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1	Introduction
[bookmark: _Hlk94878371]A work item (WI) for enhancements of NR NTN was approved at RAN#94-e. The latest WID can be found in [4]. One objective of the WI is NTN-specific coverage enhancements. A 6-month study phase has been pursued, focusing on evaluating the coverage performance and identifying the candidate physical radio channels that have coverage issues specific to NTN. Based on the outcome, RAN#97 agreed to study and specify support for Msg4 HARQ-ACK PUCCH repetitions and DMRS bundling for PUSCH. At RAN#101, it was agreed to extend the scope of the PUCCH repetition enhancement to any PUCCH when dedicated PUCCH resources are not configured. In this contribution, we discuss signaling, performance and other aspects for these enhancements.
[bookmark: _Ref178064866]2	Discussion
2.1	PUCCH repetition on common PUCCH resources
2.1.1	Background
The following proposal in [3] was endorsed by RAN#101:
	· PUCCH repetition discussed in Rel-18 NR NTN coverage enhancement is supported for the PUCCH transmissions when dedicated PUCCH resource configuration is not provided
· No additional RAN1 work to support this behavior is assumed
· It is confirmed that DAI field for dynamic indication of repetition factor can indicate '1' when multiple values configured by the gNB for repetition factors include '1'
· FG 44-1 is used to indicate the support of this feature



2.1.2	TP to 38.212: Dynamic indication of repetition factor
The following was agreed at RAN1#113:
	Agreement
For PUCCH repetition for Msg4 HARQ-ACK, 
· Support Alt 1-1d for dynamic indication of repetition factor:
· Alt 1-1d: DAI field
· DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI is used for indication.



This agreement was captured in clause 7.3.1.2.1of 38.212 [6] as follows:
	Downlink assignment index – 2 bits
-	2 bits indicating the number of repetitions for PUCCH as defined in clause 9.2.6 of [5, TS38.213], if the higher layer parameter numberOfPUCCHforMsg4HARQACK-RepetitionsList is configured with at least two values;
-	otherwise, reserved. 



However, the DAI field should only indicate of the number of repetitions if the scheduled UE has indicated capability of PUCCH repetition on common PUCCH resources. 
Further, RRC parameter name numberOfPUCCHforMsg4HARQACK-RepetitionsList should be changed to reflect the RAN agreement to extend the scope of PUCCH repetition beyond Msg4.
We therefore put forth the following TP:
[bookmark: _Toc146913511]Adopt the following TP to 38.212:
	Reason for change:
· The use of DAI bits in DCI format 1_0 with CRC scrambled by TC-RNTI to indicate the PUCCH repetition factor should be conditioned on that the UE has indicated capability of PUCCH repetitons.
· The name of the parameter numberOfPUCCHforMsg4HARQACK-RepetitionsList should be changed to reflect the RAN agreement to extend the scope of PUCCH repetition beyond Msg4.

	Summary of change:
· It is clarified that the use of DAI bits in DCI format 1_0 with CRC scrambled by TC-RNTI to indicate the PUCCH repetition factor is conditioned on that the UE has indicated capability of PUCCH repetitions.
· Parameter numberOfPUCCHforMsg4HARQACK-RepetitionsList is changed to numberOfCommonPUCCH-RepetitionsList.

	Consequences if not approved:
· The DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI is incorrectly defined to carry repetition information to UEs that have not indicated support for repetition.
· RRC parameter name is misleading.

	7.3.1.2.1	Format 1_0
< Unchanged parts are omitted >
-	Downlink assignment index – 2 bits
-	2 bits indicating the number of repetitions for PUCCH as defined in clause 9.2.6 of [5, TS38.213], if the higher layer parameter numberOfCommonPUCCHforMsg4HARQACK-RepetitionsList is configured with at least two values and the TC-RNTI is assigned to a UE that has indicated capability to transmit with PUCCH repetitions when dedicated PUCCH resources are not configured, as specified in [8, TS 38.321];
-	otherwise, reserved. 
< Unchanged parts are omitted >



2.1.3	TP to 38.213: Configuration of PUCCH repetition
The current specification is a bit unclear on which parameters to use and how to apply frequency hopping. 
Further, RRC parameter name numberOfPUCCHforMsg4HARQACK-RepetitionsList should be changed to reflect the RAN agreement to extend the scope of PUCCH repetition beyond Msg4.
We therefore put forth the following text proposal:
[bookmark: _Toc146913512]Adopt the following TP to 38.213:
	Reason for change:
· It is not clear which parameters to use for PUCCH repetition on common PUCCH resources.
· It is not clear how frequency hopping is applied for PUCCH repetition on common PUCCH resources
· The name of the parameter numberOfPUCCHforMsg4HARQACK-RepetitionsList should be changed to reflect the RAN agreement to extend the scope of PUCCH repetition beyond Msg4 HARQ-ACK.

