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Introduction
The intention of this contribution is to discuss the relationship between satellite beam and SSB.
Discussion
In the latest 38.821, the satellite parameters for system level simulator calibration have been captured, which can be considered as some kind of parameters for typical scenario, and the satellite beam diameter given for system level simulator calibration are summarized as follow:

Table 1: Satellite beam diameter for system level simulator calibration
	
	Diameter per cell 

	
	GEO
	LEO-1200
	LEO-600

	S-band - Set 1

(i.e. 2 GHz)
	250km


	90km


	50km 


	S-band - Set 2

(i.e. 2 GHz)
	450km
	190km
	90km

	Ka-band - Set 1

(i.e. 30 GHz for UL)
	110km


	40km


	20km



	Ka-band - Set 2

(i.e. 30 GHz for UL)
	280km
	90km
	50km


Based on the table above, it can be observed that the typical diameters for LEO-600 is 20km/50km for Ka band and 50km/90km for S-band. Considering the moving speed of satellite and the signaling load caused by mobility procedure, the 20km/50km diameter is too small for a satellite cell, thus a satellite cell may consist of multiple satellite beams. For NTN, for the case that one satellite cell consist of multiple satellite beams, one issue need to be discussed is the maximum number of satellite beams supported within one satellite cell.

Observation 1: One satellite cell may consist of multiple satellite beams. The relationship between satellite beam and SSB shall be clarified.

Since in current specs SSB is closely linked with the RACH resources (RO and preamble), to multiplex one SSB to several satellite beams might lead to some misunderstanding in the RACH procedure at network’s side and bring extra complexity in both the standardization and implementation. Therefore, in case one satellite cell consists of multiple satellite beam, there will be a one-to-one mapping between satellite beam and SSB.
Observation 2: If one SSB can be mapped to multiple satellite beams, some misunderstanding may be caused in RACH procedure and extra complexity in both standardization and implementation will be introduced.

Proposal 1: In case one satellite cell consist of multiple satellite beam, RAN2 assume there will be a one-to-one mapping between satellite beam and SSB in the evaluation of maximum number of SSB (i.e. no effort will be made to address the one-to multiple/multiple-to-one mapping between SSB and satellite beam). 
For the number of SSB supported within a cell, the following description can be found in 38.213.

----------------------------------------------------- From 38213 -------------------------------------------------------------
For a half frame with SS/PBCH blocks, the first symbol indexes for candidate SS/PBCH blocks are determined according to the SCS of SS/PBCH blocks as follows, where index 0 corresponds to the first symbol of the first slot in a half-frame. 
-
Case A - 15 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes of 
[image: image1.wmf]{

}

n

×

+

14

8

,

2

. For carrier frequencies smaller than or equal to 3 GHz, 
[image: image2.wmf]1

,

0

=

n

. For carrier frequencies within FR1 larger than 3 GHz, 
[image: image3.wmf]3

,

2

,

1

,

0

=

n

.

-
Case B - 30 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes 
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Case C - 30 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes 
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For paired spectrum operation
-
For carrier frequencies smaller than or equal to 3 GHz, 
[image: image8.wmf]1

,

0

=

n

. For carrier frequencies within FR1 larger than 3 GHz, 
[image: image9.wmf]3

,

2

,

1

,

0

=

n

. 

-
For unpaired spectrum operation
-
For carrier frequencies smaller than or equal to 2.4 GHz, 
[image: image10.wmf]1

,

0

=

n

. For carrier frequencies within FR1 larger than 2.4 GHz, 
[image: image11.wmf]3

,

2

,

1

,

0

=

n

.
-
Case D - 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes 
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-
Case E - 240 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes 
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---------------------------------------------------------- From 38213 --------------------------------------------------------
It can be observed from the description given above that the maximum number of SSB given in a SSB set within the cell is 4 for carrier frequency smaller and equal to 3 GHz, 8 for carrier frequency within FR1 larger than 3 GHz and 64 for carrier frequency within FR2 respectively.

Observation 3: In NR, the maximum number of SSB given in a SSB set within the cell is 4 for carrier frequency smaller and equal to 3 GHz, 8 for carrier frequency within FR1 larger than 3 GHz and 64 for carrier frequency within FR2 respectively.

Based on the satellite parameters for system level simulator calibration and the maximum number of beam (SSB) supported in current NR specs, the maximum diameter of satellite cell are calculated in the table below. 
Table 2: Maximum coverage of satellite cell based on the satellite parameters for system level simulator calibration
	
	Diameter per cell 

	
	GEO
	LEO-1200
	LEO-600

	S-band -Set 1

(i.e. 2 GHz)
	500km

(4 beams)
	180km

(4 beams)
	100km

(4 beams)

	S-band - Set 2
(i.e. 2 GHz)
	900km

(4 beams)
	380km

(4 beams)
	180km

(4 beams)

	Ka-band - Set 1

(i.e. 30 GHz for UL)
	880km

(64 beams)
	320km

(64 beams)
	160km

(64 beams)

	Ka-band - Set 2 

(i.e. 30 GHz for UL)
	2240km

(64 beams)
	720km

(64 beams)
	400km

(64 beams)


According to the simulation assumption given in TR 38821, the UE speed is 3 km/h in S band and 0 km/h (for stationary UE), 1000 km/h (for high speed UE) in Ka band respectively. Typically, the speed of satellite is 7.6 km/s for LEO-600 km and 7.2 km/s for LEO-1200km separately. The inter-cell handover rate can be investigated considering the extreme case where UE and satellite is moving in the opposite direction. To simplify the discussion, here inter-cell handover rate is obtained as the maximum diameter of a satellite cell divided by the relative speed of UE. 

