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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we continue to discuss DL coverage enhancement based on the system level and link level evaluations, according to latest agreements made in RAN1#116bis [1].
System level DL coverage enhancement
According to the description on the justification of the WID, it is mentioned that a satellite may have large satellite footprint and limited feeder link bandwidth. As illustrated in Figure 1, according to 3GPP assumption in TR 38.821, the satellite footprints can be up to several million km2, and for each physical/active beam transmitted by a satellite may only cover a beam footprint of thousands of km2. According to the agreed satellite payload parameters, without system level coverage enhancement, the NR common signal/channels can only be transmitted for 10% or 1.5% of beam footprints within a satellite footprint for the agreed satellite payload models, LEO600km Set1-1/3 and Set1-2, respectively. This is a restriction of NTN system. Therefore, it is claimed in Rel-19 NTN WI that system level enhancements are discussed to increase the system level coverage of 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.
To evaluate the benefit of coverage enhancement to increase the coverage area where NTN service can be provided within the satellite footprint, the coverage ratio, i.e. the percentage of served beam footprints was agreed to be reported for system level evaluations in Rel-19 discussion.  A served beam footprint is defined as a beam footprint where common messages SSB, SIB1, and SIB19 are provided, as shown in Figure 1. The percentage of served beam footprints can be defined as the number of served beam footprints over the total number of beam footprints within the satellite footprint. 
[image: ]
[bookmark: _Ref157966384]Figure 1 Percentage of served beam footprints and un-served beam footprints
If the percentage of served beam footprints is too low, users may not be able to access the satellite communication in the area of unserved beam footprints, which could be in desert where the emergency communication service is supposed to be provided by NTN network. 
Proposal 1: Support improving the percentage of served beam footprints, where at least SSBs and common channels (SIB1 and SIB19) are provided for UE’s access, for NTN system level coverage enhancement. 
Furthermore, there may be a big difference in terms of user density in different beam footprints considering the same satellite may cover different earth terrains, e.g. rural areas and desert areas may have quite different user densities. This characteristic was also identified by satellite companies [9]. Signals such as SSB and SIBs are usually equally distributed to all beam footprints within a cell of the satellite. This may cause inefficient usage of resources considering some beam footprints may have sparse UE service/traffic arrival. Therefore, it is proposed that the unequal distribution of user density among different beam footprints should be considered in the system level coverage enhancement. The UE density can be pre-known by the population information of the areas of each beam footprints, this can be taken as prior information to configure proper SSB periodicity for different beam footprints, e.g. shorter SSB periodicity for beam footprints with dense users (e.g. the rural area) and larger SSB periodicity for beam footprints with low UE density (e.g. the desert area where maybe only emergency service is provided). 
Proposal 2: The unequal distribution of user density among different beam footprints should be considered in the system level coverage enhancement.
To facilitate the consideration of unequal distribution of user density among different beam footprints, an evaluation assumption to determine the N3 beam footprints and UE dropping method is proposed accordingly in section 2.1.
[bookmark: _Ref166190192]System level evaluations and analysis to improve the coverage ratio
For system level DL coverage enhancement, agreements on performance metrics as well as evaluation methodology, UE characteristics, and traffic model were further updated (see Appendix) in RAN1#116bis [1]. Evaluation results for system level DL coverage enhancement and corresponding analyses are provided in this section.
System level simulation is performed according to the agreed methodology and evaluation assumptions. Specifically, Table 1 summarizes the evaluation settings. The traffic models for UEs are FTP, IM and VoIP. The phased array antenna model agreed in [1] is adopted for the evaluation.
[bookmark: _Ref157160924]Table 1 System level simulation assumptions for DL enhancement
	The number of active beams
	16

	Traffic model
	FTP / IM / VoIP

	Average User density per served beam (X)
	FTP: 1 UE per served beam footprint
IM: 3 UEs per served beam footprint
VoIP: 20 UEs per served beam footprint 