	Summary of change:
· It is clarified which parameters to use for PUCCH repetition on common PUCCH resources.
· It is clarified how frequency hopping is applied for PUCCH repetition on common PUCCH resources
· Parameter numberOfPUCCHforMsg4HARQACK-RepetitionsList is changed to numberOfCommonPUCCH-RepetitionsList.

	Consequences if not approved:
· The specification remains ambiguous.
· RRC parameter name is misleading.

	9.2.6	PUCCH repetition procedure
[bookmark: _Hlk86776043]A UE that does not have dedicated PUCCH resource configuration and indicates a capability to transmit with repetitions a PUCCH with HARQ-ACK information [11, TS 38.321], determines a number of  slots for repetitions of a PUCCH transmission with HARQ-ACK information based on an indication by numberOfCommonPUCCHforMsg4HARQACK-RepetitionsList. If numberOfCommonPUCCHforMsg4HARQACK-RepetitionsList provides more than one values, the DAI field in a DCI format 1_0 with CRC scrambled by a TC-RNTI scheduling a PDSCH reception that includes a UE contention resolution identity indicates  from the more than one values. The UE transmits each repetition of the PUCCH using frequency hopping as described in Clause 9.2.1. 
In the remaining of this clause, a UE without dedicated PUCCH resource configuration determines a value of a parameter, if applicable, according to Table 9.2.1-1 and/or as specified above in this clause for a PUCCH transmission with repetitions from the UE.
A UE can be indicated to transmit a PUCCH over  slots using a dedicated PUCCH resource, where
-	if the PUCCH resource is indicated by a DCI format and includes pucch-RepetitionNrofSlots,  is provided by pucch-RepetitionNrofSlots
-	otherwise,  is provided by nrofSlots
If the UE has a dedicated PUCCH resource configuration and is provided subslotLengthForPUCCH, a slot for a PUCCH transmission with repetitions over  slots includes a number of symbols indicated by subslotLengthForPUCCH.
For , 
-	the UE repeats the PUCCH transmission with the UCI over  slots 
-	a repetition of the PUCCH transmission in each of the  slots has a same number of consecutive symbols, as provided by nrofSymbols, or by Table 9.2.1-1 if the UE does not have a dedicated PUCCH resource configuration.
-	a repetition of the PUCCH transmission in each of the  slots has a same first symbol, as provided by startingSymbolIndex if subslotLengthForPUCCH is not provided; otherwise mod(startingSymbolIndex, subslotLengthForPUCCH). If the UE does not have a dedicated PUCCH resource configuration, the first symbol is provided by Table 9.2.1-1.
-	the UE that has a dedicated PUCCH resource configuration is configured by interslotFrequencyHopping whether or not to perform frequency hopping for repetitions of the PUCCH transmission in different slots
-	if the UE is configured to perform frequency hopping for repetitions of a PUCCH transmission across slots and the UE is not provided pucch-DMRS-Bundling = 'enabled'
-	the UE performs frequency hopping per slot
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in slots with even number and starting from a second PRB, provided by secondHopPRB, in slots with odd number. The slot indicated to the UE for the first repetition of the PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in the slot
-	the UE does not expect to be configured to perform frequency hopping for a repetition of the PUCCH transmission within a slot
-	if the UE is configured to perform frequency hopping for repetitions of a PUCCH transmission across slots and the UE is provided pucch-DMRS-Bundling = 'enabled' 
-	the UE performs frequency hopping per interval of  consecutive slots, that start from a slot indicated to the UE and where the UE would transmit a first repetition of the PUCCH, where  is the value of pucch-FrequencyHoppingInterval, if provided; otherwise,  is the value of pucch-TimeDomainWindowLength
-	the UE transmits the PUCCH over intervals until the UE transmits the PUCCH in  slots, where the first interval has number 0 and each subsequent interval is counted regardless of whether or not the UE transmits the PUCCH in a slot
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in intervals with even number and starting from a second PRB, provided by secondHopPRB, in intervals of frequency hopping intervals with odd number
-	the UE does not expect to be configured to perform frequency hopping for a repetition of the PUCCH transmission within a slot
-	if the UE is not configured to perform frequency hopping for repetitions of a PUCCH transmission across slots and the UE is configured to perform frequency hopping for a repetition of the PUCCH transmission within a slot, the frequency hopping pattern between the first PRB and the second PRB is same within each slot 
-	a UE that does not have a dedicated PUCCH resource configuration and is configured to perform frequency hopping for a PUCCH transmission within a slot applies the same frequency hopping pattern between the first PRB and the second PRB within each slot
If the UE determines that, for a repetition of a PUCCH transmission in a slot, the number of symbols available for the PUCCH transmission is smaller than the value provided by nrofSymbols for the corresponding PUCCH format, or by Table 9.2.1-1 if the UE does not have dedicated PUCCH resource configuration, the UE does not transmit the PUCCH repetition in the slot. 
A SS/PBCH block symbol is a symbol of an SS/PBCH block with candidate SS/PBCH block index corresponding to the SS/PBCH block index indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon or by NonCellDefiningSSB if provided or, if the UE is not provided dl-OrJointTCI-StateList, by ssb-PositionsInBurst in SSB-MTCAdditionalPCI associated to physical cell ID with active TCI states for PDCCH or PDSCH, or for a set of symbols of a slot corresponding to SS/PBCH blocks configured for L1 beam measurement/reporting.
For unpaired spectrum, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in clause 9.2.3 for HARQ-ACK reporting, or a slot determined as described in clause 9.2.4 for SR reporting or in clause 5.2.1.4 of [6, TS 38.214] for CSI reporting and having
-	an UL symbol, as described in clause 11.1, or flexible symbol that is not SS/PBCH block symbol provided by startingSymbolIndex, or by Table 9.2.1-1 if the UE does not have dedicated PUCCH resource configuration, as a first symbol, and
-	consecutive UL symbols, as described in clause 11.1, or flexible symbols that are not SS/PBCH block symbols, starting from the first symbol, equal to or larger than a number of symbols provided by nrofsymbols, or by Table 9.2.1-1 if the UE does not have dedicated PUCCH resource configuration
< Unchanged parts are omitted >



