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Introduction
In RAN#94e a new work item on NR NTN (Non-Terrestrial Networks) enhancements was approved [1]. Among the objectives of the work item, there was a target to specify enhancing features to 17’s NR over NTN operation and, in particular for coverage enhancements, the objective description is as follows:
	4.1.1 Coverage enhancement 
 
The Rel-18 NTN objectives are focused on the applicability of the solutions developed by general NR coverage enhancement to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). The work needs to cover the use case of voice and low-data rate services using commercial smartphones with more realistic assumptions on antenna gains instead of 0dBi currently assumed for link budget analysis for non-terrestrial networks. The specific realistic antenna gain assumption will be determined at the working group level. The evaluation should also take into account any related regulatory 
requirements, e.g., ITU limitation of power flux density. 
 
Have a 1-TU 6-month study phase focusing on the following (to derive clear & limited scope): 
 
· Evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN with following target services taking into account the studies in TR38.830 where appropriate, as well as general coverage enhancement techniques specified in Rel-18 [RAN1,RAN2,RAN4] 
· VoIP and low-data rate services for commercial handset terminals 
 
The following items are shown as examples of areas to consider in the next step of the study. The actual items for study will be based on the evaluation of coverage issues specific to NTN identified above. 
 
· NTN-specific repetitions enhancements beyond techniques covered in Rel-17 CovEnh WI for the relevant channels 
· NTN-specific techniques for improved diversity and/or reduced polarization loss 
· Improved performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead for VoNR 
· NOTE: Intent is not to introduce a new codec. 
 
RAN to determine by RAN#97 (for RAN1 items) and RAN#98 (for RAN2 items) whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be updated. 



In RAN #97-e, the same WID has been revised into [6] defining, among others, the refined objectives of the coverage enhancements part as follows:
	The detailed objectives are for NTN:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) and, if necessary, specify enhancements to the Rel-17 procedures [RAN1]



with a further agreement that the normative work would start already from RAN1 #110bis-e. 
Based on the RAN plenary outcome, this contribution focuses on an analysis of the refined objectives and presents observations and proposals for development of the target features.
Discussion 
In this contribution we will continue to discuss our views on enhancements to DMRS bundling and PUCCH for the HARQ-ACK of the Msg4.
[bookmark: _Hlk112946162]PUSCH DMRS Bundling
In this section, we discuss the PUSCH DMRS bundling topic, for the following two issues. First, the impact of phase and autonomous TA pre-compensation at UE, in section 2.1.1, and secondly the issue of nominal TDW (nTDW) and actual TDW (aTDW) determination, in section 2.1.2.  
[bookmark: _Ref127448332]Impact of Phase and TA pre-compensation    
In the previous meeting RAN1#112bis-e, the following working assumption was reached. 
	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




As we have shown in our previous contribution [7], the DMRS phase difference is a function of the location of PRBs, and therefore depends on UE PRB allocation. Furthermore, different UEs may have different implementation constraints that the gNB will not be aware of. As a result, it would be challenging, if possible at all, for the gNB to perform (digital) post-compensation. This, combined with the fact that the UL signal from the UE is under severe coverage challenges for scenarios where DMRS bundling is needed, would make it difficult or even impossible for the gNB to properly estimate a reference phase to use for post-compensation for each received UL slot.
Proposal 1: UE shall be expected to pre-compensate the phase shift/difference caused by round trip time drift on a slot basis, thereby confirming the working assumption. 
In addition to phase pre-compensataion at UE, the working assumption above also discusses the issue of UE TA pre-compensation. From this perspective, it is expected that UE shall not perform TA pre-compensation within aTDW if this leads to the violation of phase continuity and power consistency requirements. Given that this feature is related to UE implementation, two different types of UEs can be considered or envisioned. In particular, we assume that type-1 UE is always capable of maintaining phase continuity and power consistency across the PUSCH repetitions when performing TA pre-compensation, while type-2 UE cannot provide this guarantee and may need to break the phase continuity and power consistency when performing TA pre-compensation and thereby generate multiple aTDW. 
To elaborate further, type-1 UE can consist of the following sub-cases; a) an NTN UE maintaining transmit timing while respecting the boundaries defined through the CP without performing UE autonomous TA pre-compensation within aTDW, or b) if an NTN UE performs autonomous TA pre-compensation within aTDW, UE still can maintain phase continuity and power consistency requirments. On the other hand, we assume that type-2 UE refers to a UE that cannot preserve phase continuity and power consistency requirements when performing UE TA pre-compensation. Given the above mentioned two types of UEs, for type-1 UE, aTDW can be determined according to the current specifications (i.e., Rel-17 DMRS bundling freamework) and no specification impact is envisioned. For type-2 UE, on the other hand, gNB centric design of aTDW determination via gNB configuration/indication is required, and this will be discussed in further details in the next section. Furthermore, specification change is expected for aTDW configuration of type-2 UE. Summary of the two types of UEs are provided in the table below. 
Table 1 – Summary of two Types of UEs w.r.t breaking aTDW.
	UE Type
	nTDW/aTDW determination 
	Specification Impact

