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Introduction
[bookmark: _Ref473802466][bookmark: _Ref462669569]In RAN#102, a new work item on Non-Terrestrial Networks (NTN) for NR Phase 3 was approved [1]. The following objective to be studied as a study item on NR NTN downlink coverage enhancements (DL CE): 
	[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



In this contribution, we discuss the issues on NR-NTN downlink coverage enhancements.  




Discussion
Assumption on Antenna Gain for Each Active Beam
In RAN1#116, the following agreements were made for system level and link level evaluations for DL CE.
	Agreement
· Adopt the following phased array antenna parameters for LEO 600km in FR1:
	Satellite phased array antenna Characteristics
	LEO-600

	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 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 
	[4dB]






When a phased array antenna produces multiple beams at the same time, the transmit antenna gain for each beam is influenced by the antenna's design. For example, in Case 1, where each beam is created using separate antenna elements, using more elements per beam leads to higher antenna gain. However, as the number of beams increases, fewer elements are available for each beam, which reduces the antenna gain. On the other hand, Case 2 presents an ideal situation where all elements contribute to every beam, ensuring that the gain for each beam does not decrease, regardless of how many beams are active. 
The modeling of each beam's transmission antenna gain can significantly affect both system-level and link-level evaluation results. Table 1- Table 3 present the CNR results for Case 1 and Case 2 when assuming 

.

Table 1. CNR results for Set1-1 FR1
	Case
	Satellite orbit
	Tx antenna gain/beam [dBi]
	Payload total DL 
power level [dBW]
	Elevation angle [deg.]
	Frequency [GHz]
	UE antenna gain [dBi]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation loss [dB]
	Polarization loss [dB]
	Steering losses [dB]
	CNR [dB]

	1
	LEO-
600
	9.8
	31.24
	30
	2.0
	-5.5
	20.8
	-37.1
	5
	159.1
	0.1
	3.0
	2.2
	3.0
	4.0
	-26.18

	2
	LEO-
600
	30
	31.24
	30
	2.0
	-5.5
	41
	-37.1
	5
	159.1
	0.1
	3.0
	2.2
	3.0
	4.0
	-5.92



Table 2. CNR results Set1-2 FR1
	Case
	Satellite orbit
	Tx antenna gain/beam [dBi]
	Payload total DL 
power level [dBW]
	Elevation angle [deg.]
	Frequency [GHz]
	UE antenna gain [dBi]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation loss [dB]
	Polarization loss [dB]
	Steering losses [dB]
	CNR [dB]

	1
	LEO-
600
	17.97
	23
	30
	2.0
	-5.5
	28.9
	-37.1
	5
	159.1
	0.1
	3.0
	2.2
	3.0
	4.0
	-17.97

	2
	LEO-
600
	30
	23
	30
	2.0
	-5.5
	41
	-37.1
	5
	159.1
	0.1
	3.0
	2.2
	3.0
	4.0
	-5.92



Table 3. CNR results Set1-3 FR1
	Case
	Satellite orbit
	Tx antenna gain/beam [dBi]
	Payload total DL 
power level [dBW]
	Elevation angle [deg.]
	Frequency [GHz]
	UE antenna gain [dBi]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation loss [dB]
	Polarization loss [dB]
	Steering losses [dB]
	CNR [dB]

	1
	LEO-
600
	9.8
	23.24
	30
	2.0
	-5.5
	20.2
	-37.1
	5
	159.1
	0.1
	3.0
	2.2
	3.0
	4.0
	-34.18

	2
	LEO-
600
	30
	23.24
	30
	2.0
	-5.5
	33
	-37.1
	5
	159.1
	0.1
	3.0
	2.2
	3.0
	4.0
	-13.92



Observation 1: When a phased array antenna generates multiple simultaneously active beams, the transmit antenna gain of each beam can vary depending on how the phased array antenna generates each beam.
Observation 2: The results for both system-level and link-level evaluations can be significantly influenced by the transmit antenna gain for each beam.
Proposal1: RAN1 to clarify how to determine the transmit antenna gain of each active beam for DL CE evaluations.
· Discussions on how to determine the transmit antenna gain is required. 
· Or, the assumptions used for DL CE evaluations should be reported.   

Long Periodicity of Common Signals
In RAN1#116, the following agreements were made for additional reference satellite parameters scenarios [2].
	Agreement
[bookmark: _Hlk163241361][bookmark: _Hlk163203230]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






When a satellite operates with numerous beam footprints, the total number of simultaneously active beams is limited by the total DL power of the payload. When the satellite employs beam hopping in TDM manner, the activation time period of a specific beam can be prolonged, causing the transmission period of the common signals can be longer than what the current standard supports.

Observation 3: Increasing the time period of common signals may be necessary.
Proposal 2: RAN1 to study whether the longer time period for common signals is necessary.

Conclusions
Observation 1: When a phased array antenna generates multiple simultaneously active beams, the transmit antenna gain of each beam can vary depending on how the phased array antenna generates each beam.
Observation 2: The results for both system-level and link-level evaluations can be significantly influenced by the transmit antenna gain for each beam.
Observation 3: Increasing the time period of common signals may be necessary.
Proposal 1: RAN1 to clarify how to determine the transmit antenna gain of each active beam for DL CE evaluations.
· Discussions on how to determine the transmit antenna gain is required. 
· Or, the assumptions used for DL CE evaluations should be reported.   

Proposal 2: RAN1 to study whether the longer time period for common signals is necessary.
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