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1. [bookmark: _Ref18181]Introduction
In RAN1#116bis 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 with observations for each aspect.
1. [bookmark: _Ref54269283]System level analysis on the DL coverage issues
For system level analysis, the satellite phased-array antenna parameters for LEO 600km in FR1 have been confirmed as below. 
	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%.] 


For following SLS evaluations, the assumptions in Table 1 are used together with the agreed satellite phased-array antenna parameters. 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 1) 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 1 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 2 and Figure 3. 
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[bookmark: _Ref9610]Figure 2 CDF of beam footprints number with simultaneous traffic for FTP3 IM with 34dBW/MHz EIRP density
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[bookmark: _Ref9646]Figure 3 CDF of beam footprints number with simultaneous traffic for FTP3 IM with 26dBW/MHz EIRP density
If the simultaneous traffic @50% CDF in Figure 2 and Figure 3 is selected, the active beam number (i.e., required N3 beam footprints number) for Set 1-1/1-2 and Set 1-3 is 252 and 806, respectively. As a result, no active beam can be used to dedicatedly serve N2 footprints, since all simultaneously active beams (though not enough) are used to serve N3 footprints. Since FTP3 IM has a lower mean inter-arrival time than that of the FTP3, the N2 beam footprints number is expected to be also zero in case of FTP3 model used. 
Observation 1: Based on the SLS evaluation results, it is observed that the number of active beams is not enough to serve N3 footprints for LEO600km Set1-1 to Set1-3 FR1 scenarios.
Observation 2: Based on the SLS evaluation results, it is observed that the number of active beams that can be dedicatedly used for N2 footprints is zero for LEO600km Set1-1 to Set1-3 FR1 scenarios.
1. Common channel analysis
1. Analysis on dwell time
0. Required dwell time for DL common channel transmission
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. The required dwell time for DL common channel transmission to facilitate cell search is discussed below. 
· Common channel transmission without repetition
The minimum 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, 24PRB*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.  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 4, in which the necessary DL common channels are transmitted in 3ms consecutively. Meanwhile, 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.
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[bookmark: _Ref20104]Figure 4 Time-frequency domain resource for the necessary DL common channels
The maximum revisit time for a beam footprint is determined by the common channels transmission periodicity, i.e., for a beam footprint without 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. In a 5ms SSB burst, 3ms is used for the necessary DL common channels transmission as shown in Figure 4. Therefore, 4 footprints can be served by a beam in 20ms, and 424 (=4*106) or 64 (=4*16) beam footprints can be served by 106 or 16 simultaneously active beams in 20ms. It is observed that 1058 beam footprints cannot be served with a required maximum revisit time of 20ms. Meanwhile, the minimum revisit time is determined by dynamic UE traffic requirement, which exacerbate the scarcity of beams. 
Observation 3: The 1058 beam footprints cannot be served with a maximum revisit time of 20ms with the necessary common channel transmission.
· Common channel transmission with repetition
In the analysis above, SIB1 and SIB19 are assumed to be successfully received without transmission repetition. Given the ongoing discussion for the potential link level enhancement, if the relevant channel is optimized, e.g., repetition, due to link level performance restriction, both the minimum dwell time and the maximum revisit time will increase accordingly.
As shown in Section 3.4, if the required SNR for SSB detection is used as baseline, the required SNR for SIB1 reception may be higher than the baseline. In this case, repetition of SIB1 may be needed to make the required SNR lower than the baseline. 
For example, for Set 1-1 and Set 1-2, 2 repetitions for SIB1 (1280bits) is needed due to the 0.1dB and 2.9dB SNR gap. The minimum dwell time is 4ms (=1+2+1). Total 4 footprints can be served by a beam in 20ms, 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. 
For another example, for Set 1-3, the CNR can be used as baseline. And the repetition can be 8 for SIB1 (1280bits) and 4 for SIB19. The minimum dwell time is 13ms (=1+8+4). In this case, only 1 beam footprint can be served by a beam in 20ms. And 106 (=1*106) or 16 (=1*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. 
Observation 4: For Set 1-1 and Set 1-2, the minimum dwell time is 4ms due to repetition of common channel.
Observation 5: For Set 1-3, the minimum dwell time is 13ms due to repetition of common channels.
0. Required dwell time for initial access procedure
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. To support initial access, DL/UL beams are needed to simultaneously illuminate the same beam footprint. In addition, the propagation delay between the gNB and the UE should also be considered in the dwell time.
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Figure 5 DL procedure for cell discovery and initial access
To simplify the calculation, it is assumed that the UL/DL time resource for SSB+SIB1+SIB19 and MSG1~MSG5 are consecutively allocation without any time gap. And the processing delay at the BS/UE are neglected. In other words, the lower bound of the dwell time is calculated with following breakdown.
Table 2 Time required needed for an initial access procedure
	Name
	Time 

