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[bookmark: _Ref18181]Introduction
In RAN#109e, all potential channels/signals that need to be evaluated for NR NTN coverage enhancement were agreed. And the target date rate and simulation parameters are also provided in the following. 
Agreement
If corresponding channel (including SCS) is agreed as evaluation target channel, the following features introduced in Rel-17 Coverage enhancement WI can be applied in coverage evaluation of NR NTN.
· For VoIP, max 20 PUSCH repetitions if SCS = 15 kHz and packet combining/HARQ are not applied; otherwise, max 32 PUSCH repetitions with consideration of the impact on E2E latency
· For low-data rate service, max 32 PUSCH repetitions
· TBoMS
· Joint channel estimation (DMRS bundling)
· Companies are encouraged to report how to apply
· Max 16 Msg.3 PUSCH repetitions
Agreement
For low-data rate service, the following target data rate is assumed.
· For DL, 3 kbps if satellite EIRP density lower than values in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, or values in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band due to ITU regulatory limitations on power flux density is considered; otherwise, 1 Mbps
· For UL, 3 kbps and 100 kbps
· FFS: which data rate applies for GEO/MEO/LEO
Agreement
For NR NTN coverage enhancement, the following channels/signals can be evaluated.
· PUSCH for VoIP
· PUSCH for low data rate service
· PUCCH format 1 with 2 bits 
· PUCCH format 3 with 11 bits 
· PRACH format 0
· PRACH format 2
· PRACH format B4 
· PUSCH Msg.3
· PUCCH for Msg.4 HARQ-ACK 
· SSB
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2 
· PDSCH Msg.4
· PDCCH
· Broadcast PDCCH (PDCCH of Msg.2) 
In this contribution, link budget analysis and LLS results are provided for all potential channels/signals in NR NTN to identify the coverage performance for both UL and DL. In order to guarantee coverage, the specific techniques for NR NTN coverage enhancement are also proposed. 
UL coverage evaluation 
For coverage evaluation in NR NTN, link budget results can be calculated firstly with the parameters of link budget analysis provided in [1]. Especially, with the assumption of the antenna gain of -5 dBi and 3 dB polarization loss for commercial smart phone, the CNR of different cases for uplink bandwidth of 360 kHz is shown in Table 1. 
[bookmark: _Ref2102]Table 1 Link budget result for UL coverage with bandwidth of 360 kHz
	Elevation angle (degree)
	12.5
	20
	30
	40
	50
	60
	70
	80
	90

	Set-2
	CNR (dB) @LEO-1200km
	
	
	-16.62
	-15.16
	-14.03
	-13.18
	-12.60
	-12.26
	-12.15

	
	CNR (dB) @LEO-600km
	
	
	-11.23
	-9.50
	-8.20
	-7.26
	-6.62
	-6.25
	-6.13

	
	CNR (dB) @GEO
	
	-23.68
	-23.44
	-23.23
	-23.06
	-22.92
	-22.82
	-22.76
	-22.74

	Set-1
	CNR (dB) @LEO-1200km(optional)
	
	
	-10.62
	-9.16
	-8.03
	-7.18
	-6.60
	-6.26
	-6.15

	
	CNR (dB) @LEO-600km(optional)
	
	
	-5.23
	-3.50
	-2.20
	-1.26
	-0.62
	-0.25
	-0.13

	
	CNR (dB) @GEO
	-18.90
	-18.68
	-18.44
	-18.23
	-18.06
	-17.92
	-17.82
	-17.76
	-17.74


1.1 PRACH
For coverage evaluation of PRACH in NR NTN, PRACH format 2 is considered due to its capability for large coverage with 4 repeated sequences in time domain. Except for the baseline performance with legacy PRACH format 2, to identify the coverage gap for all targeted scenarios, the simulation performance of enhanced format with 8 and 16 repetitions are also carried out. The simulation parameters including delay spread and K-factor for rural scenario refers to the channel model parameters in [2]], more detailed simulation assumptions are summarized in Appendix.
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[bookmark: _Ref10701]Figure 1 Performance result of PRACH format 2 with enhanced repetitions
As can be observed from Figure 1, with consideration of 200Hz frequency offset, the required SNR at 1% miss detection rate are -19.9 dB, -22 dB to -24 dB correspond to the sequence repetitions of 4, 8 to 16, respectively. Since sequence length of PRACH format 2 is 839 with SCS of 1.25 kHz, the CNR can be calculated with the bandwidth of 1.04MHz for coverage evaluation. 
[bookmark: _Ref10890]Table 2 Supported elevation angle on PRACH format 2 for targeted scenarios
	Elevation angle (degree)
	12.5
	20
	30
	40
	50
	60
	70
	80
	90

	Required SNR(dB) with 4 repetitions
	-19.9
	-19.9
	-19.9
	-19.9
	-19.9
	-19.9
	-19.9
	-19.9
	-19.9

