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1. [bookmark: _Toc120549591]Introduction
[bookmark: _Hlk521259925]During the RAN#102 meeting, a new work item was proposed for further enhancements for NR NTN Phase 3 [1]. One of the objectives is to focus on the downlink coverage enhancements for NR NTN, which is shown as below. 
	Objective
The work item aims at specifying further enhancements for NG-RAN based NTN (Non-Terrestrial Networks) with the following assumptions:
· GSO (Geo Synchronous Orbit) and NGSO (Non-Geo Synchronous Orbit). NGSO includes Low Earth Orbit (LEO) and Medium Earth Orbit (MEO).
· Earth fixed tracking area. Earth fixed & Earth moving cells for NGSO
· FDD mode
· UEs with GNSS (Global Navigation Satellite Systems) capabilities
· In frequency band above 10 GHz, both Terminal Type 1 (Electronic steering antenna) and Type 2 (Mechanical steering antenna) to be considered for GSO and NGSO
· Implicit compatibility to support HAPS (High Altitude Platform Station) and ATG (Air To Ground) scenarios, where relevant

Note 1: In Rel-19 WID, “VSAT” device with external antenna on moving platform is equivalent to a device that operate on platforms in motion, and this is referred to as ESIM (Earth Station In Motion).

The objectives of the work item are the following:
1. [bookmark: _Hlk153196886]Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]
· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.
· Define the corresponding power sharing assumptions and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.
· Study and if needed specify solutions, including link level enhancements for FR1-NTN (e.g. for PDCCH, PDSCH) and/or system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.
· Notes for this objective:
· SSB channel enhancement is not considered
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE
· NGSO to be considered in priority: LEO Set-1 @ 600 km
· Rel-18 network energy saving techniques should be considered as baseline in the system level study


The basic framework for both system level study and link level study have discussed in the last RAN1 meeting [2]. In this contribution, we will discuss the evaluation of downlink coverage performance in NR NTN for link level study, including simulation assumptions and link budget analysis for DL coverage performance. Also, we provide some preliminary simulation results and observations on DL coverage performance for further consideration. For system level study, we mainly share our views on analytical evaluation for DL coverage.
2. Discussion
2.1 Link level analysis
According to the agreements achieved in the RAN1#116 meeting, NGSO at LEO-600 operating in FR1 is considered in priority for the link level evaluation of NTN-specific downlink coverage. And regarding the target services and target data rate, the study in Rel-19 will continue to focus on the handset terminals (including smartphones with -5.5 dBi antenna gain). Also, the target services (i.e., VoIP and low-data rate services for commercial handset terminals) and the target data rate for each service determined in Rel-18 can be re-used to evaluate DL coverage performance in NR NTN. And for link level DL coverage evaluation, the evaluation methodology and performance metrics defined in Rel-18 NTN are reused. The link level analysis will be discussed by taking the agreements listed below as baseline. 
	Agreement
For NR NTN Rel-19 DL coverage evaluation, UE characteristics for handheld terminals in Table 6.1.1.1-3 in TR 38.821 can be reused, with the following:
· -5.5 dBi antenna gain is assumed
· at least 2Rx are considered at the UE
· 4Rx can be optionally considered and reported 
Note: Redcap device is not considered in the scope of DL coverage study.

Agreement
DL coverage is evaluated at link level with the following considerations:
· [bookmark: _Hlk162788484]NGSO at LEO-600 operating in FR1 is considered in priority
· Additional satellite payload parameters defined for system level evaluation are used
· FFS: Antenna gain reduction due to steering loss can be considered 

Agreement
For the evaluation of NTN downlink coverage at link level, reuse the target data rate from Rel-18 NTN Coverage enhancements:
· For VoIP: AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) with 20 ms data arriving interval 
· For data rate service: both 3 kbps and 1Mbps can be considered
· Companies can also use the data rates corresponding to the traffic types used for system level evaluations

Agreement
For link-level study, downlink coverage performance in NR NTN is evaluated according to the following steps.
· Step 1: CNR is calculated as defined in 6.1.3.1 of TR 38.821
· Step 2: Required SNR of target service is evaluated by LLS
· Step 3: The CNR and the required SNR are compared


2.1.1 Simulation assumptions
To obtain the required SNRs of DL channels/signals, the channel models defined in TR 38.811 can be applied for link-level simulation of NR NTN. And the following agreements for channel model and evaluation assumptions achieved in the last meeting are considered.
	Agreement
For link-level study, for NR NTN DL coverage enhancement, the following channels/signals can be considered for evaluations:
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2
· PDSCH Msg.4
· PDSCH carry SIB, e.g., SIB1, SIB 19
· PDSCH for paging
· PDCCH
· Broadcast PDCCH (e.g. PDCCH of Msg.2, paging)
· SSB
Note: RAN1 will aim to identify necessary link-level enhancements for these channels in the study phase. At the end of the study phase, RAN1 will further discuss whether the potential link-level enhancements will be specified within Rel-19 framework.

