3GPP TSG RAN WG1 #115	R1-2312137
Chicago, IL, USA, 13th – 17th November, 2023

Agenda item:		8.13.1
Source:	Nokia, Nokia Shanghai Bell
Title:	Open issues related to coverage enhancements for NR over NTN
Document for:		Discussion and Decision

Introduction
[bookmark: _Hlk510705081]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. 
In this contribution we discuss the remaining open issues on PUCCH repetition for Msg4 HARQ-ACK.
Discussion
Handling of PUCCH repetition factor when SI is modified
As agreed in previous RAN1 meetings, the repetition factor indicated via 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 is used by the UE not only for the Msg4 HARQ-ACK transmission but as long as UE does not have a dedicated PUCCH resource configuration. This means also that a UE will be using the repetition factor for PUCCH transmissions in RRC_CONNECTED mode, until gNB configured a dedicated PUCCH configuration or until the UE enters a state where it loses the dedicated PUCCH resource configuration (that is, handover or entering RRC_IDLE again).
This mode of operation, however, creates an ambiguity in the case numberOfPUCCHforMsg4HARQACK-RepetitionsList is modified throughout UE operation in the network but the UE does not receive a PDCCH addressed to TC-RNTI scheduling a PDSCH reception that includes a UE contention resolution identity after the modification of the SI. Such a problem may occur for example in the case of SI modification for a cell or in the case of handover of the UE to another cell, and for such cases a UE behavior might need to be defined for the UE to keep operating without dedicated PUCCH configuration but with a number of PUCCH repetitions supported by the new SI.
One possible approach to address the problem described above would be for the UE to keep operating with the previously indicated number of PUCCH repetitions if such number of PUCCH repetitions is supported by the new PUCCH repetition table configuration and for the UE to operate with the lowest number of PUCCH repetitions supported by the new configuration in case the previously indicated number of PUCCH repetitions is not supported by the new PUCCH repetition table. Although the motivation for the former approach is straightforward, we are proposing that a UE switches to the lowest number of PUCCH repetitions after SI modifications (if previous number not supported) to avoid a UE handovering to another cell with good channel conditions occupying excessive network resources when not needed and potentially creating unwanted interference in PUCCH resources in slots that are not designated for PUCCH repetitions for this given UE. If then the lowest number of PUCCH repetitions is not enough for the UE to keep connected to the network, UE will perform the RACH procedure and will be able to be assigned an appropriate number of PUCCH repetitions via the DAI field of the DCI format 1_0 with CRC scrambled by a TC-RNTI.
Proposal 1: RAN1 to discuss handling of PUCCH repetition for common PUCCH in the case of SI modification and no DCI format 1_0 with CRC scrambled by a TC-RNTI received by the UE.
Conclusion
In this contribution we discussed the handling of PUCCH repetitions in case of SI modification and made the following proposal:
Proposal 1: RAN1 to discuss handling of PUCCH repetition for common PUCCH in the case of SI modification and no DCI format 1_0 with CRC scrambled by a TC-RNTI received by the UE.
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