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The Release-18 NR NTN enhancement work item was approved in RAN #94e meeting [1] and updated in RAN #97e meeting [2].

In the NR NTN work item, one of the RAN1 objectives is coverage enhancement. In RAN1 #110 meeting, there are lots of agreements on the evaluation observations and conclusions for NR NTN uplink channel coverage enhancement [3]. 

Conclusion
For Rel-18 coverage enhancement in NTN, NLOS environment is deprioritized.

Agreement
For NR-NTN coverage enhancement, RAN1 concludes that coverage enhancements specifically for GEO and MEO are de-prioritized in Rel-18.
· Potential enhancements for LEO can also apply to GEO and MEO

Agreement
For NR-NTN coverage enhancement in Rel-18, link budget of parameter set-1 for LEO-1200 operating at LOS is considered as the target to evaluate whether each channel/signal with the existing specification needs to be enhanced or not. The targeted performances are used to evaluate the following services:
· VoIP using AMR 4.75 kbps. 
· Low data rate of 3 kbps. 
· Potential enhancements for deployments with parameter set-1 can also apply for deployments for parameter set-2

Observation
For PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS,
· Five sources observed that the existing specification can meet the performance requirement

Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement
· One source observed that the existing specification cannot meet the performance requirement with at least 0.6 dB gap

Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUCCH for Msg4 HARQ-ACK with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Three sources observed that the existing specification cannot meet the performance requirement with a gap of 1.8 to 6 dB.

Conclusion
RAN1 concluded that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement

Conclusion
RAN1 concluded that enhancement is unnecessary for PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PRACH format 0 with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Eight sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 5.3 dB
For PRACH format 2 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification can meet the performance requirement
· Two sources observed that the existing specification cannot meet the performance requirement with a gap of 1.9 to 8.8 dB
For PRACH format B4 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification cannot meet the performance requirement with a gap of 1.2 to 11.9 dB
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.

Observation
For PUSCH for VoIP with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement with a margin of 0 to 1.7 dB
· One company simulated by using 20 repetitions without DMRS bundling
· Four companies simulated by using 20 repetitions with DMRS bundling
· One company simulated by using 32 repetitions with DMRS bundling
· Note: this is the only result using frame combining by application layer
· Nine sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 8.6 dB
· Eight companies simulated by using 20 repetitions without DMRS bundling
· Seven companies simulated without frequency hopping
· One company simulated by using 16 repetitions with DMRS bundling
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.

Observation
RAN1 concluded that enhancement for PUSCH for VoIP may be needed to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, when DMRS bundling is not applied.

Observation
For Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement
· One source observed that the existing specification cannot meet the performance requirement with a gap of 1.5 dB.

Conclusion
RAN1 concluded that enhancement is unnecessary for Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Based on RAN1 observations and conclusions, the NR NTN WID [2] was updated as

	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 provide our views on the enhancements of PUCCH for Msg4 HARQ-ACK and DMRS bundling for PUSCH for NR NTN.
Discussion
PUCCH for Msg4 HARQ-ACK
In Rel-18 NR NTN coverage evaluation, it was observed [3] that PUCCH for Msg4 HARQ-ACK, with parameter set-1 or LEO-1200 operating at LOS, cannot meet the performance requirement with a gap of 1.8 to 6 dB. 

Note that PUCCH format 0 or 1 is used for Msg4 HARQ-ACK due to its small payload size. Considering its coverage benefit, PUCCH format 1 may be widely used for Msg4 HARQ-ACK in NR NTN scenario. 
On the other hand, in Rel-18 NR NTN coverage evaluation it was observed [3] that PUCCH format 1, with parameter set-1 for LEO-1200 operating at LOS, can meet the performance requirement. 

The main reason why PUCCH format 1 can meet the performance requirement while PUCCH for Msg4 HARQ-ACK cannot meet the performance requirement is that repetition is assumed in the link level simulations for PUCCH format 1. The PUCCH repetition is supported in UE specific PUCCH configuration. For example, the parameter “nrofSlots” in the IE of PUCCH-FormatConfig indicates the number of PUCCH repetitions could be up 8 times. Furthermore, Rel-17 NR coverage enhancement enables the dynamic PUCCH repetition factor indication. 

The PUCCH repetition does not exist for Msg4 HARQ-ACK, as the IE of PUCCH-ConfigCommon does not include the corresponding parameter to indicate PUCCH repetition number.

Considering that PUCCH format 1 (with up to 8 repetitions) can meet the performance requirement, we think PUCCH for Msg4 HARQ-ACK can meet the performance requirement given that the repetition of PUCCH for Msg4 HARQ-ACK is supported. Hence, we have the following proposal.

