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Introduction
In RAN#97_e, the study on coverage enhancement to NR over NTN is approved in [1].
	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 following sentence will be revisited in RAN#99 as part of the DL enhancements discussion:
“The evaluation should also take into account any related regulatory requirements, e.g., ITU limitation of power flux density.” No work on this topic will take place in RAN WGs before the discussion on DL enhancements in RAN#99.

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]

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
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The following items are shown as examples of areas to consider in the RAN2 study.
· 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.
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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 further updated.


In this contribution, we share our evolution results and initial views on coverage enhancements to NR over NTN.

Link Budget Analysis for smart phone in NTN
[bookmark: _GoBack]In RAN1#110e, it was agreed that 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 [2].
	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



Link Budget Analysis for PRACH
In our coverage evaluation of PRACH in NR NTN, the following table is assumed.
Table 2.1-1: Simulation assumptions for PRACH transmission
	Parameter
	Value

	Format
	Format 0, Format B4, Format 2

	SCS
	1.25 KHz/15KHz

	Performance metric
	1% missed detection

	Number of UE transmit chains
	1


The results of coverage evaluation of PRACH in NR NTN as shown in the following table.
Table 2.1-2: The results of coverage evaluation of PRACH
	[bookmark: OLE_LINK11]Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Frequency band
	Required SNR
	CNR (GT = -5 dBi)

	LEO-1200
	1
	30
	S-band
	Format 0: -12.23
	-16.14

	
	
	
	
	Format B4:-13.35
	-18.36

	
	
	
	
	Format 2:-16.54
	-16.14


In LEO-1200, for PRACH format 0, the gap between the SNR value required to achieve 1% missed detection of PRACH transmission and the calculated CNR is 3.9dB.
In LEO-1200, for PRACH format B4, the gap between the SNR value required to achieve 1% missed detection of PRACH transmission and the calculated CNR is 5dB.
In LEO-1200, for PRACH format 2, the gap between the SNR value required to achieve 1% missed detection of PRACH transmission and the calculated CNR is -0.4dB.
In our view, coverage enhancement is required for PRACH transmission in LEO-1200 scenarios.
Observation 1: In LEO-1200, for PRACH format 0, the gap between the SNR value required to achieve 1% missed detection of PRACH transmission (Format 0) and the calculated CNR is 3.9dB.
Observation 2: In LEO-1200, for PRACH format B4, the gap between the SNR value required to achieve 1% missed detection of PRACH transmission (Format B4) and the calculated CNR is 5dB.
Observation 3: In LEO-1200, for PRACH format 2, the gap between the SNR value required to achieve 1% missed detection of PRACH transmission (Format 2) and the calculated CNR is -0.4dB.
Proposal 1: Coverage enhancement is required for PRACH transmission in LEO-1200 scenarios.
Link Budget Analysis for PUSCH
In our coverage evaluation of PUSCH in NR NTN, the following table is assumed.
Table 2.2-1: Simulation assumptions for PUSCH transmission
	Parameter
	Value

	Frequency hopping 
	With frequency hopping

	Channel type
	NTN-TDL-C (LOS), 300ns

	BLER
	For VoIP, 2% BLER.

	Number of UE transmit chains 
	1 

	DMRS configuration 
	Type I, 2 DMRS symbol 

	Waveform
	DFT-s-OFDM

	PUSCH duration        
	14 OS

	Repetitions 
	20 for VoIP

	PRBs/MCS for VoIP
	2 PRBs.
MCS 9


The results of coverage evaluation of PUSCH in NR NTN as shown in the following table.
Table 2.2-2: The results of coverage evaluation of PUSCH
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	Satellite parameter set
	Elevation angle (deg)
	Frequency band
	Service type
	Required SNR
	CNR (GT = -5 dBi)

	LEO-1200
	1
	30
	S-band
	VoIP
	-9.34
	-11.62



For VoIP, in LEO-1200, the gap between the SNR value required to achieve 2% BLER of PUSCH transmission and the calculated CNR is 2.3dB. In our view, coverage enhancement is required for PUSCH transmission in LEO-1200 scenarios for VoIP.
Observation 4: For VoIP, in LEO-1200, the gap between the SNR value required to achieve 2% BLER of PUSCH transmission and the calculated CNR is 2.3dB.

Proposal 2: For VoIP, coverage enhancement for PUSCH transmission should be considered.

NTN-specific repetitions enhancements
Repetitions enhancements for PRACH
On coverage enhancement for PRACH transmission, one simple way is to perform repeated transmissions of PRACH. The number of repetitions for PRACH transmission can be configured through system information. In NTN, a cell can contain multiple beams. The distances between the coverage areas corresponding to different beams and the satellites are quite different. In our view, beam-level repetition value configuration of PRACH can be considered.
[bookmark: OLE_LINK16]Proposal 3: Beam-level repetition value configuration of PRACH can be considered.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Repetitions enhancements for 2-Step RACH
In NTN, there is a large propagation delay between UE and gNB. The 4-step random access process will bring large access delay in NTN for smart phone. In order to reduce the access delay, R16 has introduced a two-step random access process. In our view, 2-Step RACH should be supported for smartphone in NTN to reduce access delay. However, for smart phone, it is assumed up to -5dbi antenna gain, which is up to 5 dB less compared to handheld UE in NTN. There is a large coverage gap that needs to be compensated, especially for UL transmission. Rel-17 does not provide coverage enhancement for 2-step random access and the uplink coverage enhancement in R18 also does not include 2-step random access. Therefore, coverage enhancement for 2-Step RACH need to be considered in R18 for smart phones in NTN. 
Proposal 4: Repetitions enhancements for 2-Step RACH should be considered in R18 for smart phones in NTN. 

Conclusion
As summary, we have the following observations and proposals.
Observation 1: In LEO-1200, for PRACH format 0, the gap between the SNR value required to achieve 1% missed detection of PRACH transmission (Format 0) and the calculated CNR is 3.9dB.
Observation 2: In LEO-1200, for PRACH format B4, the gap between the SNR value required to achieve 1% missed detection of PRACH transmission (Format B4) and the calculated CNR is 5dB.
Observation 3: In LEO-1200, for PRACH format 2, the gap between the SNR value required to achieve 1% missed detection of PRACH transmission (Format 2) and the calculated CNR is -0.4dB.
Observation 4: For VoIP, in LEO-1200, the gap between the SNR value required to achieve 2% BLER of PUSCH transmission and the calculated CNR is 2.3dB.

Proposal 1: Coverage enhancement is required for PRACH transmission in LEO-1200 scenarios.
Proposal 2: For VoIP, Coverage enhancement for PUSCH transmission should be considered.
Proposal 3: Beam-level repetition value configuration of PRACH can be considered.
Proposal 4: Repetitions enhancements for 2-Step RACH should be considered in R18 for smart phones in NTN.
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