Agreement
For DL coverage performance evaluation, the following are assumed for all channels/signals
· Channel model/Delay spread:
· Channel model as in Table 6.1.2-4 of TR38.821, NTN-TDL-C (LOS)
· Evaluation scenario:
· Rural (LOS)
· Channel estimation: Realistic estimation:
· Companies are encouraged to report channel estimation method.
· SCS:
· 15 kHz only
· UE speed: 3 km/h
· Frequency drift: TBD
· Frequency offset: 0.1 ppm



To identify the bottleneck channels of DL coverage in NR NTN, some candidate downlink channels/signals are raised for evaluation. Considering the DL channels/signals listed above, the PDSCH carrying SIB (e.g., SIB1, SIB19) should be evaluated for the DL coverage performance. The payload of the PDSCH carrying SIB1, SIB19 and paging should be aligned between companies to have a convergent conclusion. 
[bookmark: _Hlk158299211]Proposal 1. The DL coverage performance for PDSCH carrying SIB1, SIB19 and paging should be evaluated for the DL coverage. The assumption of payload of those channels should be discussed and clarified. 
Regarding the detailed simulation assumptions for each target channel/signal, the parameter tables raised in Rel-18 for coverage evaluation of PDSCH and PDCCH can be referred. The bandwidth can be updated as 5MHz as the agreement in the last meeting. 
	RAN1#109 Agreement
For coverage evaluation of PDSCH in NR NTN, the following table is assumed.
	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Whether/How HARQ is adopted is reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/TBS/MCS for low data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK

	PDSCH duration
	12 OS

	Payload size for PDSCH of Msg.4
	1040 bits

	Other parameters
	Reported by companies.

	Other parameters
	Reported by companies



RAN1#109 Agreement
For coverage evaluation of PDCCH in NR NTN, the following table is assumed.
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER
optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies





[bookmark: _Hlk158299199]Proposal 2. The parameter tables for coverage evaluation of PDSCH/PDCCH in NR NTN agreed in R18 NR NTN can be referred for the simulation of NTN DL coverage performance.
2.1.2 Reference parameters and link budget calculation
Considering the link budget calculation of each NTN study case, the following common parameter configuration for CNR calculation is used. And according to the discussion on the reference satellite parameters scenarios for LEO-600km Set1 in FR1 (i.e., S-band), the two different satellite EIRP density, i.e., 34dBm/MHz, 26dBm/MHz, are considered in the link budget calculation.
	Agreement
For link budget calculation, parameters in the following table are assumed:
	Parameters
	

	Carrier frequency
	2 GHz for DL (S-band)

	Satellite altitude
	600 km

	Target elevation angle
	30° (LEO)

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

	Shadowing margin
	3 dB

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

	UE antenna gain
	-5.5dBi

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

	Polarization loss
	3dB

	Outcome
	CNR



Agreement
For DL coverage study, consider the following additional reference satellite parameters scenarios for LEO600km Set1 in FR1 (i.e., S-band), referred to as Set1-1 FR1, Set1-2 FR1 and Set1-3 FR1:
	 LEO600km Set1-1 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size(Note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	34

	Payload Total DL power level (dBW)
	31.24

	Aggregated EIRP (Total) (dBW)
	61.24*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	41

	Total number of beam footprints***
	1058

	Total number of simultaneously active beams **
	106

	% simultaneously active beams**
	10.02 %

	*Note: EIRP limit is 61.24 dBm for the reference configuration. 
**Assuming 100 % Resource Block utilization within the same beam at max power. Absolute number of simultaneously active beams is up to 212 (due to limitation of RF) 
*** For a constellation design at 600km with low elevation angle with 30° and selected (i.e Set 1 parameters) beam size
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies



	LEO600km Set1-2 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size (note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	34

	Payload Total DL power level (dBW)
	23

	Aggregated EIRP (Total) (dBW)
	53*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	41

	Total number of beam footprints
	1058

	Total number of simultaneously active beams**
	16

	% simultaneously active beams**
	1.5 %

	*Note: EIRP limit is 53 dBm for the reference configuration. 
**Absolute number of simultaneously active beams is up to 16 (due to limitation of RF)
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies



	LEO600km Set 1-3 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size (note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	26

	Payload Total DL power level (dBW)
	23.24

	Aggregated EIRP (Total) (dBW)
	53.24*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	33

	Total number of beam footprints
	1058

	Total number of simultaneously active beams**
	106

	% simultaneously active beams**
	10.02 %

	*Note: EIRP limit is 53.24 dBm for the reference configuration. 
**Absolute number of simultaneously active beams is up to 212 (due to limitation of RF)
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies



Note: RAN1 will aim to identify necessary enhancements for these scenarios in the study phase. At the end of the study phase, RAN1 will further discuss whether the potential enhancements will be specified within Rel-19 framework.