[bookmark: _Hlk146275219]2.1.4	UE capability signalling
This section contains a few proposals for PUCCH repetition that require technical discussion and agreement in AI 8.13.1 before they can be addressed in the UE feature session in AI 8.16.14. Corresponding updates to the UE feature list from RAN1#114 [2] are proposed in [5] for AI 8.16.14.
2.1.4.1	Applicability to terrestrial networks
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 [8] 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 [8]).
[bookmark: _Toc134708301][bookmark: _Toc146913508]PUCCH repetition on common PUCCH resources can be useful also in terrestrial networks.
[bookmark: _Toc134708315][bookmark: _Toc142327967][bookmark: _Toc146913513]UE capability of PUCCH repetition on common PUCCH resources should be possible to indicate for both NTN and TN bands. 
2.1.4.2	Relation to Rel-17 feature “dynamic PUCCH repetition”
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: _Toc142327968][bookmark: _Toc146913514]A UE that supports the Rel-18 feature for PUCCH repetitions on common PUCCH resources shall also support the Rel-17 feature dynamic PUCCH repetition (FG 30-5).
2.1.5	RRC parameters
In RAN1#114, the following agreement was made:
	Agreement
The working assumption at the RAN1#112 meeting is superseded by the following agreement:
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK only if measured RSRP is lower than the configured RSRP threshold.
· If the RSRP threshold is not configured,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· Alt B: New RSRP threshold is introduced.
· Note: the same value between the new RSRP threshold and the RSRP threshold for R17 Msg3 repetition can be configured by gNB implementation.
· The range of RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is the same as the range of the RSRP threshold for R17 Msg3 repetition.
· FFS signaling details, e.g. whether RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is signaled as a relative or absolute value
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report
· Note 2: RAN1 considers that there is no difference between “repetition request” and “capability report” in earlier RAN1 agreements



