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1	Introduction
[bookmark: _Hlk94878371]A work item (WI) for enhancements of NR NTN was approved at RAN#94-e. The latest WID can be found in [1]. One objective of the WI is NTN-specific coverage enhancements. As a first step, a 6-month study phase will be pursued, focusing on evaluating the coverage performance and identifying the candidate physical radio channels that have coverage issues specific to NTN.
In this contribution, we discuss coverage performance evaluation methodology and assumptions. Further, we provide some initial results.
[bookmark: _Ref178064866]2	Discussion
2.1	Objectives of the WID
According to the objectives in the WID [1], an initial study will be performed:

Have a 1-TU 6-month study phase focusing on the following (to derive clear & limited scope):

· Evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN with following target services taking into account the studies in TR38.830 where appropriate, as well as general coverage enhancement techniques specified in Rel-18 [RAN1,RAN2,RAN4]
· VoIP and low-data rate services for commercial handset terminals

The WID lists a number of prerequisites:
· GSO and NGSO (LEO and MEO) with transparent payload.
· Earth fixed tracking area. Earth fixed & Earth moving cells for NGSO
· FDD mode
· UEs with GNSS capabilities
· Both “VSAT” devices with directive antenna (including fixed and moving platform mounted devices and commercial handset terminals (e.g. Power class 3) are supported in FR1
· Only “VSAT” devices with directive antenna (including fixed and moving platform mounted devices) are supported in above 10 GHz bands.


The WID also states that "the work needs to cover the use case of voice and low-data rate services using commercial smartphones with more realistic assumptions on antenna gains instead of 0dBi currently assumed for link budget analysis for non-terrestrial networks. The specific realistic antenna gain assumption will be determined at the working group level. The evaluation should also take into account any related regulatory requirements, e.g., ITU limitation of power flux density."
2.2	Assumptions for evaluation of coverage performance
2.2.1	Evaluation methodology
Coverage enhancements in terrestrial networks were studied in Rel-17. In that study, the baseline evaluation methodology was based on link-level simulation and link-budget calculations (see TR 38.830 [2]).
It is proposed to use a similar evaluation methodology for NTN coverage enhancements:
· Step 1: Obtain the expected SINR in reference network scenarios using a link budget analysis.
· Step 2: Obtain the required SINR for the physical channels for given services, given simlation assumptions and performance requrements using link level simulations.
· Step 3: Compare expected SINR and required SINR.

[bookmark: _Toc102151513]The need for coverage enhancements for NR NTN should be evaluated based on link-level simulations:
- Step 1: Obtain the expected SINR in reference network scenarios using link budget calculations.
- Step 2: Obtain the required SINR for the physical channels for given services, simulation assumptions and performance requirements using link level simulations.
- Step 3: Compare expected SINR and required SINR.
2.2.2	Assumptions for link budget calculations
Link budget calculations were performed in the Rel-16 study item for NR NTN. The methodology and assumptions are captured in clause 6.1.3 of TR 38.821. It is proposed to use the same methodology and assumptions as a baseline for Rel-18.
[bookmark: _Toc102151514]Use the methodology and assumptions of clause 6.3.1 of 38.821 as baseline for link budget calculations for Rel-18 NR NTN coverage enhancements.
According to the objectives of the WID [1], "commercial smartphones with more realistic assumptions on antenna gains instead of 0dBi currently assumed for link budget analysis for non-terrestrial networks" need to be considered. An assumption on antenna gains is the responsibility of RAN4.
[bookmark: _Toc102151508]RAN1 needs input from RAN4 on realistic assumptions on antenna gains for commercial smartphones. While waiting for RAN4 input, -5 dBi can be assumed.
TR 38.821 specifies a set of scenarios (so called calibration study cases) in Table 6.1.1.1-9. This set of scenarios can be used as baseline in Rel-18 link budget calculations. According to the objectives in the WID [1], the work should cover MEO in addition to GEO and LEO. Further, the WID objectives include the use of VSAT terminals also in FR1. Therefore, the scenarios of Table 6.1.1.1-9 need to be complemented with MEO scenarios and VSAT in FR1. 
[bookmark: _Toc102151515]Reuse scenarios from 38.821 as a baseline. Add scenarios with MEO satellites and with VSAT devices in FR1.
[bookmark: _Toc102151509]Parameter values for TX EIRP and RX G/T for VSAT devices in FR1 are not defined in TR 38.821.
A set of scenarios can be found in Table 1. In the analysis of this contribution, impact of interference is not considered. Therefore, the different reuse options of Table 6.1.1.1-9 in [3] are not listed.
[bookmark: _Ref101970745]Table 1: Scenarios for coverage evaluation.
	Satellite orbit
	Satellite parameter set
	Terminal
	Frequency Band