Therefore, based on the speed of UE provided in the simulation assumption and the typical speed of LEO satellite, together with the maximum coverage of a satellite cell provided in Table 2, the inter-cell handover rate calculated is given in the following table. 
Table 3: Inter-cell handover rate   
	
	  Inter- cell handover rate 

	
	GEO
	LEO-1200
	LEO-600

	S-band -Set 1

(i.e. 2 GHz)
	0.006 times/h 

(i.e. every 10000 min)
(Diameter = 500km)
	144 times/h (i.e. every 25s)
(Diameter = 180km)
	274 times/h (i.e. every 13s)
(Diameter = 100km)

	S-band - Set 2
(i.e. 2 GHz)
	0.0033 times/h

(i.e. every 18000 min)
(Diameter = 900km)
	68 times/h (i.e. every 53s)
(Diameter = 380km)
	152 times/h (i.e. every 24s)
(Diameter = 180km)

	Ka-band - Set 1

(i.e. 30 GHz for UL)
	1.136 times/h 

(i.e. every 53 min)

(Diameter = 880km)
	81 times/h (i.e. every 44s)
84 times/h (i.e. every 43s)

(Diameter = 320km)
	171 times/h (i.e. every 21s)
177 times/h (i.e. every 20s)

(Diameter = 160km)

	Ka-band - Set 2 

(i.e. 30 GHz for UL)
	0.446 times/h

(i.e. every 134min)

(Diameter =2240 km)
	36 times/h (i.e. every 100s)
37 times/h (i.e. every 97s)

(Diameter = 720km)
	68 times/h (i.e. every 53s)
71 times/h (i.e. every 51s)

(Diameter = 400km)


Note 1: highlighted in red is the inter-cell handover rate of high speed UE .

It can be observed that inter-cell handover rate can be up to 274 time per hour in S-band (that is one handover every 13s) and up to 177 times per hour in Ka-band (that is one handover every 20s). Since the inter-cell handover rate is closely related to the beam coverage which is jointly determined by the SSB number supported within the cell as well as the diameter of a single satellite beam. RAN2 is kindly asked to take above statics into account and discuss whether the maximum number of SSB supported in R-15 is sufficient for NTN.

Observation 4: The inter-cell handover rate obtained according to the simulation assumption given in specs can be up to 274 time per hour(i.e. one handover every 13s) in S-band and up to 177 times per hour (i.e. one handover every 20s) in Ka-band, which is closely related to the beam coverage jointly determined by the SSB number supported and the diameter of a single satellite beam.  
Proposal 2: RAN2 is kindly asked to discuss whether the maximum number of SSB supported in Rel-15 is sufficient for NTN, especially for the FR1 case (e.g. whether the maximum number of FR1 cell can be extended to 64 as well)
Conclusion
According to the discussion above, we have following observations and proposals:

Observation 1: One satellite cell may consist of multiple satellite beams. The relationship between satellite beam and SSB shall be clarified.
Observation 2: If one SSB can be mapped to multiple satellite beams, some misunderstanding may be caused in RACH procedure and extra complexity in both standardization and implementation will be introduced.

Proposal 1: In case one satellite cell consist of multiple satellite beam, RAN2 assume there will be a one-to-one mapping between satellite beam and SSB in the evaluation of maximum number of SSB (i.e. no effort will be made to address the one-to multiple/multiple-to-one mapping between SSB and satellite beam). 
Observation 3: In NR, the maximum number of SSB given in a SSB set within the cell is 4 for carrier frequency smaller and equal to 3 GHz, 8 for carrier frequency within FR1 larger than 3 GHz and 64 for carrier frequency within FR2 respectively.

