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In RAN#109 [1], the evaluation assumptions were agreed for the discussion on coverage enhancement for NR NTN. In this contribution, we report the simulation parameters, analysis the NR NTN coverage performance with Rel-17 coverage enhancement, discuss the coverage problems for NR NTN, and propose potential coverage enhancement schemes for NR NTN.

Link budget analysis
The link budget results, corresponding to all the evaluated PHY channels, are summarized in Table 1.
[bookmark: _Ref109997187]Table 1 Link budget results
	PHY Channel
	SCS (KHz)
	Bandwidth
(Number of PRB)
	Orbit_ParaSet_Elevation
	CNR (dB)

	PRACH
(L=139)
	15
	12
	GEO_SET1_12.5o
	-26.525

	
	
	
	GEO_SET2_20o
	-31.358

	
	
	
	LEO1200_SET1_30o
	-18.331

	
	
	
	LEO1200_SET2_30o
	-24.331

	
	
	
	LEO600_SET1_30o
	-12.944

	
	
	
	LEO600_SET2_30o
	-18.944

	PRACH
(L=839)
	1.25
	70
	GEO_SET1_12.5o
	-23.392

	
	
	
	GEO_SET2_20o
	-28.226

	
	
	
	LEO1200_SET1_30o
	-15.198

	
	
	
	LEO1200_SET2_30o
	-21.198

	
	
	
	LEO600_SET1_30o
	-9.811

	
	
	
	LEO600_SET2_30o
	-15.811

	PUCCH format 1/3
	15
	1
	GEO_SET1_12.5o
	-15.733

	
	
	
	GEO_SET2_20o
	-20.566

	
	
	
	LEO1200_SET1_30o
	-7.539

	
	
	
	LEO1200_SET2_30o
	-13.539

	
	
	
	LEO600_SET1_30o
	-2.152

	
	
	
	LEO600_SET2_30o
	-8.152

	PUSCH for VoIP/Msg 3/100kbps
	15
	2
	GEO_SET1_12.5o
	-18.743

	
	
	
	GEO_SET2_20o
	-23.577

	
	
	
	LEO1200_SET1_30o
	-10.549

	
	
	
	LEO1200_SET2_30o
	-16.549

	
	
	
	LEO600_SET1_30o
	-5.163

	
	
	
	LEO600_SET2_30o
	-11.163

	PDCCH
	15
	48
	GEO_SET1_12.5o
	-7.804

	
	
	
	GEO_SET2_20o
	-13.138

	
	
	
	LEO1200_SET1_30o
	-0.710

	
	
	
	LEO1200_SET2_30o
	-6.710

	
	
	
	LEO600_SET1_30o
	-1.323

	
	
	
	LEO600_SET2_30o
	-7.323

	[bookmark: _Hlk111036202]PDSCH for VoIP
	15
	25
	GEO_SET1_12.5o
	-7.804

	
	
	
	GEO_SET2_20o
	-13.138

	
	
	
	LEO1200_SET1_30o
	-0.710

	
	
	
	LEO1200_SET2_30o
	-6.710

	
	
	
	LEO600_SET1_30o
	-1.323

	
	
	
	LEO600_SET2_30o
	-7.323

	PDSCH for Msg.4
	15
	96
	GEO_SET1_12.5o
	-7.804

	
	
	
	GEO_SET2_20o
	-13.138

	
	
	
	LEO1200_SET1_30o
	-0.710

	
	
	
	LEO1200_SET2_30o
	-6.710

	
	
	
	LEO600_SET1_30o
	-1.323

	
	
	
	LEO600_SET2_30o
	-7.323

	PDSCH for 1Mbps
	15
	106
	GEO_SET1_12.5o
	-7.804

	
	
	
	GEO_SET2_20o
	-13.138

	
	
	
	LEO1200_SET1_30o
	-0.710

	
	
	
	LEO1200_SET2_30o
	-6.710

	
	
	
	LEO600_SET1_30o
	-1.323

	
	
	
	LEO600_SET2_30o
	-7.323



 Coverage Evaluation of Legacy NR NTN
Simulation Assumption
For the parameters in addition to the common parameters agreed in RAN#109, we summarize the link level simulation assumption in Appendix B for each PHY channel, which follows the agreements in RAN1#109 [1]. 
As a summary, Table 2 gives the overview of simulated baseline solution supported by existing Rel-17 specification. 
[bookmark: _Ref110281762]Table 2 Summary of evaluated solution supported by Rel-17 specification
	PUCCH format 1
	For PUCCH of normal PDSCH: Repetition (repetition number=8), with/without inter-slot frequency hopping;
For PUCCH of Msg4 PDSCH: No repetition, with intra-slot frequency hopping;

	PUCCH format 3
	Repetition (repetition number=8), with/without inter-slot frequency hopping

	PUSCH Msg.3
	Repetitions (repetition number=16), 1Tx with antenna switching within 4 antennas on UE

	PDSCH Msg.4
	No repetition + 2Rx with channel selection of two best antennas among 4 antennas of eMBB smart phone

	PDCCH in type 0, 0A, 1, 1A, 2, 2A CSS
	2Rx and without PDCCH repetition

	PDCCH in USS and type3 CSS
	2Rx and PDCCH repetition in the same slot, which is introduced in Rel-16

	PUSCH for VoIP
	TBoMS, repetitions, 1Tx with antenna switching within 4 antennas on UE

	PDSCH for VoIP
	Repetition (repetition number=8) + 2Rx with channel selection of two best antennas among 4 antennas of eMBB smart phone

	PUSCH with 100kbps data rate
	TBoMS, repetitions, 1Tx with antenna switching within 4 antennas on UE

	PDSCH for 1Mbps data rate
	Repetition (repetition number=8) + 2Rx with channel selection of two best antennas among 4 antennas of eMBB smart phone



Evaluation results
0. PUSCH
PUSCH for VoIP
Following the simulation parameters in  Table 32 in Appendix B, the PUSCH BLER performance for VoIP are illustrated in Figure 1 and Figure 2 considering the existing coverage enhancement supported by Rel-17 including TBoMS and repetition.
As analysed in section 3.2.4, for eMBB UEs, at least 4 receiver antennas are usually equipped to support the commercialized NR band including N41, N77 and N78. 1 Tx transmission of PUSCH by utilizing antenna switching among the four antennas on the smart phone is considered in the evaluation, and the curves with legends of “AS” correspond to the performance with antenna switching.
	[image: ]
[bookmark: _Ref110281890]Figure 1 PUSCH performance for VoIP under rural NTN-TDL-A (Rel-17 NR NTN)
	[bookmark: _Ref110281898][image: ]
[bookmark: _Ref111106064]Figure 2 PUSCH performance for VoIP under rural NTN-TDL-C (Rel-17 NR NTN)
 


The required SNRs at rBLER 2% are summarized and compared to the link budget in Table 3, in which the coverage gap is defined as
,
where required SNR is the required SNR to achieve the target BLER, and the CNR is the corresponding link budget calculation result. A positive value of coverage gap means the coverage requirement is not fulfilled, and a negative value of coverage gap means the channel can meet the coverage requirement with a corresponding margin for the coverage performance. We use brown and green to highlight positive and negative values of coverage gap, respectively. 
[bookmark: _Ref109222712]Table 3 Coverage analysis for PUSCH VoIP
	PUSCH VoIP
	Rural NTN-TDL - A
	Rural NTN-TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR@rBLER2% （dB）
	Coverage Gap (dB)
	Required SNR@rBLER2%  （dB）
	Coverage Gap (dB)

	
	
	
	
	
	
	
	

	LEO-1200
	1
	30
	-10.5 
	-1.8 
	8.8 
	-8.0 
	2.6 

	
	2
	30
	-16.5 
	-1.8 
	14.8 
	-8.0 
	8.6 

	LEO-600
	1
	30
	-5.2 
	-1.8 
	3.4 
	-8.0 
	-2.8 

	
	2
	30
	-11.2 
	-1.8 
	9.4 
	-8.0 
	3.2 




PUSCH for Msg.3
Following the simulation parameters in Table 33, the legacy PUSCH BLER performance for Msg.3 are evaluated and illustrated in Figure 3 and Figure 4.
	[bookmark: _Ref110281980][image: ]
[bookmark: _Ref110282048]Figure 3 PUSCH Msg.3 R-17 performance under rural NTN-TDL-A
	[image: ]
[bookmark: _Ref110282078]Figure 4 PUSCH Msg.3 R-17 performance under rural NTN-TDL-C



The required SNRs at iBLER 10% are summarized and compared to the link budget in Table 4.
[bookmark: _Ref109228631]Table 4 Coverage analysis for PUSCH for Msg.3
	PUSCH Msg.3
	Rural NTN-TDL - A
	Rural NTN-TDL-C 

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR@iBLER10% （dB）
	Coverage Gap (dB)
	Required SNR@iBLER10%  （dB）
	Coverage Gap (dB)

