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1. Introduction
In RAN1#110 meeting[1], the following conclusions and agreements were made:
	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
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.
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.
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.
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.
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.


In RAN#97e Meeting [2], a revised WID was approved for NR NTN enhancements [3]. The following objective was updated for coverage enhancement:
	The detailed objectives are for NTN:
· To specify PUCCH enhancements for Msg.4 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 the candidate solutions for the coverage enhancements of the Msg.4 HARQ-ACK and PUSCH with DMRS bundling. Meanwhile, the evaluation results on the PRACH is also provided.
2. Discussion
In Rel-16, the number of slots carrying the same PUCCH can be configured by UE-specific PUCCH configuration via RRC signaling, and then, the PUCCH repetition mechanism is further enhanced in Rel-17 by introducing dynamic repetition indication. However, those repetition mechanisms are not applicable to Msg.4 HARQ-ACK which is transmitted using common PUCCH resource. To support the repetition of Msg.4 HARQ-ACK, the repetition number can be indicated to the UE in the cell-specific signaling. 
Proposal 1: The repetition number for the Msg.4 HARQ-ACK can be indicated in a cell-specific way. 
In order to improve the channel estimation accuracy, the DMRS bundling is introduced to perform the joint UL channel estimation in Rel-17. The UE is expected to maintain the power consistency and phase continuity during a configured time domain window. 
The maximum allowable phase difference for DMRS bundling is defined in [4].
	For bands that UE indicates the support of DMRS bundling, the maximum allowable difference between the measured phase value in any slot p-1 and slot p, or slot 0 and any slot p for each antenna connector shall satisfy the requirements as listed in Table 6.4.2.5-1 for the measurement conditions defined in Table 6.4.2.5-2, within a measurement time window limited by the UE capability of maximum duration for DMRS bundling [maxDMRS-BundlingDuration], and defined for each frequency band separately. The phase value for each slot is measured as shown in Annex F.9. These requirements apply to PUCCH and PUSCH transmissions with DFT-s-OFDM and CP-OFDM waveforms.
Table 6.4.2.5-1: Maximum allowable phase difference for DMRS bundling
	UL channel
	Modulation order
	Phase difference between any slot p-1 and slot p 
(NOTE 2)
	Phase difference between slot 0 and any slot p
(NOTE 3)

	PUSCH
	Pi/2 BPSK, QPSK
	[25] degrees
	[30] degrees

	PUCCH
	Pi/2 BPSK, BPSK, QPSK
	
	

	NOTE 1: 	The UE capability of the length of maximum duration refers to the maximum time duration during which UE is able to meet the phase continuity requirements, assuming no phase consistency violating events defined in TS 38.214 in between.
NOTE 2: 	This requirement applies for FDD and TDD bands, for supported DMRS bundling configurations ≤ 8 slots.
NOTE 3: 	This requirement applies only for FDD bands, for supported DMRS bundling configurations of 16 slots.






In addition to the phase noise caused by electronic devices, the phase shift would also be impacted by the Doppler shift which is expected to much larger than the one in TN system. The phase shift can be calculated as follows:

[bookmark: _GoBack]where  is the phase shift,  is the Doppler shift and  is the time duration. In NTN, the Doppler shift is much larger than TN, and the value of Doppler shift varies with the elevation angle between UE and satellite. Assuming that the SCS=15KHz, the satellite altitude is 600 km and the carrier frequency is 2GHz, when the elevation angle is 90 degree, the phase difference between slot p-1 and slot p is around 34 degree if no frequency pre-compensation is applied. While if the elevation angle is 30 degree, the phase difference between slot p-1 and slot p is around 17 degree if no frequency pre-compensation is applied. In this sense, the length of the time window that UE can maintain phase continuity is varying with change of the elevation angle. Assuming Doppler shift can be per-compensated at UE side, whether the pre-compensation error would impact the phase continuity should be studied. 
Compared to the gNB configured TDW length, the actual length of TDW may be shorter than the configured one due to some disruptions such as the TA adjustment required as indicated in one agreement we made in previous meeting [5]. 
	Agreement
· UE should not perform UE autonomous TA adjustment during the actual time domain window.