Observation 4: The inter-cell handover rate obtained according to the simulation assumption given in specs can be up to 274 time per hour(i.e. one handover every 13s) in S-band and up to 177 times per hour (i.e. one handover every 20s) in Ka-band, which is closely related to the beam coverage jointly determined by the SSB number supported and the diameter of a single satellite beam.  
Proposal 2: RAN2 is kindly asked to discuss whether the maximum number of SSB supported in Rel-15 is sufficient for NTN, especially for the FR1 case (e.g. whether the maximum number of FR1 cell can be extended to 64 as well).
Reference

TS 38.213 

TR 38821
Annex 1 - System level simulations from 38.821
6.1.1
System level simulations

The following tables representing two sets of satellite parameters are considered as the baseline for system level simulator calibration:

Table 6.1.1-1: Set-1 satellite parameters for system level simulator calibration

	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35’786 km
	1’200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811
	Section 6.4.1 in TR 38.811
	Section 6.4.1 in TR 38.811

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band

(i.e. 2 GHz)
	22 m
	2 m
	2 m

	Satellite EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz

	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	Satellite beam diameter (Note 2)
	
	250 km
	90 km
	50 km

	Equivalent satellite antenna aperture (Note 1)
	Ka-band

(i.e. 20 GHz for DL)
	5 m
	0.5 m
	0.5 m

	Satellite EIRP density
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	Satellite Tx max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi

	Satellite beam diameter (Note 2)
	
	110 km
	40 km
	20 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 

(i.e. 2 GHz)
	22 m
	2 m
	2 m

	G/T
	
	19 dB K-1
	1.1 dB K-1
	1.1 dB K-1

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	5 m
	0.5 m
	0.5 m

	G/T
	
	28 dB K-1
	13 dB K-1
	13 dB K-1

	Satellite RX max Gain
	
	62 dBi
	42 dBi
	42 dBi

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR 38.811 REF _Ref718682 \r \h  \* MERGEFORMAT .

Note 2: This beam size refers to the Nadir pointing of the satellite


Table 6.1.1-2 : Set-2 satellite parameters for system level simulator calibration

	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35’786 km
	1’200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811
	Section 6.4.1 in TR 38.811
	Section 6.4.1 in TR 38.811

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band

(i.e. 2 GHz)
	12 m
	1 m
	1 m

	Satellite EIRP density
	
	53.5 dBW/MHz
	34 dBW/MHz
	28 dBW/MHz

	Satellite Tx max Gain
	
	45.5 dBi
	24 dBi
	24 dBi

	Satellite beam diameter (Note 2)
	
	450 km
	190 km
	90 km

	Equivalent satellite antenna aperture (Note 1)
	Ka-band

(i.e. 20 GHz for DL)
	2 m
	0.2 m
	0.2 m

	Satellite EIRP density
	
	32 dBW/MHz
	2 dBW/MHz
	-4 dBW/MHz

	Satellite Tx max Gain
	
	50.5 dBi
	30.5 dBi
	30.5 dBi

	Satellite beam diameter (Note 2)
	
	280 km
	90 km
	50 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band

(i.e. 2 GHz)
	12 m
	1 m
	1 m

	G/T
	
	14 dB K-1
	-4.9 dB K-1
	-4.9 dB K-1

	Satellite Rx max Gain
	
	45.5 dBi
	24 dBi
	24 dBi

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	2 m
	0.2 m
	0.2 m

	G/T
	
	20 dB K-1
	5 dB K-1
	5 dB K-1

	Satellite Rx max Gain
	
	54 dBi
	34 dBi
	34 dBi

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR 38.811.

Note 2: This beam size refers to the Nadir pointing of the satellite


Annex 2- Link level simulation assumption from 388216.1.2
Link level simulations

The following table provides the LLS parameters for DL synchronization performance evaluation
Table 6.1.2-1 : LLS parameters for DL synchronization evaluation

	
	S-band
	Ka-band

	Carrier Frequency
	2 GHz
	20 GHz

	Channel Model
	For GEO (optional) :

Baseline TDL/CDL model in TR38.811, with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle 10 deg

For LEO :

Baseline TDL/CDL model in TR38.811, with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle [30] deg

	Subcarrier Spacing(s)
	15kHz, 30kHz
	 120kHz, 240kHz

	DL RS
	SSB

	Antenna Configuration at the TRP (satellite)
	1Tx
	1Tx

	Antenna Configuration at the UE
	(1, 1, 2) with omni-directional antenna element


	VSAT with 60 cm equivalent aperture diameter

(4, 8, 2) with directional antenna element (HPBW=65 °, directivity 8 dBi)



	UE speed
	3 km/h
	0 km/h, 1000 km/h

	UE elevation angle
	For GEO (optional) : 10°,

For LEO : 30°

	Frequency Offset
	UE crystal accuracy: 10 ppm

Satellite : oscillator accuracy values provided in Table 6.1.1-8

Doppler shift in channel due to satellite movement : max. Doppler shift values provided in Table 6.1.1-8

Doppler shift in channel due to UE movement :  max. value to be computed based on the UE speed and the elevation angle

Note 1 : The final frequency offset is the sum up of all the contributions 

Note 2 : Doppler spectrum on Rayleigh fading taps based on Jake model should be considered in addition to Doppler shift (see section 6.9.2 in TR 38.811)

Note 3 : For a Rayleigh fading tap a minimum Doppler of 1 Hz should be considered.

	Frequency drift
	[Doppler rate values provided in Table 6.1.1-8]

	Phase noise model
	FFS

	Metrics
	CDF of timing and frequency residual offset at SNIR point corresponding to 90% likelihood.

Note 4: FAR requirement = 1%


Note: The SNR range to be evaluated should be based on the link budget analysis for each channel.
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