	GEO
	Set 1
	VSAT
	Ka-band

	GEO
	Set 1
	Handheld
	S-band

	GEO
	Set 1
	VSAT
	S-band

	LEO-600
	Set 1
	VSAT
	Ka-band

	LEO-600
	Set 1
	Handheld
	S-band

	LEO-600
	Set 1
	VSAT
	S-band

	LEO-1200
	Set 1
	VSAT
	Ka-band

	LEO-1200
	Set 1
	Handheld
	S-band

	LEO-1200
	Set 1
	VSAT
	S-band

	MEO-10000
	Set 1
	VSAT
	Ka-band

	MEO-10000
	Set 1
	VSAT
	S-band

	MEO-10000
	Set 1
	Handheld
	S-band

	GEO
	Set 2
	VSAT
	Ka-band

	GEO
	Set 2
	Handheld
	S-band

	GEO
	Set 2
	VSAT
	S-band

	LEO-600
	Set 2
	VSAT
	Ka-band

	LEO-600
	Set 2
	Handheld
	S-band

	LEO-600
	Set 2
	VSAT
	S-band

	LEO-1200
	Set 2
	VSAT
	Ka-band

	LEO-1200
	Set 2
	Handheld
	S-band

	LEO-1200
	Set 2
	VSAT
	S-band

	MEO-10000
	Set 2
	VSAT
	Ka-band

	MEO-10000
	Set 2
	VSAT
	S-band

	MEO-10000
	Set 2
	Handheld
	S-band



The WID [1] also mentions that the evaluation should also take into account any related regulatory requirements, e.g., ITU limitation of power flux density. The impact of this is left for further study.
2.2.3	Assumptions for link-level simulations
Link level simulation parameters from TR 38.821 [3] can be reused as a baseline.
[bookmark: _Toc102151516]Use the assumptions of clause 6.1.2 of TR 38.821 as baseline for link level simulations for Rel-18 NR NTN coverage enhancements.
According to the WID, both VoIP and low-data rate services should be considered. Assumptions for VoIP can be reused from TR 38.830 [2]. They are summarized in Table 2.
[bookmark: _Ref102045886]Table 2: Packet size and arrival rate for VoIP
	 
	Size (bits)

	Payload
	256

	CRC
	16 (TBS size lower than 3824 bits)

	MAC
	16 (with 12 bits SN size)

	RLC
	8 (with 6 bits SN size)

	PDCP
	16

	RTP/UDP/IP
	24 (w RoHC)

	Total packet size
	320

	Arrival rate
	1 packet per 20 ms



[bookmark: _Toc102151517]For VoIP, assume a TBS of 320 bits (including 64 bits of RTP/UDP/IP/PDCP/RLC/MAC header) and a packet arrival rate of one packet per 20 ms.
256 payload bits per 20 ms corresponds to a bit rate of 12.8 kpbs. Speech codecs with lower bit rates could also be considered, e.g., the (narrowband) AMR 4.75 codec.
[bookmark: _Toc102151518]RAN1 to discuss whether to consider low rate speech codecs such as AMR 4.75 when evaluating the need for coverage enhancements.
For eMBB, RAN1 should discuss what is a reasonable bit rate requirement for a "low-data rate service".
[bookmark: _Toc102151519]RAN1 to discuss what is a suitable bit rate requirement for a "low-data rate service" when evaluating the need for coverage enhancements.
2.3	Initial results
A coverage analysis for VoIP UL on PUSCH is presented.
2.3.1	Link budget results
The parameter configuration for link budget analysis listed in Table 6.1.3.2-1 of TR 38.821 [3] is used as a baseline. For MEO, parameters from RP-220590 [5] have been used. The used parameters are summarized in Table 3.
[bookmark: _Ref102063238]Table 3: Parameter configuration for PUSCH (VoIP in FDD) link budget analysis.
	Channel
	PUSCH for VoIP in FDD

