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Introduction
The work item description (WID) for NR NTN enhancements was revised at the RAN#97-e meeting [1]. The revised WID include the following objectives and assumptions for coverage enhancements for NR NTN.
	The following reference scenario is considered for the definition of uplink coverage enhancements for NTN: parameter set-1 for LEO-1200 satellite operating at Line of Sight (LOS) and commercial smartphones with -5.5 dBi antenna gain and 3 dB polarisation loss (per antenna port). 
Note: It is understood that the enhancements defined for LEO can also apply to GEO and MEO scenarios as appropriate. No additional work is expected for MEO/GEO.
The targeted services are VoIP using AMR 4.75 kbps and data transmission services with Low data rate of 3 kbps.


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]


In this contribution, we express our views on coverage enhancements for NR NTN including PUCCH enhancements for Msg4 HARQ-ACK and enhancements for DMRS bundling for PUSCH. 
Discussion
PUCCH enhancements for Msg4 HARQ-ACK
Coverage enhancement for PUCCH carrying HARQ-ACK in response to Msg4 PDSCH can be achieved by supporting multiple repetitions for PUCCH transmission. Currently there is no defined mechanism to indicate the number of repetitions for that case. For Msg3 PUSCH initial transmission and retransmission, the number of repetitions is indicated by repurposing MCS in the RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI, respectively. The dynamic indication for PUCCH repetitions via DCI allows to control the number of repetitions by the gNB based on SNR estimated from previous UL transmissions (e.g. PRACH or Msg3 PUSCH). Thus, for HARQ-ACK in response to Msg4 PDSCH the number of repetitions can be determined based on DCI format 1_0. In order to indicate the number of repetitions, certain DCI field in DCI format 1_0 scrambled by TC-RNTI can be repurposed (e.g. DAI reserved bits, TPC for PUCCH, MCS). 
Alternatively, the number of repetitions for PUCCH repetitions carrying HARQ-ACK for Msg4 can be determined implicitly based on the number of repetitions configured for PRACH transmission or indicated for Msg 3 PUSCH transmission. For example, the number of repetitions for HARQ-ACK in response to Msg4 PDSCH can be linked to the number of repetitions configured for Msg 3 PUSCH. In order to allow some level of flexibility at the gNB, a combination of dynamic indication in DCI and implicit determination based on PUSCH/PRACH repetitions can be used for determination of the number of repetitions.

Proposal 1: 
· Consider the following options for indication of PUCCH repetition level
A. Alt1: Dynamic indication via DCI (reproposing of DCI bits may be considered)
B. Alt2: Linkage between PRACH/Msg3 PUSCH and PUCCH repetitions
C. Alt3: Combination of Alt1 and Alt2

In our view there is no need to change the mechanism of PUCCH resource determination for HARQ-ACK in response to Msg4. Thus, we propose to support same PUCCH resource (determined by PRI in the DCI and starting CCE) for all PUCCH repetitions.
Proposal 2: 
· Same PUCCH resource (determined by PRI in the DCI and starting CCE) is used for all PUCCH repetitions

Given that intra-slot frequency hopping with a mirrored patterns is already supported for cell specific PUCCH resource, the need for additional inter-slot frequency hopping is not very strong. Thus, in our view there is no need to support inter-slot frequency hopping for PUCCH repetitions with HARQ-ACK in response to Msg4 PDSCH.
Proposal 3: 
· Do not support inter-slot frequency hopping PUCCH repetitions with HARQ-ACK in response to Msg4 PDSCH

[bookmark: _Hlk115440230]Assumption applied for spatial domain filter at the UE for PUCCH transmission with HARQ-ACK in response to Msg4 PDSCH is specified in section 9.2.1 of TS38.213. According to the specification, the UE transmits the PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled by a RAR UL grant. In our view, in order to allow coherent combining at gNB receiver, same Tx beam can be applied for all the repetitions of PUCCH transmission with HARQ-ACK in response to Msg4 PDSCH.
Proposal 4: 
· Same Tx beam is applied for all the repetitions of PUCCH transmission with HARQ-ACK in response to Msg4 PDSCH

