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1. [bookmark: _Ref18181]Introduction
In RAN1#116 meeting [1], the DL coverage enhancement for NR NTN has been discussed with agreements on system level and link level performance evaluation assumptions. In this contribution, the system level and link level analysis are provided to identify necessary enhancements.
1. [bookmark: _Ref54269283]System level analysis on the DL coverage issues
For system level analysis, the evaluation to be carried out has been agreed in RAN1#116 is quoted below. 
	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


For following SLS evaluations, the assumptions are shown in Table 1. According to the reference satellite parameters for LEO600km Set1-1 to Set1-3 FR1 scenarios, SSB Case A is used, and the SSB and CORESET multiplexing pattern is 1. The DL common channels, e.g., SSB, Type0-PDCCH, SIB1, Type0A-PDCCH, SIB19, are TDMed.
[bookmark: _Ref162968416]Table 1 Assumptions for SLS
	Parameter set
	LEO600 Set1-1 / LEO600 Set1-2 / LEO600 Set1-3

	Carrier frequency
	2 GHz

	Maximum bandwidth per beam
	5 MHz

	SCS
	15kHz

	Satellite EIRP density/beam (dBW/MHz)
	34 (Set1-1 / Set1-2)
26 (Set1-3)

	Polarization loss
	3 dB

	Scintillation loss
	0 dB(mid-latitude)

	Shadow fading 
	according to Table 6.6.2-3 in 38.811 (rural)