	GEO
	1
	12.5
	-18.7 
	-10.0 
	8.7 
	-12.1 
	6.6 

	
	2
	20
	-23.6 
	-10.0 
	13.6 
	-12.1 
	11.5 

	LEO-1200
	1
	30
	-10.5 
	-10.0 
	0.5 
	-12.1 
	-1.6 

	
	2
	30
	-16.5 
	-10.0 
	6.5 
	-12.1 
	4.4 

	LEO-600
	1
	30
	-5.2 
	-10.0 
	-4.8 
	-12.1 
	-6.9 

	
	2
	30
	-11.2 
	-10.0 
	1.2 
	-12.1 
	-0.9 




PUSCH for low data rate of 100kbps
100kbps uplink low data rate service is another potential service provided by NTN, which was agreed to be evaluated in RAN1#109. Considering the higher data rate, we only investigate the coverage performance of LEO-600 cases. Following the simulation parameters in Table 34, the BLER performance by using Rel-17 specification for low data rate 100 kbps are evaluated and illustrated in Figure 5 and Figure 6.
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[bookmark: _Ref111126355]Figure 5 PUSCH performance for low data rate under rural NTN-TDL-A (Rel-17 NR NTN)
 [image: ]
[bookmark: _Ref111126360]Figure 6 PUSCH performance for low data rate under rural NTN-TDL-C (Rel-17 NR NTN)
[bookmark: _Hlk110967738]Table 5 Coverage analysis for PUSCH for low data rate
	PUSCH with low data rate of 100kbps
	Rural NTN-TDL - A
	Rural NTN-TDL-C 

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR@iBLER10% （dB）
	Coverage Gap (dB)
	Required SNR@iBLER10%  （dB）
	Coverage Gap (dB)

	LEO-600
	1
	30
	-5.2 
	6.012
	11.2 
	0.41
	5.6 

	
	2
	30
	-11.2 
	6.012
	17.2 
	0.41
	11.6 



0. PUCCH
PUCCH format 1
For PUCCH format-1, two KPIs, namely the 0.1% NACK to ACK probability and the 1% ACK missed detection probability under the 1% DTX to ACK FAR requirement, are evaluated for different scenarios and channel models. Specifically, Figure 7 and Figure 8 show the simulation result of the two KPIs for PUCCH format-1 with a 2bits payload, using 8 repetitions with inter-slot frequency hopping enabled. While Figure 9 and Figure 10 demonstrate the simulation result of the two KPIs for PUCCH format-1 with a 1bit payload (for Msg4 ACK/NACK), where repetition is not used and only the intra-slot frequency hopping is enabled. Both the inter-slot and intra-slot frequency hopping uses a 20MHz frequency hopping interval, as discussed in Appendix A. 
	[image: ]
[bookmark: _Ref111119784]Figure 7 NACK to ACK probability of PUCCH format-1 with 2bits payload.
	[image: ]
[bookmark: _Ref111119787]Figure 8 ACK miss-detection probability of PUCCH format-1 with 2bits payload.


From Figure 7, at 0.1% NACK to ACK probability for PF1 with 2bits UCI, it is observed that inter-slot FH offers 0.14 dB, 2.68 dB and 2.84 dB performance gain at 12.5o, 20o and 30o elevations, respectively, in TDL-A channels. While the inter-slot FH has no performance gain in TDL-C channels. 
From Figure 8, at 1% ACK missed detection probability for PF1 with 2bits UCI, the inter-slot FH offers 0dB, 2.93dB and 2.99dB performance gain at 12.5o, 20o and 30o elevations, respectively, in TDL-A channels. And the inter-slot FH gain can be also neglected in TDL-C channels.
	[image: ]
[bookmark: _Ref111120510]Figure 9 NACK to ACK probability of PUCCH format-1 with 1bit payload (Msg4 ACK/NACK).
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[bookmark: _Ref111120512]Figure 10 ACK miss-detection probability of PUCCH format-1 with 1bit payload (Msg4 ACK/NACK).


From Figure 9, at 0.1% NACK to ACK probability for PF1 with 1bit Msg4 ACK/NACK, it is observed that enabling intra-slot FH has a slightly worse performance compared to disabling intra-slot FH. As a matter of fact, the quality of channel estimation interpolation with intra-slot FH enabled could be degraded compared to intra-slot FH disabled, especially in such low SNR regime as in Figure 9. 
From Figure 10, at 1% ACK missed detection probability for PF1 with 1bit Msg4 ACK/NACK, the intra-slot FH offers 0dB, 3.34dB and 3.43dB performance gain at 12.5o, 20o and 30o elevations, respectively, in TDL-A channels. While the enabling intra-slot FH has negligible benefits in TDL-C channels. 
In the following, Table 6 to Table 9 summarize the performance gap for both KPIs (0.1% NACK to ACK and 1% ACK miss-detection under 1% DTX to ACK FAR requirement), for PF-1 with 2bits UCI and PF-1 with 1bit Msg4 ACK/NACK, respectively. 
[bookmark: _Ref111129470]Table 6 NACK to ACK performance gap (PUCCH Format-1 with 2bits UCI)
	PUCCH format-1 with 2bits UCI
	Rural TDL - A
	Rural TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR (dB)
	Gap (dB)
	Required SNR （dB）
	Gap (dB)

	GEO
	1
	12.5
	-15.73
	-0.78
	14.95
	-10.7
	5.03

	
	2
	20
	-20.57
	-3.1
	17.47
	-10.84
	9.73

	LEO-1200
	1
	30
	-7.54
	-3.02
	4.52
	-10.72
	-3.18

	
	2
	30
	-13.54
	-3.02
	10.52
	-10.72
	2.82

	LEO-600
	1
	30
	-2.15
	-3.02
	-0.87
	-10.72
	-8.57

	
	2
	30
	-8.15
	-3.02
	5.13
	-10.72
	-2.57



[bookmark: _Ref110860420]Table 7 ACK missed detection performance gap (PUCCH Format-1 with 2bits UCI)
	PUCCH format-1 with 2bits UCI
	Rural TDL - A
	Rural TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR (dB)
	Gap (dB)
	Required SNR （dB）
	Gap (dB)

	GEO
	1
	12.5
	-15.73
	2.09
	17.82
	-9.09
	6.64

	
	2
	20
	-20.57
	-0.46
	20.11
	-9.21
	11.36

	LEO-1200
	1
	30
	-7.54
	-0.35
	7.19
	-9.02
	-1.48

	
	2
	30
	-13.54
	-0.35
	13.19
	-9.02
	4.52

	LEO-600
	1
	30
	-2.15
	-0.35
	1.8
	-9.02
	-6.87

	
	2
	30
	-8.15
	-0.35
	7.8
	-9.02
	-0.87



[bookmark: _Ref111125902]Table 8 NACK to ACK performance gap (PUCCH Format-1 with 1bits Msg4 ACK/NACK)
	PUCCH format-1 with 2bits UCI
	Rural TDL - A
	Rural TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR (dB)
	Gap (dB)
	Required SNR （dB）
	Gap (dB)

	GEO
	1
	12.5
	-15.73
	-6.93
	8.8
	-11.55
	4.18

	
	2
	20
	-20.57
	-6.53
	14.04
	-11.47
	9.1

	LEO-1200
	1
	30
	-7.54
	-6.88
	0.66
	-11.66
	-4.12

	
	2
	30
	-13.54
	-6.88
	6.66
	-11.66
	1.88

	LEO-600
	1
	30
	-2.15
	-6.88
	-4.73
	-11.66
	-9.51

	
	2
	30
	-8.15
	-6.88
	1.27
	-11.66
	-3.51



[bookmark: _Ref111125620]Table 9 ACK missed detection performance gap (PUCCH Format-1 with 1bits Msg4 ACK/NACK)
	PUCCH format-1 with 2bits UCI
	Rural TDL - A
	Rural TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR (dB)
	Gap (dB)
	Required SNR （dB）
	Gap (dB)

	GEO
	1
	12.5
	-15.73
	11.1
	26.83
	-1.38
	14.35

	
	2
	20
	-20.57
	7.84
	28.41
	-1.36
	19.21

	LEO-1200
	1
	30
	-7.54
	7.94
	15.48
	-1.35
	6.19

	
	2
	30
	-13.54
	7.94
	21.48
	-1.35
	12.19

	LEO-600
	1
	30
	-2.15
	7.94
	10.09
	-1.35
	0.8

	
	2
	30
	-8.15
	7.94
	16.09
	-1.35
	6.8




PUCCH format 3
For PUCCH format-3 with 11 bits UCI payload, both the repetition method and inter-slot frequency hopping method are numerical simulated. Figure 11 to Figure 15 demonstrate the performance gain offered by enabling repetition and inter-slot frequency hopping, where the frequency hopping intervals are given by the analysis in Appendix A. 
	[image: ]
[bookmark: _Ref111133588]Figure 11 PUCCH Format-3 (11 bits) inter-slot FH, NTN-TDL-A/C-12.5o
	[image: ]
Figure 12 PUCCH Format-3 (11 bits) inter-slot FH, NTN-TDL-A/C-20o



