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In RAN95# e-meeting, a new Rel-18 work item defining enhancements for NG-RAN based Non-Terrestrial Networks was approved [1]. Among other objectives, this  new work item aims to introduce optimized performance and improve the NTN coverage especially when addressing handset terminals, including smartphones with more realistic assumptions on antenna gain instead of 0 dBi antenna gain usually considered for link budget analysis. 
The detailed description of the WID objective on NR NTN coverage enhancement can be found in [1, RP-221819]. 

The agreements on NR NTN coverage enhancement made at RAN1#109-e are captured in Chair's notes RAN1#109-e v19 [2] and can be found also in [3].
These agreements provide the target scenarios and services requirements, evaluation methodology and Link level Simulation (LLS) assumptions to be considered for the study on NR NTN coverage in Rel-18.

In this contribution we discuss the following aspects related to the coverage enhancements for NTN:
· LLS simulations results
· Assessment of the coverage performance and identification coverage bottlenecks.
· Potential techniques for NTN coverage enhancements

Evaluation methodology
For NTN coverage enhancement study, the evaluation methodology is based on link-level simulation as agreed in [3]. The adopted evaluation methodology has been the following:
1) Simulate the required SNR for the physical channels under target scenarios and service/reliability requirements.
2) Derive the baseline performance based on required SNR and link budget analysis.
3) Identify target performance and coverage bottlenecks based on target performance metric.

Link level Simulation 
We conducted LLS to determine the required SNR for different physical channels under target scenarios,  service/reliability requirements and Link level Simulation assumptions as defined in [3].

According to RAN1#109-e agreement, the channel model in Table 6.1.2-4 of TR38.821, assuming NTN-TDL-A (NLOS) and NTN-TDL-C (LOS) shall be considered for the study.
However, this TDL channel model may not be very well scaled. Based on the agreed assumptions [2, 3], the K factor is very high (> 20dB) and the delay spread is very low (< 2 ns). Other values may be more appropriated for the study. In this regards, we also conduced LLS using AWGN channel model.

The TDL channel model may not be very well scaled. Based on the agreed assumptions, the K factor is very high (> 20dB) and the delay spread is very low (< 2 ns). Other values may be more appropriated for the study.

Proposal 1: RAN1 to discuss whether other values for the K factor and the delay spread may be more appropriated for the study.

General simulation parameters (impairments models, channel configuration and receiver implementation) and assumptions used for the LLS are given in the appendix:  Tables 13 (for the PUSCH) and Table 16 (for the PRACH). 
Further, in our LLS, synchronization errors related to the UE NTN synchronization in DL and its capabilities to self-compensation are not modeled: 
•	The time alignment at gNB side is considered perfect. 
•	The frequency misalignment is limited to +/- 0.1 ppm.  And the interference from misaligned transmissions on adjacent RBs has not been modeled.
•	No models for timing and frequency drift over one transmission burst.

Other channel specific parameters are given in the Appendix: In Table 14 for PUSCH used for VoNR, in Table 15 for PUSCH msg3, in Table 17, Table 18 and Table 19 for PRACH format 0, PRACH format 2 and PRACH format B4 respectively.

LLS results are provided in sections 3.1, 3.2 and 3.3.

PUSCH VoIP simulation results
As per RAN1#109-e agreements, AMR 4.75 kbps with 20 ms data arriving interval (equivalent to 1 TB with TBS of 184 bits each 20 ms) is used in the evaluations. Only packet transmission without combining is evaluated.
The LLS parameters for PUSCH VoIP performance evaluation are summarized within the Table 14 (Appendix section 7.1): In the frequency domain, 4 PRBs are allocated to PUSCH for VoNR, without frequency Hopping. In the time domain, PUSCH repetition type A with repetition level 16 is used (extended to 20 to assess potential enhancement). Joint channel estimation for PUSCH is also considered in the LLS

We did not evaluate voice TB processing over multi-slot PUSCH (TBoMS) due to lack of time but in our view TBoMS with repetitions of a single TBoMS might be beneficial for NTN coverage enhancement and should be also studied. 

TB processing over multi-slot PUSCH (TBoMS) might be beneficial for NTN coverage enhancement and should be also studied

PUSCH VoIP simulation results are summarized in section 3.1.1 for AWGN channel and 3.1.2 for NTN-TDL-C channel model.

PUSCH VoIP simulation results -AWGN

The required SNR for the PUSCH used for VoIP, depending on PUSCH repetition level (up to 20), joint reception window size (slots) and target BLER is given in Table 1 in case of AWGN channel.  

