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1 Introduction
At the RAN#97-e, the revised WID on NR NTN enhancements was approved [1]. The objectives for coverage enhancement are 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]


In this contribution, we present our views on coverage enhancement for NTN.

2 Discussion
2.1 PUCCH for Msg4 HARQ-ACK
2.1.1 PUCCH resource for Msg4 HARQ-ACK
When a UE has dedicated PUCCH resource configuration, it is used for PUCCH transmission for HARQ-ACK. The number of PUCCH repetitions can be configured by nrofSlots per PUCCH format. In Rel-17, a mechanism to dynamically indicate the number of repetitions was specified. The number of repetitions (i.e., pucch-RepetitionNrofSlots) can be included in configuration for each PUCCH resource and can be indicated by PRI in a DCI format. gNB can indicate the number of repetitions according to the channel state.
On the other hand, when the UE does not have dedicated PUCCH resource configuration, the PUCCH resource for HARQ-ACK is configured by PUCCH-ConfigCommon. The default PUCCH resource set is defined as Table 9.2.1-1 in TS38.213, and one PUCCH resource in the table is indicated by pucch-ResourceCommon in PUCCH-ConfigCommon. The number of repetitions is not indicated in the table. nrofSlots is also not included in PUCCH-ConfigCommon. In other words, repetition is not applied to PUCCH for Msg4 HARQ-ACK when the UE does not have dedicated PUCCH resource configuration. Applying repetitions to PUCCH for Msg4 HARQ-ACK would improve coverage.
RACH procedure can be performed in various situations and can be performed when the UE has dedicated PUCCH resource configuration. In such a case, no additional specification work would be required since repetition can already be applied to PUCCH for Msg4 HARQ-ACK. However, at least in RACH procedure for the transition from RRC_IDLE to RRC_CONNECTED, repetition cannot be applied to PUCCH for Msg4 HARQ-ACK because the UE does not have dedicated PUCCH configuration. Specification work is needed for such cases.
Observation 1: There is a case where UE performing PUCCH transmission for Msg4 HARQ-ACK has dedicated PUCCH resource configuration.
Proposal 1: Enable to apply repetition to PUCCH transmission when the UE does not have dedicated PUCCH resource configuration.

2.1.2 Conditions for applying repetitions
It is necessary to discuss when to apply PUCCH repetition. The following alternatives are possible.
· Alt.1: semi-static determination
· Alt.2: dynamic determination by UE
· Alt.3: dynamic determination by gNB
In Alt 1, for example, if the number of repetitions larger than one is configured, repetitions are always applied by any UE in the NTN cell. In Alt 2, for example, the UE selects the number of repetitions according to RSRP or RSRQ. The number of repetitions determined by the UE may be notified to gNB by including it in Msg3 PUSCH. In Alt 3, gNB selects the number of repetitions according to the received SNR of Msg3 PUSCH and then indicates it via DCI for Msg4 scheduling, for example.
Since it is gNB that receives PUCCH, it seems appropriate for gNB to determine the number of repetitions. In other words, Alt 2 seems not appropriate. It may be beneficial to dynamically determine the number of repetitions, as the optimal number of repetitions can vary depending on the location of the UE, satellite and gNB. However, it is also questionable whether there is sufficient benefit in making such an optimization for the limited case of PUCCH. The benefit of dynamically determining the number of repetitions would need to be discussed.
Proposal 2: The number of PUCCH repetitions when the UE does not have dedicated PUCCH resource configuration is determined by either of the following alternatives.
· Alt 1: semi-static determination
· Alt 2: dynamic determination by gNB

2.1.3 Configuration granularity
Granularity of repetition configuration also needs to be discussed. The following alternatives are possible.
· Alt 1: Common to all PUCCH resources
· Alt 2: Per PUCCH format
· Alt 3: Per PUCCH resource
Alt 1 applies a single repetition configuration to all PUCCH formats and all PUCCH resources. Alt 2 allows configuring the number of repetitions per PUCCH format, similar to nrofSlots. Alt 3 allows the number of repetitions to be configured for each PUCCH resource, similar to pucch-RepetitionNrofSlots. 
Long PUCCH format (i.e., PUCCH format 1) is preferred for coverage. There seems to be no motivation to use PUCCH format 0 in an environment with limited coverage. Common configuration for PUCCH format 0 and 1 seems sufficient. Whether the configuration for each PUCCH resource is necessary or not depends on how to determine the number of repetitions, so the method should be discussed first.
Proposal 3: The number of repetitions for PUCCH when the UE does not have dedicated PUCCH resource configuration can be configured with either of the following granularities.
· Alt 1: Common to all PUCCH resources
· Alt 2: Per PUCCH resource

2.1.4 Number of repetitions
Link level simulation was performed to determine the required number of repetitions. Simulation assumptions for PUCCH are shown in Table 1. Since the existing maximum number of repetitions for PUCCH is 8, we evaluated the performance with 8 repetitions.
[bookmark: _Ref110952662]Table 1 Simulation assumptions for PUCCH
	Parameter
	Value

	Carrier frequency
	2 GHz

	Channel model
	NTN-TDL-C (Rural)

	UE speed
	3 km/h

	BWP bandwidth
	20 MHz

	Number of UE Tx chains
	1

	Number of satellite Rx chains
	1

	Frequency offset
	0.1 ppm

	PUCCH format 
	Format 1

	SCS
	15 kHz

	Number of UCI bits
	1 bit

	Frequency hopping
	w/ inter-slot frequency hopping
startingPRB: 0,  secondHopPRB: 109
interval: 1 slot

