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Abstract— In this paper, the two well-known cooperative 
strategies are known as Amplify And Forward (AAF) and Decode 
And Forward (DAF) strategy will be considered, which achieves 
diversity by using Maximal Ratio Combining (MRC). The study 
presents a techno economic analysis of wireless technologies in sky 
station stratospheric platform, called third generation (3G) 
implemented in HAPs and cooperative protocol. Objectives of this 
study are to investigate the high-capacity, and large coverage 
capabilities of WCDMA for the provision of voice and data 
emergency communications system during unforeseen events such as 
natural disasters. In this paper, the impact of applying of HAP and 
different types of cooperative protocols on cell capacity and coverage 
is presented. The simulation results show that system parameters such 
as capacity, Coverage increase and lowering the bit-error rate with 
rapid decrease in the value of Eb/ No and system becomes more 
reliable and efficient. HAPs systems with cooperative protocol have a 
vital role to play in the prosecution of disaster recovery campaigns. 
 

Keywords—Capacity, Disaster, HAPs, Stratospheric, 
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I. INTRODUCTION 
 

ISASTERS are inevitable but mostly unpredictable, and 
they vary in type and magnitude. The best strategy is to 
have some kind of disaster recovery plan in place, to 

return to normal after the disaster has struck. Although 
terrestrial networks have an established record of providing 
reliable service to customers, network outages are an 
unfortunate reality because wire line or wireless services are 
exposed to a variety of disruptive events .In the aftermath of a 
disaster, whether natural or man-made, it is of the utmost 
importance that rescue teams and other potentially life-saving 
response operations can rely on an efficient emergency 
communications system. Unfortunately, terrestrial networks 
may be partially or totally compromised. High altitude 
platforms (HAPs) could provide a possible alternative to the 
terrestrial communication services [29]. 
     The natural disasters such as flooding, landslides, 
earthquakes, volcanic activities, etc. are often occurred. The  
nation  and  the  world  has  recently  been  beset  by  national  
disasters  of  a  magnitude   not seen  in  many  decades (see 
Figure 1),  leading  to  a  loss of hundreds of thousands of 
lives, destruction of literally millions of homes and buildings 
and the complete ruin of critical infrastructure.  
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These tragic events increase our recognition that impaired 
or lost communications, coupled with a lack of real time 
access to critical information, can dramatically reduce our 
ability to recover from such disasters. Many types of wireless 
communications can help to coordinate an effort of the 
disaster management inside and/or outside disaster area to 
bridge the disaster zone to the other zone, providing 
telecommunications, broadcasting, logistic, and tele-medical 
support. Furthermore, in many scenarios, especially in disaster 
situations, wireless represents the only viable delivery 
mechanism [33]. 

 

 
Fig. 1. Natural disasters reported 1900 − 2011 

Source:  EM−DAT: The OFDA/CRED International Disaster Database − 
www.emdat.be − Université Catholique de Louvain, Brussels − Belgium 

 
      Stratospheric Platform (SPF) has been recently proposed 
as a novel technology for the development of wireless fixed 
and mobile communication systems .It is based on aerial 
unmanned or manned vehicles, which are able to operate at 
stratospheric altitudes of approximately 17-30 km for a long 
endurance[22,30].High-altitude platforms (HAPs) are a 
flexible and attractive technology for providing innovative 
wireless services. These aerial platforms can be successfully 
employed for mobile or broadband communications [18]. The 
platforms are known under different names as High-Altitude 
Platforms (HAPs), High Altitude Aircraft and Airships 
(HAAS), High Altitude Aeronautical Platforms (HAAPs), 
High Altitude Long Endurance Platforms (HALE Platforms), 
Stratospheric Platforms (SPs), etc [24]. 