Table 1 PUSCH VoIP simulation results- Required SNR - AWGN
	Use case
	Number of PUSCH repetitions
	Joint reception window size (slots)
	Target BLER
	Required SNR (dB)

	1
	1
	1
	10%
	-3.0

	
	1
	1
	2%
	-2.5

	2
	2
	1
	10%
	-5.9

	
	2
	1
	2%
	-5.4

	3
	2
	2
	10%
	-6.1

	
	2
	2
	2%
	-5.5

	4
	4
	1
	10%
	-8.5

	
	4
	1
	2%
	-8

	5
	4
	2
	10%
	-8.8

	
	4
	2
	2%
	-8.3

	6
	4
	4
	10%
	-9.0

	
	4
	4
	2%
	-8.5

	7
	8
	1
	10%
	-10.9

	
	8
	1
	2%
	-10.5

	8
	8
	2
	10%
	-11.4

	
	8
	2
	2%
	-11.0

	9
	8
	4
	10%
	-11.6

	
	8
	4
	2%
	-11.1

	10
	16
	1
	10%
	-13.2

	
	16
	1
	2%
	-12.8

	11
	16
	2
	10%
	-13.9

	
	16
	2
	2%
	-13.4

	12
	16
	4
	10%
	-14

	
	16
	4
	2%
	-13.6

	13
	20
	2
	10%
	-14.6

	
	20
	2
	2%
	-14.2



The BLER vs SNR for each repetition level is given in following Figure for AWGN channel.
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Figure 1 BLER for PUSCH VoIP - AWGN
PUSCH VoIP simulation results – NTN-TDL-C
The required SNR for the PUSCH used for VoIP, depending on PUSCH repetition level (up to 20), joint reception window size (slots) and target BLER is given in Table 2 in case of NTN-TDL-C channel model.  

Table 2 : PUSCH VoIP simulation results – NTN-TDL-C
	Number of PUSCH repetitions
	Joint reception window size (slots)
	Target residual BLER 
	Required SNR (dB)

	1
	1
	10%
	-2.8

	1
	1
	2%
	-2.3

	2
	2
	10%
	-5.8

	2
	2
	2%
	-5.3

	4
	2
	10%
	-8.6

	4
	2
	2%
	-8.0

	8
	2
	10%
	-11.3

	8
	2
	2%
	-10.8

	16
	2
	10%
	-13.8

	16
	2
	2%
	-13.4

	20
	2
	10%
	-14.6

	20
	2
	2%
	-14.2



PUSCH MSG 3 simulation results
For coverage evaluation of PUSCH Msg.3 in NR NTN, the following parameters are assumed: PRB set is equal to 2. No frequency hopping is considered in the simulations. 3 DMRS symbols are used. PUSCH Transport Block Size is equal to 56. Number of PUSCH repetitions (type A): 16 extended to 20 for further coverage enhancement. 
Other LLS parameters for PUSCH msg3 performance evaluation and the channel-specific parameters for PUSCH msg 3 are summarized within the table 13 and 15 given in the appendix. 

PUSCH MSG 3 simulation results are summarized in section 3.2.1 for AWGN channel and 3.2.2 for NTN-TDL-C channel model.

PUSCH msg3 simulation results -AWGN
The required SNR for the PUSCH used for msg3, depending on PUSCH repetition level (up to 20), joint reception window size (slots) and target BLER is given in the following Table in case of AWGN channel.  

Table 3 PUSCH Msg3 simulation results – AWGN
	Number of PUSCH repetitions
	Joint reception window size (slots)
	Target BLER 
	Required SNR (dB)

	1
	1
	10%
	-3.9

	1
	1
	2%
	-3.3

	2
	2
	10%
	-6.9

	2
	2
	2%
	-6.2

	4
	2
	10%
	-9.4

	4
	2
	2%
	-8.7

	8
	2
	10%
	-11.7

	8
	2
	2%
	-11.0

	16
	2
	10%
	-13.9

	16
	2
	2%
	-13.3

	20
	2
	10%
	-14.5

	20
	2
	2%
	-13.9



PUSCH msg3 simulation results - NTN-TDL-C
The required SNR for the PUSCH used for msg3, depending on PUSCH repetition level (up to 20), joint reception window size (slots) and target BLER is given in the following Table in case of NTN-TDL-C channel model.  

Table 4: PUSCH Msg3 simulation results – NTN-TDL-C
	Number of PUSCH repetitions
	Joint reception window size (slots)
	Target residual BLER (after soft combining)
	Required SNR (dB)

	1
	1
	10%
	-3.5

	1
	1
	2%
	-2.9

	2
	2
	10%
	-6.6

	2
	2
	2%
	-6.0

	4
	2
	10%
	-9.2

	4
	2
	2%
	-8.4

	8
	2
	10%
	-11.6

	8
	2
	2%
	-10.9

	16
	2
	10%
	-14.0

	16
	2
	2%
	-13.3

	20
	2
	10%
	-14.6

	20
	2
	2%
	-14.0



PRACH simulation results
For PRACH simulation, the following 3 formats have been evaluated: long Format 0, Format 2 and short Format B4. Performance metrics used for the evaluations are: 1% missed detection at 0.1% false alarm probability.
General Simulation Parameters used for PRACH simulations are summarized in the appendix-Table 16.
PRACH format specific parameters are given in Table 17: PRACH format 0 parameters, Table 18: PRACH format 2 parameters and Table 19: PRACH format B4 parameters.

