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ABSTRACT 

The concept of a range area network dedicated to the reception of telemetry from airborne test 
articles is explored. The range area network consists of ground-based radios that receive 
telemetry packets from an airborne test article and relay those packets through the network to a 
data sink (e.g., the main telemetry display and processing center). The network may use either 
“dumb” nodes or “smart” nodes and this choice presents a trade-off involving node complexity, 
network bandwidth, and required RF power. Using a somewhat idealized, but nonetheless 
realistic example at the Edwards AFB complex and link budgets based on the emerging iNET 
standard, we show that a network consisting of just 6 nodes reduces the L-band airborne 
transmitter power to 6W and the ground-based transmitters to 3W. If the airborne transmitter is 
restricted to 1W at L-band, then coverage can be provided by a grid of 50 nodes.  

 

KEY WORDS 

iNET, wireless networks, modulation, demodulation, coding 

 

INTRODUCTION 

For the past 70 years, aeronautical telemetry has been treated as a one-way, point-to-point radio 
link as illustrated, in very general terms, in Figure 1. The telemetry transmitter, located in an 
airborne test article, transmits the telemetry signal to a ground station at the main telemetry site 
equipped with a large tracking antenna. Range systems have evolved this way for good reasons. 
First, this architecture was the only viable option in the 1940s when telemetry systems first 
began to appear. In subsequent decades, budget-conscience system upgrades leveraged as much 
existing infrastructure as possible. In addition, this approach takes advantage of the substantial 
experience of test engineers in locating telemetry receiving sites to cover the most-used portions 
of the range. 

However, the traditional approach of Figure 1 is not without some challenges. Because there is 
one (or a few, say two) telemetry receiving sites, closing the link can be costly. Both the test 
article and ground station share this cost burden. The airborne test article must carry a 
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sufficiently powerful transmitter; this increases the size, weight, and power costs of the 
transmitter.1 The ground station must provide sufficient receive antenna gain to close the link; 
this increases the size (and hence, the cost) of the ground station antenna. Because the receive 
antenna must be a high-gain antenna, it is necessarily a directional antenna. This property 
imposes the need for antenna tracking, which, in turn, increases the cost and complexity of the 
ground station. The consequence is that one (expensive) antenna must be dedicated to each 
airborne test article. Other challenges also exist:  

• In the case where there are multiple receiving sites, the receiving sites are separated by 
large distances (tens of miles) making spatial diversity impractical.2 
 

• When the test-article-to-receive-site distance is large, the elevation angle of the receive 
antenna is often low. This scenario produces multipath propagation [14] – [15] which can 
severely degrade the telemetry link.  

 

 

 
Figure 1: A traditional approach to aeronautical telemetry. 

 

From time to time, it is important to re-examine the underlying assumptions that define the 
system. In this paper, we reexamine the assumption that test ranges need to be organized along 
the lines outlined in Figure 1 and ask what if? What if the expensive ground station were 
replaced by a set of inexpensive radio nodes scattered throughout the test range? The concept is 
illustrated in Figure 2. Each radio node is capable of receiving transmissions from the airborne 
test article, but not all radio nodes “hear” a particular airborne transmission. In addition, each  
                                                 
1Due to the size, weight, and power limitations on many (most?) airborne test articles, directional antennas have 
been deemed impractical. If the test article could be equipped with directional, high-gain antennas, the transmit 
power requirement or ground station antenna gain requirement or both could be relaxed.  
2The obvious suboptimal approaches such as bit-level best source selection have received a lot of attention [1] – 
[11]. To achieve the best diversity performance, it is better to combine the radio signals before bit decisions are 
made [12] – [13].  
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Figure 2: A network-based approach to aeronautical telemetry. 

radio node can communicate with at least one other radio node via a terrestrial radio network so 
that telemetry packets received by any of the radio nodes is capable of being transferred to the 
telemetry monitoring station.  

Clearly, this is a very different approach. Why consider it? This approach has the following 
potential advantages: 

1. Each radio node is inexpensive because it does not have to track the airborne test article 
nor does it have to “hear” transmissions more than a few miles away. If the costs of the 
radio nodes is such that the total cost of the collection of nodes needed to cover a range is 
significantly less than the cost of a traditional ground station, the budgetary advantage is 
clear.  