Proposal 1: Support the repetition of PUCCH for Msg4 HARQ-ACK, where the candidate number of repetitions include 2, 4 and 8. 

In NR NTN, the large satellite beam footprint indicates that UEs in the coverage of the same satellite have quite various channel conditions. The PUCCH repetition for Msg4 HARQ-ACK may be needed for one UE, while it is unnecessary for another UE. Hence, it is desirable that the PUCCH repetition is only applied for the UEs with poor channel conditions, rather than all the UEs in the coverage of NR NTN. Subsequently, the number of PUCCH repetitions for Msg4 HARQ-ACK is UE specific. 

In Rel-17 NR coverage enhancement, Type A PUSCH repetitions for Msg3 was introduced. A UE determines Msg3 PUSCH repetition is needed when the RSRP of the downlink pathloss reference is lower than an RSRP threshold. To request Msg3 PUSCH repetition, a UE uses separate PRACH preamble in a shared RACH occasion configured by the same PRACH configuration index with legacy UEs.

We think the similar triggering procedure for PUSCH repetitions for Msg3 could be applied to PUCCH for Msg4 HARQ-ACK. Specifically, a UE determines PUCCH repetition for Msg4 HARQ-ACK is needed when its measured SSB RSRP is lower than an RSRP threshold. To request PUCCH repetition for Msg4, a UE transmits a dedicated PRACH preamble or transmit PRACH on a dedicated RACH occasion.
 
Proposal 2: A UE determines the need of PUCCH repetition for Msg4 HARQ-ACK based on its measured SSB RSRP.

Proposal 3: Repetition of PUCCH for Msg4 HARQ-ACK is triggered by a dedicated PRACH preamble transmission or by transmitting preamble on a dedicated RACH occasion. 

Considering the commonness of triggering condition and triggering signaling, it is possible that the PUCCH repetition for Msg4 HARQ-ACK is associated with PUSCH repetition for Msg3. In other words, when a UE determines to trigger PUSCH repetition for Msg3, it autonomously triggers PUCCH repetition for Msg4 HARQ-ACK. 

Proposal 4: Consider simultaneous triggering of PUCCH repetition for Msg4 HARQ-ACK and PUSCH repetition for Msg3. 

Once a gNB receives a UE’s request for PUCCH repetition for Msg4 HARQ-ACK, it decides whether to schedule PUCCH repetition for Msg4 HARQ-ACK, as well as how many PUCCH repetitions are applied. Such scheduling information can be delivered in the DCI 1_0 for Msg4 PDSCH. To support this dynamic indication, it is necessary to update the cell-specific PUCCH configuration, where the candidate number of PUCCH repetitions for Msg4 HARQ-ACK is configured. In the DCI 1_0 for Msg4 PDSCH, the actual number of PUCCH repetitions for Msg4 HARQ-ACK is indicated based on the cell-specific PUCCH configuration.

Besides the configuration of PUCCH repetition number, the frequency hopping mode can also be configured in the cell-specific PUCCH configuration. This includes whether inter-slot frequency hopping is supported and the corresponding frequency hopping offset. 

The legacy cell-specific PUCCH resource set is configured via an index pucch-ResourceCommon to a table of cell-specific PUCCH resource sets, and the actual PUCCH resource is indicated by PUCCH resource indicator (PRI) via DCI. To co-exist with legacy UE by avoiding cell-specific PUCCH resource collision, a new index to the table should be configured for Rel-18 NTN, separately from the existing index pucch-ResourceCommon to the table of cell-specific PUCCH resource sets.

Proposal 5: Cell-specific PUCCH configuration is updated to indicate a separate PUCCH resource set, the candidate number of repetitions, as well as frequency hopping mode, for Msg4 HARQ-ACK.

Proposal 6: The actual number of PUCCH repetitions for Msg4 HARQ-ACK is indicated in DCI 1_0 for Msg 4 PDSCH.

In Rel-17 NR coverage enhancement, DMRS bundling across PUCCH repetition is supported. DMRS bundling is used in joint channel estimation, which could largely enhance the coverage of PUCCH especially at low SNR situation. The restrictions for DMRS bundling include no change of modulation order, RB allocation, transmission power and phase continuity over the slots of PUCCH repetition. In DMRS bundling for PUCCH, a time domain window (TDW) is configured, within which a UE is expected to maintain power consistency and phase continuity. 

In case PUCCH repetition for Msg4 HARQ-ACK is supported, the DMRS bundling over PUCCH repetition should also be supported, to further enhance the coverage of PUCCH for Msg4 HARQ-ACK via joint channel estimation over the slots of PUCCH repetition. 

Proposal 7: Support DMRS bundling for the repetition of PUCCH for Msg4 HARQ-ACK.

