to following multiple carrier scenarios in addition to single carrier scenarios
-	FR1+FR2 UL CA, FR1+FR2 DC, and EN-DC with NR on FR2. DMRS bundling configuration is limited to one uplink NR carrier in total on all FRs at a time.
-	FR1 inter-band DL CA with a "single" uplink band configured, meaning no switching to transmit SRS on another carrier.
-	DL CA with "additional" UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured)
-	FR1 inter-band UL CA with DMRS bundling
-	SUL with DMRS bundling
For the last three scenarios listed above, DMRS bundling can be applied with the following conditions:
-	Concurrent transmissions scheduled/configured over multiple carriers are not expected by UE
-	Only configuration of a single TAG
-	Only applicable for the back-to-back case (i.e., zero gap between two transmissions within an actual TDW)
-	Only one band can be configured with DMRS bundling at a time
NOTE 2:	Under the above conditions, phase continuity and power consistency within any actual TDW on one carrier is not impacted by operations on a different carrier.
NOTE 3:	Under the above conditions, the events defined in clause 6.1.7 of TS38.214 [20] for the carrier with DMRS bundling are not triggered by any transmission within any actual TDW on the other carrier.
NOTE 4:	If the modulation scheme higher than QPSK is scheduled for transmission on any carrier configured with DMRS bundling, DMRS bundling is not applicable according to UE feature 30-4 (i.e., the error case and up to UE implementation).
	Optional with capability signalling

	30. NR_cov_enh
	30-4d
	DMRS bunding for PUCCH repetitions
	Support DM-RS bundling for PUCCH repetitions for PUCCH formats 1/3/4 over consecutive symbols
	30-4, 4-23
	dmrs-BundlingPUCCH-Rep-r17
	BandNR
	N/A
	N/A
	This capability is applicable to following multiple carrier scenarios in addition to single carrier scenarios
-	FR1+FR2 UL CA, FR1+FR2 DC, and EN-DC with NR on FR2. DMRS bundling configuration is limited to one uplink NR carrier in total on all FRs at a time.
-	FR1 inter-band DL CA with a "single" uplink band configured, meaning no switching to transmit SRS on another carrier.
-	DL CA with "additional" UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured)
-	FR1 inter-band UL CA with DMRS bundling
-	SUL with DMRS bundling
For the last three scenarios listed above, DMRS bundling can be applied with the following conditions:
-	Concurrent transmissions scheduled/configured over multiple carriers are not expected by UE
-	Only configuration of a single TAG
-	Only applicable for the back-to-back case (i.e., zero gap between two transmissions within an actual TDW)
-	Only one band can be configured with DMRS bundling at a time
NOTE 1:	Under the above conditions, phase continuity and power consistency within any actual TDW on one carrier is not impacted by operations on a different carrier.
NOTE 2:	Under the above conditions, the events defined in clause 6.1.7 of TS38.214 [20] for the carrier with DMRS bundling are not triggered by any transmission within any actual TDW on the other carrier.
NOTE 3:	If the modulation scheme higher than QPSK is scheduled for transmission on any carrier configured with DMRS bundling, DMRS bundling is not applicable according to UE feature 30-4 (i.e., the error case and up to UE implementation).
	Optional with capability signalling

	30. NR_cov_enh
	30-4e
	Enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH
	Support enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH

	30-4a or 30-4b or 30-4c
	interSlotFreqHopInterSlotBundlingPUSCH-r17
	BandNR
	N/A
	N/A
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4f
	Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
	Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling

	30-4d
	interSlotFreqHopPUCCH-r17
	BandNR
	N/A
	N/A
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4g
	Restart DM-RS bundling
	Support restarting DM-RS bundling after the events triggered by DCI or MAC CE that violate power consistency and phase continuity
Note: Events which are triggered by DCI or MAC CE, but do not require UE capability to resume maintaining power consistency and/or phase continuity as specified in clause 6.1.7 of TS 38.214 [20] v17.3.0 are excluded from this feature
	30-4
	dmrs-BundlingRestart-r17
	BandNR
	N/A
	N/A
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4h
	DM-RS bundling for non-back-to-back transmission
	Support DM-RS bundling for non-back-to-back transmission for consecutive slots for PUSCH and PUCCH only for corresponding supported back-to-back transmission FGs (30-4a, 30-4b, 30-4c, or 30-4d)
	30-4a, 30-4b, 30-4c, or 30-4d
	dmrs-BundlingNonBackToBackTX-r17
	BandNR
	N/A
	N/A
	NOTE:	This capability is only applicable when UE is configured with single uplink carrier within a frequency range.
	Optional with capability signalling

	30. NR_cov_enh
	30-5
	Slot based dynamic PUCCH repetition indication
	Support slot based dynamic PUCCH repetition indication for PUCCH formats 0/1/2/3/4
support slot based dynamic PUCCH repetition for PUCCH formats 0/1/2/3/4

	4-23 or 25-2
	slotBasedDynamicPUCCH-Rep-r17
	Phy-ParametersCommon
	No
	No
	
	Optional with capability signalling
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