	Parameters
	Value
	Comment

	Carrier frequency
	S-band: 2 GHz
Ka-band: 20 GHz for DL and 30 GHz for UL
	

	System bandwidth
	S-band:30 MHz 
Ka-band: 400 MHz
	

	Subcarrier Spacing
	S-band: 15 kHz
Ka-band: 120 kHz
	

	Channel bandwidth for PUSCH
	S-band: 360 kHz
Ka-band: 2880 kHz
	

	Number of PRBs
	2 PRBs
	

	Satellite altitude
	600 km, 1200 km, 10000 km, 35786 km
	

	Target elevation angle
	30° 
	

	Atmospheric loss
	S-band: 0.066 dB
Ka-band: 0.44 dB
	Equation (6.6-8) in in TR 38.811 [4]

	Shadow fading margin
	3 dB 
	

	Scintillation loss
	S-band: 2.2 dB
Ka-band: 0.3 dB 
	S-band: Ionospheric loss
Ka-band: Tropospheric loss (depends on elevation angle, see Table 6.6.6.2.1-1 in TR 38.811 [4])

	Additional loss
	0 dB
	

	Free space path loss
	Equation (6.6-2) in TR 38.811 [4]
	

	Polarization loss
	3 dB
	



The link budget analysis can be found in Table 4.


[bookmark: _Ref102076288]Table 4: Link budget analysis.
	Satellite type
	Band
	Satellite RF parameter set
	Terminal Type
	Elevation Angle
	Direction
	TX: EIRP [dBm]
	RX: G/T [dB/K]
	Bandwidth [kHz] (2 PRB)
	Free space path loss (PL) [dB]
	Atmospheric loss (LA)
	Shadow fading margin (SF) [dB]
	Scintillation loss (SL) [dB]
	Polarization loss [dB]
	Additional losses (AD) [dB]
	Target SNR [dB]

	LEO-600
	Ka
	Set-1
	VSAT
	30°
	UL
	76.2
	13
	2880
	182.6
	0.44
	3
	0.3
	3
	0
	33.85

	LEO-600
	S
	Set-1
	Handheld
	30°
	UL
	18
	1.1
	360
	159.1
	0.066
	3
	2.2
	3
	0
	-5.22

	LEO-600
	S
	Set-1
	VSAT
	30°
	UL
	
	
	360
	159.1
	0.066
	3
	2.2
	3
	0
	

	LEO-1200
	Ka
	Set-1
	VSAT
	30°
	UL
	76.2
	13
	2880
	188.0
	0.44
	3
	0.3
	3
	0
	28.47

	LEO-1200
	S
	Set-1
	Handheld
	30°
	UL
	18
	1.1
	360
	164.5
	0.066
	3
	2.2
	3
	0
	-10.60

	LEO-1200
	S
	Set-1
	VSAT
	30°
	UL
	
	
	360
	164.5
	0.066
	3
	2.2
	3
	0
	

	MEO-10000
	Ka
	Set-1
	VSAT
	30°
	UL
	76.2
	22.5
	2880
	203.7
	0.44
	3
	0.3
	3
	0
	22.23

	MEO-10000
	S
	Set-1
	Handheld
	30°
	UL
	18
	13
	360
	180.2
	0.066
	3
	2.2
	3
	0
	-14.43

	MEO-10000
	S
	Set-1
	VSAT
	30°
	UL
	
	
	360
	180.2
	0.066
	3
	2.2
	3
	0
	

	GEO
	Ka
	Set-1
	VSAT
	30°
	UL
	76.2
	28
	2880
	213.7
	0.44
	3
	0.3
	3
	0
	17.75

	GEO
	S
	Set-1
	Handheld
	30°
	UL
	18
	19
	360
	190.2
	0.066
	3
	2.2
	3
	0
	-18.42

	GEO
	S
	Set-1
	VSAT
	30°
	UL
	
	
	360
	190.2
	0.066
	3
	2.2
	3
	0
	

	LEO-600
	Ka
	Set-2
	VSAT
	30°
	UL
	76.2
	5
	2880
	182.6
	0.44
	3
	0.3
	3
	0
	25.85

	LEO-600
	S
	Set-2
	Handheld
	30°
	UL
	18
	-4.9
	360
	159.1
	0.066
	3
	2.2
	3
	0
	-11.22

