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ABSTRACT 

 

The integrated Network Enhanced Telemetry (iNET) environment is meant to build and improve 

on the existing unidirectional legacy telemetry links. The optimized network would have to be 

capable of providing bi-directional, spectrally efficient, reliable, dynamically allocated, real time 

or near real time access to video and other types of test data over a shared bandwidth, high 

capacity network. Developed specifically for providing a reliable means of communications for 

large numbers of users, cellular technology seems particularly suited to addressing iNET’s needs. 

This paper investigates the creation of a cellular model for enhanced throughput for data users 

wherein a user would dynamically be allocated high data rates dependent on parameters such as 

the received signal to noise ratio (SNR). Our future work will develop the average data 

performance, comparing both the time division multiple access (TDMA) and code division 

multiple access (CDMA) environments for potential application in iNET. 
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INTRODUCTION 

 

The iNET project reflects part of an ongoing effort to enhance the existing Inter-Range 

Instrumentation Group (IRIG) Standard 106 type telemetry links currently being used at Major 

Range and Test Facility Bases (MRTFBs) around the country. The IRIG 106 links are dedicated, 

pre-allotted links that facilitate data transfer in the downlink direction only. They are currently 

used to transfer data from test articles (TAs) to ground stations (GS). The test community, 

however, has critical needs that cannot be fulfilled by these so called ‘legacy links’. In a Needs 

Discernment study [1] carried out by the Central Test and Evaluation Investment Program 

(CTEIP), the critical needs identified included: 

• The need to make more efficient use of spectrum resources through dynamic sharing of 

said resources, based on instantaneous demand thereof. 
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• The need for the provision of appropriate Quality of Service (QoS) rules to manage 

resource allocation. 

• The need to be able to provide reliable coverage in potentially high capacity 

environments, even in Over-The-Horizon (OTH) settings. 

• The need for bi-directionality and potentially asymmetry (i.e. downlink larger than 

uplink) in the communication link. 

• The need for sufficient throughput to provide error free, real time or near real time data 

access and transfer. The throughput needs vary according to the type of test article being 

observed, and are quantified in Table 1. 

• The need for sufficient flexibility as to allow for growth and changing demands in the 

future.  

 
Environment Performance 

Need Dismounted 
Warfighter 

Ground Vehicle Standard 
Munitions 

Aeronautical/Aircraft PGM/Missile 

      

Maximum Throughput     
Near Term 5 Mbps 5 Mbps 5 Mbps 20 Mbps 12 Mbps 
Workshop 
Near Term 

   1 – 40 Mbps 4 – 20 Mbps 

      
Long Term 10 Mbps 50 Mbps 40 Mbps 50 Mbps 40 Mbps 
Workshop 
Long Term 

   8-1000 Mbps 22 Mbps 

      

Typical Throughput     
Near Term 1 Mbps 1 Mbps 2 Mbps 2 Mbps 1 Mbps 
Workshop 
Near Term 

   5 – 15 Mbps  

      
Long Term 2 Mbps 10 Mbps 2 Mbps 10 Mbps 2 Mbps 
Workshop 
Long Term 

   100 Mbps  

 

Table 1: Throughput Needs for One Test Article from [1] 

 

The goal of the iNET project is to create a Telemetry Network System (TmNS) (Figure 1) that 

fulfills these requirements by augmenting the present system with existing accepted commercial 

or government network technologies. The legacy links would remain for the transmission of 

“time-critical safety-of-life and safety-of-vehicle” data [1].  

 

Developed specifically for providing a reliable means of communications for large numbers of 

users, cellular technology seems particularly suited to addressing iNET’s needs. Both the time 

division multiple access (TDMA) and code division multiple access (CDMA) environments are 

potential candidates for the provision of the bi-directional radio frequency (RF) links between 

the TAs and the GSs.  