	UE antenna gain
	-5.5 dBi

	UE antenna type
	Omni-directional


1. Number of beam footprints analysis
As agreed in RAN1#116, the total number of beam footprints is N1+N2+N3=1058 for FR1, where:
1. N1 is the number of beam footprints are in state “off”.
2. N2 is the number of beam footprints are in state “common messages only”, which is related to the DL common channels time-frequency resource requirement.
3. N3 is the number of beam footprints are in state “active traffic”, which is related to the DL common channels and the UE-specific data time-frequency resource requirement.
For the detailed analysis, in our view, N1 should be assumed as zero since the target service area should be consistent with the declared region for the satellite is designed or serviced is announced. Regarding the N3, according to the definition for traffic service, the corresponding value can be determined based on the assumed traffic model with following procedure:
1. Simulate the received SINR (e.g., @50% CDF as shown in Figure 2) per beam footprint via SLS
2. Estimate the throughput per beam footprint based on the received SINR
3. Calculate the transmission duration of the packet based on the throughput and packet size
4. Determining the N3 value by evaluating the simultaneous traffic among 1058 beam footprints based on packet transmission duration and traffic model
 [image: ]
[bookmark: _Ref9173]Figure 2 CDF of received SINR at nadir beam
Based on the procedure mentioned above, the CDF of beam footprints number with simultaneous traffic for FTP3 IM with different EIRP density are shown in Figure 3 and Figure 4. 
[image: activebeamnum_1_1]
[bookmark: _Ref9610]Figure 3 CDF of beam footprints number with simultaneous traffic for FTP3 IM with 34dBW/MHz EIRP density
[image: activebeamnum_1_3]
[bookmark: _Ref9646]Figure 4 CDF of beam footprints number with simultaneous traffic for FTP3 IM with 26dBW/MHz EIRP density
If the simultaneous traffic @50% CDF in Figure 3 and Figure 4 is selected, the active beam number (i.e., required N3 beam footprints number) for set 1-1/1-2 and set 1-3 is 94 and 369, respectively. 
Then, for the N2 beam footprints to support the initial access only, as a result, for set 1-1, 12 (= 106-94) active beams can be used to dedicatedly serve N2 footprints. For set 1-2/1-3, no active beam can be used to dedicatedly serve N2 footprints, since all of them (though not enough) are used to serve N3 footprints. If the simultaneous traffic @95% CDF (a more conservative to prioritize the support of UE traffic) is selected, no active beam can be used to dedicatedly serve N2 footprints even for set 1-1. Hence, it is observed that the number of active beams that can be dedicatedly used to broadcast common messages for N2 beam footprints is either zero or very limited. It should be noted that in the SLS evaluation, FTP3 IM is used, which has a lower mean inter-arrival time than that of the FTP3. If FTP3 model is used, the N2 beam footprints number is expected to be always zero. 
Observation 1: Based on the SLS evaluation results, it is observed that the number of active beams that can be dedicatedly used for N2 beam footprints is either zero or very limited.
1. Common channel analysis
1. Dwell time and revisit time
To facilitate the purpose of cell discovery and initial access, at least common channels transmission should be guaranteed with beam hopping among 1058 beam footprints. Therefore, the minimum dwell time and the maximum revisit time is determined by the transmission time for common channels. 
The minimum required dwell time of a beam in a beam footprint is determined by the time resource for common channels transmission, including SSB, Type0/0A-PDCCH, SIB1/SIB19. A typical time-frequency resource allocation of SSB, Type0/0A-PDCCH, SIB1/SIB19 is 20PRB*4OS, 24PRB*2OS, 25PRB*12OS, respectively. Therefore, the minimum dwell time is 32OS (=4+2*2+12*2) to allow necessary information transmission for cell discovery and initial access transmission. The maximum dwell time is determined by the UE traffic requirement, e.g., a beam may always serve a beam footprint due to continuous UE traffic requirement.
The maximum required revisit time for a beam footprint is determined by the common channels transmission periodicity, i.e., for a beam footprint without UE traffic requirement. The minimum required revisit time is determined by dynamic UE traffic requirement. Currently a default 20ms SSB periodicity is assumed by UE for cell discovery and initial access, which means the maximum revisit time required is 20ms. However, whether 1058 beam footprints can be served to achieve the revisit time of 20ms is a question. To facilitate efficient cell discovery and initial access, the necessary DL common channels including SSB, Type0-PDCCH, SIB1, Type0A-PDCCH and SIB19 SSB should be transmitted together, which is also desirable for beam hopping arrangement. 
A typical example is provided in Figure 5, in which the necessary DL common channels are transmitted in 3ms consecutively. In this case, 4 beam footprints can be served by a beam in 20ms, since an SSB burst needs 5ms. And 424 (=4*106) or 64 (=4*16) beam footprints can be served by 106 or 16 simultaneously active beams in 20ms. Therefore, it is observed that 1058 beam footprints cannot be served with a required maximum revisit time of 20ms. It should be noted that successful reception of a one-shot transmission of SIB1 and SIB19 is assumed in the analysis above. If repetition of SIB1 and/or SIB19 is needed due to link level performance restriction, both the minimum dwell time and the maximum revisit time will increase accordingly. 
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[bookmark: _Ref20104]Figure 5 Time-frequency domain resource for the necessary DL common channels
Observation 2: The 1058 beam footprints cannot be served with a maximum revisit time of 20ms.
1. Periodicity, coverage ratio
Based on the assumptions of agreed scenarios, the required revisit time analysis along with coverage ratio is provided in Table 2 by assuming that all beams are reused to support the initial access, which is associated with the periodicity of necessary DL common channels. Additionally, as mentioned above, the successful reception of a one-shot transmission of SIB1 and SIB19 is also assumed. If repetition of SIB1 and/or SIB19 is needed, the periodicity of necessary DL common channels will be longer. 
[bookmark: _Ref21080]Table 2 Analysis of coverage ratio, revisit time and periodicity
	Scenario
	Nbeam,total
	Nbeam,active
	Nbeam served in 20ms
	Coverage ratio
	Revisit time(ms) 
	Minimum Periodicity (ms) for common channel

	Set 1-2
	1058
	16
	64
	6.05% (=64/1058)
	331 (=1058/64*20)
	640 (>331)

	Set 1-1
Set 1-3
	1058
	106
	424
	40.08% (=424/1058)
	50 (=1058/424*20)
	80 (>50)

	Set 1-1 with traffic
	N2(964) =1058-N3(e.g.,94)
	12 = 106-N3
	48
	4.9% (=48/964)
	401(=964/48*20)
	640 (>401)