	Required SNR(dB) with 8 repetitions
	-22.00
	-22.00
	-22.00
	-22.00
	-22.00
	-22.00
	-22.00
	-22.00
	-22.00

	Required SNR(dB) with 16 repetitions
	-24.00
	-24.00
	-24.00
	-24.00
	-24.00
	-24.00
	-24.00
	-24.00
	-24.00

	Set-2
	CNR (dB) @LEO-1200km
	
	
	-21.22
	-19.76
	-18.63
	-17.78
	-17.2
	-16.86
	-16.75

	
	CNR (dB) @LEO-600km
	
	
	-15.83
	-14.1
	-12.8
	-11.86
	-11.22
	-10.85
	-10.73

	
	CNR (dB) @GEO
	
	-28.28
	-28.04
	-27.83
	-27.66
	-27.52
	-27.42
	-27.36
	-27.34

	
Set-1
	CNR (dB) @LEO-1200km
	
	
	-15.22
	-13.76
	-12.63
	-11.78
	-11.2
	-10.86
	-10.75

	
	CNR (dB) @LEO-600km
	
	
	-9.83
	-8.1
	-6.8
	-5.86
	-5.22
	-4.85
	-4.73

	
	CNR (dB) @GEO
	-23.5
	-23.28
	-23.04
	-22.83
	-22.66
	-22.52
	-22.42
	-22.36
	-22.34


Table 2 shows the coverage performance of PRACH format 2, where the applicable scenarios are highlighted in green, yellow and blue for 4, 8 and 16 repeated sequences, respectively: 
For PRACH format 2, 30 elevation angle at LEO-1200 with Set-2 cannot be supported due to 1.32 dB gap and GEO scenarios cannot be satisfied since 8.38dB gap cannot be eliminated. As for enhanced PRACH format with 8 repeated sequences, the coverage performance of all LEO scenarios can be guaranteed by the repetition gain of 2dB. Furthermore, the case of GEO with Set-1 can be supported when the sequence repetitions of PRACH format 2 increase to 16. Therefore, enhanced PRACH format 2 with more repetitions should be supported when GEO scenarios are considered. Moreover, if the polarization loss (e.g., 3dB) can be mitigated by taking the proper polarization for UL transmission (e.g., based on the indicated polarization in SIB), the CNR can be improved dramatically to further reduce the performance gap for GEO.
Observation 1: Enhancement should be considered for legacy PRACH format 2 with following coverage gap:
· Up to 1.32dB gap for LEO-1200 with Set-2.
· Up to 3.6 dB gap for GEO scenario with Set-1.
· Up to 8.38dB gap for GEO scenario with Set-2.
Proposal 1: Following approaches can be considered to optimize the coverage of PRACH format 2 for GEO
· Larger repetitions (e.g., 16).
· Polarization matching between UE and gNB to overcome the polarization loss.
1.2 Msg3
To evaluate coverage requirement of PUSCH Msg3, maximum of 16 repetitions supported in Rel-17 and TBS of 56 bits are considered in the simulation. For achieving better coverage, MCS index with lower code rate for the determination of TBS is utilized by Table 5.1.3.1-3 in [3]. The coverage performance without frequency offset and with frequency offset of 200Hz are conducted in this simulation, more detailed simulation assumption is summarized in Appendix.
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[bookmark: _Ref12206]Figure 2 Performance result of Msg3 with different repetitions
As can be observed in Figure 2, with consideration of 200Hz frequency offset, the required SNR at 10% BLER are -0.8 dB, -10dB to -11.8 dB correspond to the Msg3 with no repetition , 16 repetitions and 32 repetitions, respectively. However, lower SNR can be obtained with frequency offset of 0Hz and JCE for the ideal coverage performance. Assuming that the beam forming gain of 3dB can be achieved by antenna configuration of 2T1R, the corresponding coverage gap can be obtained based on the required SNR and CNR in Table 3.
[bookmark: _Ref12370]Table 3 coverage gap of Msg3 with 32 repetitions without JCE
	Elevation angle (degree)
	12.5
	20
	30
	40
	50
	60
	70
	80
	90

	Required SNR(dB) @10% BLER
	-11.8
	-11.8
	-11.8
	-11.8
	-11.8
	-11.8
	-11.8
	-11.8
	-11.8

	Set-2
	Coverage gap (dB) @LEO-1200km
	
	
	1.82
	0.36
	/
	/
	/
	/
	/

	
	Coverage gap (dB)  @LEO-600km
	
	
	/
	/
	/
	/
	/
	/
	/

	
	Coverage gap (dB)  @GEO
	
	8.88
	8.64
	8.43
	8.26
	8.12
	8.02
	7.96
	7.94

	Set-1
	Coverage gap (dB)  @LEO-1200km(optional)
	
	
	/
	/
	/
	/
	/
	/
	/

	
	Coverage gap (dB)  @LEO-600km(optional)
	