Besides, it is proposed that phased array antenna model can be utilized by LEO satellite in Rel-19 NTN, and additional reference satellite parameters for satellite antenna characteristics are adopted in the last RAN1 meeting, which are shown as below. 
	Agreement
· Adopt the following phased array antenna parameters for LEO 600km in FR1:
	Satellite phased array antenna Characteristics
	LEO-600

	Orbit
	LEO-600km

	Frequency range/band
	FR1/S-Band

	Antenna element pattern
	Table7.3-1 in TR 38.901

	Horizontal/vertical 3 dB beam width of single element (degree)
	[65] for H
[65] for V

	Antenna polarization
	Circular (RHCP or LHCP)

	Number of antenna elements 
	[400 elements (20 x 20)]

	Equivalent satellite antenna aperture
	2m

	Element maximum gain
	4 dBi

	Antenna maximum gain
	30 dBi

	Steering loss at 30° elevation angle 
	[4dB]





Since 30° target elevation angle is assumed for edge link budget calculation, if phased antenna model is confirmed to be applied, there will be additional loss of antenna gain to steer beams towards the edge area, and 4dB steering loss can be assumed as baseline for link budget calculation.    
Proposal 3. For the phased array antenna parameters for LEO 600km in FR1, confirm 4dB steering loss as a baseline for evaluation. 
For link budget analysis, by using the formula specified in Section 6.1.3.1 of TR 38.821, the CNR for each study case in NR NTN can be calculated based on the above parameter assumptions. For NTN DL coverage evaluation, we provide the link budget results for LEO-600 Set-1 with different satellite EIRP density and additional steering loss separately, which are shown in the Table 1 below.
Table 1. DL link budget results for LEO-600 Set1 FR1
	Satellite orbit
	LEO-600

	Satellite parameters
	Set 1-1/1-2
	Set 1-1/1-2 with steering loss
	Set 1-3
	Set 1-3 with steering loss

	frequency [GHz]
	2
	2
	2
	2

	TX: EIRP [dBW/MHz]
	34
	34
	26
	26

	RX: G/T [dB/T]
	-31.6
	-31.6
	-31.6
	-31.6

	UE antenna gain [dBi]
	-5.5
	-5.5
	-5.5
	-5.5

	k
	-228.6
	-228.6
	-228.6
	-228.6

	Free space path loss [dB]
	159.1
	159.1
	159.1
	159.1

	Atmospheric loss [dB]
	0.1
	0.1
	0.1
	0.1

	Shadow fading margin [dB]
	3
	3
	3
	3

	Scintillation Loss [dB]
	2.2
	2.2
	2.2
	2.2

	Polarization loss [dB]
	3
	3
	3
	3

	Additional losses [dB]
	0
	4
	0
	4

	CNR [dB]
	-1.9
	-5.9
	-9.9
	-13.9


[bookmark: _Hlk158299173]Observation 1. Considering NR NTN DL link budget results for LEO-600 with different satellite parameter sets, LEO-600 Set 1-3 provides the lowest CNR for DL.
2.1.3 Preliminary simulation results
For the DL coverage evaluation, similar to the UL coverage evaluation in NR NTN, the coverage enhancements supported in current specifications can be used in the link-level simulation. And we mainly consider the legacy PDSCH repetition mechanism to improve the SNR performance.
PDSCH
For coverage evaluation of PDSCH in NR NTN, the coverage performance in connected mode is evaluated for both VoIP and low-data rate services, and the parameters listed in the following Table 2 are assumed for simulation.
Table 2. Simulation assumptions for PDSCH
	Parameter
	Value

	BLER
	For low data rate service, 10% iBLER.
For VoIP, 2% rBLER.

	System bandwidth
	5 MHz

	SCS
	15kHz

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ
	-

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
2 DMRS symbols for other channels/signals.

	PRBs 
	7 PRBs for VoIP
2 PRBs for 3kbps data rate
25 PRBs for 1Mbps data rate
25 PRBs for Msg 2
25 PRBs for Msg.4

	MCS and payloads
	MCS10 for 1Mbps data rate
MCS0 for Msg 2 (64bit)
MCS4 for SIB1 (1480bit)
MCS2 for Msg.4 (1040bit)

	Repetition number
	Repetition type A, 
16 repetitions for VoIP
16 repetitions for 3kbps data rate
4 repetitions for 1Mbps data rate

	PDSCH duration
	12 OS

	Modulation order
	QPSK/16QAM

	UE speed
	3km/h

	Elevation angle
	30(LEO/MEO)

	Channel model
	NTN-TDL-A(NLOS), NTN-TDL-C(LOS)