DMRS bundling for PUSCH
According to updated WID [2], RAN1 is to study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation). 

The DMRS bundling for PUSCH was introduced in Rel-17 NR coverage enhancement, to enable the joint channel estimation at gNB side. To achieve this purpose, UE is expected to maintain power consistency and phase continuity among a TDW. This TDW is upper bounded by the maximum duration during which UE is able to maintain power consistency and phase continuity. A UE should not perform TA and frequency adjustment during this TDW.

In NR NTN, UE needs to apply time and frequency pre-compensation for each uplink transmission to achieve the uplink synchronization. The pre-compensated timing advance (TA) value is determined by both open loop and closed loop TA control. The open loop includes both UE self-estimated TA and network-controlled common TA, and the closed loop is based on the TA command from network.

Overall, to support joint channel estimation, a UE needs to maintain its TA value and frequency offset value across the slots of PUSCH repetition, irrespective of the actual TA and frequency offset value to be pre-compensated. 

This mechanism is similar to uplink segmented transmission introduced in Rel-17 IoT NTN. In IoT NTN, a UE does not adjust its TA value and frequency offset value within an uplink segmented transmission duration. 

Proposal 8: The PUSCH segmented transmission mechanism is applied in case of DMRS bundling for PUSCH. 

In IoT NTN, the PUSCH segmented transmission duration is indicated by SIB or dedicated RRC signaling. The similar signaling scheme for PUSCH segmented transmission duration can be applied to NR NTN for the case of DMRS bundling for PUSCH. Alternatively, the uplink segmented transmission duration is configured together with the configuration of PUSCH DMRS bundling (i.e., in IE of DMRS-bundlingPUSCH-Config), since the former is mainly for the DMRS bundling purpose in NR NTN. 

The unit of PUSCH segmented transmission duration is slot. 

Proposal 9: The PUSCH segmented transmission duration is configured by the network. It is
· indicated by SIB or dedicated RRC signaling
· in the unit of slot.

If the PUSCH segmented transmission duration is separately configured from the configuration of PUSCH DMRS bundling, then the TDW size of PUSCH DMRS bundling (if configured) is upper bounded by the PUSCH segmented transmission duration. 

Proposal 10: The TDW size of PUSCH DMRS bundling (if configured) is upper bounded by the PUSCH segmented transmission duration. 

If the TDW size of PUSCH DMRS bundling is not configured, then the TDW size is equal to the minimum of maximum duration reported by UE, PUSCH segmented transmission duration, PUSCH repetition duration and the frequency hopping interval for PUSCH DMRS bundling. 

Proposal 11: If the TDW size of PUSCH DMRS bundling is not configured, then the TDW size is equal to the minimum of maximum duration reported by UE, PUSCH segmented transmission duration, PUSCH repetition duration and the frequency hopping interval for PUSCH DMRS bundling.

Conclusion
In this contribution, we provided our views on coverage enhancement for NR NTN. Our proposals are as follows:

Proposal 1: Support the repetition of PUCCH for Msg4 HARQ-ACK, where the candidate number of repetitions include 2, 4 and 8. 

Proposal 2: A UE determines the need of PUCCH repetition for Msg4 HARQ-ACK based on its measured SSB RSRP.

Proposal 3: Repetition of PUCCH for Msg4 HARQ-ACK is triggered by a dedicated PRACH preamble transmission or by transmitting preamble on a dedicated RACH occasion. 

Proposal 4: Consider simultaneous triggering of PUCCH repetition for Msg4 HARQ-ACK and PUSCH repetition for Msg3. 

Proposal 5: Cell-specific PUCCH configuration is updated to indicate a separate PUCCH resource set, the candidate number of repetitions, as well as frequency hopping mode, for Msg4 HARQ-ACK.

Proposal 6: The actual number of PUCCH repetitions for Msg4 HARQ-ACK is indicated in DCI 1_0 for Msg 4 PDSCH.

Proposal 7: Support DMRS bundling for the repetition of PUCCH for Msg4 HARQ-ACK.

Proposal 8: The PUSCH segmented transmission mechanism is applied in case of DMRS bundling for PUSCH. 

Proposal 9: The PUSCH segmented transmission duration is configured by the network. It is
· indicated by SIB or dedicated RRC signaling
· in the unit of slot.

Proposal 10: The TDW size of PUSCH DMRS bundling (if configured) is upper bounded by the PUSCH segmented transmission duration. 

Proposal 11: If the TDW size of PUSCH DMRS bundling is not configured, then the TDW size is equal to the minimum of maximum duration reported by UE, PUSCH segmented transmission duration, PUSCH repetition duration and the frequency hopping interval for PUSCH DMRS bundling.
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