	
	/
	/
	/
	/
	/
	/
	/

	
	Coverage gap (dB)  @GEO
	4.1
	3.88
	3.64
	3.43
	3.26
	3.12
	3.02
	2.96
	2.94


Table 3 illustrates the coverage gap of PUSCH Msg3 with 32 repetitions. For enhanced Msg3, all GEO scenarios cannot be enhanced since large coverage gap can be up to 8.88 dB. As for LEO-1200 with Set-2, 30~40 elevation angle cannot be satisfied due to 1.82 dB gap needs to be eliminated. Therefore, enhanced Msg3 with more repetitions should be supported when GEO scenarios are considered.
Moreover, it can be found that once the ideal pre-compensation of FO can be achieved, e.g., via pre-compensation, significant performance improvement can be achieved by implementing the JCE over the repetitions. Then, in this case, the performance gap for gap can be compensated.
Observation 2: Enhancement should be considered for legacy Msg3 (with 16 repetition) due to large coverage gap.
· 1.82 dB gap for LEO-1200 with Set-2.
· Up to 4.1 dB gap for all GEO scenarios with Set-1.
· Up to 8.88 dB gap for all GEO scenarios with Set-2.
Proposal 2: Following approaches can be considered to optimize the coverage of Msg3
· More repetitions (e.g., 32) 
· JCE without FO should be guaranteed for Msg-3 transmission based on the pre-compensation mechanism.
1.3 PUSCH for VoIP
To evaluate the coverage performance for PUSCH on VoIP service, link-level simulation is performed with fixed TBS of 184 bits within 20ms. In this simulation, the number of PRB is set to 2 and corresponding MCS index is set to 10, more detailed simulation parameters are summarized in Appendix. 
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[bookmark: _Ref12771]Figure 3 Performance result of VoIP on PUSCH
As shown in Figure 3, the required SNR at 2% BLER is -7.55 dB when maximum of 20 repetitions. Furthermore, the better coverage performance can be achieved when the ideal coverage evaluation is conducted without frequency offset and with JCE. By comparing the targeted SNR and CNR of link budget analysis, the coverage gap of PUSCH for VoIP is illustrated in Table 4. Similarly, the beam forming of 3 dB is assumed by antenna configuration of 2T1R and compensated in link budget analysis.
[bookmark: _Ref12422]Table 4 Coverage gap of VoIP for LEO scenarios without JCE
	Elevation angle (degree)
	30
	40
	50
	60
	70
	80
	90

	Required SNR(dB) @2% BLER
	-7.55
	-7.55
	-7.55
	-7.55
	-7.55
	-7.55
	-7.55

	Set-2
	Coverage gap (dB) @LEO-1200km
	6.07
	4.61
	3.48
	2.63
	2.05
	1.71
	1.6

	
	CNR (dB) @LEO-600km
	/
	/
	/
	/
	/
	/
	/

	Set-1
	Coverage gap (dB) @LEO-1200km(optional)
	/
	/
	/
	/
	/
	/
	/

	
	Coverage gap (dB)  @LEO-600km(optional)
	/
	/
	/
	/
	/
	/
	/


It can be found in Table 4, all elevation angle cannot be satisfied for LEO-1200 with Set-2 since coverage gap of up to 6.07 dB cannot be eliminated. Since the mismatch between satellite and UE polarization modes can be compensated by two orthogonal linear polarization, better coverage enhancement can be achieved if polarization enhancement can be implemented. Thus, polarization enhancement should be supported for VoIP to further reduce the large coverage gap.
Observation 3: Coverage enhancement should be considered for VoIP on PUSCH due to large coverage gap.
· Up to 6.07 dB gap for LEO-1200 with Set-2.
Proposal 3: Following approaches can be considered to optimize the coverage of PUSCH for VoIP:
· JCE with without FO based on pre-compensation for UL transmission
· Polarization matching between UE and gNB to overcome the polarization loss.
1.4 PUSCH for low data rate service
For low data rate service, TBS of 96 bits can be determined if target data rate of 3kbps is achieved within the duration of maximum of 32 PUSCH repetitions. However, TBS of 96 bits cannot be generated when the determination of TBS follows current NR specification, regardless of whether the number of PRB is 1 or 2. Therefore, in this simulation, the determination of the required SNR for TBS of 96 bits can be estimated by the target SNR with the nearest TBS of 86 and 112 bits. More detailed simulation parameters including MCS index and the number of PRB are summarized in Appendix.
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[bookmark: _Ref12539]Figure 4 Performance result of Low data rate service with FO=200Hz
As shown in Figure 4 the required SNR at 10% BLER is -11.0 dB by comparing the target SNR from TBS of 88 bits and 112 bits with the frequency offset of 200Hz. Furthermore, lower SNR can be obtained with frequency offset of 0Hz and JCE for the ideal coverage performance. Then, the coverage gap of low data rate service on PUSCH can be obtained.
[bookmark: _Ref12474]Table 5 Performance evaluation on low data rate service without JCE
	Elevation angle (degree)
	12.5
	20
	30
	40
	50
	60
	70
	80
	90