	LEO-600
	S
	Set-2
	VSAT
	30°
	UL
	
	
	360
	159.1
	0.066
	3
	2.2
	3
	0
	

	LEO-1200
	Ka
	Set-2
	VSAT
	30°
	UL
	76.2
	5
	2880
	188.0
	0.44
	3
	0.3
	3
	0
	20.47

	LEO-1200
	S
	Set-2
	Handheld
	30°
	UL
	18
	-4.9
	360
	164.5
	0.066
	3
	2.2
	3
	0
	-16.60

	LEO-1200
	S
	Set-2
	VSAT
	30°
	UL
	
	
	360
	164.5
	0.066
	3
	2.2
	3
	0
	

	MEO-10000
	Ka
	Set-2
	VSAT
	30°
	UL
	76.2
	12.9
	2880
	203.7
	0.44
	3
	0.3
	3
	0
	12.63

	MEO-10000
	S
	Set-2
	Handheld
	30°
	UL
	18
	3.8
	360
	180.2
	0.066
	3
	2.2
	3
	0
	-23.63

	MEO-10000
	S
	Set-2
	VSAT
	30°
	UL
	
	
	360
	180.2
	0.066
	3
	2.2
	3
	0
	

	GEO
	Ka
	Set-2
	VSAT
	30°
	UL
	76.2
	28
	2880
	213.7
	0.44
	3
	0.3
	3
	0
	9.75

	GEO
	S
	Set-2
	Handheld
	30°
	UL
	18
	14
	360
	190.2
	0.066
	3
	2.2
	3
	0
	-23.42

	GEO
	S
	Set-2
	VSAT
	30°
	UL
	
	
	360
	190.2
	0.066
	3
	2.2
	3
	0
	



It can be seen that the target SNR with handheld devices in S-band ranges from -23.63 dB to -5.22 dB and from 9.75 dB to 33.85 dB for VSAT devices in Ka-band.
[bookmark: _Toc102151510]The UL target SNR ranges from -23.63 dB to -5.22 dB with handheld devices in S-band and from 9.75 dB to 33.85 dB with VSAT devices in Ka-band.
2.3.2		Link level simulation results
2.3.2.1	Link performance of VoIP with type A repetitions and cross-slot channel estimation
In this section, we present link simulation results for VoIP on PUSCH with Type A repetitions and cross-slot channel estimation in S-band. Other scenarios are left for further study. Important LLS parameters are summarized in Table 5.
[bookmark: _Ref102129023]Table 5: Link level simulation parameter configuration for VoIP on PUSCH in FR1.
	Parameter
	Value

	Carrier frequency
	2 GHz (S-band)

	System bandwidth
	30 MHz 

	Subcarrier Spacing
	15 kHz

	Channel bandwidth
	360 kHz

	Number of PRBs
	2 PRBs

	PUSCH duration
	14 OS

	Number of Repetitions
	8, 16, 20, 321)
For VoIP, w/ type A repetition

	PUSCH mapping type
	Type A

	Packet size for VoIP
	Packet size of 320 bits
20 ms data arriving interval

	Waveform
	DFT-s-OFDM

	Frequency hopping
	No

	HARQ
	No

	Modulation
	QPSK

	TBS
	320 bits

	UE speed
	3 km/h

	Channel Model
	NTN TDL-D, rural, elevation angle 10°

	Antenna configuration
	1TX/1RX

	1) For reference. With a packet arrival rate of 20 ms and a slot length of 1 ms, it is not possible to use 32 repetitions.



Figure 1 shows PUSCH BLER with different aggregation factors and with/without JCE.
[image: A picture containing chart

Description automatically generated]
[bookmark: _Ref102129253]Figure 1: PUSCH BLER for VoIP in S-band.

