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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 
Link budget analysis
In RAN1#116 and RAN1#116-bis, the following agreements were made for system level and link level evaluations for DL CE [2]-[3].
	Agreement
For link budget calculation, parameters in the following table are assumed:
	Parameters
	

	Carrier frequency
	2 GHz for DL (S-band)

	Satellite altitude
	600 km

	Target elevation angle
	30° (LEO)

	Atmospheric loss
	Equation (6.6-8) in [38.811]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [38.811]
Ionospheric loss: = 2.2 dB
Tropospheric loss: Table 6.6.6.2.1-1 of [38.811]

	Additional loss
	0 dB 

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

	Terminal type
	[S band: (M, N, P) = (1,1,2)]

	UE antenna gain
	-5.5dBi

	Free space path loss
	Equation (6.6-2) in [38.811]

	Polarization loss
	3dB

	Outcome
	CNR




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


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%.] 



The CNR results for the satellite payload parameters Set 1-1 and Set 1-2 are presented in Table 1, and for Set 1-3 in Table 2. In Case 1, the antenna gain reduction because of steering loss is not considered, while steering losses of 4 dB and 2.5 dB are considered in Case 2 and Case 3, respectively. 

Table 1. CNR results for Set 1-1 & Set 1-2 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
	30
	31.24
	30
	2.0
	-5.5
	41
	-37.1
	5
	159.1
	0.07
	3.0
	2.2
	3.0
	0
	-1.9

	2 
	LEO-
600
	30
	31.24
	30
	2.0
	-5.5
	41
	-37.1
	5
	159.1
	0.07
	3.0
	2.2
	3.0
	4
	-5.9

	3
	LEO-
600
	30
	31.24
	30
	2.0
	-5.5
	41
	-37.1
	5
	159.1
	0.07
	3.0
	2.2
	3.0
	2.5
	-4.4





Table 2. CNR results for Set 1-3 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
	30
	23.24
	30
	2.0
	-5.5
	33
	-37.1
	5
	159.1
	0.07
	3.0
	2.2
	3.0
	0
	-9.9

	2
	LEO-
600
	30
	23.24
	30
	2.0
	-5.5
	33
	-37.1
	5
	159.1
	0.07
	3.0
	2.2
	3.0
	4
	-13.9

	3
	LEO-
600
	30
	23.24
	30
	2.0
	-5.5
	33
	-37.1
	5
	159.1
	0.07
	3.0
	2.2
	3.0
	2.5
	-12.4



Observation 1:  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 when steering loss is not considered.
Observation 2: LEO600km Set 1-3 in FR1 provides 8 dB lower CNR value compared to Set 1-1 & Set 1-2 regardless of the values of steering losses. 

System level evaluation  
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



	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




Agreement
RAN1 to consider the following performance metrics for DL Coverage enhancement evaluation at system level:
At least:
· CDF of the received SINR
· The dwell time and revisit time interval for each beam illumination across the coverage
· Periodicity of common control channels (e.g. SSB, CORESET0/SIB1, SIB19) and corresponding coverage ratio

Other metrics may be reported such as
· CDF of the cell throughput
· CDF of user perceived throughput (UPT)
· CDF of Latency
· Ratio of mean served cell throughput and offered cell throughput, denoted by 𝜌 (refer to TR36.889)

For system level study based on analytical evaluation:  
· N1 beam footprints are in state “off”
· These beam footprints are not served by any signal (no satellite service in this area)
· N2 beam footprints are in state “common messages only”
· These beam footprints do not have any active user traffic, and are served the necessary information for cell discovery and initial access.
· Optionally, companies may consider user arrival (e.g. RACH access) in this type of cell, and should describe how this is taken into account in the analytical evaluation
· N3 beam footprints are in state “active traffic” 
· These beam footprints have X active (e.g. VoNR) users each.
· These beam footprints are also served the necessary information for cell discovery and initial access
· N1 + N2 + N3 = “Total number of beam footprints “ 
· N1, N2, N3, X are to be reported by companies.
· Resource utilization obtained under the assumptions above is to be reported by companies.
· Other assumptions made in the evaluation are to be reported by companies, e.g. power sharing scheme, beam hopping scheme, etc.