	UE distribution
	Random and Uniform within the served beam footprints

	Bandwidth (MHz)
	5


[bookmark: OLE_LINK1]As discussed in RAN1#116, the additional satellite parameter sets, i.e., LEO600km Set 1-1/1-2/1-3, were agreed, where the LEO600km Set 1-1 is mainly used for the scenario where user density is high, so that more beam footprints need to be served simultaneously, and LEO600km Set 1-2 can be used in scenario where the served user density is lower and therefore no need to illuminate too many beam footprints at the same time. Different agreed satellite parameter sets correspond to different traffic requirements and scenarios. For the applicable scenario of LEO600km Set 1-2, in the baseline without any SSB periodicity extension and beam hopping, it is observed that only 1.5% beam footprints are served with common control channel. This limits the coverage area that the satellite can serve. 
To resolve this issue, as illustrated in Figure 2, beam hopping transmission of common control channels is proposed with consideration of increased SS burst periodicity. A larger SS burst periodicity can be divided into multiple 20ms time durations (TDM gap as defined in Figure 2). 
[bookmark: OLE_LINK2]During each TDM gap, an active beam illuminates a beam footprint by transmitting at least one SSB, CORESET0/SIB1, and SIB19 within the first 10ms (dwell time), and the beam would illuminate different beam footprints in different TDM gaps within the periodicity. As illustrated and evaluated in section 2.2.1, the SIB1 and SIB19 are considered to be scheduled within the same 10ms time duration with SSB transmission, so that the time/frequency errors within the maximum 10ms delay shall be marginal. A larger SS burst periodicity providing more TDM gaps can traverse more beam footprints by using an active physical beam. In every TDM gap (20ms), besides the 10ms dwell time where common control signal/channel are transmitted, the rest 10ms is used for active user traffic if needed. 
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[bookmark: _Ref162989996]Figure 2 beam hopping of common control signal transmission with increased SS burst periodicity
As agreed in RAN1#116, a system level evaluation methodology is considered, in which N1 beam footprints in state “off”, N2 beam footprints in state “common messages only” and N3 beam footprints in state “active traffic” are used for analysis. 
For satellite payload parameter Set 1-1, Set1-2 and Set1-3, 10%, 1.5% and 10% simultaneously active beams are considered, which means 106 beam footprints, 16 beam footprints and 106 beam footprints are assumed to be always served with user traffic, respectively. Without system level coverage enhancement in Rel-19, the satellite with payload parameter Set1-1, Set1-2 and Set 1-3 can just use 106 physical active beams, 16 physical active beams and 106 physical active beams pointing to these beam footprints, based on prior-known information such as these beam footprints correspond to coverage holes of terrestrial network, areas along sea routes etc. Therefore, these beam footprints are based on the traffic arrival requirement and the corresponding simultaneously active beams percentage difference is due to the different service requirements.
For these beam footprints which are illuminated in Rel-17/Rel-18 baseline, there could be legacy UEs exist. Therefore, for these beam footprints, two different cases are considered in our evaluations and discussion as follows:
· Scenario 1: no legacy UE is considered in these illuminated beam footprints in Rel-17/Rel-18 baseline, and the same SSB periodicity is used for all the different beam footprints of a satellite;
· Scenario 2: 20ms SSB periodicity is transmitted for these illuminated beam footprints in Rel-17/Rel-18 baseline considering there may be legacy UEs, and larger SSB periodicity can be used for other beam footprints to extend the system level coverage for at least Rel-19 UEs
Within these illuminated beam footprints, during certain time duration, some of them could be N3 beam footprints and some of them could be N2 beam footprints. However, for simplicity of system level evaluations, this dynamic change is not needed to be modelled in the simulation. 
Therefore, in our simulation, the N3 beam footprints in state of ‘active traffic’ are assumed to be these illuminated beam footprints in Rel-17/Rel-18 baseline, which are the 106 beam footprints, 16 beam footprints and 106 beam footprints respectively for Set 1-1, Set 1-2 and Set 1-3. For N2 beam footprints in the evaluation, only SSBs and common channels are transmitted. To reflect above simulation method, the following is proposed to be used in the system level simulation to simplify the system evaluation and also align the assumptions among companies.
Proposal 3:  The following method is used in the system level evaluation under the agreed framework with N1, N2 and N3 beam footprints:
· In each simulation drop:
· Step 1: Randomly select N3 beam footprints among 1058 beam footprints, where N3=106 for Set1-1/Set1-3, and N3=16 for Set 1-2;
· Step 2: Randomly drop X UEs per each selected N3 beam footprint, where X is reported by companies;
· Step 3: Generate traffic based on the agreed traffic model, if user perceived throughput and cell throughput are simulated.
Evaluations and analysis for the scenario without considering legacy UEs
The number of total beam footprints in a single satellite is 1058. Using the beam hopping of common control channels, the number of beam footprints which are served with the necessary information for cell discovery and initial access, i.e. N2+N3, can be obtained accordingly. For example, when the periodicity of common control channels is 320 ms, the total   beam footprints are , and  the number of  beam footprints is .  The coverage ratio  can be obtained as 96.786%.
Table 2 and Table 3 show the evaluated cases/solutions, and corresponding coverage ratio metric for the LEO600km Set 1-2 and Set 1-1, respectively. 
[bookmark: _Ref162990155]Table 2 System level DL coverage enhancement evaluation cases for LEO600km Set1-2 FR1 (with the same SSB periodicity for different beam footprints)
	Case list
	Case1
	Case2
	Case3
	Case4

	Note
	Beam hopping of SSBs within the same SS burst
	Beam hopping of common control signal/channel with increased SSB periodicity


	Periodicity of common control channels (ms) for the N2 beam footprints
	20
	160
	320
	640

	Periodicity of common control channels (ms) for the N3 beam footprints
	20
	160
	320
	640

	The number of served beam footprints (i.e. N2+N3)
	64
	512
	1024
	1058

	The number of unserved beams, i.e. N1
	994
	546
	34
	0

	Dwell time of common control channels for every 4*16 beam footprints
	10ms
	10ms
	10ms
	10ms

	Common control channel overhead
	50%
	50%
	50%
	25.8%

	Common control channel coverage ratio 
 (i.e. (N2+N3)/(N1+N2+N3))
	6.049%
	48.393%
	96.786%
	100%



[bookmark: _Ref162990160]Table 3 System level DL coverage enhancement evaluation cases for LEO600km Set1-1 FR1 (with the same SSB periodicity for different beam footprints)
	Case list
	Case1
	Case2
	Case3
	Case4

	Note
	Beam hopping of SSBs within the same SS burst
	Beam hopping of common control signal/channel with increased SSB periodicity


	Periodicity of common control channels (ms) for the N2 beam footprints
	20
	40
	80
	320

	Periodicity of common control channels (ms) for the N3 beam footprints
	20
	40
	80
	320

	The number of served beam footprints (i.e. N2+N3)
	424
	848
	1058
	1058

	The number of unserved beams, i.e. N1
	634
	210
	0
	0

	Common control channel overhead
	50%
	50%
	31.2%
	15.6%

	Common control channel coverage ratio 
(i.e. (N2+N3)/(N1+N2+N3))
	40.08%
	80.16%
	100%
	100%


It can be observed from Table 2 that the control channel coverage ratio is improved from 6% to 97% if the SSB burst periodicity is increased to 320ms for LEO600km Set1-2. And from Table 3, using larger SSB burst, e.g., 80ms, is also beneficial for LEO600km Set 1-1 to increase the control channel coverage ratio from 40% to 100%.
Observation 1:  Beam hopping transmission of common control signal/channel within increased SSB periodicity increases the common control channel coverage ratio to improve system level coverage for all the three LEO600km satellite parameter sets.
It can be also observed from Table 2 that, for LEO600km Set 1-2, the control channel overhead is reduced from 50% to 25.8% if the SSB periodicity is further increased from 320ms to 640ms. And from Table 3, for LEO600km Set 1-1, the control channel overhead is reduced from 31.2% to 15.6% if the SSB periodicity is further increased from 80ms to 320ms.
Observation 2: Beam hopping transmission of common control signal/channel within increased SSB periodicity can also reduce the system common control channel overhead for all the three LEO600 parameter sets.
Besides the improved control channel coverage ratio, the UE perceived throughput and cell throughput are also evaluated. The UPT and cell throughput performance with 3 UEs with IM traffic per active beam, 1 UE with FTP traffic per active beam and 20 UEs with VoIP traffic per active beam are shown in Figure 3 and Figure 4, respectively. 
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[bookmark: _Ref162990310]Figure 3 UPT Performance @Set 1-2 
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[bookmark: _Ref162990319]Figure 4 cell throughput Performance @Set 1-2  