  The most important advantages of HAP communication 
system are their low cost, low propagation delay, high 
elevation angles, easy and incremental deployment, flexibility 
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in operation, broad coverage, broadcast and broadband 
capability, ability to move around in emergency situations, etc. 
This is very important in optimizing the radio coverage from 
HAPs especially when the users are concentrated in some 
regions than others as in highways [17,19]. HAP stations may 
be used as base stations within the terrestrial component of 
IMT-2000 in the 1.885-1.980 GHz, 2.010 to 2.025 GHz and 
2.110-2.170 GHz bands in Regions 1 (Europe, Africa) [20]. 
      HAPs can be deployed rapidly and on demand relocated in 
compliance with changing communication demands to the 
desired coverage area on the ground[25]. These aerial 
platforms can be successfully employed for mobile or 
broadband communications and for disaster monitoring or 
response. HAPs may be on station for lengthy periods, with 
some proponents claiming 5 years or more. HAPs rely upon 
sunlight for their power and do not require launch vehicles 
with their associated fuel implications. Due to their 
survivability, coverage, and capability of being continuously 
on station, HAPs offer an excellent alternative for providing 
emergency telecommunications after a catastrophic incident 
(e.g. earthquake, flood, volcano eruption)[26].In a disaster 
scenario, HAPs can provide immediate coverage of the 
disaster area for both communication and monitoring 
applications . 
     Cooperative communication typically refers to a system 
where users share and coordinate their resources to enhance 
the information transmission quality. Cooperative relaying has 
been shown to be a practical technique to enhance the 
communication range of wireless networks and to exploit 
spatial diversity by allowing user terminals to share their 
antennas and transmit cooperatively [8]. The cost-free 
possibility of the transmitted signals being received by other 
than the destination node, and thus, a source node can get help 
from other nodes by relaying the information message to the 
destination node. The source and its relays effectively form a 
virtual antenna array to exploit spatial diversity advantages 
[7]. The basic approach to the cooperation has been for a 
mobile to “listen” to a partner’s transmission, and in a 
different time or frequency slot to retransmit either an 
amplified version of the received signal (amplify-and-forward) 
or a decoded version of the received signal (decode-and-
forward)[14]. 
     The capacity of WCDMA system is thus typically 
interference-limited rather than blocking-limited, since all 
mobiles and base stations interfere each others in uplink and 
downlink directions. Furthermore, the network (or cell) 
capacity is defined by the load equations that, on the other 
hand, set limits for the maximum number of users in a cell or 
for the maximum cell throughput [1]. The coverage of 
extensive and sparsely populated areas by 3G mobile network 
signals is complicated and extremely expensive. The radio 
channel constitutes a hostile propagation medium, which 
suffers from fading and interference from other users[16]. A 
solution to this problem could be the use of HAPs, which offer 
an excellent prospective, and not only for developing 
countries. 
       During disaster Communication systems, are limited in 
terms of network capacity and coverage in addition to this , 
preexisting telecommunication networks may have been 
damaged or destroyed [34]. For instance, base stations from 

cellular networks may have been hit by an earthquake or 
tsunami, as well as affected by power outages induced by 
multiple causes such as severe weather events, including 
floods and hurricanes. Due to their survivability, coverage, 
and capability of being continuously on station, HAPs offer an 
excellent alternative for providing emergency 
telecommunications after a catastrophic incident[35].This 
paper address to increase the capacity and coverage of 
WCDMA network and hence it provide reliable 
communication systems to coordinate emergency operations 
even when existing infrastructures are damaged. They can 
quickly restore communications in the affected zones without 
mandatory support of the terrestrial infrastructure, which may 
be at least partially inoperable 
      In this paper we intend to study the impact of different 
cooperative protocols with HAPs based system, drawing 
conclusions on capacity and coverage obtained. Finally, the 
goal is to get a better capacity and coverage for WCDMA 
network (voice and data service) in a situation, where the 
service is being provided by HAP stations in a disaster 
scenario. Using a simulator developed in Matlab® simulations 
were performed. 

II.  SYSTEM MODEL 
 

 
Fig. 2 Basic cooperative communications system with a                            

single HAP system 
 
Cooperative setup is illustrated in Figure 2. In general, there 

are two main relaying modes which the relays may operate in: 
The decode-and-forward (DF) and the amplify-and- forward 
(AF). Amplify-and-forward is a simple method [15] and DAF 
is most often the preferred method to process the data in the 
relay. 

A. Cooperative Communication 
In such a system as the one seen in Fig. 2, consisting of 

three types of entities: HAP system as a source (S), 
cooperative terminal (C), and Destination terminal (D). For 
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clarity of exposition, it is assumed that all the links use QPSK 
(Quadrature Phase Shift Keying) modulation. Channel gains 
are represented by h=(hSD, hSC and hCD). Combinations of 
several relaying protocols and MRC combining methods are 
examined to assess their effects on performance [37]. In this 
paper, we examine the Amplify and Forward and Decode and 
Forward transmission protocols when used with different 
number of cooperating terminals. 

During the first time slot, the HAP based system transmits 
signal directly to the destination and also to the cooperative 
terminal, while during the second time slot, the cooperative 
terminal employing the amplify-and-forward or decode and 
forward cooperative diversity strategy scheme, retransmits the 
signal received from the HAP to the destination terminal. 