For system level evaluation considering beam hopping, the following beam hopping methods can be considered:
· Option A: each cell has a same dwell time
· Option B: each cell has a same dwell time for control channels but different dwell times for data.
Detailed example descriptions for Option A and Option B are shown in Figure 1 and Figure 2, respectively. In Option A, each beam set (i.e., cluster) has a same dwell time and a same revisit time interval. In Option A, both data and common control channels are transmitted during the dwell time.  In Option B, there are two type of dwell times,  for common control channels and  for data. In Option B, a same dwell time  is initially allocated to each beam set in TDM manner. Afterward, the remaining time is used for data traffic, where the time period for data can be aperiodically allocated based on dynamic scheduling.

[image: ]
Figure 1.  Beam hopping scenario for Option A where each cell has a same dwell time.

[image: ]
Figure 2.  Beam hopping scenario for Option B where each cell has a same dwell time for control channels but different dwell times for data.

For Set1-1 FR1, the total 1058 beams are divided into the number of 10 =  beam sets. Considering Option A with a dwell time of 2 ms, the SSB periodicity of 20 ms can be satisfied and resulting in N1 = 952 and N2 = N3 = 106. Option B can also be considered for Set1-1 FR1 under the constraint of the 20 ms SSB periodicity. The same results can be derived for Set1-3 FR1. 

For Set1-2 FR1, the number of beam sets is  and N2 = N3 = 16 when considering Option A. To satisfy the SSB periodicity of 20 ms, dwelling time should be smaller than 0.29 ms but this cannot be supported because the minimum time duration for SSB is 0.5 ms. In Option A with the dwelling time of 0.5 ms, the number of beam sets should be smaller than 40 = 20/0.5 to satisfy the SSB periodicity of 20 ms. In this case, N2 = N3 = 16 and N1 = , and the additional reference satellite parameters scenarios for LEO600km Set1-2 in FR1 cannot be satisfied. Moreover, there is not enough time for data transmission. Option B obviously cannot support the parameters for LEO600km Set1-2 in FR1 under the constraint of the 20 ms SSB periodicity. 
 
Observation 3: The additional reference satellite parameters scenarios for LEO600km Set1-1 and Set1-3 in FR1 can satisfy the SSB periodicity of 20 ms. 
Observation 4: The additional reference satellite parameters scenarios for LEO600km Set1-2 in FR1 cannot satisfy the SSB periodicity of 20 ms. 
Proposal 1: RAN1 to consider modifying the parameters of LEO600km Set 1-2 in FR1. 

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. To accommodate the 1058 cells with the additional reference satellite parameters for LEO600km Set1 in FR1, the transmission period of the common signals can be longer than what the current standard supports. Moreover, considering longer periods for common signals is beneficial from the overhead perspective.

Observation 5: Increasing the time period of common signals can accommodate the 1058 cells with the additional reference satellite parameters for LEO600km Set1 in FR1, as well as reduce overhead.
Proposal 2: RAN1 to study whether the longer time period for common signals is necessary.

Conclusions
Observation 1:  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 when steering loss is not considered.
Observation 2: LEO600km Set 1-3 in FR1 provides 8dB lower CNR value compared to Set 1-1 & Set 1-2 regardless of the values of steering losses. 
Observation 3: The additional reference satellite parameters scenarios for LEO600km Set1-1 and Set1-3 in FR1 can satisfy the SSB periodicity of 20 ms. 
Observation 4: The additional reference satellite parameters scenarios for LEO600km Set1-2 in FR1 cannot satisfy the SSB periodicity of 20 ms. 
Observation 5: Increasing the time period of common signals can accommodate the 1058 cells with the additional reference satellite parameters for LEO600km Set1 in FR1, as well as reduce overhead.
Proposal 1: RAN1 to consider modifying the parameters of LEO600km Set 1-2 in FR1. 
Proposal 2: RAN1 to study whether the longer time period for common signals is necessary.
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