Since common control overhead is the same among case1, 2 and 3, their throughput performance coincides. From the Figure 3 and Figure 4, it can be observed that the UPT for traffic type of IM, FTP3 and VoIP are improved for case 4 compared with case 3. The cell throughput of FTP3 and IM can be improved for case4 compared with case 3. This is because the control channel overhead is reduced in case 4 compared with case 3. 
Observation 3: Due to the reduced common control channel overhead by extending the SSB and common control channel periodicity: 
· The UPT for traffic type of VoIP, IM and FTP3 can be improved, 
· The cell throughput for IM and FTP is improved. 
Evaluations and analysis for the scenario considering legacy UEs in N3 beam footprints
As discussed above, for LEO600km Set 1-1, Set 1-2 and Set 1-3 payload parameter sets, there are 106, 16 and 106 beam footprints being simultaneously active beams. For the Rel-18 baseline without any system level coverage enhancement, there is no beam hopping considered and these N3 beam footprints are actually fixed beam footprints. Therefore, if there are any legacy NTN UEs considered in the system, it should be within these illuminated beam footprints in Rel-17/Rel-18 baseline. And the SSB periodicity of 20ms should be used to be backward compatible with the potential legacy UEs in these illuminated beam footprints in Rel-17/Rel-18 baseline. For other beam footprints, larger SSB periodicity can be used to increase the coverage ratio, where at least initial access can be performed by Rel-19 UEs.
Observation 4: Only the legacy UEs in the illuminated beam footprints in Rel-17/Rel-18 baseline need to be considered, and meanwhile for other beam footprints, larger SSB periodicity can be used to increase the number of beam footprints where SSB and common channel are provided for system level coverage ratio improvement.
As described in section 2.1, for evaluation simplicity, UEs are only dropped in the N3 beam footprints. And the N3 beam footprints are assumed to be the same as illuminated beam footprints in Rel-17/Rel-18 baseline. System level evaluations are also provided considering legacy UEs may exist in N3 beam footprints as analyzed above. 
Evaluations for LEO600km Set1-2 FR1
For LEO600km Set1-2 FR1, 16 beam footprints are simultaneously active beams, i.e. N3=16. Based on Observation 4, 20ms SSB periodicity should be provided in these N3 beam footprints. To serve N3=16 beam footprints, 4 physical active beams are needed considering the 4 SSB within the same SS block can serve for different 4 beam footprints. The absolute physical active beam number due to the limitation of RF is 16. Therefore, there are 12 physical active beams can be used to improve the system level coverage ratio by using larger SSB periodicity and beam hopping. 
Therefore, in Table 4, the corresponding number of N2 beam footprints is reduced considering only 12 physical active beams are used for beam hopping. Correspondingly the coverage ratio improvement is reduced compared that in Table 3 where legacy UE is not considered. 
Table 4 System level DL coverage enhancement evaluation cases for LEO600km Set1-2 FR1
	Case list
	Case1
	Case2
	Case3
	Case4

	Note
	Beam hopping of SSBs within the same SS burst
	Beam hopping of common control signal/channel with increased SSB periodicity

	Periodicity of common control channels (ms) in N3 beam footprints
	20
	20
	20
	20

	Periodicity of common control channels (ms) in N2 beam footprints
	20
	160
	320
	640

	The number of beam footprints in state of ‘active traffic’ (i.e. N3)
	16
	16
	16
	16

	The number of served beam footprints in state of ‘common channel only’ (i.e. N2)
	48
	384
	768
	1042

	The number of unserved beams, i.e. N1
	994
	658
	274
	0

	Common control channel overhead
	50%
	50%
	50%
	38%

	Common control channel coverage ratio 
 (i.e. (N2+N3)/(N1+N2+N3))
	6.049%
	37.81%
	74.10%
	100.00%


Evaluations for LEO600km Set1-1 FR1
Similarly, there are N3=106 beam footprints that shall use 20ms SSB periodicity for backward compatibility for legacy UEs.  To serve N3=106 beam footprints, 27 physical active beams are needed considering the 4 SSBs within the same SS block can serve for different 4 beam footprints. 
In Set1-1, although the absolute physical active beam number due to the limitation of RF is 212. The total physical active beam number is still 106 to fulfill the unreduced EIRP density as agreed for Set 1-1.  Therefore, there are 79(i.e., 106-27) physical active beams can be used to improve the system level coverage ratio by using larger SSB periodicity and beam hopping.
Table 5 System level DL coverage enhancement evaluation cases for LEO600km Set1-1 FR1
	Case list
	Case1
	Case2
	Case3
	Case4

	Note
	Beam hopping of SSBs within the same SS burst
	Beam hopping of common control signal/channel with increased SSB periodicity

	Periodicity of common control channels (ms) in N3 beam footprints
	20
	20
	20
	20

	Periodicity of common control channels (ms) in N2 beam footprints
	20
	40
	80
	160

	The number of beam footprints in state of ‘active traffic’ (i.e. N3)
	106
	106
	106
	106

	The number of served beam footprints in state of ‘common channel only’ (i.e. N2)
	316
	632
	952
	952

	The number of unserved beams, i.e. N1
	636
	320
	0
	0

	Common control channel overhead
	50%
	50%
	40.8%
	26.77%

	Common control channel coverage ratio 
(i.e. (N2+N3)/(N1+N2+N3))
	39.89%
	69.75%
	100.00%
	100.00%