	[image: ]
Figure 13 PUCCH Format-3 (11 bits) inter-slot FH, NTN-TDL-A/C-30o
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Figure 14 PUCCH Format-3 (11 bits) inter-slot FH, NTN-TDL-A/C-60o
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[bookmark: _Ref111133589]Figure 15 PUCCH Format-3 (11 bits) inter-slot FH, NTN-TDL-A/C-88o
	


Table 10 summarizes the gap between the required SNR for decoding PUCCH format-3 with 11 bits UCI and the link budget CNR. The required SNR is obtained assuming the maximum number of repetitions in R17 for PUCCH, i.e., , and inter-slot frequency hopping enabled. 
[bookmark: _Ref111129440]Table 10 PUCCH format-3 performance summary
	PUCCH format-1
	Rural TDL - A
	Rural TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR (dB)
	Gap (dB)
	Required
SNR (dB)
	Gap (dB)

	GEO
	1
	12.5
	-15.73
	3.36
	19.09
	-8.12
	7.61

	
	2
	20
	-20.57
	0.49
	21.06
	-8.09
	12.48

	LEO-1200
	1
	30
	-7.54
	0.61
	8.15
	-8.16
	-0.62

	
	2
	30
	-13.54
	0.61
	14.15
	-8.16
	5.38

	LEO-600
	1
	30
	-2.15
	0.61
	2.76
	-8.16
	-6.01

	
	2
	30
	-8.15
	0.61
	8.76
	-8.16
	-0.01



The observed maximum frequency hopping gain are summarized in Table 11. It can be observed that inter-slot frequency hopping offers no performance gain in rural TDL-C (LOS) channels for PUCCH formant-3. However, the performance gain is observed in rural TDL-A (NLOS) channels for PUCCH format 3, where the frequency hopping gain increases with the elevation angles. And the best frequency hopping interval is observed to be 20MHz. 
[bookmark: _Ref111133719]Table 11 PUCCH format-3 frequency hopping gain
	Elevation angle (deg)
	Max gain (dB) in TDL-A
	Max gain (dB) in TDL-C

	12.5
	< 0.5 ()
	0 ( MHz)

	20
	3.07 (20 MHz)
	0 ( MHz)

	30
	3.24 (20 MHz)
	0 ( MHz)


Observation 1: The inter-slot frequency hopping has up to 3dB gain for rural TDL-A channels for PUCCH format-3 with 11 bits UCI.

0. PRACH
PRACH format 0
The following figure shows the PRACH detection failure rate for format 0 meanwhile the false detection rate is 0.1%, as agreed in RAN1#109. 
[image: ]
Figure 16 Format 0 and 0.1ppm frequency offset
The following table compares the link budget CNR and required SNR for different satellite orbits, parameter sets, and elevation angles assuming the detection rate as 1% and 10% respectively. 
Table 12 Performance summary of PRACH format 0 (1% missed detection)
	PRACH format 0
	Rural NTN-TDL-A
	Rural NTN-TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR （dB）
	Gap (dB)
	Required SNR （dB）
	Gap (dB)

	GEO
	1
	12.5
	-23.4 
	2.7 
	26.1 
	-10.6 
	12.8 

	
	2
	20
	-28.2 
	2.4 
	30.6 
	-10.7 
	17.5 

	LEO-1200
	1
	30
	-15.2 
	2.6 
	17.8 
	-10.6 
	4.6 

	
	2
	30
	-21.2 
	2.6 
	23.8 
	-10.6 
	10.6 

	LEO-600
	1
	30
	-9.8 
	2.6 
	12.4 
	-10.6 
	-0.8 

	
	2
	30
	-15.8 
	2.6 
	18.4 
	-10.6 
	5.2 


Table 13 Performance summary of PRACH format 0 (10% missed detection)
	PRACH format 0
	Rural NTN-TDL-A
	Rural NTN-TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR （dB）
	Gap (dB)
	Required SNR （dB）
	Gap (dB)

	GEO
	1
	12.5
	-23.4 
	-7.8 
	15.5 
	-13.8 
	9.5 

	
	2
	20
	-28.2 
	-7.9 
	20.3 
	-14.0 
	14.3 

	LEO-1200
	1
	30
	-15.2 
	-7.8 
	7.4 
	-13.9 
	1.3 

	
	2
	30
	-21.2 
	-7.8 
	13.4 
	-13.9 
	7.3 

	LEO-600
	1
	30
	-9.8 
	-7.8 
	2.0 
	-13.9 
	-4.1 

	
	2
	30
	-15.8 
	-7.8 
	8.0 
	-13.9 
	1.9 



PRACH format 2
The following figure shows the PRACH detection failure rate for format 2.
[image: ]
Figure 17 Format 2 and 0.1ppm frequency offset
The following table compares the link budget CNR and required SNR for different satellite orbits, parameter sets, and elevation angles. For PRACH format 2, less cases have coverage issues compared to format 0. More precisely, in terms of 1% missed detection rate, except the cases of LEO-600 and LEO-1200 with 30 elevation angle and set 1 and NTN-TDL-C channel, all the remaining cases have the coverage problem. In contrast, in terms of 10% missed detection rate, the cases of (LEO-600, set 1, NTN-TDL-A) and (LEO-600, set 2, NTN-TDL-C) which cannot work at 1% missed detection rate, do not have the coverage problem. 
Table 14 Performance summary of PRACH format 2 (1% missed detection)
	PRACH format 2
	Rural NTN-TDL-A
	Rural NTN-TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR （dB）
	Gap (dB)
	Required SNR （dB）
	Gap (dB)

	GEO
	1
	12.5
	-23.4 
	-2.2 
	21.1 
	-15.7 
	7.7 

	
	2
	20
	-28.2 
	-2.6 
	25.6 
	-15.6 
	12.6 

	LEO-1200
	1
	30
	-15.2 
	-2.0 
	13.2 
	-15.6 
	-0.4 

	
	2
	30
	-21.2 
	-2.0 
	19.2 
	-15.6 
	5.6 

	LEO-600
	1
	30
	-9.8 
	-2.0 
	7.8 
	-15.6 
	-5.8 

	
	2
	30
	-15.8 
	-2.0 
	13.8 
	-15.6 
	0.2 



Table 15 Performance summary of PRACH format 2 (10% missed detection)
	PRACH format 2
	Rural NTN-TDL-A
	Rural NTN-TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR （dB）
	Gap (dB)
	Required SNR （dB）
	Gap (dB)

	GEO
	1
	12.5
	-23.4 
	-12.6 
	10.8 
	-18.9 
	4.5 

	
	2
	20
	-28.2 
	-12.7 
	15.6 
	-18.9 
	9.3 

	LEO-1200
	1
	30
	-15.2 
	-12.5 
	2.7 
	-18.9 
	-3.7 

	
	2
	30
	-21.2 
	-12.5 
	8.7 
	-18.9 
	2.3 

	LEO-600
	1
	30
	-9.8 
	-12.5 
	-2.7 
	-18.9 
	-9.0 

	
	2
	30
	-15.8 
	-12.5 
	3.3 
	-18.9 
	-3.0 



PRACH format B4
The following figure shows the PRACH detection failure rate for format B4.

[image: ]
Figure 18 Format B4 for SCS = 15kHz and 0.1ppm frequency offset
The following table compares the CNR and required SNR for different satellite orbits, parameter sets, and elevation angles. For format B4, all the evaluation cases have the coverage problem in terms of 1% missed detection rate. Regarding the 10% missed detection rate, the case of LEO-600, set 1 do not have the coverage issue.  
Table 16 Performance summary of PRACH format B4 (1% missed detection)
	PRACH format B4
	Rural NTN-TDL-A
	Rural NTN-TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR （dB）
	Gap (dB)
	Required SNR （dB）
	Gap (dB)

	GEO
	1
	12.5
	-26.5 
	1.5 
	28.0 
	-12.0 
	14.5 

	
	2
	20
	-31.4 
	1.1 
	32.5 
	-12.0 
	19.4 

	LEO-1200
	1
	30
	-18.3 
	1.5 
	19.8 
	-12.1 
	6.2 

	
	2
	30
	-24.3 
	1.5 
	25.8 
	-12.1 
	12.2 

	LEO-600
	1
	30
	-12.9 
	1.5 
	14.4 
	-12.1 
	0.9 

	
	2
	30
	-18.9 
	1.5 
	20.4 
	-12.1 
	6.9 



Table 17 Performance summary of PRACH format B4 (10% missed detection)
	PRACH format B4
	Rural NTN-TDL-A
	Rural NTN-TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR （dB）
	Gap (dB)
	Required SNR （dB）
	Gap (dB)