2. The radio nodes may be placed so that the air-to-ground range between the airborne 
transmitter and the nearest radio node is small. This reduces the power requirement for 
the airborne transmitter and eliminates the need for the ground-based receiver to track the 
transmitter.  

3. The ground-based radio nodes can be designed to “look up,” say using a hemispherically 
omni-directional antenna. The scenario all but eliminates multipath propagation.  

4. The terrestrial network needed to transfer telemetry packets to the telemetry monitoring 
station can require substantial bandwidth. But because the radio links are not airborne, 
less-stringent regulations apply.  

Obviously, there are some challenges with this approach. 

1. This approach does not work over sea-based ranges. True, one could place radio nodes on 
buoys, but this seems impractical. 

2. Providing power to the nodes is also a challenge. If the power supply requirements are 
low enough, the radio nodes could be powered with solar panels and batteries (at least in 
the southwestern USA). 

3. Maintenance could be an issue, depending on the number and location of the nodes.  

The relationship between the advantages and disadvantages depends on the answers to some 
important questions: What are the power and bandwidth requirements of these nodes? What 

airborne test article 

test range 

inexpensive radio node 
node-to-node radio link 

telemetry monitoring 
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would be the impact on the airborne test articles? We answer these questions using Edwards 
AFB as an example.  

 

SYSTEM ASSUMPTIONS 

We assume packetized communications based on the iNET standard [16]. The details are 
illustrated in Figure 3. The modulation is SOQPSK-TG [17] whose performance with the rate 2/3 
LDPC code is illustrated in Figure 4. The plot shows that a bit error rate of 10-6 is achieved at 
Eb/N0 ≈ 2.5 dB and that essentially error free communication is possible for Eb/N0 ≥ 3 dB. For the 
purposes of the analysis below, we assume a 3 dB link margin and impose the requirement Eb/N0 
= 6 dB. We use B to denote the bandwidth required to transmit one packet. 

Edwards AFB proper is approximately a 36 × 18 mile rectangle.3  For the purposes of 
illustration, we place 6 radio nodes on the range as illustrated in Figure 5. The radio nodes are 
equally spaced with a 12-mile east-west separation and a 9-mile north-south separation. With this 
placement, all sub-aircraft points within the range are no more than 6 miles from a radio node. 
Assuming an altitude of 10,000 ft AMSL, the maximum slant range between the airborne test 
article and a node is 7.64 miles. We investigated three possible routing topologies. These routing 
topologies are illustrated in Figure 6. In the topology illustrated in Figure 6 (a), the network 
connects to the data sink through nodes S3 and S4; nodes S1, S2, S5, and S6 are one hope away 
from the data sink. In the topology illustrated in Figure 6 (b), the network connects to the data 
sink through nodes S5 and S6; nodes S3 and S4 are one hop away from the data sink and nodes 
S1 and S2 are two hops away from the data sink. In the topology illustrated in Figure 6 (c), nodes 
S3, S4, S5, and S6 are connected to the data sink; nodes S1 and S2 and one hop away from the 
data sink. 

The radio nodes may be either “dumb nodes” or “smart nodes.” Dumb nodes do not demodulate 
and decode packets they receive. Instead a “dumb node” amplifies a received packet and 
transmits it to the next closest node to the data sink. A network composed of “dumb nodes” is 
called an amplify-and-forward network. When multiple nodes receive the same packet from an 
airborne test article, an amplify-and-forward network delivers multiple copies of the same packet 
to the data sink. 

“Smart nodes” demodulate and decode a received packet. The packet is re-encoded and re-
modulated in the process of sending the packet to the next closest node to the data sink. Such a 
network is called a demodulate-remodulate network. This capability allows the node to examine 
the contents of the packet to determine, among other things, whether or not the node has already 
sent a packet toward the data sink. Because the node has the option of discarding packets it has 
already “seen,” the demodulate-remodulate network can reduce network congestion relative to 
the amplify-and-forward network.  