	SSB+SIB1+SIB19 (without repetition)
	3ms

	MSG1 (format 1)
	3ms

	MSG2
	1ms

	MSG3
	1ms

	MSG4
	1ms

	MSG5
	1ms

	Single trip propagation delay (LEO600, 30-degree elevation angle)
	3.58ms

	Total time if failed to receive MSG1 from UE
	13.2ms (= 3*2+3.58*2)

	Total time if MSG1 received
	31.5ms (= 3*2+1*4+3.58*6)


It is observed that to support MSG1 detection, a minimum dwell time of 13.2ms is needed for a give beam. In this case, only 1 footprint can be served by a beam in 20ms, and 106 (=1*106) or 16 (=1*16) beam footprints can be served by 106 or 16 simultaneously active beams in 20ms. 
It is observed that if a complete initial access procedure is involved, a minimum dwell time of 31.5ms is needed for a give beam. In this case, only 0.5 footprint can be served by a beam in 20ms (or 1 footprint served in 40ms), and 53 (=0.5*106) or 8 (=0.5*16) beam footprints can be served by 106 or 16 simultaneously active beams in 20ms. 
Moreover, MSG1 retransmission may be applied when initial MSG1 transmission is failed, which leads to extra time for initial access and longer dwell time.
Observation 6: To support MSG1 detection, a minimum dwell time of 13.2ms is needed for a give beam.
Observation 7: If a complete initial access procedure is involved, a minimum dwell time of 31.5ms is needed for a give beam.
1. Analysis on system level enhancement
1. Analysis on periodicity, coverage ratio
According to the analysis above, the periodicity and coverage ratio are analyzed in Table 3, based on the necessary DL common channels transmission only.  
[bookmark: _Ref21080]Table 3 Analysis of periodicity and coverage ratio of DL common channels transmission
	Scenario
	Note
	Nbeam,total
	Nbeam,active
	Nbeam served 
in 20ms
	Coverage ratio
	Revisit time(ms) 
	Minimum Periodicity (ms) for common channel

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

	
	Common channel and RACH
	
	
	53
	5.01% (=53/1058)
	400
(=1058/53*20)
	640 (>400)

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

	Set 1-3
	Common channel with repetition
	1058

	106

	106
	10.02% (=106/1058)
	200 (=1058/106*20)
	320(>200)

	
	Common channel without repetition
	
	
	424
	40.08% (=424/1058)
	50 (=1058/424*20)
	80 (>50)


It can be found that with consideration on the realistic situation, e.g., number of beams, RACH procedure and link budget, etc, to ensure a workable system, the minimum required periodicity is 640 ms. 
Observation 8: For Set 1-1, a minimum SSB periodicity of 640ms is needed to support necessary DL common channels transmission and random-access procedure.
Observation 9: For Set 1-2, a minimum SSB periodicity of 640ms is needed to support necessary DL common channels transmission.
Observation 10: For Set 1-3, a minimum SSB periodicity of 320ms is needed to support necessary DL common channels if link level enhancement is introduced for coverage.
1. Impact of wide beams
If wide beams are used for DL common channel transmission, the EIRP would be reduced and impact on the DL link level performance is expected. For example, if a wide beam covering 2 or 4 footprints is used for the DL common channel transmission, the link budget will be reduced by 3dB or 6dB, respectively. The comparison of DL CNR with/without wide beam usage for LEO600km with 30-degree elevation angle is provided in Table 4. 
[bookmark: _Ref6893]Table 4 DL CNR for LEO600km with 30-degree elevation angle
	Wide beam usage
	Satellite parameter set
	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]

	No
	1-1
1-2
	2
	-5.5
	34
	-37.1
	159.1
	0.1
	3.0
	2.2
	3.0
	0
	-1.9

	
	1-3
	2
	-5.5
	26
	-37.1
	159.1
	0.1
	3.0
	2.2
	3.0
	0
	-9.9

	Yes
2 footprints
	1-1
1-2
	2
	-5.5
	31
	-37.1
	159.1
	0.1
	3.0
	2.2
	3.0
	0
	-4.9