	GEO
	1
	12.5
	-26.5 
	-8.9 
	17.6 
	-15.1 
	11.4 

	
	2
	20
	-31.4 
	-8.8 
	22.6 
	-15.3 
	16.1 

	LEO-1200
	1
	30
	-18.3 
	-8.9 
	9.5 
	-15.3 
	3.0 

	
	2
	30
	-24.3 
	-8.9 
	15.5 
	-15.3 
	9.0 

	LEO-600
	1
	30
	-12.9 
	-8.9 
	4.1 
	-15.3 
	-2.4 

	
	2
	30
	-18.9 
	-8.9 
	10.1 
	-15.3 
	3.6 



Analysis on PRACH format and miss-detection rate
Regarding the miss detection rate of PRACH format of 1% and 10%, the 10% PRACH miss-detection rate corresponds to a longer time to achieve the 1% miss-detection rate, i.e. may require two PRACH transmissions to achieving the miss-detection rate of 1%. This may increase NTN access delay. However, based on the analysis, 10% miss-detection rate can be achieved by at least PRACH format 2 for set-1 LEO-600 with set-1. Note that with PRACH format 2, if the miss-detection rate can be relaxed to 8%, the coverage gap can be eliminated.
Observation 2：For NTN initial access, PRACH format 2 has smaller coverage gaps compared to format 0 and B4. 
Observation 3: For Set-1 LEO-600 satellite, coverage issue for PRACH can be solved by relaxing the requirement of miss-detection rate to about 8%.
Observation 4: For initial access with preamble format 2, when PRACH detection rate is relaxed to 10% within an acceptable increment of random-access delay, LEO-600 satellite with Set-1 setting can provide coverage for PRACH.
· For Set-1 LEO-1200, PRACH would need to be enhanced by 2.7dB with a relaxed PRACH detection rate.
Proposal 1: Prioritize PRACH format 2 for the coverage enhancement for NTN.
Proposal 2: For Set-1 LEO-600 satellite, coverage issue for PRACH can be solved by relaxing the requirement of miss-detection rate or by further enhancements, e.g. further repetitions. 

0. PDSCH
The main motivation of coverage enhancement in NR NTN is to enable eMBB UE, i.e. the smart phone, to support the access of satellite. Currently, eMBB UE at least supports the widely deployed band, N41, N77, N78. Based on the requirement in TS 38.101 as below, the UE supporting N41, N77 and N78 shall support the minimum Rx chains of 4. 
	The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n48, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports. This requirement applies when the band is used as a standalone band or as part of a band combination.


[bookmark: _Ref111104513]Observation 5: For eMBB UEs, at least 4 receiver antennas are usually equipped to support the commercialized NR band including N41, N77 and N78.
Based on the observation, PDSCH coverage performance is evaluated for PDSCH with VoIP and PDSCH with low data rate of 1Mbps, assuming the smart phone is equipped with 4 antennas.
PDSCH for VoIP
Following the simulation parameters in Appendix B, the PDSCH BLER performance for VoIP by using legacy coverage enhancement in Rel-17 are illustrated in Figure 19 and Figure 20, for NTN-TDL-A and NTN-TDL-C respectively.
Based on Observation 12, for NR NTN coverage study, four antennas can be assumed on eMBB UEs, and antenna selection/switching method can be used to improve the coverage. Following the simulation parameters in Table 44, the PDSCH BLER performance with antenna switching (using the legends with “AS” in the figures), where on each repetition the best two antennas are used for VoIP are also provided in Figure 19 and Figure 20.
[image: ]
[bookmark: _Ref109722605][bookmark: _Ref109722597]Figure 19 R-17 PDSCH performance for VoIP under rural, NTN-TDL-A
[image: ]
[bookmark: _Ref109722614]Figure 20 R-17 PDSCH performance for VoIP under rural, NTN-TDL-C
The required SNRs are summarized and compared to the link budget in Table 18 based on the above evaluation results.
[bookmark: _Ref110416001]Table 18 PDSCH with antenna switching coverage evaluation for VoIP
	PDSCH VoIP
(8 repetitions using 2 best antennas among 4 antennas)
	Rural NTN-TDL-A
	Rural NTN-TDL-C 

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR @ 2% rBLER (dB)
	Coverage Gap (dB)
	Required SNR @ 2% rBLER (dB)
	Coverage Gap (dB)

	LEO-1200
	1
	30
	-0.7 
	-10.2 
	-9.5 
	-12.8 
	-12.1 

	
	2
	30
	-6.7 
	-10.2 
	-3.5 
	-12.8 
	-6.1 

	LEO-600
	1
	30
	-1.3 
	-10.2 
	-8.8 
	-12.8 
	-11.5 

	
	2
	30
	-7.3 
	-10.2 
	-2.8 
	-12.8 
	-5.5 



Observation 6: If UE implements reception antenna switching, which is allowed by legacy specification, coverage gap of PDSCH with VoIP can be eliminated for LEO-600/1200 under Rural NTN-TDL-A/C.
PDSCH for low data rate of 1Mbps
Following the simulation parameters in Table 44, the PDSCH BLER performance for low data rate (1Mbps) by using antenna switching are evaluated and illustrated in Figure 21 and Figure 22.
[image: ]
[bookmark: _Ref111106474]Figure 21 R-17 PDSCH performance for low data rate of 1Mbps under rural, NTN-TDL-A
[image: ]
[bookmark: _Ref111106477]Figure 22 R-17 PDSCH performance for low data rate of 1Mbps under rural, NTN-TDL-C
The required SNRs are summarized and compared to the link budget in Table 19 based on the above evaluation results.
[bookmark: _Ref111105357]Table 19 PDSCH with antenna switching coverage evaluation for low data rate of 1Mbps
	PDSCH 1Mbps
(repetitions using 2 best antennas among 4 antennas)
	Rural NTN-TDL-A
	Rural NTN-TDL-C 

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR@iBLER10% （dB）
	Coverage Gap (dB)
	Required SNR@iBLER10%  （dB）
	Coverage Gap (dB)

	LEO-1200
	1
	30
	-0.7 
	-7.2 
	-6.5 
	-7.9 
	-7.2 

	
	2
	30
	-6.7 
	-7.2 
	-0.5 
	-7.9 
	-1.2 

	LEO-600
	1
	30
	-1.3 
	-7.2 
	-5.9 
	-7.9 
	-6.6 

	
	2
	30
	-7.3 
	-7.2 
	0.1 
	-7.9 
	-0.6 


Observation 7: If UE implements reception antenna switching, the coverage gap of PDSCH with a low data rate 1 Mbps could be further eliminated for LEO-600/1200 under Rural NTN-TDL-A/C.
PDSCH for Msg4
For the PDSCH scheduling during RACH procedure, the UE specific configured repetition is not supported. Considering this, we also provide the evaluation on the coverage performance of PDSCH for Msg4 without any repetitions in Figure 23 and Figure 24. 
[bookmark: _Hlk110967874][image: ]
[bookmark: _Ref111105968]Figure 23 R-17 PDSCH Msg.4 performance under rural, NTN-TDL-A

[bookmark: _Hlk110967887][image: ]
[bookmark: _Ref111105972]Figure 24 R-17 PDSCH Msg.4 performance under rural, NTN-TDL-C
The required SNRs are summarized and compared to the link budget in Table 20 based on the above evaluation results.
[bookmark: _Ref111205614]Table 20 PDSCH with antenna switching coverage evaluation for Msg4
	PDSCH Msg4
(1 repetition using 2 best antennas among 4 antennas)
	Rural NTN-TDL-A
	Rural NTN-TDL-C 

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR@iBLER10% （dB）
	Coverage Gap (dB)
	Required SNR@iBLER10%  （dB）
	Coverage Gap (dB)

	GEO
	1
	12.5
	-7.8 
	-7.1 
	0.7 
	-7.5 
	0.3 

	
	2
	20
	-13.1 
	-7.1 
	6.1 
	-7.5 
	5.6 

	LEO-1200
	1
	30
	-0.7 
	-6.9 
	-6.4 
	-7.4 
	-6.8 

	
	2
	30
	-6.7 
	-6.9 
	-0.4 
	-7.4 
	-0.8 

	LEO-600
	1
	30
	-1.3 
	-6.9 
	-5.7 
	-7.4 
	-6.2 

	
	2
	30
	-7.3 
	-6.9 
	0.3 
	-7.4 
	-0.2 


Observation 8: If UE implements reception antenna switching, which is allowed by legacy specification, coverage gap of PDSCH Msg. 4 could be eliminated for LEO-600/1200 under Rural NTN-TDL-A/C, and could be further eliminated for Set-1 GEO under Rural NTN-TDL-A/C.
0. PDCCH 
For PDCCH, the performance without PDCCH repetition is evaluated. In Rel-16, M-TRP based PDCCH repetition is introduced. However, this mechanism can be applied on a single TRP, i.e. corresponding to a satellite, by network implementation. Therefore, we consider the PDCCH repetition as the Rel-17 baseline for current supported coverage enhancement for PDCCH. Both TDM (intra-slot) repetition and FDM repetition with a maximum 2 repetitions are investigated, where the simulation results are captures in Figure 25 to Figure 28. In each figure, the 1% BLER performance only varies within a small range (less than 1dB) for different elevation angles, especially in LOS (TDL-C) channels, except for 12.5o case with the FDM repetition.
In NTN-TDL-A, 2 Rx antennas offers a 10-dB performance gain compare to baseline (1rx reception), while 2 repetition in different span in the same slot offers additional 2 dB gain compared to baseline. Besides, it is observed that the performance gain offered by FDM repetition method is larger than that of the TDM repetition, especially in NTN-TDL-A channels. 
In addition, the performance gain offered by applying 2 Rx decreases to 4dB under NTN-TDL-C channels, where the repetition provides the same performance gain as in NTN-TDL-A cases. 