The required SNR and coverage gap compared with CNR of Satellite parameter set1-1/1-2 are provided in the Table 3 below.
Table 3. Required SNR and coverage gap for LEO-600 set1-1/1-2
	Cases
	Channel model
	DL Channel/signal
	SNR(dB)
	CNR(dB)
	Coverage gap

	1
	NTN-TDL-C (LOS)
	PDSCH for VoIP
	-12.36
	-1.9
	-10.46

	2
	
	PDSCH for low data rate-3kbps
	-11.75
	-1.9
	-9.85

	3
	
	PDSCH for low data rate-1Mbps
	-2.17
	-1.9
	-0.27

	4
	
	PDSCH Msg2
	-12.49
	-1.9
	-10.59

	5
	
	PDSCH Msg4
	-5.41
	-1.9
	-3.51

	6
	
	PDSCH SIB1
	-3.09
	-1.9
	-1.19


If 4dB steering loss is considered in the evaluation of DL coverage performance, for link level analysis, the required SNR and coverage gap compared with CNR of LEO-600 set1-1/1-2 are provided in the Table 4 below.
Table 4. Required SNR and coverage gap for LEO-600 set1-1/1-2 with steering loss
	Cases
	Channel model
	DL Channel/signal
	SNR(dB)
	CNR(dB)
	Coverage gap

	1
	NTN-TDL-C (LOS)
	PDSCH for VoIP
	-12.36
	-5.9
	-6.46

	2
	
	PDSCH for low data rate-3kbps
	-11.75
	-5.9
	-5.85

	3
	
	PDSCH for low data rate-1Mbps
	-2.17
	-5.9
	3.73

	4
	
	PDSCH Msg2
	-12.49
	-5.9
	-6.59

	5
	
	PDSCH Msg4
	-5.41
	-5.9
	0.49

	6
	
	PDSCH SIB1
	-3.09
	-5.9
	2.81


Besides, the required SNR and coverage gap compared with CNR of Satellite parameter set1-3 are provided in the Table 5 below.
Table 5. Required SNR and coverage gap for LEO-600 set1-3
	Cases
	Channel model
	DL Channel/signal
	SNR(dB)
	CNR(dB)
	Coverage gap

	1
	NTN-TDL-C (LOS)
	PDSCH for VoIP
	-12.36
	-9.9
	-2.46

	2
	
	PDSCH for low data rate-3kbps
	-11.75
	-9.9
	-1.85

	3
	
	PDSCH for low data rate-1Mbps
	-2.17
	-9.9
	7.73

	4
	
	PDSCH Msg2
	-12.49
	-9.9
	-2.59

	5
	
	PDSCH Msg4
	-5.41
	-9.9
	4.49

	6
	
	PDSCH SIB1
	-3.09
	-9.9
	6.81


PDCCH
The coverage performance is evaluated for PDCCH in NR NTN based on the parameters listed in the following Table 6.
Table 6. Simulation assumptions for PDCCH
	Parameter
	Value

	Channel model
	NTN-TDL-A (NLOS) and NTN-TDL-C (LOS)

	Delay spread
	TR 38.811 Table 6.7.2-7a, Table 6.7.2-8a

	UE velocity
	3 km/h

	Antenna correlation
	Low

	Antenna configuration
	1TX / 2 RX

	Number of UE receive chains
	2 for 2GHz

	SCS
	15kHz 

	Aggregation level
	8

	Payload
	40 bits

	CORESET size
	2 symbols, 25 PRBs

	BLER
	1% BLER

	Evaluation angle
	30 deg for LEO


Based on the simulation assumptions in Table 6, the coverage performance for PDCCH in connected mode is evaluated for LEO. The required SNR and coverage gap compared with CNR of LEO-600 with different satellite parameters are provided in the Table 7 below.
Table 7. Required SNR and coverage gap for PDCCH 
	Cases
	Channel model
	Satellite parameter set
	SNR(dB)
	CNR(dB)
	Coverage gap

	1
	NTN-TDL-A (NLOS)
	LEO-600 Set 1-1/1-2
	1.29
	-1.9
	3.19

	2
	
	LEO-600 Set 1-1/1-2 with steering loss
	1.29
	-5.9
	7.19

	3
	
	LEO-600 Set 1-3
	1.29
	-9.9
	11.19

	4
	NTN-TDL-C (LOS)
	LEO-600 Set 1-1/1-2
	-6.38
	-1.9
	-4.48

	5
	
	LEO-600 Set 1-1/1-2 with steering loss
	-6.38
	-5.9
	-0.48

	6
	
	LEO-600 Set 1-3
	-6.38
	-9.9
	3.52


SSB
The SSB is important for UE to access to the satellite, then it should also be evaluated. If the SSB cannot be detected by UE correctly, the UE has no chance to access to the satellite. Therefore, the coverage performance of SSB is also considered to be evaluated, and the simulation assumptions for PBCH in NR NTN are listed as below. The legacy 20ms periodicity of SSB is assumed as baseline, and we also evaluate the performance of single SSB detection since the illumination time of each active satellite beam may be limited.
Table 8. Simulation assumptions for PBCH
	Parameter
	Value