Proposal 1: To transmit necessary information for cell discovery and initial access, extending the default SSB periodicity to at least 640ms can be considered. 
1. Further consideration on PRACH
In the analysis above, only DL common channel transmission is considered. Meanwhile, to support initial access, the dwell time of a beam is even longer. As shown in Figure 6, the initial access related UL transmission also requires a beam’s dwelling. It should be clarified that whether the DL/UL beams simultaneously illuminate the same beam footprint. In addition, the propagation time due to the unknown distance between the gNB and the UE should also be considered in the dwell time consideration.
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[bookmark: _Ref15693]Figure 6 DL procedure for cell discovery and initial access
Proposal 2: It should be clarified that whether the same number simultaneously active beams are assumed for both DL and UL, and whether it can be active for the same beam footprint simultaneously. 
Proposal 3: The propagation time due to the unknown distance between the gNB and the UE should also be considered in the dwell time consideration.
1. Link level analysis on the DL coverage issues
According to the agreement in RAN1#116, the channels to be evaluated and assumptions are as shown below. The frequency drift is set as 0.27 ppm/s based on TR 38.821.
	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


2. Link budget analysis 
As agreed in RAN1#116 [1], for the link-level analysis, required SNR for physical channels will be compared with link budget. Hence, the link budget should be evaluated firstly. The parameters for link budget evaluation is agreed in RAN1#116 and shown in Table 3. And the calculated CNR is shown in Table 4.
[bookmark: _Ref162426886]Table 3 Parameters for link budget calculation
	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


[bookmark: _Ref162424029]Table 4 DL CNR for LEO
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle [degree]
	Frequency [GHz]
	UE antenna gain [dBi]
	TX: EIRP density [dBW/MHz]
	RX: G/T [dB/T]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	1
	LEO-600
	1-1
	30
	2.0
	-5.5
	34
	-37.1
	159.1
	0.1
	3.0
	2.2
	3.0
	0
	-1.9

	2
	LEO-600
	1-2
	30
	2.0
	-5.5
	34
	-37.1
	159.1
	0.1
	3.0
	2.2
	3.0
	0
	-1.9

	3
	LEO-600
	1-3
	30
	2.0
	-5.5
	26
	-37.1
	159.1
	0.1
	3.0
	2.2
	3.0
	0
	-9.9


Observation 3: The CNR for LEO-600 with 30-degree elevation angle is -1.9dB for set-1-1 and set 1-2, and -9.9dB for set-1-3.
2. SSB performance
In WID, it is clarified that SSB channel enhancement is not considered. Therefore, the required SNR for SSB may be the considered as the lower bound of SNR for DL coverage enhancement. The simulation assumptions are in Table 5. Note that 10+24=34ppm frequency offset and 40us/s timing drift are considered in evaluation since SSB is detected in initial access without any compensation, which is different from other physical channels. 
Observation 4: For SSB detection, large frequency offset and timing drift should be considered since no compensation can be performed in initial DL synchronization.
[bookmark: _Ref158841918]Table 5 Simulation assumptions for SSB
	Parameter
	Value

	Number of UE receive chains
	2

	SSB periodicity and combination 
	1. Single SSB
2. 4 SSB with 20ms periodicity

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

	Timing drift rate
	40 us/s

	Target BLER
	1% BLER


The simulation results with and without timing and frequency drift are as illustrated in Figure 7. And the margin of SSB detection performance and link budget are listed in Table 6. Note that multi-branch detection is applied here to handle the large frequency offset. It can be observed that the 4-SSB combination will bring only limited performance gain when timing drift and frequency drift are considered, since it’s hard to combine the PSSs in DL synchronization.  Hence, single SSB detection should be baseline for system level analysis and the corresponding required SNR should be the bound of link level enhancement.
  [image: ]
[bookmark: _Ref162427953]Figure 7 Performance of SSB detection
[bookmark: _Ref158841373]Table 6 Margin of required SNR for SSB
	SSB detection
	Required SNR
	Margin w.r.t CNR for LEO-600 set 1-1 and set 1-2
	Margin w.r.t CNR for LEO-600 set 1-3

	Single SSB
	-5.9 dB
	4.0 dB
	-

	4 SSB
	-6.9 dB
	5 dB
	-

	Single SSB without drift
	-5.9 dB
	4.0 dB
	-

	4 SSB without drift
	-11.3 dB
	9.4 dB
	1.4 dB


Observation 5: The gain of 4-SSB combination detection with respect to single-shot SSB detection is only 1dB with consideration of large timing drift and frequency drift in NTN.
Observation 6: The required SNR for single-shot SSB detection is -5.9dB, which shows an SNR margin of 4 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, but not lower than CNR for LEO-600 set 1-3. Even with 4-SSB combination, the required SNR is around -6.9 dB, which is still lower than CNR for set 1-3.
Proposal 4: The single-shot SSB detection should be taken as the baseline for both system level and link level analysis.
2. PDCCH performance
In this clause, the performance of PDCCH is evaluated. The simulation assumptions for PDCCH are in Table 7.
[bookmark: _Ref158841958]Table 7 Simulation assumptions for PDCCH
	Parameter
	Value

