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1 Introduction
In RAN#102 meeting, a new WID [1] as Non-Terrestrial Networks (NTN) for NR Phase 3 was approved. One of the objectives is to 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. 
In RAN1#116bis meeting[2], the following agreements were achieved:
	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
	8

	Payload
	40 bits

	CORESET size
	2 symbols, 24 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




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 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.
24 PRBs for SIB1 and SIB19

	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.2
	72 bits

	Payload size for PDSCH of SIB1
	FFS

	Payload size for PDSCH of Msg.4
	1040 bits

	Payload size for PDSCH of SIB19
	FFS

	Other parameters
	Reported by companies.


Agreement
Antenna gain reduction due to steering loss is not considered in the link level evaluation.
Note: This is aligned with the assumptions made in Rel-18 UL coverage enhancement

Observation
The CNRs for the satellite payload parameters Set 1-1, Set 1-2 and Set 1-3 are equal to -1.9 dB, -1.9 dB and -9.9 dB respectively.

Agreement
Confirm the Satellite phased-array antenna parameters for LEO 600km in FR1 defined in RAN1#116.
 
	Satellite phased array antenna Characteristics
	

	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 element spacing
	0.667 lambda

	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 
	4 dB



Al least the above model is considered for SLS to ease the alignment between evaluation results. The model below can be optionally considered:

	Satellite phased array antenna Characteristics
	

	Orbit
	LEO-600km

	Frequency range/band
	FR1/S-Band

	Antenna element pattern
	TR38.820 section 7.2.4	

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

	[bookmark: _Hlk164266843]Antenna element spacing
	0.5 lambda

	Antenna polarization
	Circular (RHCP or LHCP)

	Number of antenna elements 
	676 elements (26 x 26)

	Equivalent satellite antenna aperture
	2m

	Element maximum gain
	4 dBi

	Antenna maximum gain
	30 dBi (Note 1)

	Steering loss at 30° elevation angle 
	2.5 dB


Note 1: The maximum antenna gain is determined by considering an overall array efficiency [of 50%.] 

Agreement
For coverage evaluation of PDSCH in NR NTN, the following payload sizes for PDSCH are assumed:

	Payload
	value

	Payload size for PDSCH of SIB1
	Option 1: 800 bits 
Option 2: 1280 bits

	Payload size for PDSCH of SIB19
	616 bits



Note: At least the above values are simulated and reported. Other values can be considered.
Note: the values above are not the TBS.

Agreement
For DL coverage study at system level, it is up to companies to report the following parameters for LEO600km Set1-1 FR2:
	Beam size

	Satellite EIRP density /beam (dBW/MHz)

	Payload Total DL power level (dBW)

	Aggregated EIRP (Total) (dBW)

	Satellite Tx max Gain

	EIRP per Satellite beam (dBW)



Agreement
For coverage performance evaluation of DL channels/signals before the SIB19 acquisition, the maximum Doppler frequency drift is assumed to be equal to 0.27 ppm/s based on TR 38.821.



In this contribution, we present our views on NR-NTN downlink coverage enhancement. 
2 Link level analysis
In last RAN1 meeting[2], the detailed channel parameters such as payload size for SIB1 and SIB19 were agreed. The bottleneck channels can be found by checking the gap between the calculated CNR and SNR requirements for each DL channel. 
We present our link budget calculation results in Table 1, which is aligned with the observation on the CNRs for the satellite Set 1-1, Set 1-2 and Set 1-3 achieved in [2]. As Table 1 shows, the CNR for Set1-1 FR1& Set1-2 FR1 is -1.9dB, the CNR for Set1-3 FR1 is -9.9dB. 
Table 1. The link budget results for Set1-1 FR1, Set1-2 FR1 and Set1-3 FR1
	
	Set1-1 FR1
	Set1-2 FR1
	Set1-3 FR1

	Maximum Bandwidth per beam
	5 MHz
	5 MHz
	5 MHz

	Satellite EIRP density /beam (dBW/MHz)
	34
	34
	26

	Maximum EIRP per Satellite beam (dBW)
	41
	41
	33

	Transmission mode
	DL
	DL
	DL

	Frequency [GHz]
	2.00
	2.00
	2.00

	RX: G/T [dB/T]
	-37.12
	-37.12
	-37.12

	Bandwidth [MHz]
	5.00
	5.00
	5.00

	Free space path loss [dB]
	159.10
	159.10
	159.10

	Atmospheric loss [dB]
	0.10
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00

