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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 [2] 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, the previous RAN1 working group meetings and agreements, this contribution focuses on an analysis of the refined objectives and presents observations and proposals for development of the target features.
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In this contribution we will continue to discuss our views on enhancements to DMRS bundling and PUCCH for the HARQ-ACK of the Msg4.
DMRS bundling 
In this section, we express our views on the remaining issues for the topic of DMRS bundling in NTN. 
Issue-1 [UE capability or assistance information report]: With respect to this issue, in the previous RAN1#113 meeting, the following agreement is reached. 
	Agreement
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report (in addition to FG 44-2), one or more of the following is down-selected.
· Option 1a: No new capability except for FG44-2
· Note: FG 30-4 is reported [in consideration of pre-compensation to keep phase rotation due to timing drift within the phase difference limit and without taking TA pre-compensation update into account]
· Option 1b: Max TDW size when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without taking TA pre-compensation update into account
· Note: FG 30-4 is not reported for NTN band
· Option 1c: Support of antenna switching with DMRS bundling in NTN
· Option 1d: Max TDW size per NTN platform (e.g., LEO, MEO, GEO) with taking TA pre-compensation update into account
· FFS details
· Option 1e: Max TDW size per elevation angle with taking TA pre-compensation update into account
· Option 1f: Whether to support actual TDW across pre-compensation segments
· Segments defined in R17 IoT-NTN is baseline, FFS details
· Option 1g: Whether to support TA pre-compensation update within an actual TDW that does not violate the phase difference limit
· As UE assistance information (i.e., report by signaling other than UE capability report (FFS details)), one or more of the following is down-selected.
· Option 2a: No assistance information
· Option 2b: Max TDW size based on reporting timing
· FFS which timing is referred
· Option 2c: TA adjustment timing
· Option 2d: Antenna switching interval




From the list of possible options to down-select for UE capability report, we believe Option 1e and Option 1d are not suitable as they lead to an unnecessary complicated design. For Option 1e, it is not clear how one can benefit by associating Max TDW size to eleveation angle, as typically UEs at the beam edge with minimum elevation angle may be in need of coverage enhancement. Furthermore, it is not clear if, when the elevation angle is changed, an updated UE capability report is needed or not. If such update is needed, this may lead to frequent UE capability report update, which may be contradicting since such change of conditions are reflective of the radio environment rather than a specific UE capability. For option 1d, we prefer to have a design which is independent from the deployment scenario. 
We also believe that no capability report regarding antenna switching (Option 1c) and support of aTDW across pre-compensation segments are needed. The main reason being capability report based on these options are not really associated to the coverage enhancement framework introduced in Rel-17. 
Furthermore, when comparing the two options 1a and 1b, we do not see a clear benefit in introducing a new capability, to indicate Max TDW size, as in option 1b, taking phase pre-compensation into account. In particular, this consideration can already be taken into account using the existing UE capability report, i.e., FG 30-4. Therefore, we propose to down-select option 1a and remove the brackets and merge the text with the Note in option 1a.
Proposal 1: RAN1 to down-select option 1a as the solution for the UE capability report. 
Proposal 2: RAN1 to send an LS to RAN4 regarding the feature related to UE capability FG 30-4 and request that FG 30-4 is tested under the assumption of a moving satellite for the NTN specific scenarios.
The agreement above, in addition to the several UE capability reports, also discusses several options for UE assistance information that can be signaled to gNB/network on top of any selected UE capability report. In our view, signaling of additional UE assistance information is not needed. Therefore, our preference is to down-select option 2a. 
Proposal 3: RAN1 to down-select option 2a as the solution for the UE assistance information.           
Issue-2 [nominal TDW configuration/determination]: With respect to nominal TDW (nTDW) determination, the following working assumption was agreed in the previous meeting.
	Working assumption
For NTN-specific PUSCH DMRS bundling, reuse clause 6.1.7 in TS38.214 for nominal TDW determination, except for aspects related to UE capabilities and assistance information (if needed).
· i.e., if PUSCH-TimeDomainWindowLength is configured, nominal TDW is determined by PUSCH-TimeDomainWindowLength; otherwise, nominal TDW is determined based on UE capability(ies) signaling.
· FFS: which UE capability(ies) signaling is(are) used
· FFS: whether/how to use UE assistance information, if supported




Based on the above working assumption nTDW is determined according to current framework of coverage enhancement in Rel-17, i.e., clause 6.1.7 in TS34.214. Based on our discussion for Issue-1, with the down-selection of option 1a, no additional steps on top of Rel-17 mechanisms for nTDW determination is needed. Therefore, our preference is that we confirm the working assumption after removing the two FFS bullets. 
Proposal 4: For NTN-specific PUSCH DMRS bundling, reuse clause 6.1.7 in TS38.214 for nominal TDW determination, i.e., if PUSCH-TimeDomainWindowLength is configured, nominal TDW is determined by PUSCH-TimeDomainWindowLength; otherwise, nominal TDW is determined based on UE FG 30-4 capability signaling.