	Number of UE receive chains
	2

	Aggregation level
	8

	Payload
	40 bits

	CORESET size
	3 symbols, 24 PRBs

	Target BLER
	1% BLER


The simulation results are as illustrated in Figure 8. It can be observed that the required SNR for PDCCH detection is about -6.8 dB. Therefore, the SNR margin of PDCCH is as listed in Table 8. Based on the results, PDCCH enhancement is not necessary for set 1-1 and set 1-2, but is needed for set 1-3.
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[bookmark: _Ref158841985]Figure 8 Performance of PDCCH
[bookmark: _Ref158842030]Table 8 Margin of required SNR for PDCCH
	
	Required SNR
	Margin w.r.t CNR for LEO-600 set 1-1 and set 1-2
	Margin w.r.t CNR for LEO-600 set 1-3
	Margin w.r.t required SNR for SSB detection

	1 repetition
	-6.8 dB
	4.9 dB
	-
	0.9 dB

	2 repetitions
	-9.5 dB
	7.6 dB
	-
	3.6 dB

	4 repetitions
	-11.9 dB
	10 dB
	2 dB
	6 dB


Observation 7: The required SNR for PDCCH is about -6.8 dB with single repetition, which shows an SNR margin of 4.9 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, but not lower than CNR for LEO-600 set 1-3.
Proposal 5: For LEO-600 set 1-1 and set 1-2, link level enhancement on PDCCH is not needed. 
Proposal 6: For LEO-600 set 1-3, the link budget is not enough for PDCCH detection. Up to 4 repetitions may be needed to mitigate the SNR gap.
2. PDSCH performance
3. PDSCH of Msg2
In this clause, the performance of Msg2 PDSCH is evaluated. The simulation assumptions are in Table 9.
[bookmark: _Ref158842058]Table 9 Simulation assumptions for Msg2 PDSCH
	Parameter
	Value

	Target BLER
	        10%

	Waveform
	CP-OFDM

	Number of UE receive chains
	2

	HARQ configuration
	Without HARQ

	DMRS configuration
	3 DMRS symbols
Type I, no multiplexing with data

	PRB
	12

	MCS
	Index 0 of MCS index table 1 for PDSCH (Table 5.1.3.1-1 in TS 38.214)
Target code rate 120/1024, QPSK

	TB scaling factor
	0.25

	TBS
	72

	PDSCH duration
	12 OS (including DMRS)


The simulation results are as illustrated in Figure 9. It can be observed that the required SNR for Msg2 PDSCH is about -11.2 dB. The SNR margin of Msg2 PDSCH is as listed in Table 10. Based on the results, Msg2 PDSCH enhancement is not necessary.
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[bookmark: _Ref158842111]Figure 9 Performance of Msg2 PDSCH
[bookmark: _Ref158842084]Table 10 Margin of required SNR for Msg2 PDSCH
	
	Required SNR
	Margin w.r.t CNR for LEO-600 set 1-1 and set 1-2
	Margin w.r.t CNR for LEO-600 set 1-3
	Margin w.r.t required SNR for SSB detection

	1 repetition 
	-11.2 dB
	9.3 dB
	1.3 dB
	5.3 dB


Observation 8: The required SNR for Msg2 PDSCH is about -11.2 dB, which shows an SNR margin of 9.3 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, and 1.3 dB with respect to CNR for LEO-600 set 1-3.
Proposal 7: For all the satellite parameter sets for LEO-600, link level enhancement on PDCCH is not needed.
3. PDSCH of Msg4
In this clause, the performance of Msg4 PDSCH is evaluated. The simulation assumptions are in Table 11.
[bookmark: _Ref162442385]Table 11 Simulation assumptions for Msg4 PDSCH
	Parameter
	Value