	[image: ]
[bookmark: _Ref110346383]Figure 25 PDCCH performance under rural-NTN-TDL-A w/ TDM repetition
	[image: ]
Figure 26 PDCCH performance under rural-NTN-TDL-C w/ TDM repetition
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Figure 27 PDCCH performance under rural-NTN-TDL-A w/ FDM repetition
	[image: ]
[bookmark: _Ref110346391]Figure 28 PDCCH performance under rural-NTN-TDL-C w/ FDM repetition


The following Table provides the comparison between the PDCCH required decoding SNR and the link budget CNR in different NTN scenarios. 
[bookmark: _Ref110286263]Table 21 Coverage analysis of PDCCH in connected mode
	PDCCH in USS and type3 CSS
(2Rx, with PDCCH repetition)
	Rural NTN-TDL-A
	Rural NTN-TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR (dB)
	Gap (dB)
	Required SNR （dB）
	Gap (dB)

	GEO
	1
	12.5
	-7.8 
	-2.8 
	5.0 
	-10.1 
	-2.3 

	
	2
	20
	-13.1 
	-3.6 
	9.6 
	-10.2 
	2.9 

	LEO-1200
	1
	30
	-0.7 
	-3.8 
	-3.1 
	-10.3 
	-9.6 

	
	2
	30
	-6.7 
	-3.8 
	2.9 
	-10.3 
	-3.6 

	LEO-600
	1
	30
	-1.3 
	-3.8 
	-2.5 
	-10.3 
	-9.0 

	
	2
	30
	-7.3 
	-3.8 
	3.6 
	-10.3 
	-3.0



When the UE has not set up the RRC connection and there is no UE specific signalling to configure PDCCH repetition for type3-CSS and USS. Therefore, the PDCCH coverage performance for IDLE mode UE or UEs in RACH procedure cannot assume PDCCH repetition. Corresponding evaluation results and coverage gap are summarized in the following table.
Table 22 Coverage analysis of PDCCH in IDLE mode/during initial access
	PDCCH in type 0, 0A, 1, 1A, 2, 2A CSS
(2Rx, without PDCCH repetition)
	Rural NTN-TDL-A
	Rural NTN-TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR (dB)
	Gap (dB)
	Required SNR （dB）
	Gap (dB)

	GEO
	1.0 
	12.5 
	-7.8 
	-0.1 
	7.7 
	-7.4 
	0.4 

	
	2.0 
	20.0 
	-13.1 
	-0.7 
	12.4 
	-7.6 
	5.5 

	LEO-1200
	1.0 
	30.0 
	-0.7 
	-0.8 
	-0.1 
	-7.7 
	-7.0 

	
	2.0 
	30.0 
	-6.7 
	-0.8 
	5.9 
	-7.7 
	-1.0 

	LEO-600
	1.0 
	30.0 
	-1.3 
	-0.8 
	0.5 
	-7.7 
	-6.4 

	
	2.0 
	30.0 
	-7.3 
	-0.8 
	6.5 
	-7.7 
	-0.4 



It can be observed that there is just 0.5dB coverage gap for set-1 LEO-600 case under TDL-A channel. In our view, this marginal gap can be easily eliminated by further considering antenna selection of two antennas among the four antennas on the smart phone, which is not used in the simulation above for PDCCH. 
[bookmark: _Hlk111143220]Observation 9: If antenna selection of two antennas among the 4 antennas on the smart phone is utilized, the coverage gap of PDCCH during initial access/in IDLE mode can be further eliminated.
Analysis on the results and observations 
The coverage gap of all the evaluated PHY channels are summarized in Table 24 and Table 25. And the corresponding Rel-17 solutions are summarized in Table 23.
[bookmark: _Ref110420151]Table 23 Summary of simulated Rel-17 coverage enhancement solution supported by existing specification
	PUCCH format 1
	For PUCCH of normal PDSCH: Repetition (repetition number=8), with/without inter-slot frequency hopping;
For PUCCH of Msg4 PDSCH: No repetition, with intra-slot frequency hopping;

	PUCCH format 3
	Repetition (repetition number=8), with/without inter-slot frequency hopping

	PUSCH Msg.3
	Repetitions (repetition number=16), 1Tx with antenna switching within 4 antennas on UE

	PDSCH Msg.4
	No repetition + 2Rx with channel selection of two best antennas among 4 antennas of eMBB smart phone

	PDCCH in type 0, 0A, 1, 1A, 2, 2A CSS
	2Rx and without PDCCH repetition

	PDCCH in USS and type3 CSS
	2Rx and PDCCH repetition in the same slot, which is introduced in Rel-16

	PUSCH for VoIP
	TBoMS, repetitions, 1Tx with antenna switching within 4 antennas on UE

	PDSCH for VoIP
	Repetition (repetition number=8) + 2Rx with channel selection of two best antennas among 4 antennas of eMBB smart phone

	PUSCH with 100kbps data rate
	TBoMS, repetitions, 1Tx with antenna switching within 4 antennas on UE

	PDSCH for 1Mbps data rate
	Repetition (repetition number=8) + 2Rx with channel selection of two best antennas among 4 antennas of eMBB smart phone



[bookmark: _Ref110007026]Table 24 Summary of coverage gaps for set-1 satellite
	Set-1 Satellite
	GEO

	LEO-1200
	LEO-600

	
	Rural NTN-TDL-A
	Rural NTN-TDL-C
	Rural NTN-TDL-A
	Rural NTN-TDL-C
	Rural NTN-TDL-A
	Rural NTN-TDL-C

	PUCCH format 1
(2bits)
	NACK 2 ACK
	15.0 
	5.0 
	4.5 
	-3.2 
	-0.9 
	-8.6 

	
	ACK miss
	17.8 
	6.6 
	7.2 
	-1.5 
	1.8 
	-6.9 

	PUCCH format 1
(1bits) for Msg4
	NACK 2 ACK
	8.8 
	4.2 
	0.7 
	-4.1 
	-4.7 
	-9.5 

	
	ACK miss
	26.8 
	14.4 
	15.5 
	6.2 
	10.1 
	0.8 

	PUCCH format 3
	19.1 
	7.6 
	8.2 
	-0.6 
	2.8 
	-6.0 

	PRACH format 2
	10.8 
	4.5 
	2.7 
	-3.7 
	-2.7 
	-9.0 

	PUSCH Msg.3
	8.7 
	6.6 
	0.5 
	-1.6 
	-4.8 
	-6.9 

	PDSCH for Msg4
	0.7 
	0.3 
	-6.4 
	-6.8 
	-5.7 
	-6.2 

	PDCCH in type 0, 0A, 1, 1A, 2, 2A CSS
	7.7 
	0.4 
	-0.1 
	-7.0 
	0.5 
	-6.4 

	PDCCH in USS and type3 CSS
	5.0 
	-2.3 
	-3.1 
	-9.6 
	-2.5 
	-9.0 

	PUSCH for VoIP
	N/A　
	N/A　
	8.8 
	2.6 
	3.4 
	-2.8 

	PDSCH for VoIP
	N/A　
	N/A　
	-9.5 
	-12.1 
	-8.8 
	-11.5 

	PUSCH with 100kbps data rate
	N/A
	N/A
	N/A
	N/A
	11.2
	5.6 

	PDSCH for 1Mbps data rate
	N/A
	N/A
	-6.5 
	-7.2 
	-5.9 
	-6.6 


[bookmark: _Ref110007031]Table 25 Summary of coverage gaps for set-2 satellite
	Set-2 Satellite
	GEO

	LEO-1200
	LEO-600

	
	Rural NTN-TDL-A
	Rural NTN-TDL-C
	Rural NTN-TDL-A
	Rural NTN-TDL-C
	Rural NTN-TDL-A
	Rural NTN-TDL-C