	Type-1 UE: always keep phase continuity and power consistency across the PUSCH repetitions;
a) maintain transmit timing req. without performing autonomous TA pre-compensation within aTDW, or 
b) performing autonomous TA pre-compensation while maintaining phase continuity within aTDW
	According to Rel-17 coverage Enh. Specification 
	No impact 

	Type-2 UE: breaks phase continuity and power consistency when performing TA-precompensation update
a) UE cannot preserve phase continiuty and power consistency requirements (e.g. by performing UE autonomous TA update) within aTDW
	New gNB configuration/indication for nTDW/aTDW determination is needed.
	Spec change is needed 



Observation 1: For NTN UE that is capable of autonomous TA pre-compensation within aTDW while maintaining phase continuity or an NTN UE that maintain transmit timing requirements without performing autonomous TA pre-compensation within aTDW, configuration of aTDW can be based on the current specficiation Rel-17 coverage enhancement framework, and no specification change is required. 
Observation 2: For NTN UE that is not able to keep phase continuity and power consistency when performing TA pre-compensation, new gNB configuration/indication of aTDW is needed, to resolve the ambiguity between gNB and NTN UE. The new gNB configuration/indication for determination of nTDW/aTDW may lead to an specification change.
At the end, we would like to highlight that based on the above differentiation of the two UE types, an indication of the UE capability to gNB may also be needed. Since we have not yet had this discussion under this agenda item, this is not considered either in our contribution on UE features for this aspect.   
Nominal and Actual TDW determination
In the previous meeting, the following agreement regarding the configuration of nTDW and aTDW was reached. 
	[image: ]



