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1	Introduction
In this contribution, we discuss UE features for NR NTN coverage enhancement. 
[bookmark: _Ref178064866]2	Discussion
2.1	NR NTN coverage enhancement
2.1.1	PUCCH repetition
A single UE capability should be defined for PUCCH repetition of Msg4 HARQ-ACK PUCCH (and other cell-specific PUCCH, if scope extension is agreed), covering both the cases of single and multiple repetition factors configured in SIB.
[bookmark: _Toc135047548]A single UE capability should be defined for repetition of Msg4 HARQ-ACK PUCCH (and other cell-specific PUCCH) ), covering both the cases of single and multiple repetition factors configured in SIB.
Even though repetition for Msg4 HARQ-ACK PUCCH (and other cell-specific 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 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).
[bookmark: _Toc134708301]Repetition of Msg4 HARQ-ACK PUCCH (and other cell-specific PUCCH) can be useful also in terrestrial networks.
[bookmark: _Toc134708315][bookmark: _Toc135047549]The UE capability of repetition of Msg4 HARQ-ACK PUCCH (and other cell-specific PUCCH) should be possible to indicate for NTN and TN.
To allow early configuration of dedicated PUCCH resources with the Rel-17 feature dynamic PUCCH repetition enabled, we propose that a UE that supports “PUCCH repetition when dedicated PUCCH is not configured” also supports the Rel-17 feature dynamic PUCCH repetition on dedicated PUCCH.
[bookmark: _Toc134708316][bookmark: _Toc135047550]A UE that supports the Rel-18 feature for Msg4 HARQ-ACK PUCCH (and other cell-specific PUCCH) repetition shall also support the Rel-17 feature dynamic PUCCH repetition (feature group 30-5).
Based on this, we propose to add one FG as shown in Table 1.
[bookmark: _Toc135047551]Define one FG for cell-specific PUCCH repetition as proposed in Table 1.

2.1.2	PUSCH DMRS bundling
For PUSCH DMRS bundling enhancements, the following working assumption has been made:
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


Based on this, we propose to add one FG as shown in Table 1 (assuming the working assumption is confirmed).
[bookmark: _Toc135047552]Define one FG for DMRS bundling with phase pre-compensation for NTN as proposed in Table 1.
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[bookmark: _Ref134993280]Table 1: Proposed FGs for NR NTN coverage enhancement.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	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)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	44. NR_NTN_enh	
	44-1
	Slot based dynamic PUCCH repetition on cell-specific PUCCH resources
	Support slot based dynamic PUCCH repetition on cell-specific PUCCH resources

	30-5 (Slot based dynamic PUCCH repetition indication)
	Yes
	NA
	PUCCH repetition will not be used on cell-specific PUCCH resources
	Per band
	NA
	NA
	NA
	
	Optional with capability signaling

	44. NR_NTN_enh	
	44-2
	DMRS bundling with phase rotation pre-compensation
	Support DMRS bundling with pre-compensation of phase rotation per sub-carrier based on timing drift
	26-1 (Uplink Time and Frequency pre-compensation and timing relationship enhancements),
30-4a (DM-RS bundling for PUSCH repetition type A) OR
30-4b (DM-RS bundling for PUSCH repetition type B) OR
30-4c (DM-RS bundling for TB processing over multi-slot PUSCH)
	Yes
	NA
	DMRS bundling will not work in NTN with high timing drift (e.g. LEO)
	Per band
	NA
	NA
	NA
	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


