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1. Introduction
Last meeting protocol overhead reduction for voice service was discussed and it is majority view that on this topic no further discussion is needed in RAN2 unless there are further RAN1 inputs. Therefore this contribution intends to discuss remaining coverage enhancement aspects, taking into account relevant RAN1 progress.
2. [bookmark: _Toc12718547]Discussion
2.1. On segmentation-based pre-compensation 
In R17, segmentation based pre-compensation has been introduced in IoT NTN to compensate the varied TA/Doppler drift issue in repetition transmission. According to existing specs, UE will adjust its TA autonomously when perform transmission, which could result in overlapping between different PUSCH repetition if the TA variance is larger than the PUSCH transmission duration. And the situation got worse when repetition number increases.
Observation 1: Segmentation based pre-compensation has been introduced in R17 IoT NTN to handle frequent varied TA/Doppler drift issue in UL repetition transmission.
In R18 NTN coverage enhancement discussion in order to improve coverage and mitigate the performance gap for voice service, RAN1 is considering increase repetition number together with DMRS bundling. If repetition number is increased, the TA variance issue could be worse considering both movement at satellites and UEs. For example, if UE use the same TA for each repetition it could risk losing synchronization in uplink transmission. But if UE does adjust its TA than it is possible the repetition transmission could collapse. Moreover, as evaluated in our paper [1], to avoid mitigate the performance gain of DMRS bundling, segmented pre-comensation is needed to allow good coherence of bundled DMRSs, which could give at least 1dB extra gain, depending on repetition number.
Observation 2: Repetition number might be increased in R18 NTN to improve coverage, which will worse the TA variance issue in UL repetition based transmission, thus lead to either risk of losing UL synchronization or UL transmission collapse.
Observation 3: Segmented pre-compensation is needed to avoid performance down-grade of DMRS bundling.
With the above observations, since segmentation based pre-compensation has been considered as a useful tool for IoT NTN, it is proposed to adopt the same solution for NR NTN as well. However the details can be ffs, but it shall be fine to take IoT NTN mechanism as baseline. 
Proposal 1: Segmented pre-compensation is supported in NR NTN. Details ffs.

2.2. Msg4 HARQ-ACK enhancement 
	Agreements RAN2#119bis-e 
For PUCCH repetition for Msg4 HARQ-ACK,
· Discuss the following options of procedure to perform repetitions
· Option 1: UE always performs repetition if configured in cell-specific manner
· FFS: details of cell-specific configuration
· FFS: behavior of UE being incapable of repetition
· Option 2: UE requests repetition and is dynamically indicated to perform repetition
· FFS: details of repetition request
· FFS: details of configuration and dynamic repetition indication
· Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
· How UE indicates repetition capability before Msg4


RAN1 has agreed to allow repetition of Msg4 HARQ ACK considering options shown in above table, which could have impact on RACH procedure. In this section we will discuss the pros and cons of above solutions, and give analysis from RAN2 point of view. 
Observation 4: RAN1 has agreed to allow repetition of Msg4 HARQ ACK which could impact RACH procedure design. 
Basically there are two ways to handle the discussion on this topic:
· Opt1: Postpone discussion in RAN2 until RAN1 concludes on the granularity to configure the repetition
· Opt2: Simultaneous discussion in RAN2 to evaluate higher layer impact on both options listed for study
Considering RAN1 is still discussing the applicable scenarios for Msg4 HARQ-ACK, i.e., whether the enhancement only focusing on common PUCCH resource or includes also dedicated PUCCH configuration, which will impact the selection of approaches. And they are still evaluating the necessity of UE-specific repetition configuration, it is preferred to wait on RAN1 progress to discuss required procedure adaption in RAN2.
Observation 5: RAN1 is still discussing applicable scenarios (e.g., whether to limit to common PUCCH resource) and the necessity of UE-specific repetition of Msg4 HARQ-ACK.

Proposal 2: For Msg4 HARQ-ACK enhancement, RAN2 wait for more RAN1 progress to discuss required RACH procedure adaption.



3. Conclusion and proposals
Based on the analysis in previous sections, the following proposals are given: 
On segmentation based pre-compensation
Observation 1: Segmentation based pre-compensation has been introduced in R17 IoT NTN to handle frequent varied TA/Doppler drift issue in UL repetition transmission.
Observation 2: Repetition number might be increased in R18 NTN to improve coverage, which will worse the TA variance issue in UL repetition based transmission, thus lead to either risk of losing UL synchronization or UL transmission collapse.
Observation 3: Segmented precompensation is needed to avoid performance down-grade of DMRS bundling.
Proposal 1: Segmented pre-compensation is supported in NR NTN. Details ffs.

Msg4 HARQ-ACK enhancement
Observation 4: RAN1 has agreed to allow repetition of Msg4 HARQ ACK which could impact RACH procedure design. 
Observation 5: RAN1 is still discussing applicable scenarios (e.g., whether to limit to common PUCCH resource) and the necessity of UE-specific repetition of Msg4 HARQ-ACK.

Proposal 2: For Msg4 HARQ-ACK enhancement, RAN2 wait for more RAN1 progress to discuss required RACH procedure adaption
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