In the following, we discuss three different options based on Alt2. We highlight that the main focus of the proposed options here are on type-2 UE, that cannot preserve phase continuity and power consistency requirements by RAN4, e.g. by performing autonomous TA pre-compensation update, and leads to an ambiguity between gNB and UE regarding the duration of aTDW. However, some of the options outlined below may also assist type-1 UE to be able to maintain its TA update for a longer time, such as option-1. 
Option-1: For this option, gNB provides two pre-compensation values to NTN UE, i.e., pre-compensation value 1 and pre-compensation value 2, see Figure 1. The two pre-compensation values account for NTN UEs that experience either positive or negative timing drift within the coverage beam/cell. Since the UE knows its location and the satellite’s ephemeris information it can predict its expected timing drift for future transmissions. In particular, the pre-compensation value(s) provided by gNB takes into account potential cumulative effects of the expected timing drift that a UE experiences throughout the PUSCH repetitions. Subsequently, UE applies the chosen pre-compensation at the beginning of PUSCH repetitions (e.g., at the boundaries of nTDW). This assists the NTN UE (specifically type-2 UE) to prolong the time duration it is able to maintain phase consistency.
[image: ]
[bookmark: _Ref134522704]Figure 1 - Schematic presentation of option-1.
To clarify further, let us consider one example. Let us assume that NTN UE of interest experiences negative timing drift, and it is scheduled with  PUSCH repetitions. If the first PUSCH transmission is aligned with respect to the beginning of a CP, during the  times PUSCH repetitions, NTN UE must frequently update its TA pre-compensation value to maintain and preserve UL orthogonality and/or timing error budget and/or CP timing error. Such frequent updates of UE TA pre-compensation values increases the likelihood of NTN UE breaking phase continuity and power consistency during the  PUSCH repetitions. However, according to option-1, gNB provides two pre-compensation values 1 and 2 to NTN UE (pre-compensation value 1 for negative timing drift and pre-compensation value 2 for positive timing drift). Subsequently, NTN UE selects the pre-compensation value 1 (as we assumed that the NTN UE in this example experiences negative timing drift). Therefore, by applying the pre-compensation value 1, the 1st PUSCH transmission is now more aligned towards the end of the CP, and during  PUSCH repetitions, UE can withhold its UE specific TA updates for a longer time while maintaining UL transmissions orthogonality and/or timing/CP error budgets.     
Note: we emphasize that NTN UE that acquires satellite ephemris information and autonomously update its UE specific TA component, knows whether or not experiencing negative/positive timing drift. Therefore, selection of the corresponsing pre-compensation value from the set of values provided by gNB is straightforward.   
Observation 3: By providing pre-compensation values from gNB to NTN UE that account for accumulated UE TA pre-compensation updates within nTDW, NTN UE can apply one pre-compensation value, at the beginning of PUSCH repetitions, based on its experienced positive or negative timing drift. Therefore, NTN UE is able to withhold its TA update for longer time and not breaking aTDW. 
We highlight that as part of option-1, UE TA pre-compensation does not need to be considered as a new event that breaks phase continuity and power consistency, assuming that the conditions specified above, i.e., applying accumulated value of all TA updates at once, is executed at the beginning of PUSCH repetitions. 
Observation 4: For option-1, there is no need to consider UE TA pre-compensation update as a new event that breaks phase continuity and power consistency. 
Option-2: For the second option, in order to account for the potential timing drift caused by the satellite, we propose a two-step dynamic configuration/indication of nTDW, and assumes that UE updates its TA at the boudries of nTDW. Therefore, by adjusting the duration of nTDW, the desired time window for a type-2 UE, based on its capability in withholding TA update, will be taken into account. Here, we assume that the value of nTDW is consists of two parts, i.e., a base value and an adjustement value, and total duration of nTDW, denoted by  can be determined as follows: 
, 
wherein  is the base value and it is configured/indicated according to the current specification via the RRC parameter “PUSCH-TimeDomainWindowLength”. On the other hand, to account for the current timing drift caused by the satellite,  can be signaled (via lower layer signaling, that is, MAC-CE or DCI) to the UE to adjust (expand or shrink) the size of nTDW. The particular value of  can be either directly obtained at gNB from satellite ephemris and applied to all UEs, in a conservative design, or it can be configured based on UE specific information report to gNB.      
Observation 5: By adjusting the duration of nTDW (via gNB configuration/indication), to account for the timing drift caused by the movement of the satellite or UE specific TA update rate, and assuming that NTN UE pre-compensates its TA at the boundaries of nTDW, no ambiguity remains between gNB and NTN UE for DMRS bundling framework in NTN. 
We note that, similar to option-1, no new events are needed to be considered for UE TA pre-compensation update, given that the conditions of option-2, i.e., updating TA at the boundaries of nTDW, is considered.    
Option-3: For the third option, we assume that nTDW is configured according to the current specification. However, in order to establish the common understanding between UE and gNB on the instances that UE update its TA and therefore breaks phase continuity and power consistency, we propose that gNB indicates the rate/frequency of TA update to NTN UE. Schematic presentation of option-3 is shown in Figure 2.
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[bookmark: _Ref134543668]Figure 2 - Schematic presentation of option-3. 
We highlight that, as part of option-3, the UE behaviour for periodic TA pre-compensation is expected only within the duration of PUSCH repetitions (or within the duration of nTDW). Outside the PUSCH repetitions window, UE falls back to its regular/normal UE TA pre-compensation behaviour.      
Observation 6: By gNB configuration/indication of the rate or frequency of UE TA update within PUSCH repetitions window (nTDW), both gNB and NTN UE are aware of the instances that aTDW may be broken within an nTDW. 
We note that as part of option-3, UE TA pre-compensation update must be considered as an event that breaks phase continuity and power consistency. 
Given all the three options discussed above, we propose RAN1 to down-select between these options. 
Proposal 2: RAN1 to further study gNB centeric design of nTDW/aTDW configuration/indication and down-select from the three proposed option-1, option-2, and option-3 below: 
· Option-1: gNB configuration of pre-compensation values, accounting for potential negative/positive timing drift of an NTN UE within nTDW.
· Option-2: gNB (dynamic) two-step configuration/indication of nTDW duration that accounts for the timing drift caused by satellite movement.
· Option-3: gNB configuration/indication of the rate/frequency of UE TA pre-compensations within nTDW.
PUCCH for the HARQ-ACK of the Msg4
In RAN1 #110, the following was concluded regarding the PUCCH for HARQ-ACK of the Msg4:
	Conclusion
RAN1 concluded that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.