	Number of repetitions
	8

	PUCCH duration
	14 OS

	Joint channel estimation
	disabled


The gap between required SNR and CNR is shown in Table 6. It was observed that the required performance could be achieved with 8 repetitions. Since the performance gap for 8 repetitions is 3.7 dB, it can be assumed that 4 repetitions can still meet the performance requirements.
[bookmark: _Ref110953146]Table 2 Gap between required SNR and CNR for PUCCH
	Channel
	Scenario
	Target
	Required SNR
	CNR
	Performance gap

	PUCCH format 1 
(Msg.4 HARQ-ACK)
	LEO-1200 – set1
	NACK-to-ACK 0.1%
	-11.9 dB
	-8.2 dB
	3.7 dB

	
	
	ACK missed detection 1%
	-11.9 dB
	-8.2 dB
	3.7 dB


Observation 2: Simulation results show that 8 repetitions can meet the performance requirements of PUCCH format 1 for Msg4 HARQ-ACK. It can be assumed that 4 repetitions also meet the requirement.
Proposal 4: Support at least 4 repetitions for PUCCH when the UE does not have dedicated PUCCH resource configuration.

2.2 DMRS bundling for PUSCH
DMRS bundling for PUSCH was introduced for coverage enhancement in Rel-17. Channel estimation by bundling DMRS of multiple slots on gNB is expected to improve channel estimation accuracy, especially at low SNR. To enable joint channel estimation of DMRS over multiple slots on gNB, UE needs to transmit DMRS in PUSCH maintaining power and phase continuity within an actual time domain window (TDW)
In NTN, UE needs to pre-compensate transmit timing and frequency offset depending on the location/move of the satellite and UE. Since LEOs move at high speed, UE will need to update the compensation values frequently. How often to update is up to the UE implementation.
However, since updating compensation values can cause phase discontinuities, it will be necessary to limit the updating timing of the compensation values by UE to some extent. At least within each actual TDW, UE should not update the compensation values with phase discontinuities.
Proposal 5: UE should not update timing/frequency pre-compensation values with phase discontinuities within each actual TDW.
In VoIP communication, basically one packet is generated every 20 ms. For PUSCH for VoIP it would be necessary to support an actual TDW of up to 20 ms. We need to consider if there is any harm in not updating timing/frequency compensation values for 20 ms.
· Transmission timing
As LEOs move, the distance to UE changes over time, which in turn changes the propagation time. The speed of a LEO at an altitude 1500 km is given as 7.1172 km/s in TR38.811. Velocity component toward the UE, which has impacts on propagation distance change and hence on TA update, varies depending on the position of the satellite and the UE and is less than 7.1172 km/s. For simplicity, we assume the component to be 7.1 km/s. The maximum change in propagation distance between gNB and UE over 20 ms is 284 m. Therefore, the variation in propagation time over 20 ms is about 0.95 us. In other words, not updating the timing compensation value for 20 ms would result in a maximum of 0.95 us deviation in the receive timing at gNB. That is a small enough value compared to CP length, and such a small deviation in transmission timing would not have a significant negative impact on performance.
[image: ]
Figure 1 Variation of velocity component toward UE due to satellite movement
Observation 3: The receive timing deviation at gNB due to not updating the transmit timing pre-compensation value for 20 ms is less than 0.95 us.

· Frequency offset
Doppler shift varies with changes in relative speed between satellite and UE. The variation of the doppler shift between a LEO at an altitude of 1500 km and a UE is shown in Figure 5.3.4.3.2-1 in TR38.811 [2]. The figure is copied in the Appendix. According to the figure, the change in doppler shift over 20 ms would be less than 1 Hz. That is enough smaller than the required frequency error of 0.1 ppm, and such a small error would not have a significant negative impact on performance.
Observation 4: The change in doppler shift over 20 ms is less than 1 Hz.
Observation 5: There seems to be no significant problem in not updating the timing/frequency pre-compensation values for 20 ms.
Proposal 6: RAN1 conclude that the existing DMRS bundling for PUSCH repetitions is applicable in NTN scenario without further enhancement.

3 Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: There is a case where UE performing PUCCH transmission for Msg4 HARQ-ACK has dedicated PUCCH resource configuration.
Proposal 1: Enable to apply repetition to PUCCH transmission when the UE does not have dedicated PUCCH resource configuration.
Proposal 2: The number of PUCCH repetitions when the UE does not have dedicated PUCCH resource configuration is determined by either of the following alternatives.
· Alt 1: semi-static determination
· Alt 2: dynamic determination by gNB
Proposal 3: The number of repetitions for PUCCH when the UE does not have dedicated PUCCH resource configuration can be configured with either of the following granularities.
· Alt 1: Common to all PUCCH resources
· Alt 2: Per PUCCH resource
Observation 2: Simulation results show that 8 repetitions can meet the performance requirements of PUCCH format 1 for Msg4 HARQ-ACK. It can be assumed that 4 repetitions also meet the requirement.
Proposal 4: Support at least 4 repetitions for PUCCH when the UE does not have dedicated PUCCH resource configuration.
Proposal 5: UE should not update timing/frequency pre-compensation values with phase discontinuities within each actual TDW.
Observation 3: The receive timing deviation at gNB due to not updating the transmit timing pre-compensation value for 20 ms is less than 0.95 us.
Observation 4: The change in doppler shift over 20 ms is less than 1 Hz.
Observation 5: There seems to be no significant problem in not updating the timing/frequency pre-compensation values for 20 ms.
Proposal 6: RAN1 conclude that the existing DMRS bundling for PUSCH repetitions is applicable in NTN scenario without further enhancement.
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5 Appendix
[image: ]
Figure 5.3.4.3.1-2: Case with 2 GHz signal at 1500 km: fixed UE and UE in motion [2]
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