[bookmark: _Hlk166078603]Based on the analysis in Table 4 and Table 5, we can observe that beam hopping with increased SSB periodicity can be used to provide common channels for more beam footprints, meanwhile the 20ms SSB periodicity is still transmitted in the beam footprints which are supposed to be served among the total 1058 beams in Rel-17/18 baseline without system level coverage enhancement. 
Observation 5:  Legacy UEs work well in the beam footprints which are supposed to be illuminated/served in Rel-17/18 baseline by transmitting 20ms periodicity SSB in these footprints, meanwhile beam hopping transmission of common control signal/channel with increased SSB periodicity can be used to extend the coverage to other beam footprints in the total 1058 beam footprints.
Analysis on potential impact due to larger SSB periodicity in NR NTN 
[bookmark: _Ref166004201]The time and frequency tracking error due to the extended SSB periodicity
Since larger SSB periodicity are preferred so as to enable wider system coverage in NR NTN, signal reception degradation induced by extended SSB periodicity with respect to the time and frequency error in NTN channels is further elaborated in this section. 
[image: ]
[bookmark: _Ref165277874]Figure 5 Signal transmission with respect to DL time/frequency synchronization.
Figure 5 gives an example of common and UE-specific signal transmission scheduled with different time intervals with respect to the DL time and frequency synchronization. Since synchronization can only be performed by receiver in every extended SSB periodicity, the residual carrier frequency offset (CFO), timing error and even the Doppler drift before SIB19 reception, due to crystal error at BS transmitter or imperfect detections, shall continuously affect the subsequent signal transmissions after the SSB reception. The impact of such impairments within context of SSB periodicity extension was evaluated in following with Table 6 defines the applied timing errors and frequency errors. 
[bookmark: _Ref165308289]Table 6 Worst time and frequency error assumption for extended SSB periodicity
	DL channels
	Impairments assumption in reception

	Common transmission
(SIB1, SIB19)
	Max Doppler drift
	0.27ppm/s

	
	CFO
	  205.4 Hz

	
	Timing error
	   4 

	UE specific transmission
(Dedicated PDCCH, PDSCH 1Mbps/VoIP)
	Max Doppler drift
	0ppm/s

	
	CFO
	  200 Hz

	
	Timing error
	  32 


For common signal receptions:
Two options for payload size of SIB1 were agreed in RAN1#116bis. The two payload options for SIB1 and the payload for SIB19 are evaluated, respectively. Before the acquisition of SIB19, the satellite ephemeris information is unknown, and therefore the Doppler frequency offset cannot be obtained by UE. Therefore, based on discussion in section 2.1, the SIB1 and SIB19 should be scheduled close to the SSB, so as to lower the impairments before ephemeris reception. As in Figure 5 and analyzed in section 2.1, the SIB1 and SIB19 are assumed to be scheduled within the same 10ms TDM gap with SSB transmission. Therefore, the considered maximum timing error and frequency error impairment for SIB1/SIB19 reception are obtained as in Table 5, where the DL timing and frequency are assumed to be drifted by 10 ms for SIB1 and SIB19. In detail, the residual timing error and residual frequency offset right after the SSB reception/synchronization are assumed as 0 and 0.1ppm, respectively. By the time of SIB1/SIB19 reception, CFO is further drifted by 10ms considering a worst Doppler rate of 0.27ppm/s. While the timing error is contributed by the timing drift of 0.1ppm with a 10ms time duration, which corresponds to merely 4 according to calculation in Table 6.
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[bookmark: _Ref165316755]Figure 6 SIB1 time/frequency impairments
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[bookmark: _Ref165316756]Figure 7 SIB19 time/frequency impairments


Based on results in Figure 6 and Figure 7, impact of time/frequency error is negligible for both SIB1 (for both payload size options) and SIB19 reception, in context of beam hopping transmission within extended SSB periodicity. Again, this is due to the fact that common signal before SIB19 are to be scheduled within the same time duration of 10ms with the SS block. Taking the link budget of Set1-1 and 1-2, i.e., -1.9dB, as coverage requirement, both SIB1 and SIB19 meet the coverage requirement with extended SSB periodicity. 
Observation 6: Performance of SIB1 and SIB19 meets the coverage requirement in Set1-1/2, with extended SSB periodicity.
For UE-specific signal receptions
Dedicated PDCCH and PDSCH 1Mbps/VoIP are evaluated. Since such channels mainly account for traffic scheduling, as shown in Figure 5, the traffic could arrive at any time, and in the worst case, it arrives right before the next SSB transmission within the same beam footprints. In this worst case, the time gap from the earlier SSB transmission and the scheduling of the unicast PDCCH/PDSCH for UE traffic scheduling is considered to be almost the same as the assumed largest SSB periodicity of 640ms. 
Considering the ephemeris information has been obtained, the Doppler frequency offset and the timing error can be compensated by the UE when receiving unicast PDSCH. According to RAN4 specification as cited in Appendix, for uplink initial transmission, it is assumed that the residual frequency offset and timing error are assumed to be 0.1ppm and 29Ts respectively after the UE’s pre-compensation considering the inaccuracy of ephemeris information and GNSS inaccuracy. Similarly, UE can obtain similar residual frequency offset and timing error in downlink after the SIB19 acquisition. Meanwhile, as agreed in RAN1#116bis, 0.27ppm/s Doppler drift only needs to be considered before the acquisition of SIB19. Therefore, for unicast PDCCH and PDSCH, 0.1 ppm frequency error can be assumed. And for timing error, on top of 29Ts, 640ms timing drift can be further added to obtain the timing error for unicast PDCCH and PDSCH. The assumed worst timing error for the unicast PDCCH and PDSCH reception can be obtained in Table 5. 
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[bookmark: _Ref165317572]Figure 8 PDSCH VoIP time/frequency impairments
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[bookmark: _Ref165317573]Figure 9 PDSCH 1Mbps time/frequency impairments