It is agreed that the range of the RSRP threshold (the physical layer parameter) is the same as for the RSRP threshold for R17 Msg3 repetition, i.e., [∞, -40 dBm, -41 dBm, …, -156 dBm]. Details for how to signal the RSRP threshold for PUCCH repetition in RRC (SIB) are FFS. Besides the straightforward solution to indicate the RSRP threshold as an absolute value (using the IE RSRP-Range defined in 38.331 [7]), it has been proposed to indicate a relative value, i.e., an offset relative to the RSRP threshold for R17 Msg3 PUSCH repetition, rsrp-ThresholdMsg3-r17. 
[bookmark: _Hlk130834745]Rel-17 Msg3 PUSCH repetition and Rel-18 common PUCCH repetition are optional features both for the network and the UE. Support for one of the features should not require support of the other.
According to 38.331 [7], presence of rsrp-ThresholdMsg3 means that both set(s) of Random Access resources with Msg3 repetition indication and set(s) of Random Access resources without Msg3 repetition indication are configured in the BWP. If Msg3 repetition is not enabled, or enabled for all UE, the threshold is absent. Therefore, defining the RSRP threshold for common PUCCH repetition relative to rsrp-ThresholdMsg3 is not always possible and it is beneficial to decouple the RSRP thresholds corresponding to the repetitions of Msg3 PUSCH and common PUCCH.
For these reasons, we propose to have separate thresholds for triggering request for Msg3 repetition and Msg4 HARQ-ACK PUCCH repetition from the UE.
[bookmark: _Toc146913509]Rel-17 Msg3 PUSCH repetition and Rel-18 common PUCCH repetition are optional features both for the network and the UE. Support for one of the features should not require support of the other.
[bookmark: _Toc146913510]Defining the RSRP threshold for common PUCCH repetition relative to rsrp-ThresholdMsg3 for common PUCCH repetition is not always possible, since the threshold is absent if Msg3 repetition is enabled for all UE or disabled for all UE.
[bookmark: _Toc146913515]The RSRP threshold for PUCCH repetition on common PUCCH resources should be signaled as an absolute value, independent of rsrp-ThresholdMsg3.
In the list of RRC parameters after RAN1#114 [1], the description of rsrp-ThresholdPUCCHforMsg4HARQACK does not preclude that the parameter is configured even if the list of repetition factors is not (i.e., when the feature is disabled). It should be clarified that this is not supported.
[bookmark: _Toc146913516]Clarify in the description of rsrp-ThresholdPUCCHforMsg4HARQACK that it should be configured only if the list of repetition factors is configured.
Based on decision in RAN#101, the scope of the PUCCH repetition feature covers all PUCCH on common PUCCH resources, not just Msg4 HARQ-ACK. This should be reflected in the parameter names and descriptions.
[bookmark: _Toc146913517][bookmark: _Hlk146275811]Modify the RRC parameter names numberOfPUCCHforMsg4HARQACK-RepetitionsList and rsrp-ThresholdPUCCHforMsg4HARQACK to numberOfCommonPUCCH-RepetitionsList and rsrp-ThresholdCommonPUCCH, respectively.
The proposed changes are summarized in Table 1.
[bookmark: _Ref134627545]Table 1: List of RRC parameters for PUCCH repetition.
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	Comment

	numberOfCommonPUCCHforMsg4HARQACK-RepetitionsList
	Indicates the number of repetitions for PUCCH transmission when dedicated PUCCH resources are not configuredfor Msg4 HARQ-ACK. If multiple values are configured, a single value from the configured values is indicated in DCI.
	One or more of {1,2,4,8} except for configuring {1}
  

	NA
	Per cell
	

	rsrp-ThresholdCommonPUCCHforMsg4HARQACK
	This parameter can be configured only if numberOfCommonPUCCH-RepetitionsList is configured.
If this parameter is configured, and numberOfPUCCHforMsg4HARQACK-RepetitionsList is provided, UE capable of PUCCH repetition on common PUCCH resourcesfor Msg4 HARQ-ACK reports the capability of PUCCH repetition on common PUCCH resourcesfor Msg4 HARQ-ACK only if measured RSRP is lower than the configured RSRP threshold indicated by this parameter.
If this parameter is not configured,and numberOfPUCCHforMsg4HARQACK-RepetitionsList is provided, UE capable of PUCCH repetition on common PUCCH resourcesfor Msg4 HARQ-ACK  reports the capability of PUCCH repetition on common PUCCH resourcesfor Msg4 HARQ-ACK

[This RSRP threshold is an absolute value / a relative value of the RSRP threshold for R17 Msg3 repetition]
	RSRP-RangeTBD
	NA
	Per cell
	



[bookmark: _Toc146913518]Take the input in Table 1 into account when discussing RRC parameters for Msg4 HARQ-ACK PUCCH repetition.

2.2	PUSCH DMRS bundling enhancements
2.2.1	TP to 38.214: Pre-compensation for DMRS bundling
	Reason for change:
It is not specified that UE supporting NTN DMRS bundling enhancements for PUSCH shall maintain phase continuity taking into account phase rotation due to timing drift.