	Required SNR(dB) @10% BLER（FO=200Hz）
	-11.0
	-11.0
	-11.0
	-11.0
	-11.0
	-11.0
	-11.0
	-11.0
	-11.0

	Set-2
	Coverage gap (dB)  @LEO-1200km
	
	
	2.62
	1.16
	0.03
	/
	/
	/
	/

	
	Coverage gap (dB)  @LEO-600km
	
	
	/
	/
	/
	/
	/
	/
	/

	
	Coverage gap (dB) @GEO
	
	9.68
	9.44
	9.23
	9.06
	8.92
	8.82
	8.76
	8.74

	
Set-1
	Coverage gap (dB) @LEO-1200km(optional)
	
	
	/
	/
	/
	/
	/
	/
	/

	
	Coverage gap (dB) @LEO-600km(optional)
	
	
	/
	/
	/
	/
	/
	/
	/

	
	Coverage gap (dB)  @GEO
	4.9
	4.68
	4.44
	4.23
	4.06
	3.92
	3.82
	3.76
	3.74


Table 5 illustrates the coverage performance of low data rate service with 32 repetitions. By comparison, all GEO scenarios cannot be supported due to huge coverage gap of up to 9.68 dB. As for LEO-1200 with Set-2, 30~50 degree elevation angles cannot be satisfied since 2.62 dB gap needs to be compensated. Therefore, potential enhancement should be applied if GEO scenarios are considered.
Observation 4: Coverage enhancement should be considered for low data rate service on PUSCH.
· Up to 2.62 dB gap for LEO-1200 with Set-2
· Up to 4.9 dB gap for GEO with Set-1
· Up to 9.68 dB gap for GEO with Set-2
Proposal 4: Potential enhancement techniques should be supported for low data rate service if GEO scenarios are considered.
DL coverage evaluation
For coverage evaluation in NR NTN DL, with the consideration of ITU regulation of PFD limitation [4] , the analysis of DL CNR limitation on frequency band of 2160MHz-2200MHz is provided.
As shown in Figure 5-(a), for LEO satellite, the DL coverage performance is severely restricted when the PFD limit is followed in NTN scenarios. The corresponding CNR limitation is basically maintained at about -11.8 dB when the elevation angle increases from 25 to 90 degrees, and when the angle is lower than 25 degree, the smaller the elevation angle is, the tighter the CNR requirement is. As shown in Figure 5-(b), for GEO, when the elevation angle range increases from 25 to 90, the corresponding CNR threshold is basically maintained at about -16.8 dB. Just like LEO scenario, the smaller the elevation angle, the more stringent the CNR requirements are. 
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(a)                                          (b)
[bookmark: _Ref7857]Figure 5 DL CNR requirement on frequency band of 2160MHz-2200MHz 
Observation 5: With the consideration of ITU regulation of PFD limitation, CNR limitations corresponding to GEO and LEO are as follows:
· -16.8 dB CNR limitation for GEO corresponding to 25 degree to 90 degree elevation angle.
· -11.8 dB CNR limitation for LEO corresponding to 25 degree to 90 degree elevation angle.
In this section, to evaluate the coverage performance of NR-NTN, we provide our link level simulation results to obtain the required CNR requirements corresponding to different physical channels firstly. For channel, NTN-TDL-C channel is assumed in simulation. The elevation angle is assumed as 10 degree and rural LOS S-band is considered. That is, K=24.72 and lgDS=-9.55, which can be used to express a typical scenario where LOS path is significant. The detailed simulation assumptions for different channels can be found in Table 9, Table 10 and Table 11 in the Appendix.
1.5 SSB
In RAN1#109-e meeting, for NR NTN coverage enhancement, the SSB performance has been agreed to be evaluated. The simulation assumptions can be referred in Table 9 in the Appendix. Note that besides the parameters agreed in RAN1#109-e, the FO is assumed as 10+24=34ppm in evaluation since SSB is detected in initial access without pre-compensation.
The simulation results based on the multiple-branches detection are as illustrated in Figure 6. It can be observed that the required SNR for SSB is about -13.6 dB @1% miss detection rate with baseline assumption. Based on previous link budget analysis, the achievable CNR is about -11.8 dB for LEO and -16.8 dB for GEO when elevation angle is 25 to 90 degrees. That is, for LEO, target performance can already be satisfied without additional enhancement if the elevation angle is restricted to be above 25 degrees. However, for GEO, 3.2 dB performance gap can be observed and additional coverage enhancement may be needed.
[image: PBCH_detection]
[bookmark: _Ref12127]Figure 6 Performance result of SSB
To mitigate the 3.2 dB coverage gap, following methods can be considered:
· Increase Rx antenna number, e.g., from 2Rx to 4Rx
· Increase the number of combined SSBs, e.g., from 4 SSBs to 8 SSBs
Note that increase of combined SSB number can be implemented by either increasing combination time, reducing the assumed SSB period in initial access, or restricting multiple SSBs in a SSB burst sharing same SSB index. In GEO scenario, one large beam is generally considered. Hence, it is feasible to only transmit one type of SSB in SSB burst. With such method, the delay of initial sync can be reduced and JCE can be considered to further improve performance. When 4Rx and 8 SSB combination are assumed, the required SNR for SSB can be reduced to about -17.7 dB as shown in Figure 6, which satisfies the requirement.