As depicted in Figure 8 and Figure 9, time and frequency impairments during a 640ms extended SSB periodicity for UE-specific PDSCH reception can again satisfy the coverage requirements (required SNR<-1.9dB) in Set1-1 and Set1-2. The performance degradation due to the impairment induced from the extended SSB periodicity is negligible. 
Observation 7: PDSCH 1Mbps/VoIP meet the coverage requirements in Set1-1 and Set1-2, under the time and frequency error impairment after a time duration of 640ms, which is the worst case if SSB periodicity is extended to 640ms, where the performance degradation is at most 0.2dB. 
[bookmark: OLE_LINK3]The reason that the increment of SSB periodicity shall not degrade the performance of unicast PDSCH comes from two aspects. Firstly, in NTN, after the SIB19 acquisition, the ephemeris is known and GNSS is assumed by UE, the Doppler frequency offset and timing drift can be handled by UE. Therefore, the residual frequency offset and timing error would be quite limited, which is 0.1ppm and 32Ts according to Table 6. Therefore, the frequency offset and timing error impairment is not severe even after a 640ms duration. The second aspect is that for LEO-600 case, the relevant SINR range is usually at low SINR value range, which typically uses QPSK modulation. E.g. for the agreed data rate of VoIP and 1Mbps, QPSK scheduling is used. The QPSK modulation type is usually not sensitive to the frequency and timing error impairment, which is different from the higher modulation order scheduled in TN network.
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Figure 10 Dedicated PDCCH time/frequency impairments
For UE-specific PDCCH reception, again, the timing error induced by residual CFO of 0.1ppm during 640ms is negligible. But larger impairment (0.9dB) is observed when considering the timing error.  Nevertheless, with the worst performance, UE-specific PDCCH still satisfies the coverage requirement (required SNR<-1.9dB) in both Set1-1 and Set1-2.
Observation 8: With worst impairments of 0.9dB, UE-specific PDCCH still satisfy coverage requirement in both Set1-1 and Set1-2, in context of SSB periodicity extension.
To summarize, extending the SSB periodicity leads to certain performance degradation to the UE specific signal/channel transmissions, but within an acceptable range (required SNR<CNR in Set1-1/2).  
Furthermore, as another possibility, PDCCH triggered TRS could also be utilized to track frequency error and timing error before the reception of PDSCH, if needed, e.g. higher modulation order is expected to be sued for NTN. Thus, NTN can also make use of TRS to enable the UE to track the time and frequency errors. Besides, having the ability to process TRS is mandatory for UE. Thus, though the SSB periodicity extension may introduce time and frequency tracking errors, following TRS guarantees good performance for data transmission of UE.
Observation 9: UE can utilize TRS to help improve performance for data transmission when the SSB periodicity is extended.
The impact on the latency for UE accessing the network
In TR 37.910 [8], control plane latency refers to the transition time from a most “battery efficient” state (e.g. Idle state) to the start of continuous data transfer (e.g. Active state). For NR Rel-15, control plane latency is evaluated from RRC_INACTIVE state to RRC_CONNECTED state. 
An example of the initial access procedure in NR-NTN is shown in Figure 11. First, UE receives common control signals, e.g. SSB, SIB1, and SIB19. Then, UE transmits PRACH on RACH occasion using a selected PRACH format. The starts of ra-ResponseWindow are delayed by an estimate of UE-gNB RTT. The value of ra-ResponseWindow is 10 ms. The cell specific K_offset value signaled in system information can always be used for the initial access, e.g. scheduling of Msg3, ACK/NACK of Msg4. 
As shown in Figure 11, for one UE, the latency from RRC_INACTIVE state to RRC_CONNECTED state may be 75ms. Considering the longer periodicity of common control channels, the latency for UE accessing the network can be assumed to be . For example, when the periodicity of SSB is 640 ms, the latency for UE accessing the network is . For satellite communication systems with large transmission delays, the latency for UE accessing the network of up to seconds can be acceptable.
[image: ]
[bookmark: _Ref165283984]Figure 11 An example of initial access procedure in NR-NTN
Potential enhancement solutions for system level coverage enhancement 
Based on observation 1 to observation 8, beam hopping with increased SSB periodicity can improve the system level coverage ratio, and it is also capable of keeping the back forward compatibility to legacy UEs in the served/illuminated beam footprints in Rel-17/18 baseline. The link level performance degradation due to the increased SSB is also investigated and proved to be marginal. Considering these aspects, the following system level enhancement are proposed to be supported in Rel-19: 
Proposal 4:  Beam hopping transmission of common control signal/channel within increased SSB periodicity is supported to increase the system level coverage ratio in NR NTN.
Proposal 5: For NR NTN UE, the default SSB periodicity assumed by UE during initial access is enlarged to support higher system level coverage ratio in NR NTN.
Proposal 6:  At least SSB periodicity of 320ms are introduced in SIB1 for NR NTN UE to enable the wider system coverage in Rel-19 NR NTN.
Furthermore, according to the discussion related to observation 5, it can be found that different SSB periodicities are used in different types of beam footprints, i.e. 20ms SSB periodicity used for the illuminated/served beam footprints in Rel-17/18 baseline for backward compatibility, and increased SSB periodicity for other beam footprints in the total 1058 footprints for system coverage extension. Meanwhile, based on the discussion related to proposal 2, it is identified that there can be a big difference in terms of user density in different beam footprints considering the same satellite may cover different earth terrains, e.g. rural areas and desert areas may have quite different user densities. For the beam footprints with dense user, smaller SSB periodicity, e.g. 20ms periodicity is preferred to be used, while larger SSB periodicity is preferred to be used in the footprints where very low traffic arrival rate is expected. 
Proposal 7: Shorter SSB periodicity, e.g. 20ms, and extended SSB periodicities are used for beam footprints with high user density and very low user density respectively. 
Furthermore, there are some proposals from other proponents to consider Cell DTX/DRX enhancement for NTN system level coverage enhancement. It can be also considered if the benefit is justified with acceptable standard effort.
Link level gap evaluation on DL channels
LLS results
During last meeting, several updates in LLS assumptions are agreed as follows [1]: 
	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
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.