	Summary of change:
It is specified that UE supporting NTN DMRS bundling enhancements for PUSCH shall maintain phase continuity taking into account phase rotation due to timing drift between the UE and the uplink time synchronization reference point.

	Consequences if not approved:
The meaning of maintaining phase continuity remains unclear for UE supporting NTN DMRS bundling enhancements.

	6.1.7	UE procedure for determining time domain windows for bundling DM-RS
< Unchanged parts are omitted >
The UE shall maintain power consistency and phase continuity within an actual TDW, across PUSCH transmissions of PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or across PUCCH transmissions of PUCCH repetition, in case the actual TDW is created in response to frequency hopping, or in response to the use of a different SRS resource set association for the two PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, or in response to the use of different spatial relations or different power control parameters for the two PUCCH transmissions of PUCCH repetition, or in response to any event not triggered by DCI or MAC-CE. The UE maintains power consistency and phase continuity within an actual TDW, across PUSCH transmissions of PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or across PUCCH transmissions of PUCCH repetition, in case the actual TDW is created in response to an event triggered by DCI other than frequency hopping or the use of a different SRS resource set association for the two PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, or the use of different spatial relations or different power control parameters for the two PUCCH transmissions of PUCCH repetition, or in response to an event triggered by MAC-CE, subject to UE capability. of dmrs-BundlingRestart [13, TS 38.306] and when pusch-WindowRestart or pucch-WindowRestart is enabled. For a UE that supports NTN DMRS bundling enhancements for PUSCH [12, TS 38.331], phase continuity shall be maintained taking into account phase rotation due to timing drift between the UE and the uplink time synchronization reference point [6, TS 38.213].
< Unchanged parts are omitted >



2.2.2	RRC parameters
It has been agreed to specify support for pre-compensation for DMRS bundling in NTN. This feature should be controlled by the network. Therefore, we propose addition of a new RRC parameter, as shown in Table 2.
[bookmark: _Ref134629213]Table 2: Proposed new RRC parameter for PUSCH DMRS bundling for NTN.
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	Comment

	pusch-DMRS-Bundling Precompensation
	Indicates that UE shall pre-compensate to keep phase rotation due to timing drift within the phase difference limit during PUSCH DMRS bundling
	ENUMERATED {‘enabled’}
	Disabled
	UE-specific
	



[bookmark: _Toc146913519]Introduce a new RRC parameter that enables/disables pre-compensation for DMRS bundling in NTN, as shown in Table 2.
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3	Conclusion
In the previous sections we made the following observations: 
Observation 1	PUCCH repetition on common PUCCH resources can be useful also in terrestrial networks.
Observation 2	Rel-17 Msg3 PUSCH repetition and Rel-18 common PUCCH repetition are optional features both for the network and the UE. Support for one of the features should not require support of the other.
Observation 3	Defining the RSRP threshold for common PUCCH repetition relative to rsrp-ThresholdMsg3 for common PUCCH repetition is not always possible, since the threshold is absent if Msg3 repetition is enabled for all UE or disabled for all UE.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Adopt the following TP to 38.212:
Proposal 2	Adopt the following TP to 38.213:
Proposal 3	UE capability of PUCCH repetition on common PUCCH resources should be possible to indicate for both NTN and TN bands.
Proposal 4	A UE that supports the Rel-18 feature for PUCCH repetitions on common PUCCH resources shall also support the Rel-17 feature dynamic PUCCH repetition (FG 30-5).
Proposal 5	The RSRP threshold for PUCCH repetition on common PUCCH resources should be signaled as an absolute value, independent of rsrp-ThresholdMsg3.
Proposal 6	Clarify in the description of rsrp-ThresholdPUCCHforMsg4HARQACK that it should be configured only if the list of repetition factors is configured.
Proposal 7	Modify the RRC parameter names numberOfPUCCHforMsg4HARQACK-RepetitionsList and rsrp-ThresholdPUCCHforMsg4HARQACK to numberOfCommonPUCCH-RepetitionsList and rsrp-ThresholdCommonPUCCH, respectively.
Proposal 8	Take the input in Table 1 into account when discussing RRC parameters for Msg4 HARQ-ACK PUCCH repetition.
Proposal 9	Introduce a new RRC parameter that enables/disables pre-compensation for DMRS bundling in NTN, as shown in Table 2.
[bookmark: _In-sequence_SDU_delivery]
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