	
	1-3
	2
	-5.5
	23
	-37.1
	159.1
	0.1
	3.0
	2.2
	3.0
	0
	-12.9

	Yes
4 footprints
	1-1
1-2
	2
	-5.5
	28
	-37.1
	159.1
	0.1
	3.0
	2.2
	3.0
	0
	-7.9

	
	1-3
	2
	-5.5
	20
	-37.1
	159.1
	0.1
	3.0
	2.2
	3.0
	0
	-15.9


Compared with the required SNR summarized in Section 3.4, all necessary DL common channels cannot be correctly received with the reduced CNR values. According to the analysis in section 3, it seems that all necessary DL channel should be enhanced to meet the link budget. Then, the minimum dwell time for the served region for each beam will be further increased and the needs to extend the periodicity of the common channel still holds.
Observation 11: If a wide beam covering 4 footprints is used, the CNR values for Set 1-1/1-2 and Set 1-3 are -7.9dB and -15.9dB, respectively. 
Observation 12: If a wide beam covering 4 footprints is used, all necessary DL common channels including the SSB cannot be correctly received with the reduced CNR values. 
Observation 13: If a wide beam covering is used, the necessity to extend the periodicity of common still holds due to the extended dwell time from the enhancement of DL common channel. 
1. Periodicity extension of common channels
Based on the analysis and observations above, it is clearly shown that the common channel periodicity extension is needed, no matter repetition of SIB1/SIB19 is used or not. In Table 3, the possible extended common channel periodicity is provided. Besides, wide beam usage leads to significant CNR reduction and impacts the common channel reception according to the required SNR summarized in Section 3.4. Periodicity extension of common channels therefore can be considered to provide satisfactory coverage ratio.
Proposal 1: A minimum SSB periodicity of 640ms can be considered. 
1. Link level analysis on the DL coverage issues
In RAN1#116bis, the following agreements and observations for link level analysis are achieved. Hence, in the following evaluations, the steering loss is not considered. And the CNRs for Set 1-1, Set 1-2, and Set 1-3 are -1.9 dB, -1.9 dB, and -9.9 dB, respectively.
	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.


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. In RAN1#116bis, the assumptions for SSB evaluations are discussed as shown in Table 5, which is used in following simulations. For PSS detection, the large Doppler and time drift should be considered in evaluation since SSB is detected in initial access without any compensation, which is different from other physical channels. 
Observation 14: For PSS 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

	Combination of SSBs
	With and without 4 combinations

	Maximum Frequency offset for PSS
	24 ppm

	Maximum Time drift for PSS
	48 ppm

	CFO for PBCH
	0.1 ppm

	Maximum Doppler frequency drift
	0.27 ppm/s based on TR 38.821

	Periodicity
	20 ms


0. PSS
The simulation results for PSS are as illustrated in Figure 6 with assumption of FA=1%. 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 required SNR for both 1-SSB detection and 4-SSB detection are lower than CNR for  Set 1-1 and  Set 1-2 but higher than that for  Set 1-3, no matter which periodicity is used.  Hence, for  Set 1-1 and  Set 1-2, single SSB detection is enough. While for  Set 1-3, even 4-SSB combination cannot satisfy the required performance at the CNR.
    [image: ]
[bookmark: _Ref162427953]Figure 6 Performance of PSS detection
0. [bookmark: _Ref158841373]PBCH
The simulation results for PBCH are as illustrated in Figure 7. 
  [image: ]
[bookmark: _Ref165717139]Figure 7 Performance of PBCH detection
The margin of SSB (for PSS and PBCH separately) detection performance and link budget are listed in Table 6. It can be observed that the required SNR for 1-SSB detection are lower than CNR for Set 1-1 and Set 1-2, but higher than that for Set 1-3. For 4-SSB detection, the required SNR for PBCH detection can be further lower than CNR for Set 1-3. However, it should be noted that the required SNR of PSS, which is higher than CNR for Set 1-3 as marked in red, will be the bottleneck of SSB detection. Therefore, for Set 1-1 and 1-2, single SSB detection is enough. While for Set 1-3, even with combination of 4 SSBs, the required SNR cannot be satisfied.
[bookmark: _Ref165717158]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