PRACH simulation results are summarized in section 3.3.1 for AWGN channel and 3.3.2 for NTN-TDL-C channel model.

PRACH simulation results – AWGN
The required SNR for each PRACH format, for a misdetection probability target of 1% and a false alarm probability<0.1% is given in the following Table in case of AWGN channel.  

Table 5: PRACH Miss detection performance - AWGN
	PRACH Format
	Misdetection probability target
	False alarm probability
	Min SNR value (dB)

	Format 0
	1%
	< 0.1 %
	-13.8

	Format 2
	1%
	< 0.1 %
	-18.8

	Format B4
	1%
	< 0.1 %
	-14.6



PRACH miss detection performances/SNR for each PRACH format are illucastared in the following Figure.
	Miss Detection Results:
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Figure 2: PRACH Miss Detection Performance – AWGN channel

PRACH simulation results – NTN TDL-C
The required SNR for each PRACH format, for a misdetection probability target of 1% and a false alarm probability<0.1% is given in the following Table in case of NTN TDL C channel model.  

Table 6: PRACH Miss detection performance – NTN TDL C
	PRACH Format
	Misdetection probability target
	False alarm probability
	Min SNR value (dB)

	Format 0
	1%
	< 0.1 %
	-13.3

	Format 2
	1%
	< 0.1 %
	-18.5

	Format B4
	1%
	< 0.1 %
	-14.2



PRACH miss detection performances/SNR for each PRACH format are illucastared in the following Figure.
	Miss Detection Results:
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Figure 3 : PRACH Miss Detection Performance – NTN TDL C channel

Link Budget analysis
For NTN coverage enhancement study, we made the Link Budget analysis for the following cases:
· Case 3) S Band, LEO-1200, SAT Set1, UE=Handheld, elevation angle (alpha) =30 degrees,
· Case 4) S Band, LEO-1200, SAT Set2, UE=Handheld, elevation angle (alpha) =30 degrees,
· Case 6) S Band, LEO-600, SAT Set1, UE=Handheld, elevation angle (alpha) =30 degrees,
· Case 7) S Band, LEO-600, SAT Set2, UE=Handheld, elevation angle (alpha) =30 degrees.

The link budget parameters in the following table are assumed as per RAN1#109 agreement:

Table 7 Link Budget parameters
	Parameters
	Notes

	Carrier frequency
	2 GHz for DL and UL (S-band)

	Satellite altitude
	600 km, 1200 km

	Target elevation angle
	30°

	Atmospheric loss
	Equation (6.6-8) in [TR 38.811]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [TR 38.811]
Ionospheric loss: = 2.2 dB 
Tropospheric loss: Table 6.6.6.2.1-1 of [TR 38.811]

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

	Terminal type
	[S band: (M, N, P) = (1,1,2)]

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

	Polarization loss
	As agreed separately

	Outcome
	CNR



Further, 3 dB polarization loss is assumed as agreed in RAN1#109-e.

For the link budget analysis the following UE characteristics are considered, as in Table 6.1.1.1-3 of TR38.821 with update of polarization, Tx/Rx antenna gain, and antenna type and configuration.

Table 8 UE characteristics
	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	1 TX, 2TX (optional) / 2 RX with omni-directional antenna element
Note: companies should provide their assumption on polarization

	Polarisation
	Linear

	Rx Antenna gain 
	[X] dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	[X] dBi per element



With UE antenna gain of X= -5dBi.  

The Link budget results are shown in the Tables below for  LEO 600- Set 2/Set1, LEO 1200- Set 2/Set1.

The following Table provides the UL Link budget results for the different channels in case of LEO 600- Set 2:

Table 9 UL Link budget result LEO 600- Set 2
	 
	PUSCH Msg3
	PUSCH VoNR
	PUCCH
	PRACH format 2
	PRACH format B4
	PRACH format 0

	
	
	
	
	
	
	

	Orbit
	LEO 600
	LEO 600
	LEO 600
	LEO 600
	LEO 600
	LEO 600

	Satellite parameters
	Set 2
	Set 2
	Set 2
	Set 2
	Set 2
	Set 2

	UE antenna gain
	-5dBi
	-5dBi
	-5dBi
	-5dBi
	-5dBi
	-5dBi

	Bandwidth (MHz)
	0,36
	0,72
	0,18
	1,048
	2,16
	1,048

	
	
	
	
	
	
	

	Frequency [GHz]
	2,00
	2,00
	2,00
	2,00
	2,00
	2,00

	TX: EIRP [dBm]
	18,01
	18,01
	18,01
	18,01
	18,01
	18,01

	RX: G/T [dB/T]
	-4,90
	-4,90
	-4,90
	-4,90
	-4,90
	-4,90

	Bandwidth [MHz]
	0,36
	0,72
	0,18
	1,05
	2,16
	1,05

	Free space path loss [dB]
	159,10
	159,10
	159,10
	159,10
	159,10
	159,10

	Atmospheric loss [dB]
	0,07
	0,07
	0,07
	0,07
	0,07
	0,07

	Shadow fading margin [dB]
	3,00
	3,00
	3,00
	3,00
	3,00
	3,00

	Scintillation Loss [dB]
	2,20
	2,20
	2,20
	2,20
	2,20
	2,20

	Polarization loss [dB]
	3,00
	3,00
	3,00
	3,00
	3,00
	3,00

	Additional losses [dB]
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	CNR [dB]
	-11,22
	-14,23
	-8,21
	-15,86
	-19,00
	-15,86