	Channel model
	NTN-TDL-A (NLOS) and NTN-TDL-C (LOS)

	Delay spread
	TR 38.811 Table 6.7.2-7a/Table 6.7.2-8a

	UE velocity
	3 km/h

	Antenna configuration
	1 TX / 2 RX

	Number of UE receive chains
	2 for 2GHz

	SCS
	15kHz 

	Antenna correlation
	Low

	PBCH Payload size
	56 bits

	SS burst periodicity
	20

	BW
	5MHz

	Performance metric
	Combination of 4 SSBs in 80ms;
Single SSB detection

	Evaluation angle
	30 deg for LEO


Based on the simulation assumptions in Table 8, the coverage performance for SSB is evaluated for LEO-600 scenario. The required SNR and coverage gap compared with CNR of each NTN scenario are provided in the Table 9 below.
Table 9. Required SNR and coverage gap for SSB 
	Cases
	SSB combination
	Evaluation angle
	SNR(dB)
	CNR(dB)
	Coverage gap

	1
	4 SSBs in 80ms
	LEO-600 Set 1-1/1-2
	-12.42
	-1.9
	-10.52

	2
	
	LEO-600 Set 1-1/1-2 with steering loss
	-12.42
	-5.9
	-6.52

	3
	
	LEO-600 Set 1-3
	-12.42
	-9.9
	-2.52

	4
	1 SSB
	LEO-600 Set 1-1/1-2
	-6.95
	-1.9
	-5.05

	5
	
	LEO-600 Set 1-1/1-2 with steering loss
	-6.95
	-5.9
	-1.05

	6
	
	LEO-600 Set 1-3
	-6.95
	-9.9
	2.95


2.1.4 Observations on the simulation results 
For the evaluation of NR NTN DL coverage performance, preliminary simulation results of each DL channel/signal are summarized in Table 3, Table 4, Table 5, Table 7 and Table 9 respectively. To clearly identify the potential bottleneck channel(s) that have DL coverage issue in each NTN scenario, the coverage gaps of all the evaluated physical channels/signals for different LEO-600 satellite parameters are summarized in the Figure 1a and Figure 2.
[image: ]      [image: ]
Figure 1a. Coverage gap without steering loss              Figure 1b. Coverage gap with power sharing
Figure 1. DL Coverage performance of LEO-600 Set 1-1/1-2
[bookmark: _Hlk158299154]Furthermore, if the steering loss needs to be considered for the evaluation, additional loss (e.g., 4dB) is assumed in the link budget calculation without changing the total satellite transmit power. The coverage gap by taking steering loss into consideration is also summarized as in the Figure 1b.
For LEO-600 Set 1-1/1-2 scenario, since EIRP density is not decreased due to dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, it is observed that there is no coverage issue for all the evaluated physical channels/signals.
If steering loss is considered in link level study, there would be a coverage gap about 2.81dB for PDSCH carrying SIB1, a minor 0.49 dB gap for Msg 4 PDSCH, 3.73 dB gap for PDSCH for low-data rate service with 1 Mbps data rate.
Observation 2. Regarding LEO-600 Satellite with Set 1-1/1-2 parameters in LOS environment, when steering loss is not considered, there is no coverage gap of DL physical channels even with -5.5dBi UE antenna gain.
Observation 3. For DL coverage performance of LEO-600 Satellite with Set 1-1/1-2 parameters in LOS environment, when steering loss is considered, there would be a coverage gap for PDSCH carrying SIB1, Msg4 PDSCH and PDSCH for 1Mbps low data rate service.
· To support PDSCH carrying SIB1 with large payload size, about 2.81dB coverage gap needs to be enhanced.
· To support low-data rate service with 1Mbps target rates, 3.73dB coverage gap needs to be enhanced for PDSCH in connected mode.
· Msg4 PDSCH may need enhancements by 0.49 dB gap. 
Based on the observations for LEO-600 with Set 1-1/1-2, if steering loss or other additional loss is considered, PDSCH carrying SIB1, Msg4 PDSCH in idle mode and PDSCH in connected mode for 1Mbps low-data rate service would need to be enhanced.
[bookmark: _Hlk158299149]Proposal 4. When additional loss is not considered, DL coverage enhancements are not required for LEO-600 with Set 1-1/1-2 satellite parameters to serve the target service.
Proposal 5. When additional steering loss is considered, for LEO-600 with Set 1-1/1-2 satellite parameters, coverage enhancements are needed for PDSCH carrying SIB1, Msg4 PDSCH and PDSCH to support 1Mbps low data rate service.
[image: ]
Figure 2. DL Coverage performance of LEO-600 Set1-3
For LEO-600 Set1-3 satellite, EIRP density has decreased by 8dB compared with that of parameter set 1-1/1-2, it can be observed that there are larger coverage gaps for the evaluated physical channels, even without considering additional steering loss, there would be a coverage gap about 2.95 dB for PBCH when single SSB detection is considered, 3.52 dB gap for PDCCH, 6.81dB gap for PDSCH carrying SIB1, 4.49 dB gap for Msg 4 PDSCH, 7.73 dB gap for 1Mbps low-data rate service. 
[bookmark: _Hlk158299137]Observation 4. For LEO-600 satellite with Set1-3 parameters, even without additional loss, there are coverage gaps for PBCH by single SSB detection, PDSCH carrying SIB1, PDCCH, Msg4 PDSCH, PDSCH for 1Mbps low-data rate services.