	Additional losses [dB]
	0.00
	0.00
	0.00

	CNR [dB]
	-1.9
	-1.9
	-9.9


Considering that the bandwidth is limited to 5MHz, all the bandwidth of PDSCH including common PDSCH such as Msg4 PDSCH, SIB1 PDSCH, SIB19 PDSCH and UE specific PDSCH such as VoIP PDSCH are confined to 5MHz. For PDCCH, the bandwidth of AL=16 would be larger than 5MHz even when all 3 symbols are used in one CORSET, therefore we consider PDCCH with AL=8. For Msg2 PDCSH, the lowest scaling factor equals to 0.25 is considered in the simulation. For SIB1, both the payload size of 800 bits and 1280 bits are considered, and the SNR performance with 4 times soft combining is also considered. For SIB19, the payload is assumed to be 616 bits. 
The LLS evaluation results for SSB channel, PDCCH scheduling SIBs, SIB1 and SIB19 are provided without considering the maximum Doppler frequency drift.
We present our link level simulation results for SSB in Figure 1, it can be observed that the SNR requirement is -12.7dB when SSB index is unknown to the UE, the SNR requirement is -14dB when the SSB index is known to the UE. To make the evaluation results more realistic, we adopt the -12.7dB as the SNR requirement for SSB channel. 
[image: ]
Figure 1, The BLER-SNR evaluation for SSB
We present our link level simulation results for PDCCH in Figure 2, it can be observed that the SNR requirement is -6.8dB when BLER is 0.01.
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Figure 2, The BLER-SNR evaluation for PDCCH
We present our link level simulation results for Msg2 PDSCH in Figure 3, it can be observed that the SNR requirement is -13.4dB when the scaling factor is 0.25, while the SNR requirement is -10.5dB when the scaling factor is 0.5.
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Figure 3, The BLER-SNR evaluation for Msg2 PDSCH
We present our link level simulation results for Msg4 PDSCH in Figure 4, it can be observed that the SNR requirement is -6.5dB when BLER is 0.1.
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Figure 4, The BLER-SNR evaluation for Msg4 PDSCH
We present our link level simulation results for SIB1 PDSCH in Figure 5, it can be observed that when soft combination is not considered, the SNR requirement is -6.1 dB and -4.2 dB for payload size 800 bits and 1280 bits separately when BLER is 0.01. And when 4 times combination is considered, the SNR requirement is -11.8 dB and -10 dB for payload size 800 bits and 1280 bits separately when BLER is 0.01.
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Figure 5, The BLER-SNR evaluation for SIB1 PDSCH
We present our link level simulation results for SIB19 PDSCH in Figure 6, it can be observed that the SNR requirement is -7.2dB when BLER is 0.01.
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Figure 6, The BLER-SNR evaluation for SIB19 PDSCH
We present our link level simulation results for low data rate PDSCH in Figure 7, it can be observed that the SNR requirement is -7.2dB when no repetition performed, the SNR requirement is -12dB when the repetition number is 4.
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Figure 7, The BLER-SNR evaluation for low data rate PDSCH
We present our link level simulation results for VoIP PDSCH in Figure 8, it can be observed that the SNR requirement is -6.7dB when no repetition performed, the SNR requirement is -11.8dB when the repetition number is 4.
[image: ]
Figure 8, The BLER-SNR evaluation for VoIP PDSCH
We summarized the gap between CNR and LLS evaluation results in Table 2. As Table 2 shows, without considering the maximum Doppler frequency drift for LLS evaluation of SSB channel, PDCCH scheduling SIBs, SIB1 PDSCH and SIB19 PDSCH, there is no bottleneck channel based on the evaluation results for Set1-1 FR1& Set1-2 FR1. However, for Set1-3 FR1, even without considering the Doppler frequency shift in the evaluation, there is performance gap for channels such as PDCCH scheduling SIBs, SIB1 PDSCH and SIB19 PDSCH. It is expected that the SNR performance for those channels would be worse if the Doppler frequency drift is considered. And Msg4 PDSCH is also one bottleneck channel for Set1-3 FR1.
Table 2. The SNR requirements for different DL channels
	Configuration
	SNR (dB)
	BLER
	Gap Set1-1 FR1& Set1-2 FR1
	Gap Set1-3 FR1

