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In RAN#102, a new WID was defined for Non-Terrestrial Networks (NTN) for NR Phase 3. Downlink coverage enhancement is one of its objectives. Justification and objective for downlink coverage enhancement is captured as below [1]. 

Justification:
1) Offer optimized performance especially when addressing handset terminals (including smartphones with -5.5 dBi antenna gain) w.r.t. downlink coverage considering the NTN deployment constraints such as payload power limitation, large satellite foot print and limited feeder link bandwidth. DL coverage enhancements are needed to accommodate satellite payload constraints which may be unable to have all its beams active with the « nominal » EIRP density per beam (see Section 6.1.1 in TR 38.821) at a given time due to limited power and limited feeder link bandwidth, while maximizing the number of beams that can be activated simultaneously, and ensuring that all user terminals can be served across the satellite foot print while maximizing the overall satellite throughput and ensuring that all satellite’s radio cells are kept alive even without traffic but allowing new users to join or preventing impact on end-user QoS.

DL coverage enhancements can be considered at both
· Link level to improve the link margin of selected physical channels in order to accommodate the EIRP reduction in FR1-NTN. A link margin improvement for physical channels (e.g. PDSCH and PDCCH) may be considered without impact on SSB design. 
· System level to support an efficient dynamic and flexible power sharing between beams or different beam pattern/size (i.e., wide or narrow) across the satellite foot print for FR1-NTN and FR2-NTN.





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

Based on the WID, we further discuss NTN downlink coverage enhancement in this contribution.


2. Discussion

In section 6.1.1 in TR 38.821,  reference satellite payload parameters are defined. Consider in priority LEO-600 km and S-band, the satellite parameters are summarized in the table below. 

	Satellite orbit
	LEO-600

	Satellite altitude
	600 km

	Satellite antenna pattern
	Typical reflector antenna with a circular aperture（Section 6.4.1 in TR 38.811）

	Frequency band
	S-band (i.e. 2 GHz)

	Equivalent satellite antenna aperture
	2 m

	Beam EIRP density（dBW/MHz）
	34

	Beam Gain（dBi）
	30

	3dB beamwidth
	4.4127 deg



In the following discussion, some of these legacy parameters/assumptions will be taken as the reference, and some will be updated for the purpose of NTN downlink coverage enhancement.

2.1 Satellite coverage and beam coverage

Assume each beam has a 3dB beamwidth of 4.4127 deg, then the beam footprint at nadir has a diameter of 46 km. Assume the target minimum elevation is 30°, then the aperture angle of the satellite coverage is 104.6° (i.e., +/-52.3°). The diameter of the satellite coverage is 1700 km. The satellite coverage and a beam at nadir and a beam at the coverage edge are illustrated in the figure below.
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Figure 1.  Illustration of satellite coverage and beam coverage for LEO-600


The area of the whole satellite footprint on earth is about 1300 times larger than the area of the beam footprint at nadir. But since the beam footprint is smallest at nadir and lager at other directions, the total number of beams needed for the satellite coverage might be less than 1300.

The proportional relationship between satellite coverage and beam coverage can be calculated precisely according to their aperture angles. For example, when the aperture angle of the satellite coverage is 104.6 deg and the aperture angle of a beam is 4.4127 deg, the ratio between satellite coverage and beam coverage is ( 1-cosd (104.6/2) ) / ( 1-cosd (4.4127/2) ) = 524. It means that at least 524 beams are needed for the whole satellite coverage. Consider shapes of beams and overlapping pattern between beams may be different with the theoretical model, the actual number of beam footprints needed for the whole satellite coverage would be larger than 524. For example, totally 1000 beams would be needed to cover the whole satellite footprint.

For a smaller satellite coverage, when the target elevation angle is 39.3°, for example, coverage aperture would be 90° (i.e., +/-45°), and the ratio between satellite coverage and beam coverage is ( 1-cosd (90/2) ) / ( 1-cosd (4.4127/2) ) = 395. The actual number of beam footprints needed for the whole satellite coverage would be larger than 395. For example, totally 500 beams would be needed to cover the whole satellite footprint.