· For initial access, PDSCH carrying SIB1 may need to be enhanced with about 6.81 dB coverage gap, and Msg4 PDSCH needs to be enhanced with 4.49 dB coverage gap.
· To support 1Mbps low-data rate service, 7.73 dB coverage gap needs to be enhanced for PDSCH.
· DL coverage needs to be enhanced with 3.52 dB for PDCCH.
Proposal 6. To support target services under LEO-600 scenario with set1-3 reference parameters, DL coverage enhancements need to be considered for PBCH, Msg4 PDSCH and PDSCH.
For the coverage evaluation of SSB, according to the link level simulation results, PBCH with 4 SSBs combination can provide better link level coverage performance compared with single SSB detection. For set1-1/1-2, about 10.5dB margin is observed without steering loss, and about 6.5 dB margin even with 4dB steering loss. While single SSB detection has little margin for set1-1/1-2 with steering loss and needs coverage enhancement for set1-3. Therefore, 4 SSBs combination can be considered to improve the coverage performance. 
Observation 5. For LEO-600 in FR1, with default 20ms SSB periodicity, 4 SSBs combination can provide better coverage performance and coverage margin is observed for different satellite parameters.  
Proposal 7. For the detection of SSBs in NR NTN, 4 SSB combinations can be considered to improve the coverage performance.
2.2 System level analysis
For system level study of NTN DL coverage, several key issues, including the reference satellite parameters assumptions, antenna model, evaluation metrics and traffic models were discussed, and some progress on baseline configuration was achieved. For LEO-600 in FR1 band, three sets of reference satellite parameters are assumed for different NTN deployment scenarios, referred to Set1-1 FR1, Set1-2 FR1 and Set1-3 FR1 listed in Section 2.1.2. 
According to the total number of beam footprints and number of simultaneously active beams provided in each parameter table, it can be observed that the ratio of active beam is limited by 10% or worse, by 1.5%, which leads to the restriction on coverage ratio in NR NTN. Therefore, one key issue needs to be discussed is how to improve the coverage ratio of active beams to provide services to all UEs covered by the satellite footprint. 
During the last RAN1 meeting, three types of beam state are proposed for further analytical evaluation, which is shown as below. Among all the beam footprints, there will be N1 beam footprints not illuminated. And for active beams, N2 is defined to illustrate the number of beam footprints in state “common messages only”, from our perspective, these beam footprints are illuminated at least for system information transmission and common information for initial access, such as SSB, SIB1, SIB19, paging, etc. While for traffic transmission in connected state, N3 is defined to illustrate the number of beam footprints that have active user traffic, and it is claimed that N3 beam footprints can also serve the information for cell discovery and initial access. Thus, there seems no obvious difference between N2 and N3 beam footprints. 
	RAN1#116 Agreement
RAN1 to consider the following performance metrics for DL Coverage enhancement evaluation at system level:
At least:
· CDF of the received SINR
· The dwell time and revisit time interval for each beam illumination across the coverage
· Periodicity of common control channels (e.g. SSB, CORESET0/SIB1, SIB19) and corresponding coverage ratio

Other metrics may be reported such as
· CDF of the cell throughput
· CDF of user perceived throughput (UPT)
· CDF of Latency
· Ratio of mean served cell throughput and offered cell throughput, denoted by 𝜌 (refer to TR36.889)

For system level study based on analytical evaluation:
· N1 beam footprints are in state “off”
· These beam footprints are not served by any signal (no satellite service in this area)
· N2 beam footprints are in state “common messages only”
· These beam footprints do not have any active user traffic, and are served the necessary information for cell discovery and initial access.
· Optionally, companies may consider user arrival (e.g. RACH access) in this type of cell, and should describe how this is taken into account in the analytical evaluation
· N3 beam footprints are in state “active traffic” 
· These beam footprints have X active (e.g. VoNR) users each.
· These beam footprints are also served the necessary information for cell discovery and initial access
· N1 + N2 + N3 = “Total number of beam footprints “ 
· N1, N2, N3, X are to be reported by companies.
· Resource utilization obtained under the assumptions above is to be reported by companies.
· Other assumptions made in the evaluation are to be reported by companies, e.g. power sharing scheme, beam hopping scheme, etc.