. In phase 1, the HAP send out the symbols x with transmit 
power Ps. The corresponding received signals ySC at the 
destination terminal and ySD at the cooperative nodes, 
respectively, can be written as [12,  18] 
 

                      ySC = √PshSCx + nsC                                        (1-a)                
           ySD = √PshSDx + nSD                                       (1-b) 

 
Where 𝑃𝑠  is the transmitted power at the HAP, 𝑥  is the 

transmitted information symbol, 𝑛𝑆𝐶 and 𝑛𝑆𝐷  are additive 
noise,  ℎ𝑆𝐶  and ℎ𝑆𝐷 capture the effects of path-loss, 
shadowing, fades between the source and the relay and 
destination respectively, and for simplicity, all channel are 
modeled as Rayleigh flat fading channels. The terms 𝑛𝑆𝐶 and 
𝑛𝑆𝐷 denote the additive white Gaussian noise with zero-mean 
and variance No [38]. 

In Phase 2, the HAP based system remains silent in this 
stage while the cooperative terminal amplifies the received 
signal and forwards it to the destination terminal with 
transmits power Pcoop . The received signal at the destination 
can be modeled as [10, 37]. 

 

yCD = hCDq(ySC) + nCD                              (2) 
 
Where the function q(. ) depends on which processing is 
implemented at the cooperative nodes. 

Maximum Ratio Combining Output SNR 
Maximum Ratio Combining (MRC) achieves the best 

possible performance by multiplying each input signal with its 
corresponding conjugated channel gain. The realization of 
maximal ratio combiner is based on the assumption that the 
channel attenuations and the phase shifts are known perfectly 
[16, 39]. 

Using maximum Ratio Combining (MRC) at the 
destination node and based on eq. (2), the total signal to noise 
ratio (γ) from the ith cooperative terminal become as follow 
[13, 21]. 

                 γ = |hSD|2 Es
NSD

+ ∑
�hSC�

2
Es

NSC
.
�hCD�

2
Ei

NCD
�hSC�

2Es
NSC

+
�hCD�

2Ei
NCD

+1

M
i=1           (3) 

 

Where ℎ𝑆𝐷, ℎ𝑆𝐶  and ℎ𝐶𝐷 are independent complex Gaussian 
distributed channel coefficients of the source destination, 
source-relay i and relay i-destination channels, respectively. 
Es and Ei are the average energy transmitted at the source and 

the ith cooperative nodes. They can also be considered as the 
transmission power assuming each transmission has unit 
duration.  
To simplify: 

            γ = γSD + ∑ γSC.γCD
γSC+.γCD+1

M
i=1                               (4) 

 
Where𝛾𝑆𝐶 = |ℎ𝑆𝐶|2𝐸𝑠

𝑁𝑆𝐶
 ,𝛾𝐶𝐷=

|ℎ𝐶𝐷|2𝐸𝑖
𝑁𝐶𝐷

 and 𝛾𝑆𝐷 = |ℎ𝑆𝐷|2 𝐸𝑠
𝑁𝑆𝐷

 
are the instantaneous signal-to-noise ratio (SNR), between 
HAP and cooperative terminal, cooperative terminal and 
destination terminal, and HAP system and destination terminal 
respectively [9, 23]. 

Assuming all cooperative terminal have same 
characteristics and substitute γSD = γSC Refer to “(4).”  

 
  γ = γSD �1 + M γCD

γSD+.γCD+1
�                         (5) 

 

  γ = Ps|hSD|2

N
�1 + M βi

2|hCD|2

βi
2|hCD|2+1

�                    (6) 

 
Where 𝛽𝑖2 ith relay amplifier gain = Pcoop max

Ps|hSC|2+N
, 

 the noise variance 𝑁 = 𝐾𝑇𝑠𝑦𝑠𝐵𝑠, 𝑃𝑠 HAP downlink 
power, 𝑃𝑐𝑜𝑜𝑝 𝑚𝑎𝑥  = cooperative max power, 𝑀= number of 
cooperative terminal . 

Cell Coverage 
Assume the cooperative terminal.is at a distance 𝑑 km 

from the destination system Let  PCoopdenote the average 
power transmitted by the cooperative terminal  and  
Pindoor denote the average power received at the destination 
system (in decibels). Then  [17]. 