	Optional with capability signaling





3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	A single UE capability should be defined for repetition of Msg4 HARQ-ACK PUCCH (and other cell-specific PUCCH) ), covering both the cases of single and multiple repetition factors configured in SIB.
Proposal 2	The UE capability of repetition of Msg4 HARQ-ACK PUCCH (and other cell-specific PUCCH) should be possible to indicate for NTN and TN.
Proposal 3	A UE that supports the Rel-18 feature for Msg4 HARQ-ACK PUCCH (and other cell-specific PUCCH) repetition shall also support the Rel-17 feature dynamic PUCCH repetition (feature group 30-5).
Proposal 4	Define one FG for cell-specific PUCCH repetition as proposed in Table 1.
Proposal 5	Define one FG for DMRS bundling with phase pre-compensation for NTN as proposed in Table 1.
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Appendix A (for information) Guidelines for UE capability definitions
It is beneficial to recall RAN2’s guidelines for UE capability definitions, as documented in the RAN2 LS [2] and copied below:
1	Avoid defining “incapability” bits as they may cause interpretation issues
The definition of the capability should not say that “a UE setting the bit does not support Rel-16 feature X”. Such statements caused a lot of problems in Rel-15. One example was the pucch-F0-2WithoutFH that indicates that “the UE does not support PUCCH formats 0 and 2 without frequency hopping”. 
2	Absence of a capability bit shall not imply support for something that is not yet defined
One example is “absence of channelBW means that the UE supports all BWs”. Since new BWs might be added later (and in a release independent manner) and maybe in some other specification, “all BWs” can become ambiguous. Any legacy UE would suddenly be expected to support the new bandwidth as well. 
Another example is the default capability for UE power class and UL duty cycle. From signalling point of view, reducing the overhead is marginal (unless it is reported per-BandCombination or Per-Band-of-a-BandCombination as discussed in bullet 4 below). Instead, gNB faces difficulty in comprehending the implicit capabilities amongst UEs compliant with different versions in a release.
3 	Define baseline feature bits that covers the minimum parts of a feature and use additional bits for parts that can be used together with the baseline feature
If a feature has a baseline feature, the baseline feature must be clearly defined. It is not enough to write that “if the UE does not set the bit it does not support feature group x-y”.  If a capability bit for a certain “feature X” has been defined, all UEs that support “feature X” shall set the bit, and additional parts of the feature may not be supported by all UEs. 
Capability signalling and rules to determine whether a UE supports a feature should not be mixed. For example, avoid to say 
“In TDD band combinations, only UEs that set the featureX capability bit support feature. In FDD-only band combinations all UEs support feature X even if they do not set the bit.” 
If later FDD-only band combinations are defined, where UEs are not required to support the feature, band combinations will not be release independent. An example where this caused problem in Rel-15 was the capability simultaneousRx-Tx for EN-DC.
[bookmark: _Hlk92264621]4 	Minimize features “per-BandCombination” and “per-Band-of-a-BandCombination”
The number of features that require capability signaling with “per-BandCombination” and “per-Band-of-a-BandCombination” (FeatureSetPerCC) differentiation should be minimized. Such features cause an explosion in the size of the capability signaling and are even more severe when it comes to the number of possible configurations, making it impossible for the gNB to take all combinations into account. 
It would be of help for RAN2 to be informed of the reasons why “per-BC” or “per-band-of-a-BC” was considered necessary, and whether other alternatives were considered.
5 	Avoid defining functionality that has no RRC configuration but is dependent on capability bits.
The specification should not be written so that the network determines what configuration it can use for a UE implicitly by the reported UE capabilities. Instead, the gNB should always configure the UE explicitly by DL RRC signalling, respecting  the reported capabilities. 
A problematic case in Rel-15 was the UL/DL MIMO layers, which resulted in a late-stage introduction of explicit MIMO signalling support by RAN2 (maxLayersMIMO-Indication).  
6	UE capabilities defined in specifications must be self-contained
RAN2 would also like to point out that once the “snapshot” of defined Rel-16 capabilities have been captured in RAN2 TR 38.822, RAN2 does not plan to update this TR. Discussions (on any WG capabilities) should be based on the actual specification text. RAN2 will document the capabilities in TS 3x.306, preferably with references to RAN1/RAN4 specifications and to corresponding RRC configurations (fields and information elements). 
RAN2 understands that RAN1 uses the “feature IDs”, since they are the only available definitions during the initial stage of discussions. RAN2 would like to request that once the RRC signalling is in place and can be mapped to each “feature ID”, the actual field names used in the signalling are also utilized in the RAN1/RAN4 capability discussions (to avoid inter-WG confusion e.g. in LSs). 
7	Rationale for necessity of both xDD and FRx differentiations for per-UE capability
RAN2 did not discuss the RAN1 LS on XDD-FRX Differentiation (R1-1913579/R2-2000013) at the RAN2#109-e meeting, but RAN2 would anyway appreciate to be provided with rationale in case Per-UE capability with both FDD/TDD and FR1/FR2 differentiations is deemed as necessary for a feature. 




Appendix B (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