	1-PSS
	-3.3 dB
	1.4 dB
	-6.6 dB

	4-PSS
	-6.1 dB
	4.2 dB
	-3.8 dB

	1-PBCH
	-7.2 dB
	5.3 dB
	-2.7 dB

	4-PBCH
	-13.2 dB
	11.3 dB
	3.3 dB


Observation 15: For PSS detection, the required SNR for single-shot SSB detection is -3.3 dB, which shows an SNR margin of 1.4 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 -6.1 dB, which is still higher than CNR for Set 1-3.
Observation 16: For PBCH detection, the required SNR for single-shot SSB detection is -7.2 dB, which shows an SNR margin of 5.3 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.
Observation 17: For PBCH detection, with 4-SSB combination, the required SNR is around -13.2 dB, which is lower than CNR for Set 1-3. However, the required SNR for PSS detection, which is -6.1 dB, will be the bottleneck for SSB detection.
Proposal 2: The required SNR for SSB detection is larger than the CNR for Set 1-3 even with 4-SSB combination, i.e., CNR for Set 1-3 should not be the target for link level enhancement. 
2. PDCCH performance
In this clause, the performance of PDCCH is evaluated. The simulation assumptions for PDCCH are as agreed in RAN1#116bis and shown 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
	2 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.
 [image: ]
[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 1-SSB detection
	Margin w.r.t required SNR for 4-SSB detection

	1 repetition
	-6.8 dB
	4.9 dB
	-3.1 dB
	3.5 dB

	0.7 dB

	2 repetitions
	-9.5 dB
	7.6 dB
	-0.4 dB
	6.2 dB
	3.4 dB

	4 repetitions
	-11.9 dB
	10 dB
	2 dB
	8.6 dB
	5.8 dB


Observation 18: 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 3: For LEO-600 Set 1-1 and Set 1-2, link level enhancement on PDCCH is not needed. 
Proposal 4: 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
2. PDSCH of Msg2
In this clause, the performance of Msg2 PDSCH is evaluated. The simulation assumptions are as agreed in RAN1#116bis and shown 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

	Payload size for PDSCH of Msg.2
	72 bits

	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.
[image: ]
[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 4-SSB detection
	Margin w.r.t required SNR for 1-SSB detection

	1 repetition 
	-11.2 dB
	9.3 dB
	1.3 dB
	7.9 dB

	5.1 dB


Observation 19: 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 5: For all the satellite parameter sets for LEO-600, link level enhancement on PDCCH is not needed.
2. 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

	Payload size for PDSCH of Msg.4
	1040 bits

	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

	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.
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[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 1-SSB detection
	Margin w.r.t required SNR for 4-SSB detection

	1 repetition 
	-4.5 dB
	2.6 dB
	-5.4 dB
	1.2 dB

	-1.6 dB

	2 repetitions
	-7.2 dB
	5.3 dB
	-2.7 dB
	3.9 dB
	1.1 dB

	4 repetitions
	-9.9 dB
	8 dB
	0 dB
	6.6 dB
	3.8 dB


Observation 20: 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 6: For LEO-600 Set 1-1 and Set 1-2, link level enhancement on msg4 PDSCH is not needed. 
Proposal 7: For LEO-600 Set 1-3, the link budget is not enough for msg4 PDSCH detection. Repetitions may be needed to mitigate the SNR gap.
2. PDSCH of SIB1
In this clause, the performance of SIB1 PDSCH is evaluated. The simulation assumptions are in Table 13.
[bookmark: _Ref24005][bookmark: _Ref23992]Table 13 Simulation assumptions for SIB1
	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

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

	PRB
	24

	MCS
	Option 1: Index 1 of MCS index table 1 for PDSCH (Table 5.1.3.1-1 in TS 38.214), Target code rate 157/1024, QPSK
Option 2: Index 3 of MCS index table 1 for PDSCH (Table 5.1.3.1-1 in TS 38.214), Target code rate 251/1024, QPSK

	TBS
	Option 1: 888
Option 2: 1416

	PDSCH duration
	12 OS (including DMRS)


The simulation results are as illustrated in Figure 11. It can be observed that the required SNR for SIB1 is about -5.5 dB for option 1 and -3.2 dB for option 2. The SNR margin of SIB1 is as listed in Table 14. Based on the results, SIB1 enhancement is not necessary for  Set 1-1 and  Set 1-2, but is needed for  Set 1-3.
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[bookmark: _Ref165709091]Figure 11 Performance of SIB1
[bookmark: _Ref165709174]Table 14 Margin of required SNR for SIB1
	
	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 1-SSB detection
	Margin w.r.t required SNR for 4-SSB detection