As we observed in link level analysis, there are 5dB coverage margin for single SSB detection and 10.5dB coverage margin for 4 SSB combination within 80ms if no additional loss is considered. And with 4dB steering loss assumed for phased-array antenna model, there is still about 6.5dB coverage margin for 4 SSB combination. Considering the limited number of active beams can be supported for system level coverage enhancement, wider beams to illuminate larger coverage area can be supported for SSB transmission or other common signals with coverage margins. Also considering the implementation issues that more SSBs can facilitate the detection and synchronization of UEs, such as AGC tuning and some estimation for the Doppler shift, multiple SSB transmissions and receptions will facilitate the DL synchronization of UEs. But on the other side, the multiple SSB transmission within a illustration window may also prolong the revisit period to reach the full coverage of all the beam footprints. 
Observation 6. Some channels, e.g. PBCH with 4 SSB combination detection, can provide additional margins to support wider beams.
Observation 7. Additional SSB detection, e.g. SSB combinations, within the illumination window would facilitate the UE implementation for the DL synchronization. 
Proposal 8. Additional SSB detection, e.g. SSB combinations, within the illumination window should be considered to facilitate the UE implementation for DL synchronization.  
Therefore, if the beam size for N2 and N3 beam footprints can be separately determined, at least for N2 beam footprints in state “common messages only”, wider beam coverage area to improve coverage ratio of active beams can be considered.
Observation 8. No obvious difference between N2 and N3 is observed,
· N2 beam footprints can support at least system information and UE initial access with wide/narrow beam
· N3 beam footprints can support both active traffic and system information with narrow beam
For the configuration/determination of the number of active beams, it needs to further clarify whether the same satellite beam is used for uplink and downlink communication. 
From our understanding, the uplink and downlink traffic in NTN can be different. In this way, at least the number of active beams serving for UL transmission and DL transmission can be determined independently, which may also depend on satellite antenna implementation. While in the reference satellite parameters sets, only total number of simultaneously active beams (e.g., 106 or 16) are listed, it is not clear whether the number refers to active beams for UL or DL transmission, or the total number of active beams for both UL and DL transmission. To further analyze the coverage ratio of active beams, the number of active beams assumed for UL and DL transmission needs to be clarified.
Proposal 9. It should be further clarified that the simultaneously active beam number as agreed for Set 1-1/2/3 are for UL or DL or both DL and UL, which will impact the design of the illumination window and revisit periods for the system level study. 
As mentioned in the objectives of DL coverage enhancement in NR NTN, system level coverage enhancement via efficient power sharing is proposed for further study. Currently it assumes that a large amount of DL beams from satellites will be configured, but only a limited portion of beams can be activated simultaneously. In order to provide services to all UEs covered by the satellite footprint, TDM beam scheduling/beam hopping can be performed to improve the network throughputs. 
To ensure UE access the network successfully, more beam footprints are expected to be served with SSBs and system information. According to the current assumptions on total number of beam footprints and number of active beams, if 4 SSBs per SSB burst is transmitted within 20ms periodicity, for Set1-1 FR1, 40.08% (106*4/1058) of beam footprints can be served by maximum 106 active beams. While for Set1-2 FR1, only 6.05% (16*4/1058) of beam footprints can be served by 16 active beams. To improve the coverage ratio of active beams, longer duration of SSB periodicity from UE side may be required. For example, if SSB periodicity is extended to 80ms, for Set1-2 FR1, 24.2% of beam footprints can be served by 16 active beams, and if 160ms SSB periodicity by UE behavior, 48.4% of beam footprints can be served by 16 active beams. 
However, as 4 SSB combinations is considered to ensure the DL coverage performance for the case with 20ms SSB periodicity, if the default SSB periodicity is extended to 80ms by UE behavior, the detection of 4 SSBs combination within a larger duration (320ms) can be difficult. Besides, the compatibility issue for legacy UE also needs to be discussed when longer duration larger than 160ms is considered. Thus, the benefits of increasing SSB periodicity needs to be further studied.
Proposal 10. To improve the coverage ratio of active beams, extending the SSB periodicity may be required, and longer duration (e.g., 320ms) of SSB periodicity can be further discussed.
Considering system level enhancement with restricted number of simultaneously active beams and power sharing among active beams, the following potential schemes can be further discussed to improve the coverage performance.
· Spatial domain enhancements
· Broader/wide beam size to serve larger area based on the link level evaluation
· Time domain enhancements
· Long revisit period and illumination window for each beam should be defined to improve the coverage ratio
Proposal 11. To extend the coverage ratio, the following system level enhancements can be considered, 
· Spatial domain enhancements
· Broader/wide beam size to serve larger area based on the link level evaluation
· Time domain enhancements
· Long revisit period and illumination window for each beam should be defined to improve the coverage ratio
3. Conclusions
In this contribution, we provide some preliminary simulation analysis and share our views on DL coverage enhancement in NTN scenarios. The proposals and observations are summarized as follows.
Observation 1. Considering NR NTN DL link budget results for LEO-600 with different satellite parameter sets, LEO-600 Set 1-3 provides the lowest CNR for DL.
Observation 2. Regarding LEO-600 Satellite with Set 1-1/1-2 parameters in LOS environment, when steering loss is not considered, there is no coverage gap of DL physical channels even with -5.5dBi UE antenna gain.
Observation 3. For DL coverage performance of LEO-600 Satellite with Set 1-1/1-2 parameters in LOS environment, when steering loss is considered, there would be a coverage gap for PDSCH carrying SIB1, Msg4 PDSCH and PDSCH for 1Mbps low data rate service.
· To support PDSCH carrying SIB1 with large payload size, about 2.81dB coverage gap needs to be enhanced.
· To support low-data rate service with 1Mbps target rates, 3.73dB coverage gap needs to be enhanced for PDSCH in connected mode.
· Msg4 PDSCH may need enhancements by 0.49 dB gap.
Observation 4. For LEO-600 satellite with Set1-3 parameters, even without additional loss, there are coverage gaps for PBCH by single SSB detection, PDSCH carrying SIB1, PDCCH, Msg4 PDSCH, PDSCH for 1Mbps low-data rate services.
· For initial access, PDSCH carrying SIB1 may need to be enhanced with about 6.81 dB coverage gap, and Msg4 PDSCH needs to be enhanced with 4.49 dB coverage gap.
· To support 1Mbps low-data rate service, 7.73 dB coverage gap needs to be enhanced for PDSCH.
· DL coverage needs to be enhanced with 3.52 dB for PDCCH.
Observation 5. For LEO-600 in FR1, with default 20ms SSB periodicity, 4 SSBs combination can provide better coverage performance and coverage margin is observed for different satellite parameters.
Observation 6. Some channels, e.g. PBCH with 4 SSB combination detection, can provide additional margins to support wider beams.
Observation 7. Additional SSB detection, e.g. SSB combinations, within the illumination window would facilitate the UE implementation for the DL synchronization. 
Observation 8. No obvious difference between N2 and N3 is observed,
· N2 beam footprints can support at least system information and UE initial access with wide/narrow beam
· N3 beam footprints can support both active traffic and system information with narrow beam