 

                    Pdestination = PCOOP − PL(d)                               (7) 
 

Where 𝑃𝐿(𝑑) is the mean path loss at distance d Km 
It can be seen that coverage and required average received 
power are related inversely to each other. 

After calculating the cell range d, the coverage area can be 
calculated. The coverage area for one cell in hexagonal 
configuration can be estimated with [36]. 

Coverage area, S = K. d2                                    (8) 
 

The values of K for this paper is 1.95 (i.e by considering three 
sectors) 

B. HAP-Based  WCDMA Downlink Analysis  
  This paper concentrates on the HAP radio communication 

aspects, thereby ignoring most of the HAP station keeping and 
other mechanical aspects. 

Let BSj (j = 0, … , J) denotes the base station serving 
the j-th cell, as shown in Figure 2. For a mobile located at 
(r, θ) in the reference cell served by BSo, the carrier-to-
interference ratio (C/I) is given by [31, 32, 11] 

 
C
I

=
PuG(ψo)lo−sςo

(PT−PU)G(ψo)lo−sςoϕ+∑ PTG�ψj�lj
−sςj

J
j=1

       (9) 
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Where Pu  is the power assigned to the HSDPA user under 
consideration, PT   is the total power transmitted for a given 
cell, 𝑙𝑗  and 𝑙𝑜  are the distances from the mobile to BSj, and 
BSo, respectively, ζj and ζ0 denote the shadowing 
corresponding to these two paths measured in dB, s is the path 
loss exponent = 2, G(ψj) and G(ψ0) are the normalized 
antenna gains measured in dB evaluated at the angles under 
which the mobile is seen from the antenna boresights of BSj, 
and BSo, respectively, φ is the non-orthogonality factor, J is 
the number of cells in the HAP constellation that contribute in 
the intercellular interference. 

The power Pu assigned to the HSDPA user under 
consideration is given as: 
 

Pu = PT PHSDPA
Nu

                                                 (10) 
 

Where Nu is the number of HSDPA users per cell and 
𝑃𝐻𝑆𝐷𝑃𝐴   is the power assignment for the HSDPA users. 
Due to the unique HAPs geometry, the transmit antenna 
beams of all base stations essentially originate from the same 
point , so 𝑙𝑗  =𝑙𝑜  and ζj = ζo (total correlation). Thus, the carrier 
to interference ratio (𝐶/𝐼) can be given as: 
 

𝐶
𝐼

=
𝑃𝑢𝐺(𝜓𝑜)

(𝑃𝑇−𝑃𝑈)𝐺(𝜓𝑜)𝜙+∑ 𝑃𝑇𝐺�𝜓𝑗�
𝐽
𝑗=1

                   (11) 

 
Assuming that the reference base station receives the same 

power, S, from all mobiles within its cell coverage. For M 
users per cell and a voice activity factor  α , the total same-cell 
interference power (ISC) can be written as: 
 

 𝐼𝑆𝐶 = 𝛼(𝑀 − 1)𝑆                             (12) 
 
and the  total interference power received by the reference 
base station 

                                IOC ≈ ISCf                                        (13) 
 
f is defined as the other-cell interference factor, which is the 
other-cell interference expressed as a fraction of the total 
power from mobiles in the same cell. 
 
Reverse Link Capacity 
 
The required Eb/Io on the reverse link is expressed as [5]: 
 

Eb
Io

=
S
Rb

ISC
W +

IOC
W +σn

2

W

                                                (14) 

 
Where Eb is the signal energy per information bit, Io is the 

total noise plus interference power spectral density, S is the 
target receive power, Rb is the information bit rate, W is the 
spread spectrum density, σn 

2 is the thermal noise power, and 
Isc, Ioc, and Ios are the same-cell, other-cell, and other-system 
interference, respectively. The reverse link capacity per cell 
can be expressed as 

 

M = 1
α(1+f)

� Gp
�EbIo

�
− σn2

S
� + 1                             (15) 

 
Where  𝐺𝑝 = 𝑊

𝑅𝑏
 is the processing gain 

III.  PROPAGATION MODEL 
     Link budget is calculation of all the gains and losses in a 
transmission system. These link budget calculations are also 
used within wireless survey tools. In this study the link budget 
can be sub-divided in to two: Terrestrial and HAP based 
system. 