Observation 6: Coverage enhancement should be considered for SSB due to the coverage gap as:
· 3.2dB coverage gap for GEO.
Proposal 5: Following coverage enhancements should be considered for SSB:
· Increase the number of Rx antenna.
· Shorten the assumed SSB period from 20ms to 10ms in cell search
· Enable the joint processing cross adjacent SSBs with different index
· Enable the SSB transmission with single index per duration
1.6 PDCCH
In RAN1#109-e meeting, for NR NTN coverage enhancement, PDCCH channel should be simulated to evaluate whether its performance meets the coverage requirements. Follow the initial simulation assumptions of the RAN1#109-e meeting, we evaluate PDCCH performance with 40bits overhead.
As shown in Figure 7, the initially SNR at 1% BLER is -11dB when 16 for aggregation level and 6 for REG bundle size are applied. Based on the targeted SNR and CNR of link budget analysis, the coverage performance of PDCCH are -11.8 dB for LEO and -16.8 dB for GEO. The maximum coverage gap is about 5.8 dB for GEO and the minimum gap is about 0.8 dB for LEO. Therefore, the potential enhancement techniques should be provided to eliminate the huge coverage gap.
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[bookmark: _Ref8223]Figure 7 Performance result of PDCCH with FO=200Hz
To improve the coverage performance and eliminate the huge coverage gap, we evaluate the PDCCH coverage performance from multiple perspectives, such as increasing the size of REG bundle, increasing aggregation level, increasing the number of Rx antenna and repetitions of DCI. As can be seen from the blue curve in Figure 7, for the enhancement of REG bundle size and aggregation level, when the REG bundle size is increased from 6 to 12 and the aggregation level is increased from 16 to 20, its performance can be improved by 1.4 dB to meet the LEO’s coverage requirements due to the improvement of channel estimation accuracy and coding gain. For the enhancement of repetitions, the 2.2 dB gain brought by one retransmission can meet the LEO’s coverage requirement without modifying other configurations. And by using 4-receiver antennas and a smaller number of retransmissions, GEO with more stringent coverage requirements can be met.
Observation 7: With the consideration of ITU regulation of PFD limitation, coverage enhancement should be considered for PDCCH due to the huge coverage gap as:
· 5.8 dB coverage gap compared with the CNR limitation of GEO.
· 0.8 dB coverage gap compared with the CNR limitation of LEO.
Proposal 6: Following coverage enhancements should be considered for PDCCH:
· Increase the size of REG bundle.
· Increase aggregation level.
· Increase the number of Rx antenna.
· Support repetitions of PDCCH.
1.7 PDSCH for Msg2
In RAN1#109-e meeting, for NR NTN coverage enhancement, PDSCH for Msg.2 channel should be simulated to evaluate whether its performance meets the coverage requirements. Follow the initial simulation assumptions of the RAN1#109-e meeting, we evaluate Msg.2 performance with 64 bits overhead.
As shown in Figure 8, the initially SNR at 10% BLER is -9.5 dB when RB number of 6 and no repetition are applied. Based on the targeted SNR and CNR of link budget analysis, the coverage performance of Msg.2 are -11.8 dB for LEO and -16.8 dB for GEO. The maximum coverage gap is about 7.3 dB for GEO and the minimum gap is about 2.3 dB for LEO. Even if the number of RBs is increased from 6 to 12 and 48, it can only meet the coverage requirements of LEO. Therefore, the potential enhancement techniques should be provided to eliminate the huge coverage gap.
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[bookmark: _Ref8356]Figure 8 Performance result of Msg.2 with different RBs and repetitions
To improve the coverage performance and eliminate the huge coverage gap and take into account the bandwidth constraints, we evaluate the Msg.2 coverage performance with the consideration of supporting Msg2 repetitions. As can be seen from the blue curve in Figure 8, tighter required SNR of -16.8 dB at 10% BLER can be obtained when the number of repetitions and RBs are 4 and 48 for GEO.
Observation 8: With the consideration of ITU regulation of PFD limitation, coverage enhancement should be considered for Msg.2 due to the huge coverage gap as:
· 7.3 dB coverage gap compared with the CNR limitation of GEO.
· 2.3 dB coverage gap compared with the CNR limitation of LEO.
Proposal 7: Enhanced Msg.2 with repetitions should be supported in NR NTN.
1.8 PDSCH for Msg4
In RAN1#109-e meeting, for NR NTN coverage enhancement, PDSCH for Msg.4 channel should be simulated to evaluate whether its performance meets the coverage requirements. Follow the initial simulation assumptions of the RAN1#109-e meeting, we evaluate Msg.4 performance at different RBs.