	Option 1, 800 bits
	-5.5 dB
	3.6 dB
	-4.4 dB
	2.2dB
	-0.6 dB

	Option 2, 1280 bits
	-3.2 dB
	1.3 dB
	-6.7 dB
	-0.1dB
	-2.9 dB


Observation 21: The required SNR for SIB1 is about -5.5/-3.2 dB for option 1/2, which shows an SNR margin of 3.6/1.3 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 SIB1 is not needed. 
Proposal 9: For LEO-600 Set 1-3, the link budget is not enough for SIB1 detection. Repetitions may be needed to mitigate the SNR gap.
2. PDSCH of SIB19
In this clause, the performance of SIB19 PDSCH is evaluated. The simulation assumptions are in Table 15.
[bookmark: _Ref165709257]Table 15 Simulation assumptions for SIB19
	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

	Payload size for PDSCH of SIB1
	616

	PRB
	24

	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

	TBS
	672

	PDSCH duration
	12 OS (including DMRS)


The simulation results are as illustrated in Figure 12. It can be observed that the required SNR for SIB19 is about -6.4 dB. The SNR margin of SIB19 is as listed in Table 16. Based on the results, SIB19 enhancement is not necessary for  Set 1-1 and  Set 1-2, but is needed for  Set 1-3.
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[bookmark: _Ref165709285]Figure 12 Performance of SIB19
[bookmark: _Ref165709333]Table 16 Margin of required SNR for SIB19
	
	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 1-SSB detection
	Margin w.r.t required SNR for 4-SSB detection

	616 bits
	-6.4 dB
	4.5 dB
	-3.5 dB
	3.1 dB
	0.3 dB


Observation 22: The required SNR for SIB19 is about -6.4 dB, which shows an SNR margin of 4.5 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 10: For LEO-600 Set 1-1 and Set 1-2, link level enhancement on SIB19 is not needed. 
Proposal 11: For LEO-600 Set 1-3, the link budget is not enough for SIB19 detection. Repetitions may be needed to mitigate the SNR gap.
2. PDSCH of VoIP
In this clause, the performance of PDSCH of VoIP is evaluated. The simulation assumptions are in Table 17. Note that VoIP transmission is performed in connected mode so that the PDSCH table with lower code rate can be configured.
[bookmark: _Ref162443512]Table 17 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 13. 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 18. 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 13 Performance of PDSCH of VoIP
[bookmark: _Ref162444200]Table 18 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 1-SSB detection
	Margin w.r.t required SNR for 4-SSB detection

	1 repetition 
	-8.4 dB
	6.5 dB
	-1.5 dB
	5.1 dB
	2.3 dB

	2 repetitions
	-10.8 dB
	8.9 dB
	0.9 dB
	7.5 dB
	4.7 dB


Observation 23: 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 12: For all the satellite parameter sets for LEO-600, link level enhancement on PDSCH of VoIP is not needed.
2. 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 24: 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 13: For LEO-600 Set 1-1 and 1-2, data service with 3kbps and 1Mbps can be supported without enhancement.
Proposal 14: For LEO-600 Set 1-3, data service with 3kbps can be supported without enhancement, but data service with 1Mbps cannot be supported.
2. Summary of link level analysis
As recommended by FL in RAN1#116bis, the link level evaluation results are summarized in following Table. It should be noticed that for Set-1/2, no enhancement is expected for all DL channels, but additional enhancements are expected for Set-3 for the red marked case. Additionally, the comparison with SSBs are also added based on the required SNR for 1-SSB and 4-SSB are -3.3 dB and -6.1dB, respectively. For the orange-marked cases, if the enhancement is expected, the target should be the SSB.
Table 19 Summary of link level results
	Channel/signal
	Payload size or TBS size (bit)
	2Rx
	Comment

	
	
	Required SNR (dB)
	Gap (dB)
	

	
	
	
	Set1-1/-2
	Set1-3
	1-SSB
	4-SSB 
	

	3kbps
	
	
	
	
	
	
	

	1Mbps
	
	
	
	
	
	
	

	VoIP
	184
	-10.8
	-8.9
	-0.9
	-7.5
	-4.7
	20 PRB, 2 repetition

	Msg2
	72
	-11.2
	-9.3
	-1.3
	-7.9

	-5.1
	

	Msg4
	1040
	-4.5
	-2.6
	5.4
	-1.2

	1.6
	

	SIB1(option 1)
	800
	-5.5
	-3.6
	4.4
	-2.2
	0.6
	

	SIB1 (option 2)
	1280
	-3.2
	-1.3
	6.7
	0.1
	2.9
	

	SIB19
	616
	-6.4
	-4.5
	3.5
	-3.1

	-0.3
	

	PDCCH
	40
	-6.8
	-4.9
	3.1
	-3.5

	-0.7
	

	…
	
	
	