Issue-3 [actual TDW configuration/determination]: Regarding the determination of actual TDW (aTDW), the following agreement is obtained in the previous RAN1#113 meeting.
	Agreement
For NTN-specific PUSCH DMRS bundling, one or more of the following is down-selected for actual TDW determination.
· Actual TDW is determined by the existing events and,
· Alt A: No additional event
· i.e., no spec impact is assumed for actual TDW determination.
· Alt B: New event of TA pre-compensation timing dynamically indicated by gNB
· i.e., TA pre-compensation timing can be dynamically indicated by gNB
· Note: UE can perform TA pre-compensation update at the indicated timing
· FFS: detailed indication
· Alt C: as dynamically indicated by gNB
· i.e., actual TDW can be dynamically indicated by gNB
· FFS: detailed indication
· Alt D: New event based on epoch time
· FFS details
· Alt E: New event based on antenna switching




For Alt B, 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 updates its TA and therefore breaks phase continuity and power consistency, we propose that gNB indicates the rate/frequency as well as “time offset” of allowed TA updates to NTN UE. Schematic presentation of Alt B is shown in Figure 1 below.
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Figure 1 - Schematic presentation of Alt B
We highlight that, as part Alt B, 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 and is not under any restrictions from gNB control.      
Observation 1: 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. 
Proposal 5: RAN1 to down-select Alt B for determination of actual TDW for NTN DMRS bundling.  

 PUCCH for the HARQ-ACK of the Msg4
In RAN1 #113, the following working assumption was agreed for the PUCCH repetitions for Msg4 HARQ-ACK:
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, 
· Two-state information is transmitted as ‘repetition request or capability report’ in the existing agreements/working assumptions.
· The two-state information represents state 1: ‘repetition request or capability report’ or state 2: no indication.
· How to transmit the two-state information is up to RAN2 when higher layer signaling is used for the transmission.
· In state 1, only either repetition request or capability report is transmitted from each UE when transmitted, and they are not differentiated in the signaling.
· Note: repetition request and capability report are defined as in the working assumption reached at RAN1#112.



We believe the working assumption should be confirmed and agreed with state 1 representing UE capability report only. The gNB is not aware of UE capabilities at that stage, so it is natural for this state to represent information on UE capability. It should be noted that that the UE is in no condition to have a proper understanding of the radio conditions that would or would not require repetitions. This assessment would be on the gNB side, where the gNB has the possibility to evaluate the radio conditions for the uplink transmissions.
Proposal 6. Agree to working assumption with state 1 representing UE capability report only.
In RAN1 #112, the following working assumption was reached in the context of UE request of PUCCH repetitions:
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB at least when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured and the configured RSRP threshold is smaller than X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request if measured RSRP is lower than a RSRP threshold.
· If the RSRP threshold is not configured, or if the configured RSRP threshold is X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· FFS: value of X (the maximum configurable value of the RSRP threshold)
· Down-select one from the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report



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. As stated before, the indication from the UE to the gNB for such a case would never be considered a “repetition request”, but would be indicative of a UE fulfilling a certain radio propagation condition (meeting a RSRP threshold). For any practical condition, this could only be seen as the UE indicating that it supports PUCCH repetitions, but this time only while still meeting a RSRP threshold. 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 7: Do not confirm the working assumption on RSRP threshold for requesting PUCCH repetitions for the Msg4 HARQ-ACK.
Conclusion
In this contribution we have presented our views which are best summarized through an observation and a number of proposals which are as follows:
Observation 1: 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. 

Proposal 1: RAN1 to down-select option 1a as the solution for the UE capability report. 
Proposal 2: RAN1 to send an LS to RAN4 regarding the feature related to UE capability FG 30-4 and request that FG 30-4 is tested under the assumption of a moving satellite for the NTN specific scenarios.
Proposal 3: RAN1 to down-select option 2a as the solution for the UE assistance information.           
Proposal 4: For NTN-specific PUSCH DMRS bundling, reuse clause 6.1.7 in TS38.214 for nominal TDW determination, i.e., if PUSCH-TimeDomainWindowLength is configured, nominal TDW is determined by PUSCH-TimeDomainWindowLength; otherwise, nominal TDW is determined based on UE FG 30-4 capability signaling.
Proposal 5: RAN1 to down-select Alt B for determination of actual TDW for NTN DMRS bundling.  
Proposal 6. Agree to working assumption with state 1 representing UE capability report only.
Proposal 7: Do not confirm the working assumption on RSRP threshold for requesting PUCCH repetitions for the Msg4 HARQ-ACK.
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