                                                 
3Clearly, many missions fly outside of the 36 × 18 mile rectangle. The example developed in this paper serves as an 
illustration of the range area network described in this paper. 
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Figure 3: The iNET burst structure used in this paper. 

 

 

 

 
Figure 4: Simulated bit error rate performance of SOQPSK-TG with the rate-2/3 LDPC code defined in [16]. 
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Figure 5: An example of radio node placement on the Edwards AFB range. 

 

AMPLIFY-AND-FORWARD NETWORK 

Because the nodes in the-amplify-and-forward network do not demodulate each received packet, 
these nodes are relatively simple radios. The low complexity is achieved at the expense of the 
required network bandwidth and RF power.  

Network Bandwidth. Each node is equipped with 2 radio receivers and 1 radio transmitter. One 
of the radio receivers is used for the air-to-ground link. The other radio receiver receives packets 
forwarded by other nodes on a ground-based radio network. The transmitter is used to forward 
packets to other nodes in the network. The packets forwarded by a network node are those 
received on both the air-to-ground link and the ground-based radio network. The number of 
packets a node forwards is determined by the network topology (i.e., the connectivity between 
the nodes) and the location of the airborne test article.  

The relationship between the air-to-ground network, the ground-based network, and the position 
of the airborne test article is illustrated by two examples. The first example is based on the 
network topology of Figure 6 (a) when the airborne test article half-way between nodes S1 and 
S3 on the line connecting S1 and S3. The airborne test article transmits packets P1, P2, P3, … 
each requiring a bandwidth of B Hz. During the first time slot, the airborne test article transmits 
packet P1. P1 is received by nodes S1 and S3 via their air-to-ground receivers. (Note that the 
other nodes are assumed too far away from the test article to receive the packets.) During the 
next time slot, the following events occur simultaneously: the test article transmits packet P2, S1 
receives P2 via the air-to-ground link, S1 transmits its copy of P1 to node S3 using the ground-
based-network, S3 receives P2 via the air-to-ground link, S3 receives S1’s copy of P1 via the 
ground-based-network, and S3 transmits its copy of P1 to the data sink using its ground-based-
network transmitter. During the third time slot, the following events occur simultaneously, the 
test article transmits P3, S1 receives P3 via the air-to-ground link, S1 transmits its copy of P2 to 

12 mi. 

9 mi. data sink 



7 

node S3 using the ground-based-network link, S3 receives P3 via its air-to-ground receiver, S3 
transmits to the sink via the ground-based-network link its copy P2 (received during the previous 
time slot) and S1’s copy of P1 (received during the previous time slot). Network operation 
continues in a similar manner during subsequent time slots. This operation is summarized in 
Table 2. In summary, for the network routing topology of Figure 6 (a) with the airborne test 
article in between nodes S1 and S3, the required bandwidth of the air-to-ground network is B, the 
required transmit bandwidth of the ground-based network is B, the required receive bandwidth of 
the ground-based network is 2B, and the required receive bandwidth of the sink is 2B. 

The second example is again based on the network routing topology of Figure 6 (a) but the 
airborne test article is in a position that is equally spaced between nodes S1, S2, S3, and S4. In 
this case all four nodes receive the packets from the airborne test article and must forward them 
to the data sink. This increases the traffic on the ground-based network. A detailed analysis of 
this network is given in Table 3: the required bandwidth of the air-to-ground network is B, the 
required transmit bandwidth of the ground-based network is B, the required receive bandwidth of 
the ground-based network is 2B, and the required receive bandwidth of the sink is 4B. 

 

 
Figure 6: Three possible routing topologies for the range area network example. 

(a) 

(b) 

(c) 
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Table 1: Summary of bandwidth requirements for the 3 routing topologies shown in Figure 6 for two representative 
test article positions: position 1 = half way between nodes S1 and S3 on the line connecting S1 and S3; position 2 = 
equidistant from S1, S2, S3, and S4. 