Based on above analysis, it would be reasonable to assume the number of beams needed for the satellite coverage to be 500 to 1000 (or 512 to 1024 for convenience in some cases ).

Observation 1: For coverage above elevation of 30 degree, at least 524 beams are needed. For coverage above elevation of 39.3 degree, at least 395 beams are needed. It is reasonable to assume the number of beams needed for the satellite coverage to be 500 to 1000 (or 512 to 1024 for convenience in some cases ).

Proposal 1: Define ‘number of beam footprints’ needed for the satellite coverage as an additional satellite payload parameter.

Proposal 2: Number of beam footprints needed for the satellite coverage can be 500 to 1000 (or 512 to 1024 for convenience in some cases )  for LEO-600 and S-band.

2.2 Satellite aggregate transmission power

If all beams are generated simultaneously for the whole satellite coverage, the aggregate TX power would be unbearable for an LEO satellite. 

For example, assume the beam EIRP density is 34 dBW/MHz, allocated bandwidth is 5MHz, antenna gain is 30dBi, number of simultaneous active beams is 500, then the aggregate TX power would be:
34 + 10*log10(5) - 30 + 10*log10(500) = 38.0 dBW = 6.3 kW.

If number of simultaneous active beams is 1000, the aggregate TX power would be:
34 + 10*log10(5) - 30 + 10*log10(1000) = 41.0 dBW = 12.56 kW.  

In TR 38.821, there is no reference parameter defined on satellite aggregate TX power. It is necessary to define it so that further evaluation on the number of simultaneous active beams and power per beam can be done. 

From a practical point of view, we believe the reasonable range of the TX power limit can be from 200W (23dBW) to 400W (26dBW).

Observation 2: It is necessary to define the TX power limit as an additional satellite payload parameter, so that further evaluation on the number of simultaneous active beams and power per beam can be done. 

Proposal 3: Define ‘TX power limit’ as an additional satellite payload parameter.

Proposal 4: TX power limit can be 200W (23dBW) or 400W (26dBW) for LEO-600 and S-band.

2.3 Active beam ratio

Due to the limited aggregate power, number of simultaneously active beams can only be a fraction of total beams needed for the satellite coverage. Additional reference satellite payload parameter of the active beam ratio should be defined for further evaluation on downlink coverage enhancement. 

To ensure that UEs can access the NTN network across the satellite footprint, illumination for SSB and other channels for RACH procedure is always necessary even if there is no traffic. Therefore, the active beam ratio can not be too small. We can assume the active beam ratio to be in the range from 1/32 to 1/8 for further evaluation of coverage enhancement.

Observation 3: To ensure that UEs can access the NTN network across the satellite footprint, illumination for SSB and other signaling in the initial access procedure is always necessary. The active beam ratio can not be too small even if there is not much traffic.

Proposal 5: Define ‘active beam ratio’ as an additional satellite payload parameter.

Proposal 6: For LEO-600 and S-band, assume the active beam ratio to be in the range from 1/32 to 1/8 for further evaluation of coverage enhancement.

2.4 Link improvement requirement

Assume total beam number is 1024, active beam ratio is 1/8, aggregate TX power is 400W (26dBW), beam gain is 30 dBi, allocated bandwidth is 5 MHz, then number of active beams is 1024*1/8 = 128,  EIRP density per beam is 26 dBW - 10*log10(128) + 30 dBi - 10*log10(5MHz) = 28 dBW/MHz. Comparing with the reference parameter of 34 dBW/MHz defined in TR38.821, there is 6 dB gap. Link improvement requirement is 6 dB in this case.

Observation 4: Assume total beam number is 1024, active beam ratio is 1/8, aggregate TX power is 400W(26dBW), beam gain is 30dBi, allocated bandwidth is 5MHz, then link improvement requirement is 6dB.

