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Introduction
In RAN1#85, the following was agreed 
· Recommended requirements in TR 38.913 on extreme long range:
· [Traffic density: [380-500kbps/km²]
· User Experienced Data Rate: up to [2]Mbps while stationary and [384kbps] while moving]
· Aiming to have link budget analysis in RAN1#86:
· Channel model for extreme rural scenario
· Target data rate DL 2 Mbps (stationary) and 384 kbps (moving) with corresponding BS Tx power, BS antenna height, BS antenna gain, BS receiver NF
· Alternative DL data rate with corresponding BS Tx power, BS antenna height, BS antenna gain, BS receiver NF
· UL data rate with corresponding BS Tx power, BS antenna height, BS antenna gain, BS receiver NF
· Decision on remaining parameters in the SLS evaluation table
In [1], we provide a channel model for the extreme range scenarios together with a path loss model in [2] based on measurements reported in [5]. Additionally, [3] gives a model for traffic. In this contribution we provide link budget analysis for the extreme long range scenario.
Modeling assumptions
The proposal in [4] contains some remaining undecided parameters and to be able to make an link budget analysis, we make the following assumptions and parameter proposal on top of those listed in [4]:
Table 1 Modeling parameters for link budget
	Parameter
	
	BS
	
	UE

	TX power
	
	49 dBm (80 W)
	
	23 dBm

	Number of antenna elements
	
	256 Tx/Rx
	
	2 Tx/Rx

	Antenna element gain
	
	8 dBi
	
	0 dBi

	Noise figure
	
	3 dB
	
	9 dB



The path gain is obtained from the measurement analysis in [2], which results in free space propagation plus a clutter term and can be described as:

Where f  is the carrier frequency in GHz and d is the distance in kilometers. The term 20 dB is the measurement fitting term [4], which models the loss due to environment clutter. Note that the path gain equation is not explicitly dependent on the BS antenna height, however, for the equation to hold a certain BS antenna height is required and it is also required that the UE is positioned adequately with respect to the BS. In the measurements used to confirm the model, the relative height difference between BS and UE ranged from 60 to 600 meters. 



Link budget results
In table 2, the link budget using default parameter settings from Table 1 are shown.

Table 2 Link budget for extreme rural scenario – default (maximal) parameter values
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The experienced downlink and uplink user data rate at 400 km distance is 31.2 and 0.58 MBps respectively which exceeds the downlink target data rate of 2 MBps. 
Observation: From a link budget perspective, the requirement on the downlink data rate for the extreme rural with extreme long range can be met with the assumptions (e.g antenna size, TX power,..) that are tentatively agreed in the TR.
In Table 2 results, two omni antennas have been used at the UE. If more advanced antennas are used at the UE that also allows for directional transmission (beamforming) using 4 directional antenna elements, then the uplink can also sustain more than 2 MBps at 400 km range. 
Even if the BS use a moderate size array with 8 antenna elements per polarization, and with smaller TX power than in Table 2 (46 dBm), the requirement of 2 MBps is met in the downlink at 400 km range. 
Table 3 Link budget for extreme rural scenario –small BS array and lower TX power
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In Table 4, we also studied the 3.4 GHz case. To meet the requirements at 400 km, there is a need for more antenna gain and it can be seen that 64 BS antenna elements per polarization and 8 UE antenna elements is sufficient.
Table 4 Link budget for extreme rural scenario for 3.4 GHz case
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Discussion
It has been shown with link budget analysis that the requirements of throughput at extreme range can be achieved with current NR assumptions at both 0.7 and 3.4 GHz carrier frequency. Note that even with very high sites there will be Fresnel zone obstruction by the curvature of the earth and to obtain coverage beyond that will depend upon how much refraction loss can be tolerated given the MAPL.  Ducting is the other possibility for overcoming the radio horizon and of course airborne devices will potentially operate at very long distances.
It should also be noted that while it is possible to connect to the NR system at extreme ranges,  95% of the user population is within 50 km distance from the BS site [3] and hence, this should thus not be seen as an area covering solution.
Proposal: NR should be designed to be able to operate over extreme ranges (~400 km) 
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Extreme rural with extreme Long Range

ISD [m] 173 205259 808433 013692 820866 025

Frequency [GHz] 0,7 0,7 0,7 0,7 0,7

Bandwidth [MHz] 20 20 20 20 20

BS element gain [dBi] 8 8 8 8 8

BS # elements (per polarization) 8 8 8 8 8

BS antenna gain [dBi] (Gantbs) 17,0 17,0 17,0 17,0 17,0

Prop - Sigma (shadowing) 8 8 8 8 8

Range [m] 100 000150 000250 000400 000500 000

Pathgain [dB] -149,4 -152,9 -157,3 -161,4 -163,3

Wall gain (-loss) [dB] (Gw) 0,0 0,0 0,0 0,0 0,0

Indoor pathgain [dB] (Gi)  0 0 0 0 0

Fade margin [dB] (Gf) -4,0 -4,0 -4,0 -4,0 -4,0

UE element gain [dBi] 0 0 0 0 0

UE # elements 2 2 2 2 2

UE antenna gain [dBi] (Gantue) 3,0 3,0 3,0 3,0 3,0

Isotropic gain [dB] (Gp+Gw+Gi+Gf) -153,4 -156,9 -161,3 -165,4 -167,3

Coupling gain [dB] (Gp+Gantbs+Gantue) -133,3 -136,8 -141,3 -145,4 -147,3

Downlink transmit power [dBm]