A. Terrestrial Network  
      As the UMTS system supports the implementation of a 
multiple service network offering a wide range of different 
services, the power budget has to be calculated separately for 
each service, with the selected Quality-of-Service level and 
the final cell range being limited by the service that allows the 
lowest maximum path loss in the radio link [2]. For macro 
cellular environment, the empirical model for UMTS macro 
cells was chosen. The classic empirical model converts a 
maximum allowed propagation loss L (dB) to a maxim cell 
range d (km) as [4]. 
 

L = 80 + 21log(f) + 40(1 − 0.004.∆Hb). logd −
18log(∆Hb)                                                                                       

(16) 
 
Where, 𝑓 is the frequency in MHz, ΔHb the height difference 
between the base station antenna and the mean building 
rooftop level in m, d is the distance between the mobile station 
and base station in km. 

B. HAP Network  
      A free space loss (FSL) model is used in most of the 
existing works dealing with HAPs, including studies 
concerning the provision of 3G mobile services from HAPs. 
Since high-altitude platforms will operate in the stratosphere, 
it gives them a significant link budget advantage compared 
with satellites, and a wider coverage area than terrestrial 
systems [28]. HAPS and receiving terrestrial stations, the path 
losses of uplinks and downlinks, and interference occurring 
along the transmission links [27]. The FSL in dB is defined as  

 

LFSL = 20log(dkm) + 20log(fGHz) + 92.4     (17) 
 

Where, 𝑑𝑘𝑚is the distance between the transmitter and the 
receiver in km and fGHzthe frequency in GHz.  

IV.  CAPACITY IN WCDMA FOR UMTS 
As the downlink capacity of UMTS is related to transmit 

power of Node B and uplink capacity is related to numbers of 
users, uplink capacity is considered in this paper. If the 
number of users is Ns then for a single CDMA cell, the 
number of users will be [3, 6]. 
 

Ns = 1 + � W/R
Eb/No

− η
S
� 1
α
                                     (18) 
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Where Ns=total number of users, W=chip rate, R= base band 
information bit rate, Eb/No=Energy per bit to noise power 
spectral density ratio, η= background thermal noise, S=signal 
power=S1-P (d)-shadow fading, S1=UE power, P (d) 
=Propagation loss.  

For WCDMA, the chip rate is 3.84 Mcps, and the channel 
bandwidth is 5 MHz. It is also necessary to consider the 
affects of multiple cells or intra-cell interference (β), cell 
sectoring (D), soft handover factor (H), Array antenna gain 
(Aℊ). Thus the capacity for WCDMA in UMTS yields: 
 

   Ns = 1 + � W/R
Eb/No

− η
S
� 1

(1+β)α
×  D ×  H × Aℊ             (19) 

V. SIMULATION ASSUMPTION 
 

TABLE I 
SIMULATION PARAMETER 

Parameter Value 

  
 Chip rate 3840 Kbps 
 Antenna Gain 18 dBi 
 Body Loss 3 dB 
System temperature  
Cooperative terminal Max. power 
 Voice Activity   
 SHO Gain 
HAPs Platform Height 

290 K 
250mw 
0.5 
2 dB 
21 Km 

Constellation  
Cooperative terminal frequency  
User data rate 

Fixed Radius  
2100 MHz 
12.2 ,64 and 128 Kbps 

BTS height   
MS height 

25 m  
1.5 m 

VI.  SIMULATION RESULTS ANALYSIS 
     The system scenario consists of a single HAP station with a 
cooperative terminal in the terrestrial. The HAP is located 21 
km away from the center of the service area. The scenario is 
shown in the Fig.2.The simulations for this work were 
separately made in four operational phases: normal  HAPs 
system, AAF cooperative protocol with HAPs system, DAF 
cooperative with HAPS  and using 5 cooperators, each using 
three traffic study (128 Kbps , 64 Kbps and 12.2 Kbps ). 
     In this studies we assume that a HAP carrying a wideband 
CDMA (W-CDMA) communications payload and a multi-
beam phased array an altitude of 21 km (At this altitude 
(which is well above commercial aircraft height) in the 
stratosphere providing mobile communications services 
through hundreds of spot beams similar to the traditional 
cellular systems the reverse link capacities for f=0.1628 
(HAPS system), and f=0.55 (considering terrestrial 
shadowing). 
     The study attempt to investigate the effect of employing the 
use of cooperative partners on the energy per bit to noise 
power spectral density ratio (Eb/No) on each of the channels 
involved in cooperative cooperation, that is, HAP -destination, 
HAP-cooperative terminal, cooperative terminal to destination 
system and HAP-cooperative terminal-destination system; 
making use of the amplify-and-forward and decode -and-
forward cooperative diversity scheme. The result presents 

BER versus Eb/No and BER versus number of user per cell. 
Finally coverage analysis will be done by considering 
different data rate  

 
Fig. 2  Performance of the different  cooperative relaying protocols  
and direct transmission in terms of BER versus Eb/No when HAPs 

located to 21 Km from the terrestrial cooperative terminal. 
 