As defined in Rel-15, slot for PUCCH repetition is counted based on concept of available slot, where the PUCCH symbols do not overlap with DL symbols configured by cell specific or UE specific TDD UL/DL configuration or SSB symbols. Similar mechanism was defined for Msg3 PUSCH repetition, where the available slot is determined based on the cell specific UL/DL configuration and SSB symbols. Further, for FDD bands, all slots are considered as available slot for PUCCH repetition with UE specific configuration and Msg3 PUSCH repetitions. Assuming that the NTN satellite deployments are using FDD bands only, the definition of available slot for multiple repetitions of PUCCH with HARQ-ACK in response to Msg4 PDSCH is not needed. However, in our view, extension of available slots definition can be considered in order to enable use of the HARQ-ACK for Msg4 with multiple repetitions for unpaired spectrum. 
Proposal 5: 
· PUCCH repetitions with HARQ-ACK for Msg4 can be counted based on available slot
DMRS bundling for PUSCH
In order to improve the channel estimation accuracy and coverage performance for PUSCH transmission, DMRS bundling can be used, where it is assumed that join channel estimation is applied for multiple repetitions of PUSCH. Support of the joint channel estimation feature is enabled for terrestrial networks. However, it is not clear if this feature can be directly reused for NTN due to autonomous pre-compensation of delay and Doppler at the UE. In order to compensate variations of delay and Doppler UE needs to change applied time and frequency shift for UL transmission. Change of time and frequency shift at the UE at the slot boundaries can lead to abrupt change of phase per slot which may dramatically decrease the accuracy for the joint channel estimation. 
In order to enable support of joint PUSCH channel estimation for NTN, assumption on the UE implementation for update of time and frequency shift for UL transmission is required. In our view at least the following UE implementations can be further considered by RAN1: 
A. Time/frequency shift is fixed for the duration corresponding to the DMRS bundling size,
B. Time/frequency shift is constantly changed on every symbol without abrupt phase changes, 
where DMRS bundle size corresponds to the number of slots for joint channel estimation. For implementation A it is assumed that a UE changes time/frequency shift only at the boarder of segments which corresponds to the PUSCH slots used for joint channel estimation. Thus, in this case there is no impact on the channel estimation accuracy from the changes of time/frequency pre-compensation values. For implementation B it is assumed that time/frequency shift is constantly changed on every symbol so the channel coefficients are changing smoothly in time domain without abrupt changes.
Proposal 6: 
· The following UE implementations can be further considered by RAN1: 
A. Time/frequency shift is fixed for the duration corresponding to the DMRS bundling size
B. Time/frequency shift is constantly changed on every symbol without abrupt phase changes 
For NB-IoT/eMTC NTN segment size for autonomous UE pre-compensation adjustment is configured by the network. At the last RAN1 meeting it was agreed to support UE capability on the gaps for segmented UL transmission for both eMTC and NB-IoT NTN. The gaps may be required in order to allow low-complexity implementation for adjustment of time/frequency shift for UL transmission at the UE. Considering that NR devices allow higher UE complexity comparing to eMTC/NB-IoT devices, there is no need to support additional gaps to adjust the UE pre-compensation values. Moreover, support of gaps may reduce coverage performance of PUSCH transmission which is not aligned with the Rel-18 NR NTN work item objectives. 
Proposal 7: 
· Additional gaps to adjust the UE pre-compensation values are not supported for NR NTN
Conclusion
In this contribution, we expressed our views on coverage enhancements for NR NTN including PUCCH enhancements for Msg4 HARQ-ACK and enhancements for DMRS bundling for PUSCH. The following proposals were made. 
Proposal 1: 
· Consider the following options for indication of PUCCH repetition level
A. Alt1: Dynamic indication via DCI (reproposing of DCI bits may be considered)
B. Alt2: Linkage between PRACH/Msg3 PUSCH and PUCCH repetitions
C. Alt3: Combination of Alt1 and Alt2
Proposal 2: 
· Same PUCCH resource (determined by PRI in the DCI and starting CCE) is used for all PUCCH repetitions
Proposal 3: 
· Do not support inter-slot frequency hopping PUCCH repetitions with HARQ-ACK in response to Msg4 PDSCH
Proposal 4: 
· Same Tx beam is applied for all the repetitions of PUCCH transmission with HARQ-ACK in response to Msg4 PDSCH
Proposal 5: 
· PUCCH repetitions with HARQ-ACK for Msg4 can be counted based on available slot
Proposal 6: 
· The following UE implementations can be further considered by RAN1: 
A. Time/frequency shift is fixed for the duration corresponding to the DMRS bundling size
B. Time/frequency shift is constantly changed on every symbol without abrupt phase changes 
Proposal 7: 
· Additional gaps to adjust the UE pre-compensation values are not supported for NR NTN
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