As shown in Figure 9, the initially SNR at 10% BLER is -7.5 dB when RB number of 36 and no repetition are applied. Based on the targeted SNR and CNR of link budget analysis, the coverage performance of Msg.4 are -11.8 dB for LEO and -16.8 dB for GEO. The maximum coverage gap is about 9.3 dB for GEO and the minimum gap is about 4.3 dB for LEO. Even if the number of RBs is increased from 36 to 60 and 100, it can only meet the coverage requirements of LEO unless the bandwidth restrictions are removed. Therefore, the potential enhancement techniques should be provided to eliminate the huge coverage gap.
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[bookmark: _Ref8458]Figure 9 Performance result of Msg.4 with different RBs and repetitions
To improve the coverage performance and eliminate the huge coverage gap and take into account the bandwidth constraints, we evaluate the Msg.4 coverage performance with the consideration of supporting Msg4 repetitions. As can be seen from the blue curve in Figure 9, lower required SNR of -11.8 dB at 10% BLER can be obtained when the number of repetitions and RBs are 4 and 36 for LEO. However, due to the tighter coverage requirements of GEO, it may be necessary to support a larger number of repetitions, such as 16 or more, in order to meet the coverage performance requirements.
Observation 9: With the consideration of ITU regulation of PFD limitation, coverage enhancement should be considered for Msg.4 due to the huge coverage gap as:
· 9.3 dB coverage gap compared with the CNR limitation of GEO.
· 4.3 dB coverage gap compared with the CNR limitation of LEO.
Proposal 8: Enhanced Msg.4 with repetitions, such as 16 or more, should be supported in NR NTN.
1.9 PDSCH for VoIP
In RAN1#109-e meeting, for NR NTN coverage enhancement, PDSCH for VoIP channel should be simulated to evaluate whether its performance meets the coverage requirements. Follow the initial simulation assumptions of the RAN1#109-e meeting, in order to evaluate the coverage performance for PDSCH on VoIP service, we evaluate VoIP performance at different RBs.
As shown in Figure 10, the initially SNR at 2% BLER is -7 dB when RB number of 8 and no repetition are applied. Based on the targeted SNR and CNR of link budget analysis, the coverage performance of VoIP are -11.8 dB for LEO and -16.8 dB for GEO. The maximum coverage gap is about 9.8 dB for GEO and the minimum gap is about 4.8 dB for LEO. Even if the number of RBs is increased from 8 to 36, it can only meet the coverage requirements of LEO. Therefore, the potential enhancement techniques should be provided to eliminate the huge coverage gap.
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[bookmark: _Ref8536]Figure 10 Performance result of VoIP with different RBs and repetitions
To improve the coverage performance and eliminate the huge coverage gap, and since PDSCH aggregation has been agreed upon NR[3], which is actually same as repetition and configured by the parameter “pdsch-AggregationFactor” with the maximum aggregation factor of 8, we evaluate the VoIP coverage performance with the consideration of reusing repetition. As can be seen from the blue curve in Figure 10, lower required SNR of -11.8 dB at 2% BLER can be obtained when the number of repetitions and RBs are 4 and 8 for LEO. Similarly, tighter required SNR of -16.8 dB at 2% BLER can be obtained when the number of repetitions and RBs are 4 and 36 for GEO. Therefore, there is no coverage gap when we reuse the NR PDSCH aggregation mechanism.
Observation 10: With the consideration of ITU regulation of PFD limitation, there is no coverage gap for VoIP service with reusing the NR PDSCH aggregation mechanism.
1.10 PDSCH for low data rate service
In RAN1#109-e meeting, for NR NTN coverage enhancement, PDSCH for low data rate service channel should be simulated to evaluate whether its performance meets the coverage requirements. Follow the initial simulation assumptions of the RAN1#109-e meeting, for low data rate service of 3kbps, TBS of 24 bits can be determined since target data rate of 3kbps and maximum PDSCH repetition of 8 are assumed. 
As shown in Figure 11, the initially SNR at 10% BLER is -8.2 dB when RB number of 3 and no repetition are applied. Based on the targeted SNR and CNR of link budget analysis, the coverage performance of low data rate service are -11.8 dB for LEO and -16.8 dB for GEO. The maximum coverage gap is about 8.6 dB for GEO and the minimum gap is about 3.6 dB for LEO. Therefore, the potential enhancement techniques should be provided to eliminate the huge coverage gap.
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[bookmark: _Ref8657]Figure 11 Performance result of low data rate service with different RBs and repetitions