 

As noted before, it is also desired that the TmNS be able to provide effective coverage in Over-

The-Horizon (OTH) settings.  Research is currently being carried out at Morgan State University 

in combining cellular and mobile ad-hoc network (MANET) technologies to create a Mixed 

Cellular MANET Network (MCMN) model as an approach to enabling such coverage. There are 

certain weaknesses and strengths that these different network technologies have. The goal of the 
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Figure 1: Telemetry Network System  

 

MCMN project is to create an optimal hybrid network, in which the strengths of each technology 

are used to counterbalance the weaknesses of the other. Cellular networks, for example, are 

optimized for capacity, while MANETs are optimized for range of coverage, where coverage is 

defined as being “the furthest distance between a TA and a GS” [1]. Whereas cellular typically 

has approximately an 8 km cell radius, the range of a MANET is virtually inexhaustible, growing 

as the number of users grows, assuming favorable channel conditions. The peer-to-peer 

connectivity provided by a MANET may be used to enhance the coverage provided by the 

cellular networks to enable connectivity between GSs and over-the-horizon TAs. Although 

coverage limited, cellular networks do have high capacities, with the number of supportable 

users varying according to the particular technology used. The cellular aspect of the MCMN 

would, therefore, meet most of the network’s capacity needs particularly for non-OTH 

circumstances. 

 

While the capacity of cellular technologies is most often described in terms of the voice user, the 

iNET environment will be geared in general towards the data user. This paper develops an 

estimate of cellular capacity for data users in a data oriented network by calculating the average 

expected data throughput. A similar approach can be used to estimate the data user capacity of a 

TDMA based network. In future work comparisons will be made between the performances of 

both technologies with respect to potential application in the iNET environment. 

 

 

BACKGROUND 

 

CDMA is a wide band, spread spectrum multiple access technique in which all users share the 

same channel. Signals from each user are coded so that they appear as noise to every other user 

so as to enable signal differentiation. The receiver at the base station has a copy of each code 
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used and is able to identify and demodulate each signal. Cell loading affects SNR since to any 

single user every other user appears as interference, hence the more users there are in a single 

cell (and even in any other cells adjacent to it) the more noise each user has to overcome. The 

base station uses adaptive power control to help alleviate this source of noise by ensuring that 

each mobile station (MS) transmits at the minimum necessary power. SNR is also affected by 

signal degradation due to path loss, shadowing, and Rayleigh fading. Path loss has the same 

relationship with inbound signals as it does with outbound signals, typically being inversely 

proportional to the fourth power of the distance between the MS and the cell tower [2].  

 

In the 1991 classic paper, “On the Capacity of a cellular CDMA System” [3], Gilhousen, Viterbi, 

et al proposed an equation for the signal to noise ratio (SNR) of a single user at the base station 

of a CDMA cell as follows: 

 

( )S1-N

S
SNR =                  (1) 

 

where S is the signal power of a single user, N is the number of active users in the cell. The noise 

is here represented as a factor of the number of interfering signals (N-1). By introducing the 

background noise figure representing interference from spurious signal and thermal noise, η , 

and rewriting the equation to find the bit energy per noise density ratio, Eb/No, the following 

relationship was obtained: 
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where W is the total bandwidth, R is the information bit rate in kbps, and NS is the number of 

users per sector assuming three antennas and 120
o 
 cell sectorization. The capacity of a single cell 

was therefore found to be: 
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Typically, R is assumed to be the fixed 9.6kbps that is required for voice communications (IS-

95). In the iNET environment, however, packet data transfer will instead be the norm. Unlike 

voice users who use a predetermined, fixed data rate, data users require instantaneous access to 

high data rates for discrete time intervals. 

 

 Cell design for the CDMA environment is carried out such that all users, including those on the 

cell boundary, are guaranteed a reasonable grade of service (GOS) as well as a fixed data rate 

that is suitable for voice communication. The nearer a user is to the cell tower, the greater the 

signal strength it receives and hence the greater its SNR. As will be shown later in this paper, the 

data rate that a user can expect to receive is proportional to the SNR. This means that the 

expected user data rate would actually vary depending on user position from some theoretical 

maximum to the 9.6kbps minimum received in the worst case (on the cell boundary) position. 

This opens the door for CDMA to be viewed as a viable option for use in the packet data 
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environment as each user could expect to be able to access a reasonably high data rate on 

demand.  