Routing 
Topology 

Test 
Article 

Position 

max Air Rx 
Bandwidth 

max Gnd Rx 
Bandwidth 

max Gnd Tx 
Bandwidth 

max Data Sink 
Rx Bandwidth 

Figure 6 (a) 1 B B 2B 2B 
Figure 6 (a) 2 B B 2B 4B 
Figure 6 (b) 1 B 2B 2B 2B 
Figure 6 (b) 2 B 2B 2B 4B 
Figure 6 (c) 1 B B B 2B 
Figure 6 (c) 2 B B B 4B 

 

These two examples illustrate that the required bandwidth of the ground-based network is a 
function of the routing topology and the position of the airborne test article. The maximum 
values for the bandwidth of the air-to-ground link and the ground-to-ground link are summarized 
in Table 1. In general, the trend is that ground based receiver and transmit bandwidth can be 
exchanged for input bandwidth at the data sink.  

Power. In an amplify-and-forward network, the only demodulator is located at the data sink. At 
each hop in the network, the received signal and noise are amplified and forwarded to the next 
node. As a consequence the noise accumulates with each hop. The routing topology in Figure 6 
(a) requires at most 3 hops. Using the route from node S1 to the data sink as the example, Link 1 
is the air-to-ground link, Link 2 is the link from S1 to S3, and Link 3 is the link from S3 to the 
data sink. The composite signal-to-noise ratio for the 3-hop link is [18] 

 

(1) 

where 

 
is the SNR of the air-to-ground link at S1 

 
is the SNR of the link from S1 to S3 neglecting all other noise in the 3-hop link 

 
is the SNR of the link from S3 to the data sink neglecting all other noise in the 3-hop 
link. 

This shows that the total SNR can be no larger than the smallest of the three. For example, if 
(Eb/N0)1 is the minimum acceptable value of 6 dB, then (Eb/N0)2 and (Eb/N0)3  both have to be 
infinite. There are many solutions for  (Eb/N0)1, (Eb/N0)2, and (Eb/N0)3 that produce (Eb/N0)total = 6 
dB. One example is forcing them all to be equal. Solving (1) for this case gives 

 
(2) 

�
Eb

N0

�

total

=
1

1�
Eb

N0

�

1

+
1�

Eb

N0

�

2

+
1�

Eb

N0

�

3

�
Eb

N0

�

1�
Eb

N0

�

2�
Eb

N0

�

3

�
Eb

N0

�

1

=
�

Eb

N0

�

2

=
�

Eb

N0

�

3

= 10.8 dB



9 

The transmitter power required to achieve 10.8 dB on each link is computed using the link 
budgets outlined in Table 4 and Table 5. The data show that for L-band, the airborne transmitter 
power must be 18.7 W and the ground-based transmitter powers must be 9.2 W. For operation at 
S- and C-bands, substantially more transmit power is required.  

 

DEMODULATE-REMODULATE NETWORK 

Because the nodes in a demodulate-remodulate network are capable of monitoring the packet 
contents, ground based nodes do not forward copies of packets they have already received. This 
reduces the bandwidth requirements for the ground-based network and is a nice illustration of the 
concept that node complexity can be exchanged for network congestion.  

Network Bandwidth. As before, each node is equipped with 2 radio receivers and 1 radio 
transmitter. One of the radio receivers is used for the air-to-ground link. The other radio receiver 
receives packets forwarded by other nodes on a ground-based radio network. The transmitter 
sends packets to other nodes in the network. The packets transmitted by a network node can be 
those received on both the air-to-ground link and the ground-based radio network. The number 
of packets a node must transmit is determined by the network topology (i.e., the connectivity 
between the nodes) and the location of the airborne test article. The bandwidth of the air-to-
ground link is B. The bandwidth of the ground-based receiver is equal to the product of B and 
the number of other nodes that route through the node. This number is determined by the routing 
topology. For each of the routing topologies illustrated in Figure 6, the required bandwidth of the 
ground-based receiver is B. In general, the transmit bandwidth is at most 2B because a node may 
receive packet on the ground-based network that it does not receive on the air-to-ground link. For 
the examples associated with the routing topologies in Figure 6, the bandwidth of the ground-
based transmitter is B. 