	Target BLER
	        10%

	Waveform
	CP-OFDM

	Number of UE receive chains
	2

	HARQ configuration
	Without HARQ

	DMRS configuration
	2 DMRS symbols
Type I, no multiplexing with data

	PRB
	25

	MCS
	Index 2 of MCS index table 1 for PDSCH (Table 5.1.3.1-1 in TS 38.214)
Target code rate 193/1024, QPSK

	TBS
	1128 bits

	PDSCH duration
	12 OS (including DMRS)


The simulation results are as illustrated in Figure 10. It can be observed that the required SNR for Msg4 PDSCH is about -4.5 dB. The SNR margin of Msg4 PDSCH is as listed in Table 12. Based on the results, Msg4 PDSCH enhancement is not necessary for set 1-1 and set 1-2, but is needed for set 1-3.
[image: ]
[bookmark: _Ref162442560]Figure 10 Performance of Msg4 PDSCH
[bookmark: _Ref162443526]Table 12 Margin of required SNR for Msg4 PDSCH
	
	Required SNR
	Margin w.r.t CNR for LEO-600 set 1-1 and set 1-2
	Margin w.r.t CNR for LEO-600 set 1-3
	Margin w.r.t required SNR for SSB detection

	1 repetition 
	-4.5 dB
	2.6 dB
	-
	-

	2 repetitions
	-7.2 dB
	5.3 dB
	-
	1.3 dB

	4 repetitions
	-9.9 dB
	8 dB
	0 dB
	4 dB


Observation 9: The required SNR for Msg4 PDSCH is about -4.5 dB, which shows an SNR margin of 2.6 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, but not lower than CNR for LEO-600 set 1-3.
Proposal 8: For LEO-600 set 1-1 and set 1-2, link level enhancement on msg4 PDSCH is not needed. 
Proposal 9: For LEO-600 set 1-3, the link budget is not enough for msg4 PDSCH detection. Up to 4 repetitions may be needed to mitigate the SNR gap.
3. PDSCH of VoIP
In this clause, the performance of PDSCH of VoIP is evaluated. The simulation assumptions are in Table 13. Note that VoIP transmission is performed in connected mode so that the PDSCH table with lower code rate can be configured.
[bookmark: _Ref162443512]Table 13 Simulation assumptions for PDSCH of VoIP
	Parameter
	Value

	Target BLER
	        2%

	Waveform
	CP-OFDM

	Number of UE receive chains
	2

	HARQ configuration
	Without HARQ

	DMRS configuration
	2 DMRS symbols
Type I, no multiplexing with data

	PRB
	20

	MCS
	Index 1 of MCS index table 3 for PDSCH (Table 5.1.3.1-3 in TS 38.214)
Target code rate 40/1024, QPSK

	TBS
	184 bits

	PDSCH duration
	12 OS (including DMRS)


The simulation results are as illustrated in Figure 11. It can be observed that the required SNR for PDSCH of VoIP is about -8.4 dB with 1 repetition and -10.8 dB with 2 repetitions. The SNR margin of PDSCH of VoIP is as listed in Table 14. Based on the results, enhancement on PDSCH of VoIP is not necessary for all satellite parameter sets, since repetition in connected mode is already supported.
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[bookmark: _Ref162443975]Figure 11 Performance of PDSCH of VoIP
[bookmark: _Ref162444200]Table 14 Margin of required SNR for PDSCH of VoIP
	
	Required SNR
	Margin w.r.t CNR for LEO-600 set 1-1 and set 1-2
	Margin w.r.t CNR for LEO-600 set 1-3
	Margin w.r.t required SNR for SSB detection