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





In this section, we further evaluate the coverage gaps for DL channels given the updated LLS assumptions. 
PDSCH 1Mbps and VoIP
Following assumptions are applied for simulation of PDSCH VoIP and PDSCH 1Mbps, respectively. 
Table 7 LLS assumption for PDSCH of 1Mbps/VoIP
	Parameter
	Value

	BLER
	2% for VoIP; 10% for 1Mbps
For 1Mbps, 10% BLER;

	PRBs/MCS/rep for VoIP
	24RB, mcs0 Table 5.1.3.1-3 in [5], TBS=184bits, 8rep

	PRBs/MCS/rep for 1Mbps
	27RB, mcs1 Table 5.1.3.1-1 in [5], 1.128Mbps, 1rep


For PDSCH low data rate service, MCS1 in Table 5.1.3.1-1 in [5] is used for a 1.128Mbps date rate. And for PDSCH VoIP, 24PRB with MCS0 in Table 5.1.3.1-3 in [5] is adopted for a TBS of 184bits. 
	  [image: ]
Figure 12 PDSCH 1Mbps
	  [image: ]
Figure 13 PDSCH VoIP


Msg2/Msg4 PDSCH
For PDSCH of Msg2 and Msg4, the following LLS assumptions are adopted. 
Table 8 LLS assumption for Msg2 and Msg4
	Parameter
	Value

	BLER
	1% BLER

	DMRS configuration
	3 symbols for Msg2; 2 symbols for Msg4
2 symbols for Msg4.

	PRBs/MCS/TBS for Msg2
	12RB, mcs0 Table 5.1.3.1-1 in [5], TBS=72bits, scaling 0.25

	PRBs/MCS/TBS for Msg4
	27RB, mcs1 Table 5.1.3.1-1 in [5], TBS=1128bits


The performance of Msg2/Msg4 PDSCH are depicted in Figure 14 and Figure 15, respectively. 
	  [image: ]
[bookmark: _Ref166189611]Figure 14 Msg2 PDSCH
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[bookmark: _Ref165193991]Figure 15 Msg4 PDSCH


PDSCH for SIB1
Three agreements were related to LLS assumptions for SIB1 from RAN1#116bis. The first agreement requires a number of PRB of 24. The second is agreed Doppler frequency drift of 0.27ppm/s. And the last agreement defines two SIB1 payload size options, i.e., opt-1 of 800 bits and opt-2 of 1280 bits. Both options are simulated in the following figures with listed assumptions in Table 9. 
[bookmark: _Ref165194326]Table 9 LLS assumption for SIB1 PDSCH
	Parameter
	Value

	BLER
	1% BLER

	OPT-1:OS/PRBs/MCS/TBS
	12OS, 24RB, mcs1 Table 5.1.3.1-1 in [5], TBS=984bits (800).

	OPT-2:OS/PRBs/MCS/TBS
	12OS, 24RB, mcs3 Table 5.1.3.1-1 in [5], TBS=1608bits (1280).

	Max Doppler rate
	0.27ppm/s


As in Table 9, due to aligned number of PRBs and limited granularity of the NR MCS tables, both options seek TBS size larger than the agreed payload sizes. Specifically, we adopt MCS1 in Table 5.1.3.1-1 in [5] for a TBS of 984 bits for option1, and MCS3 in Table 5.1.3.1-1 in [5] for a TBS of 1608 bits for opiton2.
Observation 10: For LLS assumption for SIB1 PDSCH, TBS sizes are 984 bits and 1608 bits for SIB1 payload option1 and option 2.
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Figure 16 PDSCH for SIB1 (Option1)
	[image: ]
Figure 17 PDSCH for SIB1 (Option2)


PDSCH for SIB19
Based on the payload size of 616 bits agreed in the last meeting, following assumption is adopted for PDSCH SIB19.
Table 10 LLS assumption for SIB19 PDSCH
	Parameter
	Value

	BLER
	1% BLER

	OS/PRBs/MCS/TBS
	12OS, 24RB, mcs0 Table 5.1.3.1-1 in [5], TBS=736bits (616).

	Max Doppler rate
	0.27ppm/s


Observation 11: TBS for SIB19 is 736bits for LLS assumption in R19 NR NTN.
[image: ]
Figure 18 PDSCH for SIB19
PDCCH
Figure 19 shows performance of both dedicated (with 2 repetitions) and common PDCCH, with the given LLS assumption in Table 11.
[bookmark: _Ref165362738]Table 11 LLS assumption for PDCCH
	Parameter
	Value

	BLER
	1% BLER; 

	Number of UE Rx chains
	2 (AS),4

	CORESET size
	2 symbols, AL=8;

	Payload
	40bits

	Elevation
	30o


  [image: ]
[bookmark: _Ref165362724]Figure 19 PDCCH performance
PSS and PBCH
Based on LLS assumptions made in RAN1#109 [3], 4 PSS combinations with different SSB periodicities are considered. Later in RAN1#116, the residual frequency offset is agreed to be 0.1ppm for DL simulation, which considers the UE performs synchronization with PSS/SSS and pre-compensate the Doppler frequency offset.  
It is fine to assume almost zero Doppler frequency offset for the channels/signals to be received after the acquisition of DL timing and SIB19. But at least for the performance of PSS/SSS, the Doppler frequency offset should not be ignored. 
Proposal 8: Doppler frequency offset should be considered in the LLS assumption for PSS detection. 
A working assumption was discussed in RAN1#116bis and supported by companies, which was objected by a single company. The link level simulation of PSS detection is based on the table discussed based on this online discussion. 
	Proposed working assumption
For companies wishing to provide SSB coverage evaluation, the following assumptions should be used:

	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz
4 can be optionally considered and reported 

	Combination of SSBs
	With and without combination
4 combinations could be considered when relevant

	Maximum Frequency offset for PSS
	24 ppm

	Maximum Time drift for PSS
	48 ppm (cf note 1)

	CFO for PBCH
	0.1 ppm

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

	Other parameters
	Reported by companies.


Note 1: time drift caused by Doppler frequency offset should be considered for initial access in the LLS assumption for PSS detection.
Note 2: as per the WID, SSB channel enhancement is not considered.