Power. In this network, each node is equipped with its own demodulator. Consequently, noise is 
not passed from node to node as a packet moves through the network. The routing topology in 
Figure 6 (a) requires at most 3 hops. Using the route from node S1 to the data sink as the 
example, Link 1 is the air-to-ground link with probability of bit error P1, Link 2 is the link from 
S1 to S3 with probability of bit error P2, and Link 3 is the link from S3 to the data sink with 
probability of bit error P3. The probability of error at the data sink is [18] 

Ptotal = P1 + P2 + P3. (3) 

For a target bit error rate Ptotal, there are many solutions for P1, P2, and P3. For example, if P1 = 
Ptotal, then it must be that P2 = P3 = 0. A more balanced approach is to scale the system so that P1 
= P2 = P3 = ⅓Ptotal. In our example, the target bit error rate is Ptotal = 10-6. P1 = ⅓ 10-6 requires 
(Eb/N0)1 ≈ 3 dB (see Figure 4). When factoring in the required link margin, the requirement is 
(Eb/N0)1 = (Eb/N0)2 = (Eb/N0)3  = 6 dB. For L-band operation, the link budget listed in Table 6 
shows that the airborne test article requires a 6W transmitter and the link budget listed in Table 7 
shows that the ground based nodes require 3W transmitters. In addition to reducing network 
congestion, the added complexity of the demodulate-remodulate radio nodes produces 
tremendous savings in the required RF transmit power. 
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DISCUSSION 

Equipped with the numerical results, several observations should be noted: 

• The assumed spacing between the nodes was somewhat arbitrary. The purpose here is to 
illustrate the concept of a range area network. Clearly, more nodes could be used. Whereas 
more nodes increases the complexity of the network, it also reduces the RF transmit power 
required by each node and by the airborne transmitter. Space limitations prohibit an 
exhaustive exploration, but it should be clear that if the nodes are inexpensive, the cost of 
adding more nodes is more than offset by the savings realized by using lower-power RF 
transmitters. For example, if the airborne transmitter were limited to 1W at L-band, then the 
network needed to provide coverage to the area shown in Figure 5 is a regular grid of 50 
nodes separated by 3.82 miles. 
 
• For a fixed geometry, the required RF power increased dramatically as the carrier frequency 

increased from L-band through S-band to C-band. Such a dramatic increase is not always 
observed by range planners because the gain of a given parabolic reflector antenna 
increases with carrier frequency. Here, the antenna gain was assumed fixed at 0 dB (omni-
directional operation). Thus, this approach realizes none of the advantages of higher carrier 
frequencies but retains all of the disadvantages of higher carrier frequencies.  
 
• The forgoing analysis treated the case of a single test article. Multiple test articles can be 

accommodated using time-division multiple access as described in the iNET standard [16]. 
In simple terms, a 100 ms frame can accommodate 38 of the iNET bursts illustrated in 
Figure 3. These 38 bursts per frame can be allocated amongst users as needed. If the 
network operation operates on a frame-by-frame basis, all of the bandwidth and link budget 
calculations apply.  

 
CONCLUSIONS 

We investigated the use a ground-based network – termed a “range area network,” composed of 
relatively simple radio nodes, to replace expensive, complex main telemetry sites. Two kinds of 
radio nodes were explored: “dumb” nodes that amplify all received packets and forward the 
amplified packets to the next node in the route to the data sink, and “smart” nodes that 
demodulate all received packets then remodulate the packets to send the packets to the next node 
in the route to the data sink. Using a simplified version of the main Edwards AFB complex and 
link budget data from the emerging iNET standard, we showed that “dumb” and “smart” nodes 
provide a tradeoff between node complexity and network bandwidth and required RF power. A 
network of just 6 “smart nodes” requires airborne test articles with 6W L-band transmitters and 
ground-based systems with 3W transmitters. A grid of 50 nodes, separated by 3.82 miles, 
provides coverage while requiring only a 1W L-band transmitter on the airborne test article. 
These scenarios form attractive alternatives to the current test range configuration. 
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APPENDIX: DETAILED TABLES 

 

Table 2: An example of air-to-ground link and the ground-based network for the network illustrated in Figure 6 (a) 
when the airborne test article is positioned in between nodes S1 and S3. 