	PUCCH format 1
(2bits)
	NACK 2 ACK
	17.5 
	9.7 
	10.5 
	2.8 
	5.1 
	-2.6 

	
	ACK miss
	20.1 
	11.4 
	13.2 
	4.5 
	7.8 
	-0.9 

	PUCCH format 1 for Msg4
(1bits)
	NACK 2 ACK
	14.0 
	9.1 
	6.7 
	1.9 
	1.3 
	-3.5 

	
	ACK miss
	28.4 
	19.2 
	21.5 
	12.2 
	16.1 
	6.8 

	PUCCH format 3
	21.1
	12.5
	14.2
	5.4
	8.8
	0

	PRACH format 2
	15.6
	9.3
	8.7
	2.3
	3.3
	-3

	PUSCH Msg.3
	13.6
	11.5
	6.5
	4.4
	1.2
	-0.9

	PDSCH for Msg4
	6.1
	5.6
	-0.4
	-0.8
	0.3
	-0.2

	PDCCH in type 0, 0A, 1, 1A, 2, 2A CSS
	12.4
	5.5
	5.9
	-1
	6.5
	-0.4

	PDCCH in USS and type3 CSS
	9.6
	2.9
	2.9
	-3.6
	3.6
	-3

	PUSCH for VoIP
	N/A　
	N/A　
	14.8
	8.6
	9.4
	3.2

	PDSCH for VoIP
	N/A　
	N/A　
	-3.5
	-6.1
	-2.8
	-5.5

	PUSCH with 100kbps data rate
	N/A　
	N/A　
	N/A　
	N/A　
	17.2
	11.6

	PDSCH for 1Mbps data rate
	N/A
	N/A
	-0.5
	-1.2
	0.1
	-0.6



Prioritized satellites and channels
In Table 25, It can be also observed that there are large coverage gaps in most cases for set-2 parameters. Considering the limited TU, we propose to prioritize the coverage enhancement for Set-1 satellite.
Observation 10: Set-2 satellite faces too large coverage gap, which seems difficult to be eliminated by standard work.
Proposal 3: Prioritize the coverage enhancement for Set-1 satellite.
Also, it can be observed, almost all channels face up to 10dB coverage gap for GEO case. Considering the limited TU, we propose to deprioritize the coverage enhancement for GEO satellite. The GEO satellite can work for NB-IoT and other lower data rate service. 
Observation 11: Compared to LEOs 600 almost all channels face up to 10 dB coverage gap for GEO cases.
Proposal 4: Prioritize the coverage enhancement for LEOs.
Based on the evaluations Tx diversity/Rx diversity including antenna switching by UE implementation can provide significant coverage enhancement, especially for NLOS channels, i.e. NTN-TDL-A. However, the coverage is still challenging for NLOS channels (i.e. NTN-TDL-A) with exploiting the Tx diversity/Rx diversity via antenna switching. 
Table 6.6.1-1 in TS 38.811 describes the probability of LOS channels for different NTN scenarios, which is numbered as Table 26 below. For the current evaluating rural scenarios, the LOS probability is over 90% for LEO satellite with the elevation angle above 30°. Even if we consider the GEO satellite elevation angle (12.5° and 20°), the LOS probability is still above 78%. Therefore, it is reasonable to prioritize the coverage enhancement for NTN-TDL-C channel considering the limited TU.
[bookmark: _Ref111119954]Table 26 LOS probability (Table 6.6.1-1 in TS 38.811)
	Elevation
	Dense urban scenario
	Urban scenario
	Suburban and Rural scenarios

	10°
	28.2%
	24.6%
	78.2%

	20°
	33.1%
	38.6%
	86.9%

	30°
	39.8%
	49.3%
	91.9%

	40°
	46.8%
	61.3%
	92.9%

	50°
	53.7%
	72.6%
	93.5%

	60°
	61.2%
	80.5%
	94.0%

	70°
	73.8%
	91.9%
	94.9%

	80°
	82.0%
	96.8%
	95.2%

	90°
	98.1%
	99.2%
	99.8%



Observation 12: LOS channel is the majority cases (larger than 90%) for UEs served by LEOs in rural scenarios.
Proposal 5: Prioritize the coverage enhancement to cover NTN-TDL-C channels.

Bottleneck channels and coverage to support VoIP 
Based on the summarized results in Table 24, it can be observed that PDSCH, PRACH, and PUSCH for Msg3 with the help of Rel-17 coverage enhancement can meet the coverage requirement in LEO 600 set-1. PDCCH in type 0, 0A, 1, 1A, 2, 2A CSS may have 0.5 dB coverage gap under TDL-A. However, as proposed by observation 21, LOS is the majority cases for NTN and as observed in Observation 18, the 0.5dB coverage gap can be eliminated by antenna switching from two antennas among the 4 antennas for PDCCH. Therefore, it can be considered that the PDCCH does not have coverage issue for LEO-600 set-1.
Only PUSCH needs to be enhanced by 3.4dB to carry the VoIP service, and the PUCCH format 3 may need 2.8 dB coverage enhancement for NR NTN.
Observation 13: To support VoIP service, LEO-600 satellite with Set-1 setting can provide the coverage for PDCCH, PDSCH, PRACH and PUSCH for Msg3, but not for PUSCH and PUCCH. 
· For LEO-600 with Set-1, PUSCH would need to be enhanced by 3.4 dB, PUCCH format 1 of Msg4 would need to be enhanced by 10dB, and PUCCH format 3 would need to be enhanced by 2.8 dB for VoIP.
· With those enhancements, the coverage for VoIP would also be achieved for all channels for LEO-1200 in NTN-TDL-C with Set-1, and for LEO-600 in NTN-TDL-C with Set-2.
Bottleneck channels and coverage to support low data rate
According to Table 24 and Table 25, both set-1 and set-2 LEOs can serve the downlink low data rate service of 1Mbps. For Set-2 LEO satellite, the coverage gap is very marginal which is about 0.1dB under NTN-TDL-A.
Observation 14: Both set-1 and set-2 LEOs can provide coverage for PDSCH with a low data rate of 1Mbps.
For PUSCH with a low data rate of 100kbps, based on the simulation results LEOs cannot serve the 100kbps in uplink and faces a large coverage gap.
Observation 15: PUSCH is also the bottleneck for a low data rate of 100kbps with larger coverage gaps, compared to VoIP.
Considering the above observations, we have the following proposals:
Proposal 6: Consider support downlink dominate low data rate service with 1Mbps in DL and 10kbps in UL for set-1 LEO-600, set-1 LEO-1200 in NTN-TDL-C, and set-2 LEO-600 in NTN-TDL-C with the same enhancements as that for supporting VoIP.

Potential Coverage Enhancement Schemes for NR NTN
Polarization Diversity
[bookmark: _Hlk111188530]With circularly polarized antenna applied at satellites, the same RBs can be assigned to the same UE on both LHCP and RHCP dimensions to enhance the link robustly and extend the UL coverage via soft-combining the LHCP and RHCP Rx branches. For DL,  combining the LHCP and RHCP signal transmitted from the satellite can also enhance the coverage. For both DL and UL, the required SNR or coverage gap can be reduced by 3dB, theoretically.
Proposal 7: Study polarization diversity to enhance the coverage of NR NTN.
Different polarization dimensions can be also used to support multiplexing of different layers transmission or multiplexing between different UEs to support higher data rate or system throughput. However, it is unknown by gNB regarding the polarization capability of a UE. As an example, if a VSAT UE can support both LHCP and RHCP, two layers transmission can be scheduled to the UE simultaneously. Meanwhile, a smart phone cannot support two layer transmission and can only use polarization diversity to improve the coverage. 
Therefore, it is beneficial to report UE’s polarization capability to gNB/satellite, and it should be studied in NTN coverage enhancement.
Proposal 8: Study the mechanism to report polarization capability on UEs, which enables gNB/satellite to choose the proper configuration between polarization diversity and polarization multiplexing for a UE.
DMRS Density Reduction
DM-RS enhancements for PUSCH coverage enhancements has been discussed in [2] for terrestrial network. Besides, joint DM-RS channel estimation has been agreed as a baseline in NTN for more accurate channel estimation. Considering the enhancement related to DM-RS density, sparse DM-RS can be considered for NTN due to the LOS dominated channel property. With lower DM-RS density in the frequency domain, power boosting can be introduced to improve the coverage of DM-RS. Figure 30 illustrates the scheme of legacy and sparse DM-RS density in the frequency domain. Without data transmission for half of the REs for DMRS, the power of the remained DM-RS can be boosted with 3 dB. The corresponding BLER performance against SNR of NTN_TDL_A and NTN_TDL_C are presented in Figure 31 and Figure 32, respectively. The baseline curve uses the normal DRMS density and “Sparse DRMS density” means DMRS is reduced by half with 3dB power boosting. Obviously, more accurate channel estimation results within the DMRS REs could enhance the PUSCH decoding performance with about 0.5 dB performance gain.
Observation 16: Half DM-RS frequency density with 3 dB power boosting on DM-RS could improve the PUSCH performance @2% rBLER target by about 0.5 dB for NR NTN.
Proposal 9: Study lower DM-RS density in the frequency domain with power boosting for PUSCH coverage enhancement.