46 46 46 46 46

Received Power [dBm] -87,3 -90,8 -95,3 -99,4 -101,3

Noise figure [dB] 9,0 9,0 9,0 9,0 9,0

Noise power [dBm] -92,0 -92,0 -92,0 -92,0 -92,0

Interference margin [dB] 3,0 3,0 3,0 3,0 3,0

SINR [dB] 4,7 1,1 -3,3 -7,4 -9,3

Downlink datarate [Mbps] 21 12 5 2,2 1,4

Uplink transmit power [dBm]

23 23 23 23 23

Received Power [dBm] -110,3 -113,8 -118,3 -122,4 -124,3

Noise figure [dB] 3,0 3,0 3,0 3,0 3,0

Noise power [dBm] -98,0 -98,0 -98,0 -98,0 -98,0

Interference margin [dB] 1,0 1,0 1,0 1,0 1,0

SINR [dB] -13,3 -16,9 -21,3 -25,4 -27,3

Uplink Datarate [Mbps] 0,6 0,3 0,09 0,04 0,02


image3.emf
Extreme rural with extreme Long Range

ISD [m] 173 205259 808433 013692 820866 025

Frequency [GHz] 3,4 3,4 3,4 3,4 3,4

Bandwidth [MHz] 20 20 20 20 20

BS element gain [dBi] 8 8 8 8 8

BS # elements (per polarization) 64 64 64 64 64

BS antenna gain [dBi] (Gantbs) 26,1 26,1 26,1 26,1 26,1

Prop - Sigma (shadowing) 8 8 8 8 8

Range [m] 100 000150 000250 000400 000500 000

Pathgain [dB] -163,1 -166,6 -171,0 -175,1 -177,1

Wall gain (-loss) [dB] (Gw) 0,0 0,0 0,0 0,0 0,0

Indoor pathgain [dB] (Gi)  0 0 0 0 0

Fade margin [dB] (Gf) -4,0 -4,0 -4,0 -4,0 -4,0

UE element gain [dBi] 0 0 0 0 0

UE # elements 8 8 8 8 8

UE antenna gain [dBi] (Gantue) 9,0 9,0 9,0 9,0 9,0

Isotropic gain [dB] (Gp+Gw+Gi+Gf) -167,1 -170,6 -175,0 -179,1 -181,1

Coupling gain [dB] (Gp+Gantbs+Gantue) -132,0 -135,5 -139,9 -144,0 -146,0

Downlink transmit power [dBm]

46 46 46 46 46

Received Power [dBm] -86,0 -89,5 -93,9 -98,0 -100,0

Noise figure [dB] 9,0 9,0 9,0 9,0 9,0

Noise power [dBm] -92,0 -92,0 -92,0 -92,0 -92,0

Interference margin [dB] 3,0 3,0 3,0 3,0 3,0

SINR [dB] 6,0 2,5 -2,0 -6,1 -8,0

Downlink datarate [Mbps] 25 15 7 2,9 1,9

Uplink transmit power [dBm]

23 23 23 23 23

Received Power [dBm] -109,0 -112,5 -116,9 -121,0 -123,0

Noise figure [dB] 3,0 3,0 3,0 3,0 3,0

Noise power [dBm] -98,0 -98,0 -98,0 -98,0 -98,0

Interference margin [dB] 1,0 1,0 1,0 1,0 1,0

SINR [dB] -12,0 -15,5 -20,0 -24,1 -26,0

Uplink Datarate [Mbps] 0,8 0,4 0,13 0,05 0,03
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Extreme rural with extreme Long Range

ISD [m] 173 205259 808433 013692 820866 025

Frequency [GHz] 0,7 0,7 0,7 0,7 0,7

Bandwidth [MHz] 20 20 20 20 20

BS element gain [dBi] 8 8 8 8 8

BS # elements (per polarization) 128 128 128 128 128

BS antenna gain [dBi] (Gantbs) 29,1 29,1 29,1 29,1 29,1

Prop - Sigma (shadowing) 8 8 8 8 8

Range [m] 100 000150 000250 000400 000500 000

Pathgain [dB] -149,4 -152,9 -157,3 -161,4 -163,3

Wall gain (-loss) [dB] (Gw) 0,0 0,0 0,0 0,0 0,0

Indoor pathgain [dB] (Gi)  0 0 0 0 0

Fade margin [dB] (Gf) -4,0 -4,0 -4,0 -4,0 -4,0

UE element gain [dBi] 0 0 0 0 0

UE # elements 2 2 2 2 2

UE antenna gain [dBi] (Gantue) 3,0 3,0 3,0 3,0 3,0

Isotropic gain [dB] (Gp+Gw+Gi+Gf) -153,4 -156,9 -161,3 -165,4 -167,3

Coupling gain [dB] (Gp+Gantbs+Gantue) -121,3 -124,8 -129,2 -133,3 -135,2

Downlink transmit power [dBm]

49 49 49 49 49

Received Power [dBm] -72,3 -75,8 -80,2 -84,3 -86,2

Noise figure [dB] 9,0 9,0 9,0 9,0 9,0

Noise power [dBm] -92,0 -92,0 -92,0 -92,0 -92,0

Interference margin [dB] 3,0 3,0 3,0 3,0 3,0

SINR [dB] 19,7 16,2 11,7 7,7 5,7

Downlink datarate [Mbps] 83 67 47 31,2 24,4

Uplink transmit power [dBm]

23 23 23 23 23

Received Power [dBm] -98,3 -101,8 -106,2 -110,3 -112,2

Noise figure [dB] 3,0 3,0 3,0 3,0 3,0

Noise power [dBm] -98,0 -98,0 -98,0 -98,0 -98,0

Interference margin [dB] 1,0 1,0 1,0 1,0 1,0

SINR [dB] -1,3 -4,8 -9,3 -13,3 -15,3

Uplink Datarate [Mbps] 7,7 3,8 1,46 0,58 0,37