In other words, the TA adjustment would break the power consistency and phase continuity, and joint UL channel estimation can’t be performed at the gNB side. In NTN scenario, the TA adjustment procedure is quite different with that in the TN scenario due to the rapid movement of the satellite. The UE needs to perform both closed loop and open loop TA adjustment to accommodate the timing changes as specified in [6].
	Using higher-layer ephemeris parameters for a serving satellite, if provided, a UE pre-compensates the two-way transmission delay on the service link based on  that the UE determines using the serving satellite position and its own position. To pre-compensate the two-way transmission delay between the uplink time synchronization reference point and the serving satellite, the UE determines [4, TS 38.211] based on one-way propagation delay  that the UE determines as:

where , , and  are respectively provided by ta-Common, ta-CommonDrift, and ta-CommonDriftVariant and  is the epoch time of , , and  [12, TS 38.331].  provides a distance at time  between the serving satellite and the uplink time synchronization reference point divided by the speed of light. The uplink time synchronization reference point is the point where DL and UL are frame aligned with an offset given by .


Without UE’s pre-compensation on TA, there will be TA errors which would cause incorrect signal decoding in gNB side. However, the UE can keep TA unchanged within a short time, in which case the CP can cover the TA error. Then the question is which factors would impact the length of duration where the TA error is covered by CP without TA pre-compensation at UE side. For example, the elevation angle between UE and satellite, the satellite altitude, the epoch time of common TA related parameters.
Proposal 2: RAN1 study the factors would impact the length of TDW in NTN considering UE’s pre-compensation on Doppler shift and open-loop TA.
3. Evaluation results of PRACH
In this section, the evaluation results of the PRACH coverage performance is provided. The detailed simulation assumption can be found in the appendix. 
	Format
	Required SNR (dB)

	Format 0
	-10.0

	Format 2
	-16.1

	Format B4
	-12.8


For PRACH format 0, the (Required SNR) – (CNR) = (-10.0) – (-15.4) = 5.4 dB;
For PRACH format 2, the (Required SNR) – (CNR) = (-16.1) – (-15.4) = -0.7 dB;
For PRACH format B4, the (Required SNR) – (CNR) = (-12.8) – (-18.4) = 5.6 dB;
Observation 1: The coverage of PRACH format 0 and format B4 are limited in scenario of LEO-1200km Set1. 
The coverage enhancement for the PRACH channel is to be enhanced in the Rel-18 CE WI to avoid any duplicated work. The normative work in Rel-18 CE WI should take the coverage gap in NTN scenario into account.
Proposal 3: The normative work in Rel-18 CE WI should take the coverage gap in NTN scenario into account.
4. Conclusions
In this contribution, we present our views on the candidate solutions for the coverage enhancements of the Msg.4 HARQ-ACK and PUSCH with DMRS bundling. Meanwhile, the evaluation results on the PRACH is also provided. Based on our evaluation and analysis, we have the following observations and proposals.
Observation 1: The coverage of PRACH format 0 and format B4 are limited in scenario of LEO-1200km Set1. 

Proposal 1: The repetition number for the Msg.4 HARQ-ACK can be indicated in a cell-specific way. 
Proposal 2: RAN1 study the factors would impact the length of TDW in NTN considering UE’s pre-compensation on Doppler shift and open-loop TA.
Proposal 3: The normative work in Rel-18 CE WI should take the coverage gap in NTN scenario into account.

Reference
[1] Chair’s notes RAN1_110 v17
[2] RAN#97e Meeting Reports
[3] RP-222654, 3GPP TSG RAN Meeting #97-e, Thales
[4] 3GPP TS 38.101-1 V17.6.0
[5] Final Report of 3GPP TSG RAN WG1 #107-e v1.0.0
[6] 3GPP TS 38.213-h20
Annex
	Parameters
	Values

	Carrier frequency
	2 GHz

	Format
	Format 0, Format 2, Format B4

	SCS
	1.25kHz for Format 0 and Format 2, 15kHz for Format B4

	Performance metric
	1 % missed detection at 0.1% false alarm probability

	Channel model
	NTN-TDL-C

	Elevation angle (deg)
	30

	Number of BS antennas
	1 Tx

	Number of UE antennas
	1 Rx

	delay spread
	2ns

	UE speed
	3kmp/h