	
	
	
	


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 is not enough to serve N3 footprints for LEO600km Set1-1 to Set1-3 FR1 scenarios.
Observation 2: Based on the SLS evaluation results, it is observed that the number of active beams that can be dedicatedly used for N2 footprints is zero for LEO600km Set1-1 to Set1-3 FR1 scenarios.
Observation 3: The 1058 beam footprints cannot be served with a maximum revisit time of 20ms with the necessary common channel transmission.
Observation 4: For Set 1-1 and Set 1-2, the minimum dwell time is 4ms due to repetition of common channel.
Observation 5: For Set 1-3, the minimum dwell time is 13ms due to repetition of common channels.
Observation 6: To support MSG1 detection, a minimum dwell time of 13.2ms is needed for a give beam.
Observation 7: If a complete initial access procedure is involved, a minimum dwell time of 31.5ms is needed for a give beam.
Observation 8: For Set 1-1, a minimum SSB periodicity of 640ms is needed to support necessary DL common channels transmission and random-access procedure.
Observation 9: For Set 1-2, a minimum SSB periodicity of 640ms is needed to support necessary DL common channels transmission.
Observation 10: For Set 1-3, a minimum SSB periodicity of 320ms is needed to support necessary DL common channels if link level enhancement is introduced for coverage.
Observation 11: If a wide beam covering 4 footprints is used, the CNR values for Set 1-1/1-2 and Set 1-3 are -7.9dB and -15.9dB, respectively. 
Observation 12: If a wide beam covering 4 footprints is used, all necessary DL common channels including the SSB cannot be correctly received with the reduced CNR values. 
Observation 13: If a wide beam covering is used, the necessity to extend the periodicity of common still holds due to the extended dwell time from the enhancement of DL common channel. 
Proposal 1: A minimum SSB periodicity of 640ms can be considered. 
Observation 14: For PSS detection, large frequency offset and timing drift should be considered since no compensation can be performed in initial DL synchronization.
Observation 15: For PSS detection, the required SNR for single-shot SSB detection is -3.3 dB, which shows an SNR margin of 1.4 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 -6.1 dB, which is still higher than CNR for Set 1-3.
Observation 16: For PBCH detection, the required SNR for single-shot SSB detection is -7.2 dB, which shows an SNR margin of 5.3 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.
Observation 17: For PBCH detection, with 4-SSB combination, the required SNR is around -13.2 dB, which is lower than CNR for Set 1-3. However, the required SNR for PSS detection, which is -6.1 dB, will be the bottleneck for SSB detection.
Proposal 2: The required SNR for SSB detection is larger than the CNR for Set 1-3 even with 4-SSB combination, i.e., CNR for Set 1-3 should not be the target for link level enhancement. 
Observation 18: 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 3: For LEO-600 Set 1-1 and Set 1-2, link level enhancement on PDCCH is not needed. 
Proposal 4: 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 19: 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 5: For all the satellite parameter sets for LEO-600, link level enhancement on PDCCH is not needed.
Observation 20: 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 6: For LEO-600 Set 1-1 and Set 1-2, link level enhancement on msg4 PDSCH is not needed. 
Proposal 7: For LEO-600 Set 1-3, the link budget is not enough for msg4 PDSCH detection. Repetitions may be needed to mitigate the SNR gap.
Observation 21: The required SNR for SIB1 is about -5.5/-3.2 dB for option 1/2, which shows an SNR margin of 3.6/1.3 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 SIB1 is not needed. 
Proposal 9: For LEO-600 Set 1-3, the link budget is not enough for SIB1 detection. Repetitions may be needed to mitigate the SNR gap.
Observation 22: The required SNR for SIB19 is about -6.4 dB, which shows an SNR margin of 4.5 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 10: For LEO-600 Set 1-1 and Set 1-2, link level enhancement on SIB19 is not needed. 
Proposal 11: For LEO-600 Set 1-3, the link budget is not enough for SIB19 detection. Repetitions may be needed to mitigate the SNR gap.
Observation 23: 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 12: For all the satellite parameter sets for LEO-600, link level enhancement on PDSCH of VoIP is not needed.
Observation 24: 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 13: For LEO-600 Set 1-1 and 1-2, data service with 3kbps and 1Mbps can be supported without enhancement.
Proposal 14: 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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