According to the discussed potential working assumption during the last RAN1 meeting, maximum timing offset for PSS could reach 48ppm, while the maximum frequency offset is 24ppm as defined in TR38.821. Based on such assumptions, we evaluate separately the performance of single shot SSB transmission and combined detection/decoding of SSBs in 4 consecutive SSB periodicities, adopting the following LLS assumptions (Note that PBCH payload can only be combined within 80ms time interval considering the SFN filed.).
Table 12 LLS assumptions for SSB
	Parameter
	Value

	Metric
	1%detection failure for PSS; 1%BLER for PBCH
1% detection failure for PSS.

	Combining interval for PBCH
	20ms4rep, 40ms2rep

	maximum timing drift for PSS detection
	48ppm

	Maximum frequency offset for PSS detection
	24ppm

	CFO for PBCH
	0.1 ppm

	Max Doppler frequency drift
	0.27ppm/s


PSS detection
For PSS detection, both single shot transmission and 4 combining case are simulated in following figures.
	[image: ]
Figure 20 PSS single shot transmission
	[image: ]
Figure 21 PSS 4 combination


As observed, the detection shows robustness towards time drift caused by large Doppler offset. With the SSB periodicity increases, performance is even better due to diversity improvements considering the flat fading channel characteristics. 
There were some comments saying that the 24ppm doppler frequency offset and timing drift of 48ppm assume elevation degree of 10 degrees, although it was already discussed deeply in RAN1#116bis meeting offline and online without any such technical concern with respect to these two numbers. In this revision of R1-2403938, we also provided the simulation results assuming 21 ppm frequency offset and 42 ppm timing offset which correspond to 30 degrees elevation angle in Appendix B. The performance difference for single shot detection and 4*20ms combination is very marginal. It shall not impact any observations/proposals according to the simulations in this section.
PBCH decoding
For PBCH performance evaluation, it can be assumed that DL timing/frequency has already be obtained by UE through PSS/SSS. Therefore 0.1ppm CFO is considered in the analysis. 
In current specifications, 4 PBCH combining can only be performed within 80ms time interval, considering that PBCH payload bits conveying SFN filed will change, LLR combination might not be able to be performed. 
Observation 12: According to current specification, PBCH cannot be combined if the total time span exists 80ms.
Therefore only single shot transmission (20/80/160/320/640ms SSB periodicity) and 4 combination with 20ms SSB periodicity is considered. The results are shown in the following figure.
 [image: ]
Figure 22 PBCH performance
Summary of evaluation results and coverage gap analysis
During the last RAN1 meeting, an agreement for RAN1 to evaluate and identify the coverage gaps of different DL channels in NTN was made by taking the additional satellite payload parameters into consideration. Specifically, three 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 were agreed to be considered. In the following, LLS and coverage gap results with respect to these three new parameter sets are provided. Firstly, the link budget results are shown in the following table. 
[bookmark: _Ref165364181]Table 13 CNR for LEO-600 Set1-1/2/3 in S-band
	Physical Channels
	SCS
	Scenario
	CNR (dB)

	PDCCH / PDSCH (Msg2,Msg4,SIB1,1Mbps,VoIP) / PSS/PBCH
	15KHz
	LEO600, Set1-1, 30o
	-1.9

	
	
	LEO600, Set1-2, 30o
	-1.9

	
	
	LEO600, Set1-3, 30o
	-9.9

	Note: assuming the agreed EIRP density in LEO600km Set1-1/1-2/1-3.


Based on the LLS results in section 3.1, the required SNRs and coverage gaps for each DL channels are summarized in Table 14. Note that the coverage gap is obtained as: , where CNR values are from Table 13. 
[bookmark: _Ref165364189]Table 14 Results on DL coverage gaps (2Rx with antenna switching, without steering loss)
	DL channels
	Required SNR
	Gap

	
	
	Set1-1,1-2
	Set1-3

	1Mbps PDSCH
	-5.3
	-3.4 
	4.6 

	VoIP PDSCH
	-13.8
	-11.9 
	-3.9 

	Msg2 PDSCH
	-8.3
	-6.4 
	1.6 

	Msg4 PDSCH
	-4.0
	-2.1 
	5.9 

	SIB1 with payload size Opt1
	-4.0
	-2.1 
	5.9 

	SIB1 with payload size Opt2
	-2.5
	-0.6 
	7.4 

	SIB19
	-4.6
	-2.7 
	5.3 

	Common PDCCH
	-5.6
	-3.7 
	4.3 

	Dedicated PDCCH(with repetition)
	-7.7
	-5.8 
	2.2 

	PSS single shot detection
	-3.7
	-1.8 
	6.2 

	PSS detection (4 combinex20ms)
	-5.7
	-3.8 
	4.2 

	PBCH (single shot)
	-7.3
	-5.4 
	2.6 

	PBCH (4repx20ms)
	-12.5
	-10.6 
	-2.6 


Based on the results, no coverage gap is found for all DL channels with respect to the additional satellite payload parameter LEO600km Set 1-1 and Set 1-2. 
With Set 1-3, per beam EIRP is reduced by 8dB compared to other sets. As a consequence, a lot of channels exhibit large coverage gaps. Therefore, the Set 1-3 parameter setting may not be reasonably considered to have a very low EIRP density by transmitting hundreds of active beams without a correspondingly higher total transmission power on the satellite. 
Observation 13: With parameter LEO60km Set1-1 and 1-2 considered, no coverage gaps are found for all DL channels.
Observation 14: With parameter LEO600km Set 1-3, the SSB cannot even work due to the very low EIRP density.
Therefore, although coverage gaps are observed for many channels for Set 1-3 due to the very low EIRP density, there is no benefit to specify link level enhancement (e.g. for PDCCH, PDSCH) other than SSB, as basic cell search is not working due to coverage gap of SSB.
Proposal 9: Do not consider link level coverage enhancement for downlink channels in a scenario/configuration where the EIRP density is reduced so much that the SSB cannot work.
If the SSB cannot even achieve the coverage requirement, it seems infer that the assumed EIRP density is reduced too much and may not be a proper setting to be considered. Therefore, the EIRP density in Set 1-3 may need to be further refined so that at least the SSB does not have coverage gap. 
As shown in Table 13, there is still about 4dB gap for PSS detection in Set 1-3. To compensate for this 4dB gap, the per beam EIRP needs to be at least increased by 4dB. The total transmission power is about 200W, which is similar as Set 1-2. A reasonable way is to reduce the number of simultaneously active beams by a scaling factor of 2.5, i.e. from 106 active beams to 42 active beams, and correspondingly the per beam Tx power can be raised by 4dB.
[bookmark: _Hlk166083247]Proposal 10: Refine the simultaneously active beams number from 106 to 42 in Set 1-3 to make sure SSB does not have coverage gap.
While the active beam numbers need to be reduced to guarantee necessary EIRP density to make sure SSB does not have coverage gap. The beam hopping with increased SSB periodicity should be similarly considered for Set 1-3.