The following Table provides the UL Link budgets results for the different channels in case of LEO 1200- Set 2:

Table 10 UL Link budget results LEO 1200- Set 2
	 
	PUSCH Msg3
	PUSCH VoNR
	PUCCH
	PRACH format 2
	PRACH format B4
	PRACH format 0

	
	
	
	
	
	
	

	Orbit
	LEO 1200
	LEO 1200
	LEO 1200
	LEO 1200
	LEO 1200
	LEO 1200

	Satellite parameters
	Set 2
	Set 2
	Set 2
	Set 2
	Set 2
	Set 2

	UE antenna gain
	-5dBi
	-5dBi
	-5dBi
	-5dBi
	-5dBi
	-5dBi

	Bandwidth (MHz)
	0,36
	0,72
	0,18
	1,048
	2,16
	1,048

	
	
	
	
	
	
	

	Frequency [GHz]
	2,00
	2,00
	2,00
	2,00
	2,00
	2,00

	TX: EIRP [dBm]
	18,01
	18,01
	18,01
	18,01
	18,01
	18,01

	RX: G/T [dB/T]
	-4,90
	-4,90
	-4,90
	-4,90
	-4,90
	-4,90

	Bandwidth [MHz]
	0,36
	0,72
	0,18
	1,05
	2,16
	1,05

	Free space path loss [dB]
	164,48
	164,48
	164,48
	164,48
	164,48
	164,48

	Atmospheric loss [dB]
	0,07
	0,07
	0,07
	0,07
	0,07
	0,07

	Shadow fading margin [dB]
	3,00
	3,00
	3,00
	3,00
	3,00
	3,00

	Scintillation Loss [dB]
	2,20
	2,20
	2,20
	2,20
	2,20
	2,20

	Polarization loss [dB]
	3,00
	3,00
	3,00
	3,00
	3,00
	3,00

	Additional losses [dB]
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	CNR [dB]
	-16,61
	-19,62
	-13,60
	-21,25
	-24,39
	-21,25



The following Table provides the UL Link budget results for the different channels in case of LEO 600- Set 1:

Table 11 UL Link budget results LEO 600- Set 1
	 
	PUSCH Msg3
	PUSCH VoNR
	PUCCH
	PRACH format 2
	PRACH format B4
	PRACH format 0

	
	
	
	
	
	
	

	Orbit
	LEO 600
	LEO 600
	LEO 600
	LEO 600
	LEO 600
	LEO 600

	Satellite parameters
	Set 1
	Set 1
	Set 1
	Set 1
	Set 1
	Set 1

	UE antenna gain
	-5dBi
	-5dBi
	-5dBi
	-5dBi
	-5dBi
	-5dBi

	Bandwidth (MHz)
	0,36
	0,72
	0,18
	1,048
	2,16
	1,048

	
	
	
	
	
	
	

	Frequency [GHz]
	2,00
	2,00
	2,00
	2,00
	2,00
	2,00

	TX: EIRP [dBm]
	18,01
	18,01
	18,01
	18,01
	18,01
	18,01

	RX: G/T [dB/T]
	1,10
	1,10
	1,10
	1,10
	1,10
	1,10

	Bandwidth [MHz]
	0,36
	0,72
	0,18
	1,05
	2,16
	1,05

	Free space path loss [dB]
	159,10
	159,10
	159,10
	159,10
	159,10
	159,10

	Atmospheric loss [dB]
	0,07
	0,07
	0,07
	0,07
	0,07
	0,07

	Shadow fading margin [dB]
	3,00
	3,00
	3,00
	3,00
	3,00
	3,00

	Scintillation Loss [dB]
	2,20
	2,20
	2,20
	2,20
	2,20
	2,20

	Polarization loss [dB]
	3,00
	3,00
	3,00
	3,00
	3,00
	3,00

	Additional losses [dB]
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	CNR [dB]
	-5,22
	-8,23
	-2,21
	-9,86
	-13,00
	-9,86



The following Table provides the UL Link budget results for the different channels in case of LEO 1200- Set 1:

Table 12 UL Link budgets results LEO 1200- Set 1
	 
	PUSCH Msg3
	PUSCH VoNR
	PUCCH
	PRACH format 2
	PRACH format B4
	PRACH format 0

	
	
	
	
	
	
	