	1 repetition 
	-8.4 dB
	6.5 dB
	-
	-

	2 repetitions
	-10.8 dB
	8.9 dB
	0.9 dB
	1.3 dB


Observation 10: The required SNR for PDSCH of VoIP with 2 repetitions is about -10.8 dB, which shows an SNR margin of 8.9 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, and 0.9 dB with respect to CNR for LEO-600 set 1-3.
Proposal 10: For all the satellite parameter sets for LEO-600, link level enhancement on PDSCH of VoIP is not needed.
3. PDSCH of low data rate transmission
For 3kbps low data rate transmission, the data rate is even lower than VoIP. Since no enhancement is needed for VoIP, no enhancement will be needed for 3kbps low data rate.
For 1Mbps data rate transmission, since the data rate is similar to msg4, the performance will also be similar. That is, no enhancement is needed for set 1-1 and 1-2. But for set 1-3, there will be a large performance gap. Moreover, time domain repetition will lead to reduced data rate for a fixed TBS and will not be helpful to improve the performance.
Observation 11: The performance of 3kbps data service can be better than VoIP due to lower data rate. The performance of 1Mbps data service will be similar to Msg4 PDSCH without repetition due to similar data rate.
Proposal 11: For LEO-600 set 1-1 and 1-2, data service with 3kbps and 1Mbps can be supported without enhancement.
Proposal 12: For LEO-600 set 1-3, data service with 3kbps can be supported without enhancement, but data service with 1Mbps cannot be supported.
1. Conclusions
In this contribution, the system level and link level analysis are provided with following observation and proposals.
Observation 1: Based on the SLS evaluation results, it is observed that the number of active beams that can be dedicatedly used for N2 beam footprints is either zero or very limited.
Observation 2: The 1058 beam footprints cannot be served with a maximum revisit time of 20ms.
Proposal 1: To transmit necessary information for cell discovery and initial access, extending the default SSB periodicity to at least 640ms can be considered. 
Proposal 2: It should be clarified that whether the same number simultaneously active beams are assumed for both DL and UL, and whether it can be active for the same beam footprint simultaneously. 
Proposal 3: The propagation time due to the unknown distance between the gNB and the UE should also be considered in the dwell time consideration.
Observation 3: The CNR for LEO-600 with 30-degree elevation angle is -1.9dB for set-1-1 and set 1-2, and -9.9dB for set-1-3.
Observation 4: For SSB detection, large frequency offset and timing drift should be considered since no compensation can be performed in initial DL synchronization.
Observation 5: The gain of 4-SSB combination detection with respect to single-shot SSB detection is only 1dB with consideration of large timing drift and frequency drift in NTN.
Observation 6: The required SNR for single-shot SSB detection is -5.9dB, which shows an SNR margin of 4 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, but not lower than CNR for LEO-600 set 1-3. Even with 4-SSB combination, the required SNR is around -6.9 dB, which is still lower than CNR for set 1-3.
Proposal 4: The single-shot SSB detection should be taken as the baseline for both system level and link level analysis.
Observation 7: The required SNR for PDCCH is about -6.8 dB with single repetition, which shows an SNR margin of 4.9 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, but not lower than CNR for LEO-600 set 1-3.
Proposal 5: For LEO-600 set 1-1 and set 1-2, link level enhancement on PDCCH is not needed. 
Proposal 6: For LEO-600 set 1-3, the link budget is not enough for PDCCH detection. Up to 4 repetitions may be needed to mitigate the SNR gap.
Observation 8: The required SNR for Msg2 PDSCH is about -11.2 dB, which shows an SNR margin of 9.3 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, and 1.3 dB with respect to CNR for LEO-600 set 1-3.
Proposal 7: For all the satellite parameter sets for LEO-600, link level enhancement on PDCCH is not needed.
Observation 9: The required SNR for Msg4 PDSCH is about -4.5 dB, which shows an SNR margin of 2.6 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, but not lower than CNR for LEO-600 set 1-3.
Proposal 8: For LEO-600 set 1-1 and set 1-2, link level enhancement on msg4 PDSCH is not needed. 
Proposal 9: For LEO-600 set 1-3, the link budget is not enough for msg4 PDSCH detection. Up to 4 repetitions may be needed to mitigate the SNR gap.
Observation 10: The required SNR for PDSCH of VoIP with 2 repetitions is about -10.8 dB, which shows an SNR margin of 8.9 dB with respect to CNR for LEO-600 set 1-1 and set 1-2, and 0.9 dB with respect to CNR for LEO-600 set 1-3.
Proposal 10: For all the satellite parameter sets for LEO-600, link level enhancement on PDSCH of VoIP is not needed.
Observation 11: The performance of 3kbps data service can be better than VoIP due to lower data rate. The performance of 1Mbps data service will be similar to Msg4 PDSCH without repetition due to similar data rate.
Proposal 11: For LEO-600 set 1-1 and 1-2, data service with 3kbps and 1Mbps can be supported without enhancement.
Proposal 12: For LEO-600 set 1-3, data service with 3kbps can be supported without enhancement, but data service with 1Mbps cannot be supported.
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