   Time (Packet Index) 
   1 2 3 4 5 6 

S1 Air Rx P1 P2 P3 P4 P5 P6 
 Gnd Rx       
 Gnd Tx  P1 P2 P3 P4 P5 

S2 Air Rx       
 Gnd Rx       
 Gnd Tx       

S3 Air Rx P1 P2 P3 P4 P5 P6 
 Gnd Rx  P1 P2 P3 P4 P5 
 Gnd Tx  P1 P1,P2 P2,P3 P3,P4 P4,P5 

S4 Air Rx       
 Gnd Rx       
 Gnd Tx       

S5 Air Rx       
 Gnd Rx       
 Gnd Tx       

S6 Air Rx       
 Gnd Rx       
 Gnd Tx       

N
et

w
or

k 
N

od
es

 

Sink Gnd Rx  P1 P1,P2 P2,P3 P3,P4 P4,P5 
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Table 3: An example of air-to-ground link and the ground-based network for the network illustrated in Figure 6 (a) 
when the airborne test article is positioned in between nodes S1, S2, S3, and S4. 

   Time (Packet Index) 
   1 2 3 4 5 6 

S1 Air Rx P1 P2 P3 P4 P5 P6 
 Gnd Rx       
 Gnd Tx  P1 P2 P3 P4 P5 

S2 Air Rx P1 P2 P3 P4 P5 P6 
 Gnd Rx       
 Gnd Tx  P1 P2 P3 P4 P5 

S3 Air Rx P1 P2 P3 P4 P5 P6 
 Gnd Rx  P1 P2 P3 P4 P5 
 Gnd Tx  P1 P1,P2 P2,P3 P3,P4 P4,P5 

S4 Air Rx P1 P2 P3 P4 P5 P6 
 Gnd Rx  P1 P2 P3 P4 P5 
 Gnd Tx  P1 P1,P2 P2,P3 P3,P4 P4,P5 

S5 Air Rx       
 Gnd Rx       
 Gnd Tx       

S6 Air Rx       
 Gnd Rx       
 Gnd Tx       

N
et

w
or

k 
N

od
es

 

Sink Gnd Rx  P1,P1 P1,P2 
P1,P2 

P2,P3 
P2,P3 

P3,P4 
P3,P4 

P4,P5
P4,P5 

 



14 

Table 4: Link budget for the air-to-ground link for L-band, S-band, and C-band adapted from [16]. The transmitter 
losses include duplexer and waveguide losses. The receiver losses include interference loss (1 dB), cable loss (0.3 
dB), and polarization mismatch (3 dB). 

  L-Band S-Band C-Band 
Transmitter       
    power (W) 18.66  43.95  215.77  
    antenna gain (dB) -5.00  -5.00  -5.00  
    other tx losses (dB) 3.50  3.50  3.50  
    EIRP (dBW)  4.21  7.93  14.84 
Propagation       
    carrier frequency (MHz) 1500.00  2300.00  5100.00  
    slant range (mi) 7.664  7.64  7.64  
    path loss (dB)  -117.76  -121.47  -128.39 
    atmospheric losses (dB)  1.00  1.00  1.00 
Receiver       
    noise figure (dB) 5.00  5.00  5.00  
    antenna gain (dB) 0.00  0.00  0.00  
    G/T (dB)  -27.97  -27.97  -27.97 
    other rx losses (dB)  4.30  4.30  4.30 
    Boltzman’s constant   -228.60  -228.60  -228.60 
C/N0 (dB Hz)  81.78  81.79  81.78 
    coded bit rate (Mbits/s) 18.8069  18.8069  18.8069  
    code rate 2/3  2/3  2/3  
Eb/N0 (dB)  10.80  10.80  10.80 
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Table 5: Link budget for the ground-based node-to-node network for L-band, S-band, and C-band adapted from 
[16]. The transmitter losses include duplexer losses and waveguide losses. The receiver losses include interference 
loss (1 dB), cable loss (0.3 dB), and a small polarization mismatch (1 dB). The polarization mismatch loss is 
different from that used in Table 4 because the ground-based nodes are stationary so that reasonably good 
polarization matching is possible. 