	Orbit
	LEO 1200
	LEO 1200
	LEO 1200
	LEO 1200
	LEO 1200
	LEO 1200

	Satellite parameters
	Set 1
	Set 1
	Set 1
	Set 1
	Set 1
	Set 1

	UE antenna gain
	-5dBi
	-5dBi
	-5dBi
	-5dBi
	-5dBi
	-5dBi

	Bandwidth (MHz)
	0,36
	0,72
	0,18
	1,048
	2,16
	1,048

	
	
	
	
	
	
	

	Frequency [GHz]
	2,00
	2,00
	2,00
	2,00
	2,00
	2,00

	TX: EIRP [dBm]
	18,01
	18,01
	18,01
	18,01
	18,01
	18,01

	RX: G/T [dB/T]
	1,10
	1,10
	1,10
	1,10
	1,10
	1,10

	Bandwidth [MHz]
	0,36
	0,72
	0,18
	1,05
	2,16
	1,05

	Free space path loss [dB]
	164,48
	164,48
	164,48
	164,48
	164,48
	164,48

	Atmospheric loss [dB]
	0,07
	0,07
	0,07
	0,07
	0,07
	0,07

	Shadow fading margin [dB]
	3,00
	3,00
	3,00
	3,00
	3,00
	3,00

	Scintillation Loss [dB]
	2,20
	2,20
	2,20
	2,20
	2,20
	2,20

	Polarization loss [dB]
	3,00
	3,00
	3,00
	3,00
	3,00
	3,00

	Additional losses [dB]
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	CNR [dB]
	-10,61
	-13,62
	-7,60
	-15,25
	-18,39
	-15,25



Potential techniques for NTN coverage enhancements
Based on the link budget analysis, LEO-1200 NTN based deployment, we made the following observations:

For case 4) S Band, LEO-1200, SAT Set2, UE=Handheld, elevation angle (alpha) =30 degrees:

For VoNR AMR 4.75 kbps with 720 kHz bandwidth, in LEO-1200 with SAT Set2 parameters in S band, the achievable UL SNR is -19.62 dB, whereas the required SNR is -14.2 dB with 20 PUSCH repetitions. A repetition level greater than 20 PUSCH repetitions will be needed (FFS: 32). Of course, this will have an impact on the latency. Other potential techniques needto be investigated.

 For LEO-1200 with SAT Set2 parameters in S band, PUSCH msg3 is also one of the coverage bottlenecks as the achievable UL SNR is -16.61 dB, whereas the required SNR is equal to -14.6 dB with 20 repetitions. Hence, PUSCH msg3 coverage shall be also enhanced. 

For LEO-1200 with SAT Set2 parameters in S band, the achievable SNR for PRACH long format 2 is -21.25dB. The required SNR being equal to -18.5dB,  PRACH coverage enhancement is needed: multiple PRACH transmissions within the same beam  may be considered as potential technique for NTN coverage enhancement.

· We made the same observation for PRACH format 0 and PRACH format B4: for which the gap between the achievable and required SNR is around 8 dB and 10 dB respectively.

 For LEO-1200 with SAT Set2 parameters in S band, the gap between the achievable and required SNR is around 8 dB and 10 dB for PRACH format 0 and PRACH format B4 respectively.

With the above in mind, we made the following proposal:

Proposal 2: RAN1 to discuss whether to support LEO-1200 with SAT Set2 parameters in S band for NR NTN,  by taking into account the specification impact that may be needed to tackle the coverage bottleneck in such deployment scenario. 

For Case 3) S Band, LEO-1200, SAT Set1, UE=Handheld, elevation angle (alpha) =30 degrees

For VoNR AMR 4.75 kbps with 720 kHz bandwidth, in LEO-1200 with SAT Set1 parameters in S band, the achievable UL SNR is -13,62 dB, whereas the required SNR is -14.2 dB with 20 PUSCH repetitions. A repetition level of 20 PUSCH repetitions should be considered to support VoNR in LEO-1200 with SAT Set1 parameters.

 For LEO-1200 with SAT Set1 parameters in S band, PUSCH msg3 the achievable UL SNR is -10,61dB. The required SNR with 8 PUSCH repetitions being equal to -11.6 dB, PUSCH repetition level equal to 8 is needed. 

For LEO-1200 with SAT Set1 parameters in S band, the achievable SNR for PRACH format 2 is -15.25dB. The required SNR being equal to -18.5dB,  no PRACH coverage enhancement is needed for long PRACH format 2.

For LEO-1200 with SAT Set1 parameters in S band, the achievable SNR for PRACH long format 0 is -15.25dB. The required SNR being equal to -13.3dB,  PRACH format 0 coverage enhancement is needed: multiple PRACH transmissions within the same beam  may be considered as potential technique for NTN coverage enhancement.

For LEO-1200 with SAT Set1 parameters in S band, the achievable SNR for PRACH format B4 is -18.39dB. The required SNR being equal to -14.2dB,  PRACH format B4 coverage enhancement is needed: multiple PRACH transmissions within the same beam  may be considered as potential technique for NTN coverage enhancement.