 

TDMA is generally used in conjunction with FDMA wherein frequency defined duplex channels 

are further subdivided into time slots. Each can then be assigned one or more time slots in which 

to send and receive information [4]. This differs from CDMA in that all the users are not in the 

same carrier. As such, noise in a TDMA cell is not dependent on the interference received from 

other users in the same cell, and so SNR tends not to be dependent on cell loading. As with 

CDMA, however, SNR does vary with respect to user distance from the tower because of path 

loss. Thus, as with CDMA, one can reasonably expect each user to have a higher average data 

rate than for voice applications. 

 

 

ENHANCED DATA RATE FOR THE CDMA FORWARD LINK 
 

Developing the expected data rate per user requires exploring and proving the relationships that 

exist with respect to the distance of a mobile user from its cell tower, the SNR at the mobile, the 

data rate, and the required processing gain on the forward link. The relationship between signal 

to noise ratio and data rate is given by: 

 

W

R

N

E

N

S b
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where R/W is the inverse of the processing gain  given by  Gp=W/R. We see that SNR is 

inversely proportional to processing gain and directly proportional to rate. That is, as SNR 

increases the data rate also increases while the processing gain required to provide said data rate 

decreases. Solving for R, and assuming that noise remains constant, we get: 

 









=

bE

N

N

S
WR 0                             (5) 

 

Now contrasting the data rate R at some distance from the cell tower to Rmin, the minimum rate at 

the cell boundary, results in: 
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If one assumes a log distance path loss model [5] and a path loss exponent of n = 4 the received 

signal can be defined as follows: 
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where SR is the received power, ST is the transmitted power, λ  is the wavelength, do is a line of 

sight distance, and d is the distance to the cell tower [5]. Substituting for S in the data rate ratio 

expression in equation 7 we get: 

 
4

max
min 
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d

d
RR                         (8) 

 

As predicted, potential data rate is inversely proportional to distance. 

 

Graphs were plotted to better illustrate the relationships that exist between the parameters being 

investigated. Figure 2 below shows how the potential data rate varies as a function of the 

distance of the user from the base station. 

 

 

 

Figure 2: Relationship between Data Rate and Distance from Cell Tower 

 

As expected, the plot shows that the data rate increases as the distance decreases as defined in 

equation 8. This graph was generated assuming a maximum distance (cell radius) of 8km while 

varying d. Figure 3 below takes into account the maximum data rate that CDMA is able to 

support. 

 

It has therefore been shown that users on the forward link who are closer to the tower will have a 

higher signal to noise ratio, and by decreasing their processing gain can increase their data rate. 
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The relationship between potential data rate and user distance from the base station has also been 

shown (i.e. data rate increases as distance decreases). We can now calculate the expected average 

potential data rate for a single user. The expected value of the data rate can be defined as: 

 

 µR  = E[R] = dRRfR
R

R∫
max

min
)(. R               (9) 

 

where fR(R) is the probability density function of the data rate. A uniform distribution of users 

over the area of the cell site was assumed. The expected data rate can be computed numerically 

by weighing the data rate by the area probability. In practice this is limited to maintaining a 

sufficient processing gain to separate users’ data. A maximum possible data rate of 1.0368Mbps 

was used in the calculations, as this corresponds to the maximum rate possible for CDMA2000 (IS-

2000-2) [7]. Figure 3 shows a plot of the data rate available to the user as a function of the distance from 

the tower, that reflects the existence of the aforementioned maximum data rate. The average expected 

data rate was found to be 190.43kbps.   

 

 
 

Figure 3: Relationship between Expected Data Rate and Distance from Cell Tower 

 

The above can also be used to determine the capacity of a single cell CDMA system. 

Calculations may be carried out in a similar fashion to determine the average data rate that a 

single user could expect to receive in a TDMA network. Future work will present the enhanced 

data performance for TDMA cellular environments, and contrast this with CDMA. 
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CONCLUSIONS 

 

It has been shown that the average data rate that a single user can expect to receive in a cellular 

network is sufficiently high as to be suitable for use in the packet data environment. Base 

stations would be able to dynamically allocate data rate to users who request it based on the SNR 

that that user is experiencing. This is directly related to the user’s distance from the cell tower in 

both the TDMA and CDMA cases. In the CDMA environment SNR would also be affected by 

the loading of the cell and – in the case of the multi cell network - by the loading of nearby cells. 

In the iNET environment loading can be more readily controlled than in the commercial setting 

and so the data rate that a test article is assigned could be further manipulated in this way.  
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