  L-Band S-Band C-Band 
Transmitter       
    power (W) 9.20  21.6  106.4  
    antenna gain (dB) 0.00  0.00  0.00  
    other tx losses (dB) 3.50  3.50  3.50  
    EIRP (dBW)  6.14  9.84  16.77 
Propagation       
    carrier frequency (MHz) 1500.00  2300.00  5100.00  
    slant range (mi) 12.00  12.00  12.00  
    path loss (dB)  -121.68  -125.39  -132.31 
    atmospheric losses (dB)  1.00  1.00  1.00 
Receiver       
    noise figure (dB) 5.00  5.00  5.00  
    antenna gain (dB) 0.00  0.00  0.00  
    G/T (dB)  -27.97  -27.97  -27.97 
    other rx losses (dB)  2.30  2.30  2.30 
    Boltzman’s constant   -228.60  -228.60  -228.60 
C/N0 (dB Hz)  81.78  81.78  81.79 
    coded bit rate (Mbits/s) 18.8069  18.8069  18.8069  
    code rate 2/3  2/3  2/3  
Eb/N0 (dB)  10.80  10.80  10.80 
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Table 6: Link budget for the air-to-ground link for L-band, S-band, and C-band adapted from [16]. The transmitter 
losses include duplexer and waveguide losses. The receiver losses include interference loss (1 dB), cable loss (0.3 
dB), and polarization mismatch (3 dB). 

  L-Band S-Band C-Band 
Transmitter       
    power (W) 6.18  14.55  71.45  
    antenna gain (dB) -5.00  -5.00  -5.00  
    other tx losses (dB) 3.50  3.50  3.50  
    EIRP (dBW)  -0.59  3.13  10.04 
Propagation       
    carrier frequency (MHz) 1500.00  2300.00  5100.00  
    slant range (mi) 7.64  7.64  7.64  
    path loss (dB)  -17.76  -121.47  -128.39 
    atmospheric losses (dB)  1.00  1.00  1.00 
Receiver       
    noise figure (dB) 5.00  5.00  5.00  
    antenna gain (dB) 0.00  0.00  0.00  
    G/T (dB)  -27.97  -27.97  -27.97 
    other rx losses (dB)  4.30  4.30  4.30 
    Boltzman’s constant   -228.60  -228.60  -228.60 
C/N0 (dB Hz)  76.98  76.98  76.98 
    coded bit rate (Mbits/s) 18.8069  18.8069  18.8069  
    code rate 2/3  2/3  2/3  
Eb/N0 (dB)  6.00  6.00  6.00 
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Table 7: Link budget for the ground-based node-to-node network for L-band, S-band, and C-band adapted from 
[16]. The transmitter losses include duplexer losses and waveguide losses. The receiver losses include interference 
loss (1 dB), cable loss (0.3 dB), and a small polarization mismatch (1 dB). The polarization mismatch loss is 
different from that used in Table 6 because the ground-based nodes are stationary so that reasonably good 
polarization matching is possible. 

  L-Band S-Band C-Band 
Transmitter       
    power (W) 3.05  7.16  35.2  
    antenna gain (dB) 0.00  0.00  0.00  
    other tx losses (dB) 3.50  3.50  3.50  
    EIRP (dBW)  1.34  5.05  11.97 
Propagation       
    carrier frequency (MHz) 1500.00  2300.00  5100.00  
    slant range (mi) 12.00  12.00  12.00  
    path loss (dB)  -121.68  -125.39  -132.31 
    atmospheric losses (dB)  1.00  1.00  1.00 
Receiver       
    noise figure (dB) 5.00  5.00  5.00  
    antenna gain (dB) 0.00  0.00  0.00  
    G/T (dB)  -27.97  -27.97  -27.97 
    other rx losses (dB)  2.30  2.30  2.30 
    Boltzman’s constant   -228.60  -228.60  -228.60 
C/N0 (dB Hz)  76.99  76.98  76.98 
    coded bit rate (Mbits/s) 18.8069  18.8069  18.8069  
    code rate 2/3  2/3  2/3  
Eb/N0 (dB)  6.01  6.00  6.00 

 