Proposal 1. The DL coverage performance for PDSCH carrying SIB1, SIB19 and paging should be evaluated for the DL coverage. The assumption of payload of those channels should be discussed and clarified. 
Proposal 2. The parameter tables for coverage evaluation of PDSCH/PDCCH in NR NTN agreed in R18 NR NTN can be referred for the simulation of NTN DL coverage performance.
Proposal 3. For the phased array antenna parameters for LEO 600km in FR1, confirm 4dB steering loss as a baseline for evaluation.
Proposal 4. When additional loss is not considered, DL coverage enhancements are not required for LEO-600 with Set 1-1/1-2 satellite parameters to serve the target service.
Proposal 5. When additional steering loss is considered, for LEO-600 with Set 1-1/1-2 satellite parameters, coverage enhancements are needed for PDSCH carrying SIB1, Msg4 PDSCH and PDSCH to support 1Mbps low data rate service.
Proposal 6. To support target services under LEO-600 scenario with set1-3 reference parameters, DL coverage enhancements need to be considered for PBCH, Msg4 PDSCH and PDSCH.
Proposal 7. For the detection of SSBs in NR NTN, 4 SSB combinations can be considered to improve the coverage performance.
Proposal 8. Additional SSB detection, e.g. SSB combinations, within the illumination window should be considered to facilitate the UE implementation for DL synchronization.
Proposal 9. It should be further clarified that the simultaneously active beam number as agreed for Set 1-1/2/3 are for UL or DL or both DL and UL, which will impact the design of the illumination window and revisit periods for the system level study. 
Proposal 10. To improve the coverage ratio of active beams, extending the SSB periodicity may be required, and longer duration (e.g., 320ms) of SSB periodicity can be further discussed.
Proposal 11. To extend the coverage ratio, the following system level enhancements can be considered, 
· Spatial domain enhancements
· Broader/wide beam size to serve larger area based on the link level evaluation
· Time domain enhancements
· Long revisit period and illumination window for each beam should be defined to improve the coverage ratio
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