Enhancements for this channel are therefore necessary to meet the NTN coverage requirements. Indeed, compared to the PUCCH in RRC_CONNECTED mode, the PUCCH carrying the HARQ-ACK feedback of the Msg4 does not support repetitions and hence cannot benefit from a repetition combining gain.
For this reason, the following working assumption was concluded in RAN1 #111 for the PUCCH repetition for Msg4 HARQ-ACK:
	Working assumption​
For PUCCH repetition for Msg4 HARQ-ACK,​
· One or more repetition factors may be configured via SIB​
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor​
· FFS: whether UE requests repetition or indicates repetition capability​
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB ​
· FFS: whether UE requests repetition or indicates repetition capability​
· FFS: whether repetition factor is indicated by UE​
· FFS: UE behavior when repetition factor is not configured via SIB​
· FFS: whether one or more UE capabilities are needed for the above is for further discussion​



The working assumption enables a gNB to configure either one or multiple repetition factors via SIB, and based on that a UE would act accordingly. If only one repetition factor is configured, a UE capable of PUCCH repetitions for Msg4 HARQ-ACK performs a number of repetitions aligned with the repetition factor, whereas if multiple repetition factors are configured, an additional step is necessary, wherein gNB dynamically indicates to the UE the specific repetition factor (out of the configured set) to be used. 
In the remainder of this contribution, we discuss details related to the indication of UE capability and dynamic indication of the PUCCH repetition factor from gNB to UE.
Indication of PUCCH repetition factor from gNB to UE in case multiple factors are configured
In RAN1 #112-bis, the following was agreed for the dynamic indication of PUCCH repetition factor from gNB in case multiple repetition factors are configured:
	Agreement
For PUCCH repetition for Msg4 HARQ-ACK, support Alt 1-1 for dynamic indication of repetition factor from gNB. Further discuss which field(s) to be used.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field(s)
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field 




According to the agreement of meeting#112-bis, Alt 1 was finally down-selected for indication of PUCCH repetition factor from gNB. Alt 1 seeks to indicate the repetition factor via repurposing of one field in the DCI scheduling the Msg4 PDSCH.
Among the proposed alternatives, the one to be selected largely depends on whether the application of PUCCH repetitions is limited to only the Msg4 HARQ-ACK (i.e. to the PUCCH scheduled by a DCI 1_0 with CRC scrambled by TC-RNTI) or is extended to all the PUCCH transmissions before dedicated configuration. Indeed, in the former case (limited to Msg4 HARQ-ACK), Alt 1-1d should be selected as the DAI bits are reserved for DCI 1_0 with CRC scrambled by TC-RNTI, whereas in the latter case we believe Alt 1-1d should be the one to avoid as no bits would be left for indication of the DAI. In such a case, we prefer Alt 1-1b, with repetition factor configuration per PUCCH resource. Indeed, if we consider for example PUCCH resource set Index 12 with 4 CS indexes, the total 16 resources composing the resource set are split into chunks of 4 resources, each chunk occupying certain frequency resources and each resource of the chunk being transmitted with a different CS index. This means that finally a repetition factor could be configured per CS index, leaving enough flexibility to gNB for scheduling operations.
Proposal 3. Agree to Alt 1-1d in case the PUCCH repetition feature is limited to the Msg4 HARQ-ACK.
Proposal 4. Agree to Alt 1-1b in case the PUCCH repetition feature is not limited to the Msg4 HARQ-ACK and is extended to the PUCCH transmissions before dedicated PUCCH configuration.
Regarding whether the PUCCH repetition feature should be limited to the Msg4 HARQ-ACK (aligned to the scope of the WID) or not, we believe that the WID scope should not be extended, since if gNB realizes that PUCCH repetitions are needed for a certain UE after the Msg4 HARQ-ACK, the dedicated PUCCH configuration as part of the UL BWP configuration could be indicated to the UE in the Msg4, thereby ensuring that a UE will have the proper configuration for future operation.
Proposal 5. Do not extend the scope of the WID, i.e. limit the PUCCH repetition feature to the PUCCH of the Msg4 HARQ-ACK