	SSB (w/ soft combining=4)
	-12.7
	0.01
	-10.8
	-2.8

	PDCCH (AL=8)
	-6.8
	0.01
	-4.9
	3.1

	Msg2 PDSCH(scaling factor=0.25)
	-13.4
	0.1
	-11.5
	-3.5

	Msg4 PDSCH
	-6.5
	0.1
	-4.6
	3.4

	SIB1(800 bits, w/o soft combining)
	-6.1
	0.01
	-4.2
	3.8

	SIB1(800 bits, w/ soft combining=4)
	-11.8
	0.01
	-9.9
	-1.9

	SIB1(1280 bits, w/o soft combining)
	-4.2
	0.01
	-2.3
	5.7

	SIB1(1280 bits, w/ soft combining=4)
	-10
	0.01
	-8.1
	-0.1

	SIB19 (616 bits)
	-7.2
	0.01
	-5.3
	2.7

	PDSCH Low data rate (rep=4)
	-12
	0.1
	-10.1
	-2.1

	PDSCH VoIP (rep=4)
	-11.8
	0.02
	-9.9
	-1.9



We further evaluated the SNR requirement for different configurations of PDCCH, for example, increasing the repetition number of PDCCH, reducing the payload and increasing the aggregation level. The detailed the evaluation assumption and results are shown in Table 3. Based on the evaluation results, the possible solutions for PDCCH coverage enhancement can be repetition, payload reduction and increasing AL. For common PDSCH coverage enhancement, a straightforward solution can be repetition.
Table 3. PDCCH coverage enhancement cases

	Case
	Payload
	Repetition
	Aggregation level
	SNR (dB)