Table 6 summarizes the required aggregation factor in different network scenarios, assuming a target residual BLER of 2%. It can be seen that only the LEO scenarios with Set-1 satellite parameters are supported by the simulated configurations.
[bookmark: _Toc102151511]With handheld devices with realistic assumptions on antenna gain, VoIP coverage is a challenge with the evaluated configuration (up to 20 PUSCH repetitions and cross-slot channel estimation) except in LEO scenarios with satellite parameter set 1.
[bookmark: _Ref102129900]Table 6: Required aggregation factor for different scenarios.
	Scenario
	Target SNR from Table 4 [dB]
	Required aggregation factor

	LEO-600
	S
	Set-1
	Handheld
	-5.22
	AF=8

	LEO-1200
	S
	Set-1
	Handheld
	-10.60
	AF=20 with JCE

	MEO-10000
	S
	Set-1
	Handheld
	-14.43
	-

	GEO
	S
	Set-1
	Handheld
	-18.42
	-

	LEO-600
	S
	Set-2
	Handheld
	-11.22
	-

	LEO-1200
	S
	Set-2
	Handheld
	-16.60
	-

	MEO-10000
	S
	Set-2
	Handheld
	-23.63
	-

	GEO
	S
	Set-2
	Handheld
	-23.42
	-



2.3.2.2	An observation on the NTN TDL channel models
TR 38.811 [4] specifies a set of four NTN TDL channel models called NTN TDL-A, NTN TDL-B, NTN TDL-C and NTN TDL-D. NTN TDL-C and NTN TDL-D have a LoS component while NTN TDL-A and NTN TDL-B have only non-LoS taps. For each model, there are four scenarios "dense urban", "urban", "suburban" and "rural" and further, nine different elevation angles can be selected in the range {10°,20°,…,90°}. For the LoS models, the K-factor depends on the scenario as well as on the elevation angle. 
An observation made during simulations with this channel model is that the link level performance can be very sensitive to the elevation angle. E.g., Figure 2 shows PUSCH BLER 32 repetitions (no JCE) with NTN TDL-D rural scenario with 10°, 30° and 90° elevation. The assumptions are the same as in Table 5 except that a TBS of 184 bits has been used. It can be seen that at 2% BLER, there is a 6 dB difference between 10° and 30° elevation angle, and almost 11 dB difference between 10° and 90°. A possible reason for this is that the channel model has a significantly more dominant LoS component at very low elevation angles.
[bookmark: _Toc102151512]The performance with the NTN TDL-D channel model can be very sensitive to the choice of elevation angle.

[image: Chart, line chart

Description automatically generated]
[bookmark: _Ref102133188]Figure 2: PUSCH BLER with NTN TDL-D rural with different elevation angles.

3 Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN1 needs input from RAN4 on realistic assumptions on antenna gains for commercial smartphones. While waiting for RAN4 input, -5 dBi can be assumed.
Observation 2	Parameter values for TX EIRP and RX G/T for VSAT devices in FR1 are not defined in TR 38.821.
Observation 3	The UL target SNR ranges from -23.63 dB to -5.22 dB with handheld devices in S-band and from 9.75 dB to 33.85 dB with VSAT devices in Ka-band.
Observation 4	With handheld devices with realistic assumptions on antenna gain, VoIP coverage is a challenge with the evaluated configuration (up to 20 PUSCH repetitions and cross-slot channel estimation) except in LEO scenarios with satellite parameter set 1.
Observation 5	The performance with the NTN TDL-D channel model can be very sensitive to the choice of elevation angle.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The need for coverage enhancements for NR NTN should be evaluated based on link-level simulations: - Step 1: Obtain the expected SINR in reference network scenarios using link budget calculations. - Step 2: Obtain the required SINR for the physical channels for given services, simulation assumptions and performance requirements using link level simulations. - Step 3: Compare expected SINR and required SINR.
Proposal 2	Use the methodology and assumptions of clause 6.3.1 of 38.821 as baseline for link budget calculations for Rel-18 NR NTN coverage enhancements.
Proposal 3	Reuse scenarios from 38.821 as a baseline. Add scenarios with MEO satellites and with VSAT devices in FR1.
Proposal 4	Use the assumptions of clause 6.1.2 of TR 38.821 as baseline for link level simulations for Rel-18 NR NTN coverage enhancements.
Proposal 5	For VoIP, assume a TBS of 320 bits (including 64 bits of RTP/UDP/IP/PDCP/RLC/MAC header) and a packet arrival rate of one packet per 20 ms.
Proposal 6	RAN1 to discuss whether to consider low rate speech codecs such as AMR 4.75 when evaluating the need for coverage enhancements.
Proposal 7	RAN1 to discuss what is a suitable bit rate requirement for a "low-data rate service" when evaluating the need for coverage enhancements.
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