Indication of UE capability/request for PUCCH repetitions
In RAN1 #112-bis-e, the following working assumption was reached on the UE request of PUCCH repetitions:
	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.



As a starting point we are fine with sending an LS to RAN2 on the above topic, but since the amount of signaling states would be different for the two options considered (repetition request or capability indication), it woud be preferable if RAN1 could make a decision prior to sending the LS to RAN2. 

In RAN1 #112, the following working assumption was reached on the UE request of PUCCH repetitions:
[image: ]
The working assumption targets definition of an RSRP threshold that can be configured by gNB for UE to request PUCCH repetitions for the Msg4 HARQ-ACK. In our view, definition of such a threshold is not necessary for the targeted feature, as before the Msg4 HARQ-ACK the gNB has already received two UL transmissions from the UE (i.e. PRACH and Msg3), from which it can already derive an accurate estimate of the UE UL conditions and assign a proper repetition factor for the subsequent Msg 4 HARQ-ACK PUCCH transmission. For this reason, we believe that the working assumption should not be adopted and UE should only indicate its capability via the methods discussed throughout this section.
Proposal 6: Do not confirm the working assumption on RSRP threshold for requesting PUCCH repetitions for the Msg4 HARQ-ACK.
Proposal 7: UE indicates repetition capability to gNB for the PUCCH of the Msg4 HARQ-ACK as part of the Msg3 payload.

Repetition slot counting for FDD
For the repetition slot counting mechanism for PUCCH repetition for Msg4 HARQ-ACK, the following was concluded in RAN1 #110-bis-e:
	Conclusion
For PUCCH repetition for Msg4 HARQ-ACK,
· The existing mechanism on repetition slot counting (as in section 9.2.6 of TS 38.213) can be applied.
· FFS: whether specification update to apply the existing mechanism to PUCCH repetition for Msg4 HARQ-ACK is needed.



The existing mechanism on repetition slot counting is described in Section 9.2.6 of TS 38.213 as:
	For paired spectrum or supplementary uplink band, the UE determines the slots for a PUCCH transmission as the  consecutive slots 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.


 
The PUCCH repetitions of the Msg4 HARQ-ACK would start from a slot indicated by the field PDSCH-to-HARQ_feedback timing indicator in the scheduling DCI, and would be transmitted in the determined  consecutive slots, wherein  is currently defined as:
	A UE can be indicated to transmit a PUCCH over slots using a PUCCH resource, where
- if the PUCCH resource is indicated by a DCI format and includes PUCCH-nrofSlots,  is provided by PUCCH-nrofSlots
- otherwise, is provided by nrofSlots



It can be noted that  is currently determined based on UE dedicated RRC configuration, so rather than the mechanism on repetition slot counting, RAN1 should focus on the definition of  for the case of PUCCH of the Msg4 HARQ-ACK before RRC configuration. However, we believe that it is now too early for having such discussion in RAN1, which should be postponed to when the feature details are agreed and consolidated.
Observation 7: No specification update to apply the existing mechanism on repetition slot counting to PUCCH repetition for Msg4 HARQ-ACK is needed.
Observation 8:  is currently defined only for UEs with dedicated PUCCH configuration.
Proposal 8: Postpone discussion on definition of  for PUCCH repetition for Msg4 HARQ-ACK to when the feature details are agreed and consolidated.