If 6 dB improvement in link performance is too much challenging, or aggregate power of 400 W is out of the satellite payload capability, then a lower active ratio or a smaller satellite coverage has to be considered. 

Assume total number of beam footprint is {1024, or 512}, active ratio is {1/32, 1/16, or 1/8}, aggregate TX power is {400W(26dBW), or 200W(23dBW)}, beam gain is 30 dBi, allocated bandwidth is 5 MHz, then the beam EIRP density has a gap of {0, 3, 6, or 9} dB comparing with 34 dBW/MHz defined in TR38.821, as listed in the table below. 


Table 1.  Power sharing among beams and EIRP density for LEO-600 S-band
	Parameter
	Unit
		Value

	Satellite aggregate TX power
	dBW
	26 
	23 
	23 

	Number of beam footprints
	-
	1024 
	1024
	512 

	Active ratio
	-
	1/32
	1 /16
	1/8
	1/32
	1/16
	1/8
	1/32
	1/16
	1/8

	Number of simultaneously active beams
	-
	32
	64
	128
	32 
	64
	128
	16
	32
	64

	TX power per beam
	dBW
	11
	8 
	5
	8
	5
	2
	11
	8
	5

	Beam gain
	dBi
	30 

	EIRP per beam
	dBW
	41 
	38 
	35 
	38 
	35 
	32 
	41 
	38 
	35 

	Allocated bandwidth
	MHz
	5 

	Beam EIRP density
	dBW/MHz
	34 
	31 
	28 
	31 
	28 
	25 
	34 
	31 
	28 

	Legacy Set-1 parameter
	dBW/MHz
	34 

	Gap
	dB
	0 
	3 
	6 
	3 
	6 
	9 
	0 
	3 
	6 




Observation 5: Compromise should be considered among the satellite coverage, active beam ratio, power limit, and EIRP.

Proposal 7: Take 3dB or 6dB as the target for DL coverage improvement.

2.5 Satellite beam patterns/size

Using wider beams can reduce the number of simultaneously active beams. It makes sense in the aspect of reducing the complexity of antenna system of the satellite payload. But a wider beam costs more TX power than a narrower beam to get the same EIRP level. So the parameter of beam width has no essential impact on the aggregate TX power. 

Comparing to traffic channels, the SSB channel has some advantage on link margin. Therefore, target EIRP for the SSB beams can be reduced to some extent, so that the power sharing mechanism can be more efficient.

Observation 6: Using wider beams can reduce the number of simultaneously active beams. But a wider beam costs more TX power than a narrower beam to get the same EIRP level. So the parameter of beam width has no essential impact on the aggregate TX power. 

Observation 7: Comparing to traffic channels, the SSB channel has some advantage on link margin. Target EIRP for the SSB beams can be reduced so that the power sharing mechanism can be more efficient.

Proposal 8: Study and define, if beneficial, additional satellite payload parameters for a wider beam for the SSB channel, including its beam width, beam gain and target EIRP.

For traffic channels, the number of needed active beams is determined by simultaneously active user terminals, distribution of their locations and their throughput. The beam width of a traffic beam can be different with a SSB beam. Narrower beam can achieve the same target EIRP with less power consumption, due to its higher beam gain. When active UEs are geographic scattered, using narrower traffic beams are more efficient in power consumption.

Observation 8: Beam width for the traffic beam can be different with beam width for the SSB beam.

Observation 9: Narrower beam can achieve the same target EIRP with less power consumption, due to its higher gain. When active UEs are highly scattered in their geographic locations,  narrower beams for traffic channels are more efficient in power consumption.

Proposal 9: Study and define, if beneficial, additional satellite payload parameters for a narrower beam for the traffic channels, including its beam width, beam gain and target EIRP.