Fig. 2 Shows that using amplify- and -forward  and decode-
and-forward approaches, cooperative relaying techniques are 
able to provide gains of around 2 dB and 3.8 dB respectively 
over direct transmission at BER 10−2.  In addition to this, it 
can be seen that a significant performance improvement 
observed when we used 5 cooperators. Amplify and forward 
(AF) performs better than the direct transmission, and the best 
performance is achieved for the 5 cooperator scheme compare 
AF and DF. This is expected because the cooperation protocol 
under consideration effectively realizes a distributed 
implementation of receive diversity. So the direct transmission 
schemes require higher Eb/No (Energy per bit to noise power 
spectral density ratio) to provide the same performance for AF 

 
Fig. 3 Number of simultaneous 128 Kbps users vs. BER, when 

f = 0.1628. 
 
Fig. 3 shows that Energy per bit to noise spectral density 

ratio (Eb/No) needs to maintain small value for increasing 
number of simultaneous cooperative users. From Fig.3 it is 
observed that for dynamic value of Eb/No (BER 10-2) with 
changing the scheme, the number of simultaneous 128 Kbps 
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data users increased. For example, if BER value is 10-2, then 
for direct link HAPs to terrestrial, the number of simultaneous 
users will be 27 but for AAF and DAF cooperative protocols, 
the number of simultaneous 128Kbps users will be 44 and 80 
respectively. Even the number of user increase when we 
applying more cooperators. Thus the dynamic values of Eb/No 

can be the increasing or decreasing factors in WCDMA and 
cooperative scheme can be effective in this case. 

 

 
Fig. 4 Number of simultaneous 64 Kbps users vs. BER ,                          

when f = 0.55. 
 

Fig. 4 shows that capacity increases is commensurate with 
the increase in the number of cooperators with sky station 
stratospheric platforms. At BER 10-1 number of user per cell 
become 44,68,120 and 185 for  direct link from HAPs  to 
terrestrial, AF cooperative scheme , DF cooperative scheme 
and using 5 cooperators respectively. 

Fig. 5 Number of simultaneous 12.2 Kbps users vs. BER,                          
when f = 0.55. 

 
Fig. 5 also shows that, for increasing amount 12.2 Kbps 

voice users  per cell the value of Eb/No in WCDMA needs to 
as small as possible. Varying Eb/No (on the other hand 

varying BER) and changing Cooperative scheme the number 
of simultaneous voice users from figure 5 is observed. 
 

 
Fig.6 Coverage area in meter square Vs data rate in different scenario 

 
From fig. 6, it is known that for higher data rates, the 

coverage will be smaller. It is true only when cell area is 
considered without cooperator. Higher data rates 
comprehensive coverage area is found with increasing number 
of cooperators. 
      In case of natural or man originated disasters the urgent 
need of immediate restore of a minimal connectivity raises, in 
order to provide first response to emergency requests, 
coordinate rescue teams and allow survived people to 
communicate with the external world. Due to the high volume 
of emergency calls, an automated scheme is required to 
answer and manage the calls. Fig. 4- 6   illustrated, HAPs with 
cooperative protocols are the most suitable solutions for 
providing emergency coverage and capacity over high-risk 
areas during catastrophic event. Sky station stratospheric HAP 
based system with cooperative protocols are a powerful and 
flexible tools to enable cities to cope with crisis, and quickly 
relocate and restore displaced or disrupted social and 
economic activities. 

VII .CONCLUSIONS 
     In this paper, a holistic and rapidly deployable WCDMA 
network is presented. This is composed of a HAP-based 
communications segment combined with cooperative 
communication technology. This study consists in analyzing 
the coverage and capacity of WCDMA network in four 
different types of scenario (direct transmission from HAPs to 
terrestrial, AAF, DAF and 5 cooperators). The capacity in 
term of total user per cell in different cooperative protocols 
and HAPs based system is presented. The outputs of 
simulation for using cooperative protocols in HAPs based 
increase number of users and network coverage area and 
hence it can be used for to support disaster-relief activities, 
and to extend capacity and coverage during temporary mass 
events. 
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