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[bookmark: _Toc484675172]1 Abstract
The objective of this document is to propose a text for the 7th clause “Potential key impact areas on NR to support NTN” of the TR 38.811 “Study on NR to support Non-Terrestrial Networks”.

[bookmark: _Toc484675173]2 Discussion
This clause identifies the specific constraints associated to Non-Terrestrial Network with which the NR radio interface will need to cope with in regard of the selection of the Cyclic Prefix (CP) length.

3 [bookmark: _Toc484675174]Proposed text for approval
It is proposed to add the following texts to TR 38.811 “Study on NR to support Non-Terrestrial Networks”, v0.2.0.
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* * * Start of changes * * * * (new text)
[bookmark: _Toc493127312]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

AWGN:	Additive White Gaussian Noise
BLOS:	Beyond Line of Sight
BS:	Base Station
BW:	Bandwidth
C2:	Control and Command
CP:	Cyclic Prefix
eMBB:	enhanced Mobile Broadband
FOTA:	Firmware Over The Air services
FSS:	Fixed Satellite Services
GEO:	Geostationary Earth Orbiting
gNB:	next Generation Node B
GW:	Gateway
HD:	High Definition
HEO:	Highly Elliptical Orbiting
IoT:	Internet of Things
KPI:	Key Performance Indicator
IMUX:	Input MUltipleXer
ISL:	Inter-Satellite Links
LEO:	Low Earth Orbiting
LMS:	Land Mobile Satellite
LoS:	Line of Sight
Mbps:	Mega bit per second
MEO:	Medium Earth Orbiting
mMTC:	massive Machine Type Communications
MS:	Mobile Services
MSS:	Mobile Satellite Services
NGSO:	Non Geostationary Satellite Orbit
NLOS :	Non Line of Sight
NT:	Non Terrestrial
NTN: 	Non Terrestrial Network
OMUX:	Output MUltipleXer
POI:	Point of Interest
RAN:	Radio Access Network
RAT:	Radio Access Technology
RB:	Resource Block
SOTA:	Software Over The Air services
TV:	Television
UAS:	Unmanned Aerial System
UE:	User Equipment
URLCC:	ultra-Reliable Low latency Communications
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Potential key impact areas on NR to support NTN
[bookmark: _Toc484675181]7.<X> Constraints associated to NTN for CP dimensioning
This clause describes design constraints of the New Radio cyclic prefix (CP) that need to be addressed when considering using New Radio in Non-Terrestrial Network deployment scenarios. 
Delay spread in satellite propagation channels
Signal echoes are associated to the presence of indirect rays that reach the receiver antenna and carry a significant energy with respect to the energy of the direct ray.
ITU-R recommendation [5] defines for the 2 GHz band three parameter sets of wideband models, including LOS and NLOS cases, applicable for an elevation range from 15 to 55° and for urban, suburban and rural environments. The delay spread of these three parameter sets ranges between 180 ns to 250 ns, whereas the 250 ns are stated to cover 90% of the cases. 
For higher elevations than 55°, we assume that the delay spread of the satellite channel will be in the same range or even lower due to the traveling distances of the echoes arriving at a receiver.
Few papers are available on delay spread measurements in Ka-Band. Reference [7] is stating the coherence bandwidth to be 30 MHz at 40 GHz with omnidirectional antennas. According to [8], the coherence bandwidth (Δ f)c of a channel with maximum delay spread Tm is 
(Δ f)c ≈ 1 / (5T)
For the stated coherence bandwidth in [7], this results in a maximum delay spread of Tm = 25 ns for omni-directional antennas. For directional antennas, echoes with significant delay are normally filtered out by the antenna radiation pattern, so flat fading can be assumed for Ka-band signals.
CP length defined in NR
The CP lengths currently defined for New Radio [6] are summarized in the following table:

Table <x>: CP lengths and minimum/maximum RF bandwidth of NR as currently defined in [6].
	Subcarrier spacing (SCS) configuration parameter  µ
	SCS [kHz]
	normal CP length [µs]
	extended CP length [µs]
	min RB
	min nr of sub-carrier
	max RB
	max nr of sub-carrier
	min occupied bandwidth [MHz]
	max occupied bandwidth [MHz]

	0
	15
	4,688
	Not defined
	24
	288
	275
	3300
	4,32
	49,5

	1
	30
	2,344
	Not defined
	24
	288
	275
	3300
	8,64
	99

	2
	60
	1,172
	16,67
	24
	288
	275
	3300
	17,28
	198

	3
	120
	0,586
	Not defined
	24
	288
	275
	3300
	34,56
	396

	4
	240
	0,293
	Not defined
	24
	288
	138
	1656
	69,12
	397,44

	5
	480
	0,146
	Not defined
	24
	288
	69
	828
	138,24
	397,44



It is observed that lower numerologies (µ= 0, 1) are associated with CP lengths exceeding the requirement of NTN by far, resulting in a lower spectral efficiency due to the unnecessary overhead of the CP (e.g. for µ= 0: (4.688µs - 0.25µs) / 66.67 µs = 6.7 %). The extended CP for a SCS of 60 kHz is not required, because it is significantly larger than required for satellite applications.
High numerologies (µ= 4, 5) result in a CP length which is too low for satellite application in L-/S-Band, but not in Ka-band. 
As a conclusion, for the selection of the CP length according to the S-Band propagation channel, an SCS of 60 kHz or 120 kHz (µ= 2, 3) seems to be a good compromise. In Ka-band, an SCS of 120, 240 or 480 kHz are most efficient in regard of the propagation channel.
[bookmark: _Ref482993862][bookmark: _Toc484675184]However, the selection of the configuration parameter cannot be seen in isolation due to other relevant influencing parameters like RF bandwidth, Timing Advance step size especially for LEO satellites and phase noise robustness in Ka-band. To give one example, the minimum RF bandwidth of 17.28 to 138.24 MHz does not match to some satellite transponder bandwidths in S-Band. 
The following two tables give an overview on the selection criteria for SCS configuration in Ka-Band and S-Band
Table <x>: Overview for selection of SCS configuration in Ka-Band.
	Subcarrier spacing (SCS) configuration parameter  µ
	Satellite propagation channel 
Ka-band
	Phase noise
	Doppler shift for LEO, MEO
	Minimum RF transponder bandwidth
	TA update for LEO, MEO
	TA update for GEO

	0
	Ok, but CP too long
	FFS
	Not ok
	Ok
	

FFS, 
more challenging with higher SCS

	Ok

	1
	Ok, but CP too long
	FFS
	Not ok
	Ok
	
	Ok

	2
	Ok, but CP too long
	FFS
	Ok 
	Ok
	
	Ok

	3
	Ok
	FFS
	Ok
	Ok
	
	Ok

	4
	Ok
	Ok
	Ok
	TBD
	
	Ok

	5
	Ok
	Ok
	Ok
	TBD
	
	Ok



Table <x>: Overview for selection of SCS configuration in S-Band.
	Subcarrier spacing (SCS) configuration parameter  µ
	Satellite propagation channel 
S-band
	Phase noise
	Doppler shift for LEO, MEO
	Minimum RF transponder bandwidth
	TA update for LEO, MEO
	TA update for GEO

	0
	Ok, but CP too long
	Ok
	ok
	Ok
	
FFS, 
more challenging with higher SCS

	Ok

	1
	Ok, but CP too long
	Ok
	Ok
	Ok
	
	Ok

	2
	Ok
	OK
	Ok
	Not ok
	
	Ok

	3
	Ok
	OK
	Ok
	Not ok
	
	Ok

	4
	FFS
	Ok
	Ok
	Not ok
	
	Ok

	5
	Not ok
	Ok
	Ok
	Not ok
	
	Ok


[bookmark: _GoBack]


* * * End of Changes * * * *

6