[image: ]
[bookmark: _Ref109234088]Figure 29 Half DMRS density in frequency domain
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[bookmark: _Ref109234252]Figure 30 Enhanced DMRS density with power boosting for NTN_TDL_A
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[bookmark: _Ref109234261]Figure 31 Enhanced DMRS density with power boosting for NTN_TDL_C

PRACH Enhancement Discussion
Based on the analysis and evaluation in section 3, it can be observed that the PRACH coverage gap can be eliminated by relaxing the miss-detection rate to 10%. However, if the group decides not to relax the detection rate of PRACH, some enhancement of PRACH format could be considered, considering Rel-18 coverage enhancement shall anyway consider PRACH coverage enhancement in Rel-18 anyway.
To show the benefits of repetitions, we provide evaluations on the four new formats with larger number of repetitionsNote that these evaluated preamble formats of L2F1, L2F2, L2F3, L2F4 is the repetitions of PRACH preamble format 2.
Table 27 Simulation preamble formats of L = 839
	Format of L = 839
	0
	2
	L2F1
	L2F2
	L2F3
	L2F4

	Number of repetitions
	PRACH format 0
	PRACH format 2
	2 repetitions of PRACH format 2
	3 repetitions of PRACH format 2
	4 repetitions of PRACH format 2
	8 repetitions of PRACH format 2



The performance for NTN-TDL-A and NTN-TDL-C channels are respectively given by Figure 32 and Figure 33, respectively. 
[image: ]
Figure 32 Preamble format L = 839 for SCS = 15kHz and 0.1ppm frequency offset in NTN-TDL-A channel
· 
[image: ]
Figure 33 Preamble format L = 839 for SCS = 15kHz and 0.1ppm frequency offset in NTN-TDL-C channel
In the following tables, the cases marked with green color do not have coverage issues. For instance, for the case of (LEO-1200, set 2, elevation angle 30, NTN-TDL-C), the require SNR can meet the CNR when the PRACH format 2 is repeated by 4 times. 
Table 28 Performance summary of PRACH format 2 repetitions for NTN-TDL-A (1% missed detection)
	PRACH format of length 839
	Rural NTN-TDL-A

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Coverage Gap of PRACH format 0（dB）
	Coverage Gap of PRACH format 2（dB）
	Coverage Gap of L2F1（dB）
	Coverage Gap of L2F2（dB）
	Coverage Gap of L2F3（dB）
	Coverage Gap of L2F4（dB）

	LEO-1200
	1
	30
	-15.2 
	17.8 
	13.2 
	10.9 
	9.9 
	9.0 
	7.0 

	
	2
	30
	-21.2 
	23.8 
	19.2 
	16.9 
	15.9 
	15.0 
	13.0 

	LEO-600
	1
	30
	-9.8 
	12.4 
	7.8 
	5.5 
	4.5 
	3.6 
	1.6 

	
	2
	30
	-15.8 
	18.4 
	13.8 
	11.5 
	10.5 
	9.6 
	7.6 



Table 29 Performance summary of PRACH format 2 repetitions for  NTN-TDL-C (1% missed detection)
	PRACH format of length 839
	Rural TDL - C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Coverage Gap of PRACH format 0（dB）
	Coverage Gap of PRACH format 2（dB）
	Coverage Gap of L2F1（dB）
	Coverage Gap of L2F2（dB）
	Coverage Gap of L2F3（dB）
	Coverage Gap of L2F4（dB）

	LEO-1200
	1
	30
	-15.2 
	4.6 
	-0.4 
	-2.5 
	-3.9 
	-5.0 
	-6.8 

	
	2
	30
	-21.2 
	10.6 
	5.6 
	3.5 
	2.1 
	1.0 
	-0.8 

	LEO-600
	1
	30
	-9.8 
	-0.8 
	-5.8 
	-7.9 
	-9.3 
	-10.3 
	-12.2 

	
	2
	30
	-15.8 
	5.2 
	0.2 
	-1.9 
	-3.3 
	-4.3 
	-6.2 



Observation 17: It can be observed that if the detection rate of a single-shot PRACH transmission is not relaxed, repetitions of existing PRACH format 2 is a straightforward way to resolve the coverage issue for the PRACH channel.
Proposal 10:  Discuss whether the detection performance of a single-shot PRACH preamble can be relaxed for coverage enhancement. 


Conclusions
In summary, we discuss on the coverage enhancement for NR NTN. The following observations and proposals are made: 

Observation 1: The inter-slot frequency hopping has up to 3dB gain for rural TDL-A channels for PUCCH format-3 with 11 bits UCI.
Observation 2：For NTN initial access, PRACH format 2 has smaller coverage gaps compared to format 0 and B4. 
Observation 3: For Set-1 LEO-600 satellite, coverage issue for PRACH can be solved by relaxing the requirement of miss-detection rate to about 8%.
Observation 4: For initial access with preamble format 2, when PRACH detection rate is relaxed to 10% within an acceptable increment of random-access delay, LEO-600 satellite with Set-1 setting can provide coverage for PRACH.
· For Set-1 LEO-1200, PRACH would need to be enhanced by 2.7dB with a relaxed PRACH detection rate.
Observation 5: For eMBB UEs, at least 4 receiver antennas are usually equipped to support the commercialized NR band including N41, N77 and N78.
Observation 6: If UE implements reception antenna switching, which is allowed by legacy specification, coverage gap of PDSCH with VoIP can be eliminated for LEO-600/1200 under Rural NTN-TDL-A/C.
Observation 7: If UE implements reception antenna switching, the coverage gap of PDSCH with a low data rate 1 Mbps could be further eliminated for LEO-600/1200 under Rural NTN-TDL-A/C.
Observation 8: If UE implements reception antenna switching, which is allowed by legacy specification, coverage gap of PDSCH Msg. 4 could be eliminated for LEO-600/1200 under Rural NTN-TDL-A/C, and could be further eliminated for Set-1 GEO under Rural NTN-TDL-A/C.
Observation 9: If antenna selection of two antennas among the 4 antennas on the smart phone is utilized, the coverage gap of PDCCH during initial access/in IDLE mode can be further eliminated.
Observation 10: Set-2 satellite faces too large coverage gap, which seems difficult to be eliminated by standard work.
Observation 11: Compared to LEOs 600 almost all channels face up to 10 dB coverage gap for GEO cases.
Observation 12: LOS channel is the majority cases (larger than 90%) for UEs served by LEOs in rural scenarios.
Observation 13: To support VoIP service, LEO-600 satellite with Set-1 setting can provide the coverage for PDCCH, PDSCH, PRACH and PUSCH for Msg3, but not for PUSCH and PUCCH. 
· For LEO-600 with Set-1, PUSCH would need to be enhanced by 3.4 dB, PUCCH format 1 of Msg4 would need to be enhanced by 10dB, and PUCCH format 3 would need to be enhanced by 2.8 dB for VoIP.
· With those enhancements, the coverage for VoIP would also be achieved for all channels for LEO-1200 in NTN-TDL-C with Set-1, and for LEO-600 in NTN-TDL-C with Set-2.
Observation 14: Both set-1 and set-2 LEOs can provide coverage for PDSCH with a low data rate of 1Mbps.
Observation 15: PUSCH is also the bottleneck for a low data rate of 100kbps with larger coverage gaps, compared to VoIP.
Observation 16: Half DM-RS frequency density with 3 dB power boosting on DM-RS could improve the PUSCH performance @2% rBLER target by about 0.5 dB for NR NTN.
Observation 17: It can be observed that if the detection rate of a single-shot PRACH transmission is not relaxed, repetitions of existing PRACH format 2 is a straightforward way to resolve the coverage issue for the PRACH channel.

Proposal 1: Prioritize PRACH format 2 for the coverage enhancement for NTN.
Proposal 2: For Set-1 LEO-600 satellite, coverage issue for PRACH can be solved by relaxing the requirement of miss-detection rate or by further enhancements, e.g. further repetitions. 
Proposal 3: Prioritize the coverage enhancement for Set-1 satellite.
Proposal 4: Prioritize the coverage enhancement for LEOs.
Proposal 5: Prioritize the coverage enhancement to cover NTN-TDL-C channels.
Proposal 6: Consider support downlink dominate low data rate service with 1Mbps in DL and 10kbps in UL for set-1 LEO-600, set-1 LEO-1200 in NTN-TDL-C, and set-2 LEO-600 in NTN-TDL-C with the same enhancements as that for supporting VoIP.
Proposal 7: Study polarization diversity to enhance the coverage of NR NTN.
Proposal 8: Study the mechanism to report polarization capability on UEs, which enables gNB/satellite to choose the proper configuration between polarization diversity and polarization multiplexing for a UE.
Proposal 9: Study lower DM-RS density in the frequency domain with power boosting for PUSCH coverage enhancement.
Proposal 10:  Discuss whether the detection performance of a single-shot PRACH preamble can be relaxed for coverage enhancement. 
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Appendix A: Frequency Hopping Gap in Simulation
The NTN satellite bands in FR1 are specified in Table 5.2.2-1 of [3], which is listed as Table 37. 
[bookmark: _Ref110442500]Table 30 NTN satellite bands in FR1 (Table 5.2.2-1 in [3]]
	NTN satellite operating band
	Uplink (UL) operating band
Satellite Access Node receive / UE transmit
FUL,low   –  FUL,high
	Downlink (DL) operating band
Satellite Access Node transmit / UE receive
FDL,low   –  FDL,high 
	Duplex mode

	n256
	1980MHz – 2010 MHz
	2170 MHz – 2200 MHz
	FDD

	n255
	1626.5 MHz – 1660.5 MHz
	1525 MHz – 1559 MHz
	FDD

	NOTE: 	NTN satellite bands are numbered in descending order from n256.