Based on the above observations, we made the following proposals:

Proposal 3: Support NTN coverage enhancements techniques for LEO-1200 with SAT Set1 parameters in S band 

Proposal 4: Support a repetition level of 20 PUSCH repetitions for VoNR in LEO-1200 based NTN deployment with SAT Set1 parameters.

Proposal 5: Support a PUSCH repetition level equal to 8 for PUSCH msg3 transmission in LEO-1200 based NTN with SAT Set1 parameters in S band.

Proposal 6: No PRACH coverage enhancement is needed for long PRACH format 2 in NTN.

Proposal 7: RAN1 to discuss the two options below:
· Option 1:  Only PRACH format 2 is supported in LEO-1200 based NTN deployment with SAT Set1 parameters and no PRACH coverage enhancement is needed.
· Option 2: multiple PRACH transmissions within the same beam  may be considered as potential technique for NTN coverage enhancement to support PRACH format 0 and format B4 in in LEO-1200 based NTN deployment with SAT Set1 parameters


For Case 7) S Band, LEO-600, SAT Set2, UE=Handheld, elevation angle (alpha) =30 degrees

For VoNR AMR 4.75 kbps with 720 kHz bandwidth, in LEO-600 with SAT Set2 parameters in S band, the achievable UL SNR is -14.23dB, whereas the required SNR is -14.2 dB with 20 PUSCH repetitions. More than 20 PUSCH repetitions should be considered.

 For LEO-600 with SAT Set2 parameters in S band, PUSCH msg3 the achievable UL SNR is -11.22dB. The required SNR with 16 PUSCH repetitions being equal to -14 dB, PUSCH repetition level equal to 16 is needed. 

For LEO-600 with SAT Set2 parameters in S band, the achievable SNR for PRACH format 2 is -15.86dB. The required SNR being equal to -18.5dB,  no PRACH coverage enhancement is needed for long PRACH format 2.

For LEO-600 with SAT Set2 parameters in S band, the achievable SNR for PRACH format 0 is -15.85dB. The required SNR being equal to -13.3dB, PRACH format 0 coverage enhancement is needed: multiple PRACH transmissions within the same beam  may be considered as potential technique for NTN coverage enhancement.

For LEO-600 with SAT Set2  parameters in S band, the achievable SNR for PRACH format B4 is -19dB. The required SNR being equal to -14.2dB,  PRACH format B4 coverage enhancement is needed: multiple PRACH transmissions within the same beam  may be considered as potential technique for NTN coverage enhancement.

Case 6) S Band, LEO-600, SAT Set1, UE=Handheld, elevation angle (alpha) =30 degrees

For LEO-600, SAT Set1 in S Band, a repetition level of 8 in needed for  PUSCH VoNR and  a repetition level of 2 is needed for PUSCH msg3. PRACH format 2, format 0 and format B4 can be supported without any enhancement as shown in the following table:

	
	CNR [dB]
	Required SNR (dB)

	PUSCH VoNR 
	-8,23
	-10.8 (with 8 repetitions)

	PUSCH Msg3
	-5,22
	-6.6 (with 2 repetitions)

	PRACH format 2
	-9,86
	-18.5

	PRACH format B4
	-13,00
	-14.2

	PRACH format 0
	-9,86
	-13.3




Proposal 8: For LEO-600, SAT Set1 in S Band, a repetition level of 8 in supported for  PUSCH VoNR and  a repetition level of 2 is supported for PUSCH msg3

Proposal 9: No PRACH coverage enhancement is needed in case of  LEO-600 with SAT Set1 in S Band based NTN deployment.



Conclusion
In this contribution. we made the following observations and proposals:

Observation 1.	The TDL channel model may not be very well scaled. Based on the agreed assumptions, the K factor is very high (> 20dB) and the delay spread is very low (< 2 ns). Other values may be more appropriated for the study.
Observation 2.	TB processing over multi-slot PUSCH (TBoMS) might be beneficial for NTN coverage enhancement and should be also studied
Observation 3.	For VoNR AMR 4.75 kbps with 720 kHz bandwidth, in LEO-1200 with SAT Set2 parameters in S band, the achievable UL SNR is -19.62 dB, whereas the required SNR is -14.2 dB with 20 PUSCH repetitions. A repetition level greater than 20 PUSCH repetitions will be needed (FFS: 32). Of course, this will have an impact on the latency. Other potential technique needed to be investigated.
Observation 4.	 For LEO-1200 with SAT Set2 parameters in S band, PUSCH msg3 is also one of the coverage bottlenecks as the achievable UL SNR is -16.61 dB, whereas the required SNR is equal to -14.6 dB with 20 repetitions. Hence, PUSCH msg3 coverage shall be also enhanced. 
Observation 5.	For LEO-1200 with SAT Set2 parameters in S band, the achievable SNR for PRACH long format 2 is -21.25dB. The required SNR being equal to -18.5dB,  PRACH coverage enhancement is needed: multiple PRACH transmissions within the same beam  may be considered as potential technique for NTN coverage enhancement.
Observation 6.	 For LEO-1200 with SAT Set2 parameters in S band, the gap between the achievable and required SNR is around 8 dB and 10 dB for PRACH format 0 and PRACH format B4 respectively.
Observation 7.	For VoNR AMR 4.75 kbps with 720 kHz bandwidth, in LEO-1200 with SAT Set1 parameters in S band, the achievable UL SNR is -13,62 dB, whereas the required SNR is -14.2 dB with 20 PUSCH repetitions. A repetition level of 20 PUSCH repetitions should be considered to support VoNR in LEO-1200 with SAT Set1 parameters.
Observation 8.	 For LEO-1200 with SAT Set1 parameters in S band, PUSCH msg3 the achievable UL SNR is -10,61dB. The required SNR with 8 PUSCH repetitions being equal to -11.6 dB, PUSCH repetition level equal to 8 is needed. 
Observation 9.	For LEO-1200 with SAT Set1 parameters in S band, the achievable SNR for PRACH format 2 is -15.25dB. The required SNR being equal to -18.5dB,  no PRACH coverage enhancement is needed for long PRACH format 2.
Observation 10.	For LEO-1200 with SAT Set1 parameters in S band, the achievable SNR for PRACH long format 0 is -15.25dB. The required SNR being equal to -13.3dB,  PRACH format 0 coverage enhancement is needed: multiple PRACH transmissions within the same beam  may be considered as potential technique for NTN coverage enhancement.
Observation 11.	For LEO-1200 with SAT Set1 parameters in S band, the achievable SNR for PRACH format B4 is -18.39dB. The required SNR being equal to -14.2dB,  PRACH format B4 coverage enhancement is needed: multiple PRACH transmissions within the same beam  may be considered as potential technique for NTN coverage enhancement.
Observation 12.	For VoNR AMR 4.75 kbps with 720 kHz bandwidth, in LEO-600 with SAT Set2 parameters in S band, the achievable UL SNR is -14.23dB, whereas the required SNR is -14.2 dB with 20 PUSCH repetitions. More than 20 PUSCH repetitions should be considered.
Observation 13.	 For LEO-600 with SAT Set2 parameters in S band, PUSCH msg3 the achievable UL SNR is -11.22dB. The required SNR with 16 PUSCH repetitions being equal to -14 dB, PUSCH repetition level equal to 16 is needed. 
Observation 14.	For LEO-600 with SAT Set2 parameters in S band, the achievable SNR for PRACH format 2 is -15.86dB. The required SNR being equal to -18.5dB,  no PRACH coverage enhancement is needed for long PRACH format 2.
Observation 15.	For LEO-600 with SAT Set2 parameters in S band, the achievable SNR for PRACH format 0 is -15.85dB. The required SNR being equal to -13.3dB, PRACH format 0 coverage enhancement is needed: multiple PRACH transmissions within the same beam  may be considered as potential technique for NTN coverage enhancement.
Observation 16.	For LEO-600 with SAT Set2  parameters in S band, the achievable SNR for PRACH format B4 is -19dB. The required SNR being equal to -14.2dB,  PRACH format B4 coverage enhancement is needed: multiple PRACH transmissions within the same beam  may be considered as potential technique for NTN coverage enhancement.
Observation 17.	For LEO-600, SAT Set1 in S Band, a repetition level of 8 in needed for  PUSCH VoNR and  a repetition level of 2 is needed for PUSCH msg3. PRACH format 2, format 0 and format B4 can be supported without any enhancement as shown in the following table:
	
	CNR [dB]
	Required SNR (dB)

	PUSCH VoNR 
	-8,23
	-10.8 (with 8 repetitions)

	PUSCH Msg3
	-5,22
	-6.6 (with 2 repetitions)

	PRACH format 2
	-9,86
	-18.5

	PRACH format B4
	-13,00
	-14.2

	PRACH format 0
	-9,86
	-13.3




Proposal 1: RAN1 to discuss whether other values for the K factor and the delay spread may be more appropriated for the study.

Proposal 2: RAN1 to discuss whether to support LEO-1200 with SAT Set2 parameters in S band for NR NTN,  by taking into account the specification impact that may be needed to tackle the coverage bottleneck in such deployment scenario. 

Proposal 3: Support NTN coverage enhancements techniques for LEO-1200 with SAT Set1 parameters in S band 

Proposal 4: Support a repetition level of 20 PUSCH repetitions for VoNR in LEO-1200 based NTN deployment with SAT Set1 parameters.

Proposal 5: Support a PUSCH repetition level equal to 8 for PUSCH msg3 transmission in LEO-1200 based NTN with SAT Set1 parameters in S band.

Proposal 6: No PRACH coverage enhancement is needed for long PRACH format 2 in NTN.