	0 (Benchmark)
	40
	1
	8
	-6.8

	1
	40
	1
	16
	-9

	2
	25
	1
	16
	-9.9

	3
	40
	2,4,8
	16
		rep = 2
	-11

	rep = 4
	-12.9

	rep = 8
	-14.6




	4
	40
	1
	24, 32
		AL=24
	-10.3

	AL=32
	-11






Observation 1: Without considering the maximum Doppler frequency drift in the LLS evaluation, for channels before SIB19 acquisition, there is no bottleneck channel based on the evaluation results for Set1-1 FR1& Set1-2 FR1.
Observation 2: For Set1-3 FR1, there is performance gap for DL channels including PDCCH, SIB1 PDSCH, SIB19 PDSCH and Msg4 PDSCH even without considering the maximum Doppler frequency drift in the LLS evaluation.
Observation 3: For PDCCH coverage enhancement, the possible solutions can be repetition, payload reduction and AL increasing. 
Observation 4: For common PDSCH coverage enhancement, a straightforward solution can be repetition.
3 System level analysis 
Beam sweeping are needed for Set 1-1 FR1, Set 1-2 FR1 and Set 1-3 FR1 as the simultaneously active beam ratio is much lower than 100%, due to the power limitation of the satellite. Based on the definition of N1, N2 and N3 beam, the beam sweeping can be considered as N2 and N3 beam are being swept, while N1 beam is waiting for sweeping. 
SSB beam sweeping mechanism is introduced in NR for cell coverage extension. The maximum SSB number in a SSB burst is 4 for S band, the SSB burst is confined to a 5ms window, while the SSB periodicity could be 5ms, 10ms, 20ms, 40ms, 80ms, 160ms. Considering that the simultaneously active beam ratio is 10% and 1.5% for Set 1-1 FR1/Set 1-2 FR1 and Set 1-3 FR1, the satellite footprint are not 100% covered even after 4 times beam sweeping. We think the following 3 solutions can be studied to solve the SSB sweeping problem. 
· Solution 1: Increase the SSB number and change the SSB pattern for S band
· Solution 2: Associated the SSB index with the specific area/cell by NW implementation, as Fig.2 shows.
· Solution 3: Change the UE’s assumption on default SSB periodicity for initial cell selection
[image: ]
Figure.2 Association between SSB burst and area
For Set 1-1 FR1, Set 1-3 FR1, the coverage ratio is 10%, increase the SSB number to 10 within a SSB burst to achieve the full coverage by using solution 1. Another method is associating the SSB burst with specific area or specific cell by using solution 2, the periodicity of SSB burst of different area/cell is 20ms and the SSB burst is confined to 5ms. 
For Set 1-2 FR1, assuming the SSB number is 4 in each SSB burst, the beam coverage ratio is around 24% by adopting solution 2. To further extend the SSB coverage ratio, the UE’s assumption on default SSB periodicity for initial cell selection can be extend to 80ms by using solution 3. In that case, the total SSB burst can be 16, and the beam coverage ratio would be extend to 1.5%*4*16=96%. Another method is combining solution 1 and solution 3, extend the SSB number to 16 in one SSB burst for S band, the beam coverage ratio can be extend to 1.5%*16*4=96%. 
Proposal 1:The following solutions can be studied to solve the SSB sweeping problem due to the limited simultaneously active beam ratio. 
· Solution 1: Increase the SSB number and change the SSB pattern for S band
· Solution 2: Associated the SSB index with the specific area/cell by NW implementation
· Solution 3: Change the UE’s assumption on default SSB periodicity for initial cell selection
System level solutions are used to support an efficient dynamic and flexible power sharing between beams or different beam pattern/size (i.e., wide or narrow) across the satellite foot print for FR1-NTN and FR2-NTN. The time domain NES solutions such as on-demand SIB1, cell DRX/DRX can be studied for DL coverage enhancement in NTN.
Form power sharing perspective, it can be assumed that the power is concentrate in N2 and N3 beam, and N3 beam will be allocated more power as N3 beam has wider bandwidth than N2 beam considering the ERIP density per beam is the same. For example, assuming the number of N3 beam is M, the number of N2 beam is N, the bandwidth for N3 beam is 6 MHz and the bandwidth for N2 beam is 4 MHz, then M and N should meet the following requirement: 
For Set1-1 FR1, M+N <=106; 42dBW*M+40dBW*N<=61.24dBW
For Set1-2 FR1, M+N <=16; 42dBW*M+40dBW*N<=53dBW
For Set1-3 FR1, M+N <=106; 34dBW*M+32dBW*N<=53.24dBW
Assuming the ERIP density per beam is the same, adjusting the frequency bandwidth can achieve power sharing between beams. Therefore, it is proposed that beam based dynamic bandwidth adjustment for dynamic power sharing between beams is supported.
For beams with different evaluation angels, the path loss is different. As Fig.3 shows, the center of beam#1 is the nadir and the elevation of beam#2 is alpha, the path loss for UEs in beam #2 is larger than UEs in beam#1. To ensure that UEs in different locations can have similar service quality, the network can allocate different power for beam#1 and beam#2. In other words, the ERIP density for beam#1 and beam#2 may be different. As the UL power sharing should taking the DL RS power as reference, the beam based DL RS power should be informed to UE. 
Proposal 2: Time domain NES solutions such as on-demand SIB1, cell DRX/DRX can be studied for DL coverage enhancement in NTN.
Proposal 3: Beam based dynamic bandwidth adjustment for dynamic power sharing between beams can be studied for DL coverage enhancement in NTN.
Proposal 4: Beam based DL reference signal power indication can be studied for DL coverage enhancement in NTN.
 
[image: ]
Figure 3. Diagram for satellite beams with different elevations 
4 Conclusions
In this contribution, we present views on NR-NTN DL coverage enhancement, we have the following observations and proposals:
Observation 1: Without considering the maximum Doppler frequency drift in the LLS evaluation, for channels before SIB19 acquisition, there is no bottleneck channel based on the evaluation results for Set1-1 FR1& Set1-2 FR1.
Observation 2: For Set1-3 FR1, there is performance gap for DL channels including PDCCH, SIB1 PDSCH, SIB19 PDSCH and Msg4 PDSCH even without considering the maximum Doppler frequency drift in the LLS evaluation.
Observation 3: For PDCCH coverage enhancement, the possible solutions can be repetition, payload reduction and AL increasing. 
Observation 4: For common PDSCH coverage enhancement, a straightforward solution can be repetition.
[bookmark: _GoBack]Proposal 1:The following solutions can be studied to solve the SSB sweeping problem due to the limited simultaneously active beam ratio. 
· Solution 1: Increase the SSB number and change the SSB pattern for S band
· Solution 2: Associated the SSB index with the specific area/cell by NW implementation
· Solution 3: Change the UE’s assumption on default SSB periodicity for initial cell selection
Proposal 2: Time domain NES solutions such as on-demand SIB1, cell DRX/DRX can be studied for DL coverage enhancement in NTN.
Proposal 3: Beam based dynamic bandwidth adjustment for dynamic power sharing between beams can be studied for DL coverage enhancement in NTN.
Proposal 4: Beam based DL reference signal power indication can be studied for DL coverage enhancement in NTN.
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