And the UE channel bandwidths are specified in Table 5.3.5-1 of [3], which is listed as Table 38. 
[bookmark: _Ref110442667]Table 38 Channel bandwidths for each NTN satellite band (Table 5.3.5-1 in [3])
	NTN satellite band
	SCS
kHz
	UE Channel bandwidth (MHz)

	
	
	5
	10
	15
	20

	
	15
	5
	10
	15
	20

	n256
	30
	
	10
	15
	20

	
	60
	
	10
	15
	20

	
	15
	5
	10
	15
	20

	n255
	30
	
	10
	15
	20

	
	60
	
	10
	15
	20



Therefore, we only consider the frequency hopping gap smaller than 20MHz in the study.

[bookmark: _Ref110253619]Appendix B: link level evaluation assumption
B.1 PUSCH
For the agreed simulation scenario, channel model/delay spread, and NTN system bandwidth, the frequency hopping could not provide attractive performance gain for PUSCH. Thus, the frequency hopping is disabled in the simulation. 
As 2 transmit chains will require more power consumption, which will challenge the power supply and the cost of the UEs, only 1 transmit chain is adopted in our simulation.
To maximize the Link Budget, we consider 2 PRBs for both VoIP and Msg.3 simulation.
As AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) is agreed for VoIP simulation, adopting the MCS 11 in MCS Table 6.1.4.1-2 in [4] or MCS 5 in MCS Table 6.1.4.1-1 [4] could provide a TBS equalling to 208, which is just above 184.
For Msg.3, the agreed TBS is 56, which could adopt MCS 6 in MCS Table 6.1.4.1-2 in [4] or MCS 0 in MCS Table 6.1.4.1-1 [4] with Modulation Order Qm=2 to meet the requirements. 
For low data rate 100kbps, adopting MCS 8 in MCS Table 6.1.4.1-1 in [4].
PUSCH for VoIP
[bookmark: _Ref111126205][bookmark: _Ref110001381][bookmark: _Ref110001375] Table 32 PUSCH VoIP simulation assumption
	[bookmark: _Hlk110968180]Parameter
	Value

	Frequency hopping 
	w/o frequency hopping

	[bookmark: _Hlk110957804]TBoMS
	N= {4}

	BLER
	For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1

	DMRS configuration 
	For 3km/h: Type I, 2 DMRS symbol, no multiplexing with data.
PUSCH mapping Type A, DMRS positions defined in Table 6.4.1.1.3 with ld=14, l0=2 and pos1 in [38.211].

	Waveform
	DFT-s-OFDM

	PUSCH duration
	14 OS

	Repetitions 
	w/ type A repetition, M = {4,5}


	MCS for VoIP
	MCS 5 in MCS Table 6.1.4.1-2 in [TS 38.214] 

	Number of PRBs
	2



PUSCH Msg.3
[bookmark: _Ref111126261]Table 33 PUSCH Msg.3 simulation assumption
	[bookmark: _Hlk110968210]Parameter
	Value

	Frequency hopping
	w/o frequency hopping

	Number of UE transmit chains
	1

	Number of DMRS symbol
	3

	Waveform 
	DFT-s-OFDM

	PUSCH duration
	14 OS

	Number of PRBs
	2

	MCS for Msg.3
	MCS 6 in MCS Table 6.1.4.1-2 in [TS 38.214] 

	TBS
	56 bits

	DMRS configuration
	PUSCH mapping Type A, DMRS positions defined in Table 6.4.1.1.3 with ld=14, l0=2 and pos2 in [TS 38.211].

	Repetitions 
	w/ type A repetition, M = [16]


[bookmark: _Hlk110968224]
PUSCH Low Data Rate
[bookmark: _Ref111126301]Table 34 PUSCH Low Data Rate simulation assumption
	Parameter
	Value

	Frequency hopping
	w/o frequency hopping

	TBoMS
	N= {4}

	Number of UE transmit chains
	1

	Number of DMRS symbol
	2

	Waveform 
	DFT-s-OFDM

	PUSCH duration
	14 OS

	Number of PRBs
	2

	TBS
	1352 bits

	DMRS configuration
	PUSCH mapping Type A, DMRS positions defined in Table 6.4.1.1.3 with ld=14, l0=2 and pos1 in [TS 38.211].

	Repetitions 
	w/ type A repetition, M = {3}

	PRBs/MCS for VoIP
	[bookmark: _Hlk111125452]MCS 8 in MCS Table 6.1.4.1-1 in [TS 38.214] 



B.2 PUCCH
The simulation of PUCCH is restrict to PUCCH format-1 and PUCCH format-3 as agreed in [3]. The resource allocation for both formats and other simulation assumptions are listed in Table 42.
Intra-slot and inter-slot frequency hopping are applied in the simulation for PUCCH format-1 and PUCCH format-3, respectively, based on the channel bandwidth listed in Table 5.3.5-1 in 38.101-5, where the two-hops of PUCCH occupies the first and the last PRB of the satellite bandwidth, respectively. User multiplexing and inter-cell interference are not considered, therefore group and sequence hopping and cyclic shift hopping are disable in the simulation, for both PUCCH format-1 and format-3.
[bookmark: _Ref110442712]Table 35 PUCCH simulation assumption
	Parameter
	Value

	PUCCH format 
	Format 1, 2bits UCI.
Format 3, 11 bits UCI

	Frequency hopping
	w/ frequency hopping

	BLER
	-     For PUCCH format 1: 
DTX to ACK probability: 1%;
NACK to ACK probability: 0.1%;
ACK missed detection probability: 1%
-     For PUCCH format 3: 
1% BLER.

	Number of UE transmit chains
	1 

	DMRS configuration 
	Number of DMRS symbols for PUCCH Format 3: 2

	Repetitions
	w/ repetition.
The maximum number of repetitions is 8.

	PUCCH duration        
	14 OS

	Number of PRBs
	1 PRB



B.3 PRACH
Table 36 PRACH simulation assumption
	Parameter
	Value

	Format
	Format 0, Format B4, Format 2

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

	Performance metric
	1% missed detection at 0.1% false alarm probability
10% missed detection

	Number of UE transmit chains
	1

	Carrier Frequency
	S-band

	Frequency offset
	0.1ppm

	UE speed
	3 km/h

	Channel model
	NTN-TDL-A, NTN-TDL-C

	Evaluation scenario
	Rural

	Elevation angle (deg)
	12.5, 20, 30



B.4 PDSCH
For PDSCH, we do the coverage evaluation for VoIP service. Table 38 shows the smallest UE bandwidth of the specified NTN satellite band is 5 MHz, thus the PRBs number for VoIP is 25. Considering the AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) is agreed for VoIP simulation, MCS 0 in MCS Table 5.1.3.1-3 in [4] could provide a TBS equalling to 184.
For PDSCH Msg.4, MCS 2 in MCS Table 5.1.3.1-3 in [4] is adopted.
For PDSCH low data rate 1Mbps, MCS 2/8/10 in MCS Table 5.1.3.1-3 in [4] are adopted.
[bookmark: _Ref111126726][bookmark: _Ref110008638]Table 37 PDSCH simulation assumption
	Parameter
	Value

	BLER
	For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Without HAQR

	DMRS configuration
	For VoIP, with UE speed 3km/h, Type I, 2 DMRS symbol, no multiplexing with data is assumed. 
PDSCH DMRS is Type A with l0 = 2, l1 = 11.

	PRBs/MCS for VoIP
	PRBs = 25; MCS 0 in MCS Table 5.1.3.1-3 in [4] for PDSCH

	PRBs/MCS for Msg. 4
	PRBs = 96; MCS 2 in MCS Table 5.1.3.1-3 in [4] for PDSCH

	PRBs/MCS for Low Data Rate
	PRBs = 106; MCS 2/8/10 in MCS Table 5.1.3.1-3 in [4] for PDSCH

	PDSCH duration
	12 OS



B.5 PDCCH
Table 38 PDCCH simulation assumption
	Parameter
	Value

	Number of UE receive chains
	1

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	1T

	BLER
	1% BLER
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