Proposal 7: RAN1 to discuss the two options below:
•	Option 1:  Only PRACH format 2 is supported in LEO-1200 based NTN deployment with SAT Set1 parameters and no PRACH coverage enhancement is needed.
•	Option 2: multiple PRACH transmissions within the same beam  may be considered as potential technique for NTN coverage enhancement to support PRACH format 0 and format B4 in in LEO-1200 based NTN deployment with SAT Set1 parameters

Proposal 8: For LEO-600, SAT Set1 in S Band, a repetition level of 8 in supported for  PUSCH VoNR and  a repetition level of 2 is supported for PUSCH msg3

Proposal 9: No PRACH coverage enhancement is needed in case of  LEO-600 with SAT Set1 in S Band based NTN deployment.


Appendix
[bookmark: _GoBack]Simulation parameters for PUSCH VoNR
Table 13 General simulation parameters- PUSCH VoNR
	Subcarrier Spacing 
	15 kHz

	Number of transmit antennas
	1

	Number of receive antennas
	1

	Impairments models
	Frequency offset
· max frequency offset = 0.1 ppm * 2 GHz
· uniform distribution in [-max frequency offset +max frequency offset ]


	Channel configuration
	AWGN
Or 
NTN-TDL-C (LOS) with 
K-factor = 20.8 dB 
delay spread = 10^(-8.72) s
Max Doppler spread = 3*1000/3600/3e8*2e9 = 5.5 Hz

	Receiver implementation
	Perfect timing alignment with rx OFDM window
Realistic channel estimation
· 



Table 14 : PUSCH parameters- PUSCH VoNR
	Number of layers
	1

	Transform precoding
	enable

	Target code rate
	193 / 1024

	Modulation
	QPSK

	Symbol set
	14 symbols

	PRB set
	4 PRBs

	Frequency Hopping
	Disable

	Number of PUSCH repetitions (type A)
	[1 2 4 8 16]

	RV sequences
	Repetition = 1 (no repetition)  RV = 0
Repetition = 2  RV = 0 2
Repetition = 4  RV = 0 2 3 1
Repetition = 8  RV = 0 2 3 1 0 2 3 1
Repetition = 16  RV = 0 2 3 1 0 2 3 1 0 2 3 1 0 2 3 1

	Mapping Type
	A

	DMRS Type A position
	2

	DMRS length
	1

	DMRS additional Position
	2

	DMRS configuration type
	1

	PTRS
	disable

	PUSCH Transport Block Size
	192 > 184

	LDPC Decoding Algorithm
	Layered belief propagation

	Maximum LDPC Iterations
	12



Simulation parameters for PUSCH msg3

Table 15 : PUSCH msg3 parameters
	Number of layers
	1

	Transform precoding
	enable

	Target code rate
	120 / 1024

	Modulation
	QPSK

	Symbol set
	14 symbols

	PRB set
	2 PRBs

	Frequency Hopping
	Disable

	Number of PUSCH repetitions (type A)
	[1 2 4 8 16]

	RV sequences
	Repetition = 1 (no repetition)  RV = 0
Repetition = 2  RV = 0 2
Repetition = 4  RV = 0 2 3 1
Repetition = 8  RV = 0 2 3 1 0 2 3 1
Repetition = 16  RV = 0 2 3 1 0 2 3 1 0 2 3 1 0 2 3 1

	Mapping Type
	A

	DMRS Type A position
	2

	DMRS length
	1

	DMRS additional Position
	2

	DMRS configuration type
	1

	PTRS
	disable

	PUSCH Transport Block Size
	56

	LDPC Decoding Algorithm
	Layered belief propagation

	Maximum LDPC Iterations
	12



Simulation parameters for PRACH
Table 16: General Simulation Parameters
	Number of transmit antennas
	1

	Number of receive antennas
	1

	Impairments models
	Frequency offset = 0.1 ppm * 2 GHz = 200 Hz


	Channel configuration
	AWGN
Or 
NTN-TDL-C (LOS) with 
K-factor = 20.8 dB 
delay spread = 10^(-8.72) s ~ 2 ns
Max Doppler spread = 3*1000/3600/3e8*2e9 = 5.5 Hz 



Table 17: PRACH format 0 parameters
	Frequency Range
	FR1

	Duplex Mode
	FDD

	Subcarrier Spacing
	1.25 kHz

	LRA
	Length of Zadoff-Chu preamble sequence: 839

	Root Sequence Index
	Logical root sequence index: 22

	Preamble Index
	Preamble index within cell: 0



[bookmark: _Toc110259521]Table 18: PRACH format 2 parameters
	Frequency Range
	FR1

	Duplex Mode
	FDD

	Subcarrier Spacing
	1.25 kHz

	LRA
	Length of Zadoff-Chu preamble sequence: 839

	Root Sequence Index
	Logical root sequence index: 22

	Preamble Index
	Preamble index within cell: 32



[bookmark: _Toc110259522]Table 19: PRACH format B4 parameters
	Frequency Range
	FR1

	Duplex Mode
	FDD

	Subcarrier Spacing
	15 kHz

	LRA
	Length of Zadoff-Chu preamble sequence: 139

	Root Sequence Index
	Logical root sequence index: 0

	Preamble Index
	Preamble index within cell: 0
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