Conclusions
In this contribution, downlink coverage enhancements are discussed based on the link level and system level evaluations according to the agreed methodology in RAN1#116.  The following observations and proposals are proposed:
Observation 1:  Beam hopping transmission of common control signal/channel within increased SSB periodicity increases the common control channel coverage ratio to improve system level coverage for all the three LEO600km satellite parameter sets.
Observation 2: Beam hopping transmission of common control signal/channel within increased SSB periodicity can also reduce the system common control channel overhead for all the three LEO600 parameter sets.
Observation 3: Due to the reduced common control channel overhead by extending the SSB and common control channel periodicity: 
· The UPT for traffic type of VoIP, IM and FTP3 can be improved, 
· The cell throughput for IM and FTP is improved. 
Observation 4: Only the legacy UEs in the illuminated beam footprints in Rel-17/Rel-18 baseline need to be considered, and meanwhile for other beam footprints, larger SSB periodicity can be used to increase the number of beam footprints where SSB and common channel are provided for system level coverage ratio improvement.
Observation 5:  Legacy UEs work well in the beam footprints which are supposed to be illuminated/served in Rel-17/18 baseline by transmitting 20ms periodicity SSB in these footprints, meanwhile beam hopping transmission of common control signal/channel with increased SSB periodicity can be used to extend the coverage to other beam footprints in the total 1058 beam footprints.
Observation 6: Performance of SIB1 and SIB19 meets the coverage requirement in Set1-1/2, with extended SSB periodicity.
Observation 7: PDSCH 1Mbps/VoIP meet the coverage requirements in Set1-1 and Set1-2, under the time and frequency error impairment after a time duration of 640ms, which is the worst case if SSB periodicity is extended to 640ms, where the performance degradation is at most 0.2dB. 
Observation 8: With worst impairments of 0.9dB, UE-specific PDCCH still satisfy coverage requirement in both Set1-1 and Set1-2, in context of SSB periodicity extension.
Observation 9: UE can utilize TRS to help improve performance for data transmission when the SSB periodicity is extended.
Observation 10: For LLS assumption for SIB1 PDSCH, TBS sizes are 984 bits and 1608 bits for SIB1 payload option1 and option 2.
Observation 11: TBS for SIB19 is 736bits for LLS assumption in R19 NR NTN.
Observation 12: According to current specification, PBCH cannot be combined if the total time span exists 80ms.
Observation 13: With parameter LEO60km Set1-1 and 1-2 considered, no coverage gaps are found for all DL channels.
Observation 14: With parameter LEO600km Set 1-3, the SSB cannot even work due to the very low EIRP density.
Proposal 1: Support improving the percentage of served beam footprints, where at least SSBs and common channels (SIB1 and SIB19) are provided for UE’s access, for NTN system level coverage enhancement. 
Proposal 2: The unequal distribution of user density among different beam footprints should be considered in the system level coverage enhancement.
Proposal 3:  The following method is used in the system level evaluation under the agreed framework with N1, N2 and N3 beam footprints:
· In each simulation drop:
· Step 1: Randomly select N3 beam footprints among 1058 beam footprints, where N3=106 for Set1-1, Set1-3/and N3=16 for Set 1-2;
· Step 2: Randomly drop X UEs per each selected N3 beam footprint, where X is reported by companies;
· Step 3: Generate traffic based on the agreed traffic model, if user perceived throughput and cell throughput are simulated.
Proposal 4:  Beam hopping transmission of common control signal/channel within increased SSB periodicity is supported to increase the system level coverage ratio in NR NTN.
Proposal 5: For NR NTN UE, the default SSB periodicity assumed by UE during initial access is enlarged to support higher system level coverage ratio in NR NTN.
Proposal 6:  At least SSB periodicity of 320ms are introduced in SIB1 for NR NTN UE to enable the wider system coverage in Rel-19 NR NTN.
Proposal 7: Shorter SSB periodicity, e.g. 20ms, and extended SSB periodicities are used for beam footprints with high user density and very low user density respectively. 
Proposal 8: Doppler frequency offset should be considered in the LLS assumption for PSS detection. 
Proposal 9: Do not consider link level coverage enhancement for downlink channels in a scenario/configuration where the EIRP density is reduced so much that the SSB cannot work.
Proposal 10: Refine the simultaneously active beams number from 106 to 42 in Set 1-3 to make sure SSB does not have coverage gap.


 


Appendix A 

	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.



Appendix B: PSS detection performance assuming 21 ppm doppler frequency offset and 42ppm timing drift
Table 12 LLS assumptions for SSB
	Parameter
	Value

	Metric
	1%detection failure for PSS; 1%BLER for PBCH
1% detection failure for PSS.

	maximum timing drift for PSS detection
	42ppm

	Maximum frequency offset for PSS detection
	21ppm

	CFO for PBCH
	0.1 ppm

	Max Doppler frequency drift
	0.27ppm/s



[image: ]
PSS single shot transmission
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Figure 23 PSS detection with 4 combination
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NTN service is available.
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serviceis NOT-available.