2.6 Satellite antenna pattern

In TR38.821 Table 6.1.1.1-1, satellite antenna pattern is referred to Section 6.4.1 in TR38.811, in which the antenna gain pattern is defined as “corresponding to a typical reflector antenna with a circular aperture”. However, based on above analysis, the number of simultaneously active antennas could be 32, 64, 128, or even more. Each reflector antenna can only generate one beam at a time. It is rather difficult to deploy so many reflector antennas in real implementation. In our view, it is reasonable to assume the satellite antenna pattern to be panel array in this case.

Observation 10: If a big number of beams are needed to be generated simultaneously, it is not favorable to utilize reflector antennas as assumed in TR38.821 Table 6.1.1.1-1.

Proposal 10: As an assumption for the additional satellite payload parameters, antenna pattern should include panel array (not only reflector antennas as assumed in TR38.821 Table 6.1.1.1-1).


3. Conclusions

Observation 1: For coverage above elevation of 30 degree , at least 524 beams are needed. For coverage above elevation of 39.3 degree, at least 395 beams are needed. It is reasonable to assume the number of beams needed for the satellite coverage to be 500 to 1000 (or 512 to 1024 for convenience in some cases ).

Proposal 1: Define ‘number of beam footprints’ needed for the satellite coverage as an additional satellite payload parameter.

Proposal 2: Number of beam footprints needed for the satellite coverage can be 500 to 1000 (or 512 to 1024 for convenience in some cases )  for LEO-600 and S-band.

Observation 2: It is necessary to define the TX power limit as an additional satellite payload parameter, so that further evaluation on the number of simultaneous active beams and power per beam can be done. 

Proposal 3: Define ‘TX power limit’ as an additional satellite payload parameter.

Proposal 4: TX power limit can be 200W (23dBW) or 400W (26dBW) for LEO-600 and S-band.

Observation 3: To ensure that UEs can access the NTN network across the satellite footprint, illumination for SSB and other signaling in the initial access procedure is always necessary. The active beam ratio can not be too small even if there is not much traffic.

Proposal 5: Define ‘active beam ratio’ as an additional satellite payload parameter.

Proposal 6: For LEO-600 and S-band, assume the active beam ratio to be in the range from 1/32 to 1/8 for further evaluation of coverage enhancement.

Observation 4: Assume total beam number is 1024, active beam ratio is 1/8, aggregate TX power is 400W(26dBW), beam gain is 30dBi, allocated bandwidth is 5MHz, then link improvement requirement is 6dB.

Observation 5: Compromise should be considered among the satellite coverage, active beam ratio, power limit, and EIRP.

Proposal 7: Take 3dB or 6dB as the target for DL coverage improvement.

Observation 6: Using wider beams can reduce the number of simultaneously active beams. But a wider beam costs more TX power than a narrower beam to get the same EIRP level. So the parameter of beam width has no essential impact on the aggregate TX power. 

Observation 7: Comparing to traffic channels, the SSB channel has some advantage on link margin. Target EIRP for the SSB beams can be reduced so that the power sharing mechanism can be more efficient.

Proposal 8: Study and define, if beneficial, additional satellite payload parameters for a wider beam for the SSB channel, including its beam width, beam gain and target EIRP.

Observation 8: Beam width for the traffic beam can be different with beam width for the SSB beam.

Observation 9: Narrower beam can achieve the same target EIRP with less power consumption, due to its higher gain. When active UEs are highly scattered in their geographic locations,  narrower beams for traffic channels are more efficient in power consumption.

Proposal 9: Study and define, if beneficial, additional satellite payload parameters for a narrower beam for the traffic channels, including its beam width, beam gain and target EIRP.

Observation 10: If a big number of beams are needed to be generated simultaneously, it is not favorable to utilize reflector antennas as assumed in TR38.821 Table 6.1.1.1-1.

Proposal 10: As an assumption for the additional satellite payload parameters, antenna pattern should include panel array (not only reflector antennas as assumed in TR38.821 Table 6.1.1.1-1).
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