To improve the coverage performance and eliminate the huge coverage gap, same as VoIP service, we evaluate the low data rate service coverage performance with the consideration of reusing repetitions As can be seen from the blue curve in Figure 11, lower required SNR of -11.8 dB at 10% BLER can be obtained when the number of repetitions and RBs are 8 and 3 for LEO. Similarly, tighter required SNR of -16.8 dB at 10% BLER can be obtained by considering configuration that supports more repetitions and lower code rate. Therefore, there is no coverage gap when we reuse the NR PDSCH aggregation mechanism.
Observation 11: With the consideration of ITU regulation of PFD limitation, there is no coverage gap for low data rate service with reusing the NR PDSCH aggregation mechanism.
Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: Enhancement should be considered for legacy PRACH format 2 with following coverage gap:
· Up to 1.32dB gap for LEO-1200 with Set-2.
· Up to 3.6 dB gap for GEO scenario with Set-1.
· Up to 8.38dB gap for GEO scenario with Set-2.
Observation 2: Enhancement should be considered for legacy Msg3 (with 16 repetition) due to large coverage gap.
· 1.82 dB gap for LEO-1200 with Set-2.
· Up to 4.1 dB gap for all GEO scenarios with Set-1.
· Up to 8.88 dB gap for all GEO scenarios with Set-2.
Observation 3: Coverage enhancement should be considered for VoIP on PUSCH due to large coverage gap.
· Up to 6.07 dB gap for LEO-1200 with Set-2.
Observation 4: Coverage enhancement should be considered for low data rate service on PUSCH.
· Up to 2.62 dB gap for LEO-1200 with Set-2
· Up to 4.9 dB gap for GEO with Set-1
· Up to 9.68 dB gap for GEO with Set-2
Observation 5: With the consideration of ITU regulation of PFD limitation, CNR limitations corresponding to GEO and LEO are as follows:
· -16.8 dB CNR limitation for GEO corresponding to 25 degree to 90 degree elevation angle.
· -11.8 dB CNR limitation for LEO corresponding to 25 degree to 90 degree elevation angle.
Observation 6: Coverage enhancement should be considered for SSB due to the coverage gap as:
· 3.2dB coverage gap for GEO.
Observation 7: With the consideration of ITU regulation of PFD limitation, coverage enhancement should be considered for PDCCH due to the huge coverage gap as:
· 5.8 dB coverage gap compared with the CNR limitation of GEO.
· 0.8 dB coverage gap compared with the CNR limitation of LEO.
Observation 8: With the consideration of ITU regulation of PFD limitation, coverage enhancement should be considered for Msg.2 due to the huge coverage gap as:
· 7.3 dB coverage gap compared with the CNR limitation of GEO.
· 2.3 dB coverage gap compared with the CNR limitation of LEO.
Observation 9: With the consideration of ITU regulation of PFD limitation, coverage enhancement should be considered for Msg.4 due to the huge coverage gap as:
· 9.3 dB coverage gap compared with the CNR limitation of GEO.
· 4.3 dB coverage gap compared with the CNR limitation of LEO.
Observation 10: With the consideration of ITU regulation of PFD limitation, there is no coverage gap for VoIP service with reusing the NR PDSCH aggregation mechanism.
Observation 11: With the consideration of ITU regulation of PFD limitation, there is no coverage gap for low data rate service with reusing the NR PDSCH aggregation mechanism.
Proposal 1: Following approaches can be considered to optimize the coverage of PRACH format 2 for GEO
· Larger repetitions (e.g., 16).
· Polarization matching between UE and gNB to overcome the polarization loss.
Proposal 2: Following approaches can be considered to optimize the coverage of Msg3
· More repetitions (e.g., 32) 
· JCE without FO should be guaranteed for Msg-3 transmission based on the pre-compensation mechanism.
Proposal 3: Following approaches can be considered to optimize the coverage of PUSCH for VoIP:
· JCE with without FO based on pre-compensation for UL transmission
· Polarization matching between UE and gNB to overcome the polarization loss.
Proposal 4: Potential enhancement techniques should be supported for low data rate service if GEO scenarios are considered.
Proposal 5: Following coverage enhancements should be considered for SSB:
· Increase the number of Rx antenna.
· Shorten the assumed SSB period from 20ms to 10ms in cell search
· Enable the joint processing cross adjacent SSBs with different index
· Enable the SSB transmission with single index per duration
Proposal 6: Following coverage enhancements should be considered for PDCCH:
· Increase the size of REG bundle.
· Increase aggregation level.
· Increase the number of Rx antenna.
· Support repetitions of PDCCH.
Proposal 7: Enhanced Msg.2 with repetitions should be supported in NR NTN.
Proposal 8: Enhanced Msg.4 with repetitions, such as 16 or more, should be supported in NR NTN.
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Table 6: Link budget assumption for UL
	Parameters
	Notes