Conclusion
Based on the above considerations, we made the following observations and proposals:
Observation 1: For NTN UE that is capable of autonomous TA pre-compensation within aTDW while maintaining phase continuity or an NTN UE that maintain transmit timing requirements without performing autonomous TA pre-compensation within aTDW, configuration of aTDW can be based on the current specficiation Rel-17 coverage enhancement framework, and no specification change is required. 
Observation 2: For NTN UE that is not able to keep phase continuity and power consistency when performing TA pre-compensation, new gNB configuration/indication of aTDW is needed, to resolve the ambiguity between gNB and NTN UE. The new gNB configuration/indication for determination of nTDW/aTDW may lead to an specification change.
Observation 3: By providing pre-compensation values from gNB to NTN UE that account for accumulated UE TA pre-compensation updates within nTDW, NTN UE can apply one pre-compensation value, at the beginning of PUSCH repetitions, based on its experienced positive or negative timing drift. Therefore, NTN UE is able to withhold its TA update for longer time and not breaking aTDW. 
Observation 4: For option-1, there is no need to consider UE TA pre-compensation update as a new event that breaks phase continuity and power consistency. 
Observation 5: By adjusting the duration of nTDW (via gNB configuration/indication), to account for the timing drift caused by the movement of the satellite or UE specific TA update rate, and assuming that NTN UE pre-compensates its TA at the boundaries of nTDW, no ambiguity remains between gNB and NTN UE for DMRS bundling framework in NTN. 
Observation 6: By gNB configuration/indication of the rate or frequency of UE TA update within PUSCH repetitions window (nTDW), both gNB and NTN UE are aware of the instances that aTDW may be broken within an nTDW. 
Observation 7: No specification update to apply the existing mechanism on repetition slot counting to PUCCH repetition for Msg4 HARQ-ACK is needed.
Observation 8:  is currently defined only for UEs with dedicated PUCCH configuration.

Proposal 1: UE shall be expected to pre-compensate the phase shift/difference caused by round trip time drift on a slot basis, thereby confirming the working assumption. 
Proposal 2: RAN1 to further study gNB centeric design of nTDW/aTDW configuration/indication and down-select from the three proposed option-1, option-2, and option-3 below: 
· Option-1: gNB configuration of pre-compensation values, accounting for potential negative/positive timing drift of an NTN UE within nTDW.
· Option-2: gNB (dynamic) two-step configuration/indication of nTDW duration that accounts for the timing drift caused by satellite movement.
· Option-3: gNB configuration/indication of the rate/frequency of UE TA pre-compensations within nTDW.
Proposal 3. Agree to Alt 1-1d in case the PUCCH repetition feature is limited to the Msg4 HARQ-ACK.
Proposal 4. Agree to Alt 1-1b in case the PUCCH repetition feature is not limited to the Msg4 HARQ-ACK and is extended to the PUCCH transmissions before dedicated PUCCH configuration.
Proposal 5. Do not extend the scope of the WID, i.e. limit the PUCCH repetition feature to the PUCCH of the Msg4 HARQ-ACK
Proposal 6: Do not confirm the working assumption on RSRP threshold for requesting PUCCH repetitions for the Msg4 HARQ-ACK.
Proposal 7: UE indicates repetition capability to gNB for the PUCCH of the Msg4 HARQ-ACK as part of the Msg3 payload.
Proposal 8: Postpone discussion on definition of  for PUCCH repetition for Msg4 HARQ-ACK to when the feature details are agreed and consolidated.
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For PUCCH repetition for Msg4 HARQ-ACK,
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For NTN-specific PUSCH DMRS bundling. support Alt 2 for TDW determination.
. Alt 2: gNB-centric TDW determination
o Nominal TDW is determined based on gNB configuration.
o Actual TDW is determined based on gNB configuration/indication.
o Note: Alt 2 does not imply that spec impact of actual TDW determination is assumed for NTN.
o FFS:details, including UE capability and assistance information reporting
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