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Introduction 
From RAN1#110bis, there were the following agreements with respect to the issue of PUCCH repetition for NTN [1],

Agreement
For PUCCH for Msg4 HARQ-ACK,
· Support PUCCH repetition
· Further discuss the specification impact for at least the following
· Procedure and signaling (e.g., cell-specific configuration, request to gNB and dynamic indication from gNB, UE capability indication before Msg4, etc.)
· Repetition factor
· Repetition slot counting for FDD
· Further study whether to enhance or support the following
· Frequency hopping
· DMRS bundling

Agreement
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

[bookmark: _Hlk117153843]Agreement
For PUCCH transmission for Msg4 HARQ-ACK, supported number of transmissions are 1, 2, 4, 8.
· Note: single PUCCH transmission is performed as in the existing specification, and/or (if supported for single PUCCH transmission) according to configuration/indication e.g., in signaling with respect to number of transmissions.
· FFS: whether larger number of transmissions is supported
FFS: whether/how single PUCCH transmission can be configured and/or indicated

Discussion 
In [3] for RAN1#110, August, 2022, we considered the question of coverage enhancement for NTN. There we considered the use of DTF-s-OFDM as a single carrier waveform for the downlink, and we also considered the potential for using 2x2 pre-coding with CP-OFDM. Since our previous contribution there have been several agreements as noted in the introduction. In this contribution we review our views for those agreements as well as some further considerations for the use of polarization. 

PUCCH for Msg4 HARQ-ACK

RAN1#110bis made an agreement on the support of PUCCH repetition transmission for PUCCH of Msg4 HARQ-ACK, and the supported number of repetitions are 1, 2, 4 and 8. Discussions for related procedures and PUCCH signaling have been on going. The repetition factor for PUCCH may be cell-specific or it may be UE-specific.  If it is cell specific the repetition factor used by all the UEs in the cell will have to accommodate the worst possible channel condition in the cell, this would lead to a waste of resource for some scenarios.  

For a UE-specific configuration, assuming a cell-specific configuration is not also used, the gNB would need to know the repetition factor used by the UE. There are a few ways this may be accomplished keeping in mind it may be dependent on the usage scenario, e.g. large cell footprint, or narrow as that for a K band beam footprint.  Among the methods for signaling the UE’s repetition number include blind detection,  or explicit signaling (e.g. PRACH, msg4, RAR UL grant, or DCI).  Of these for explicit signaling the DCI 1_0 scrambled by the RNTI for scheduling of Msg4 PDSCH may be a candidate to consider.  For implicit signaling the RAR UL grant may be used, although a further investigation would be required. Lastly for a multi-beam scenario the repetition factor may be implicitly indicated from the beam identification. 

If both are used for a particular cell the UE may override if required, the cell specific configuration using an explicit indication. 

Observation 1: Whether cell-specific or UE-specific repetition is used for PUCCH for Msg4 HARQ-ACK may be dependent on the scenario.

Proposal 1: Support UE specific repetition number configuration for PUCCH for Msg4 HARQ-ACK.

Coverage Enhancement Through Polarization

It is very likely that polarization will be used as a candidate for coverage enhancement in NTN. It has been noted that if the UE has linear polarization, and the gNB is using one or both of LHCP, or RHCP, there will be a 3 dB polarization loss. Consequently the polarization used by the gNB must be matched to that used by the UE.  The method that is used to ensure they are matched has been debated but may include some type of signalling with the gNB. 

This issue presents itself for both the initialization of the UE with the gNB as well as during the connected mode. In the event of a RLF the reestablishment of the UE’s connection with the gNB would also have to account for the polarization in use.  Furthermore, if different UEs within the cell have different levels of support for the use of polarization, this would also need to be addressed.

Since repetition can be used for PRACH for coverage extension the use of polarization for PRACH may not be required. This would need further investigation, however if true PRACH could be used to signal the intended use of polarization by the UE and ensure that the polarization used matched with the gNB. 

Observation 2: The use of polarization can support the need for coverage enhancement however it may not be needed for PRACH. 

Proposal 2: Study the use of polarization for coverage enhancement in NTN. 
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Observation 1: Whether cell-specific or UE-specific repetition is used for PUCCH for Msg4 HARQ-ACK may be dependent on the scenario.

Proposal 1: Support UE specific repetition number configuration for PUCCH for Msg4 HARQ-ACK.

Observation 2: The use of polarization can support the need for coverage enhancement however it may not be needed for PRACH. 

Proposal 2: Study the use of polarization for coverage enhancement in NTN. 
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