	Carrier Frequency
	2 GHz for UL (S-band)

	Sub-carrier Spacing
	15kHz/1.25kHz

	Channel Bandwidth
	360 kHz

	Satellite altitude
	600km, 1200km, 35786km

	Target elevation angle
	12.50~900

	Free space path loss
	Equation (6.6-2) in TR 38.811

	Atmospheric loss
	Equation (6.6-8) in TR 38.811

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in TR 38.811

	Additional loss
	0 dB

	Polarization loss
	3 dB

	UE antenna gain
	-5dBi
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Table 7: Simulation assumption for PRACH
	Parameter
	Value

	Carrier Frequency
	2 GHz

	Format
	Format 2

	Sub-carrier Spacing
	1.25kHz

	Channel Bandwidth
	839*1.25kHz

	Channel Model
	NTN-TDL-C, -9.55 for lgDS, 24.72 for K

	UE Antenna Configuration
	1T1R

	UE speed
	3 km/h

	Frequency offset
	0 ppm/0.1 ppm

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



Table 8: Simulation assumption for PUSCH
	Parameter
	Value

	Carrier Frequency
	2 GHz

	Sub-carrier Spacing
	15kHz

	Channel Bandwidth
	2PRBs

	Channel Model
	NTN-TDL-C, -9.55 for lgDS, 24.72 for K

	UE Antenna Configuration
	1T1R

	UE speed
	3 km/h

	Frequency offset
	0 ppm/0.1 ppm

	JCE
	with JCE for o ppm; w/o JCE for 0.1 ppm

	HARQ configuration
	w/o HARQ

	Modulation
	QPSK

	PUSCH duration
	14 OS

	PUSCH for Msg3
	MCS index:5
TBS: 56 bits
Number of repetitions: 1(no repetition), 16,32
BLER: 10% iBLER

	PUSCH for VoIP
	MCS index:10
TBS: 184bits
DMRS configuration:Type I, DMRS symbol
Number of repetitions: 20
BLER: 2% iBLER

	PUSCH for low data rate service
	MCS index:7, 8
TBS: 88bits, 112bits(for data rate:3kbps)
DMRS configuration:Type I, 2 DMRS symbol
Number of repetitions: 32
BLER: 10% iBLER



Table 9: Simulation assumption for SSB
	Parameter
	Value

	Number of UE receive chains
	2Rx/4Rx for 2GHz

	Payload
	32 bits

	Combination number
	4, 8

	Channel estimation
	realistic

	UE speed	3km/h
	3km/h

	Channel Model
	NTN-TDL-C, -9.55 for lgDS, 24.72 for K

	Frequency offset
	Doppler: 24 ppm
UE crystal error: 10 ppm

	BLER
	1% BLER



[bookmark: _Ref2473]Table 10: Simulation assumption for PDCCH
	Parameter
	Value

	Number of UE receive chains
	2Rx/4Rx for 2GHz

	Aggregation level
	16/18/20

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs for AL=16; 96PRBs for AL=18/20;

	Tx Diversity
	Precoder cycling for REG Bundle

	Channel estimation
	realistic

	UE speed	3km/h
	3km/h

	BundleSize
	L=6,12

	Channel Model
	NTN-TDL-C, -9.55 for lgDS, 24.72 for K

	Frequency offset
	0.1ppm

	Number of repetitions:
	1(no repetition), 2, 4

	BLER
	1% BLER




[bookmark: _Ref2620]Table 11: Simulation assumption for PDSCH
	Parameter
	Value

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	w/o HARQ

	Channel estimation
	Realistic

	UE speed
	3km/h

	Channel mode
	NTN-TDL-C, -9.55 for lgDS, 24.72 for K

	Frequency offset
	0ppm

	PDSCH duration
	12 OS

	Modulation 
	QPSK

	PDSCH for Msg.2
	PRBs: 6, 12, 48
TBS: 64 bits
DMRS configuration:3 DMRS symbols
Number of repetitions: 1(no repetition), 4
BLER: 10% iBLER

	PDSCH for Msg.4
	PRBs: 36, 60, 100
TBS: 1040bits
DMRS configuration: Type I, 2 DMRS symbol, no multiplexing with data
Number of repetitions: 1(no repetition), 4, 6
BLER: 10% iBLER

	PDSCH for VoIP
	PRBs：8, 36
TBS: 184bits
DMRS configuration: Type I, 2 DMRS symbol, no multiplexing with data
Number of repetitions: 1(no repetition), 4
BLER: 2% iBLER

	PDSCH for low data rate service
	PRBs:  3,6,12
TBS: 24 bits(data rate:3kbps)
DMRS configuration: Type I, 2 DMRS symbol, no multiplexing with data
Number of repetitions: 1(no repetition), 8
BLER: 10% iBLER
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