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Performance Study of Piggybacked CDMA/PRMA
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Abstract— This paper introduces a multiple accesbame called Directing beams toward intended locations is olehity
CDMA/PRMA with Piggybacked Reservation, which employ High using either spot beam antennas or a two-dimensitrased

Altitude Platforms (HAPs) as innovative wireless basation with 5oy that cover the desired cells on the earttasen|15, 16,
balanced cell coverage, to achieve higher statmtimultiplexing

efficiency in the mixed CBR / VBR /ABR (constant, variabsnd 1?]: Many I|te_ratures [18, 19] adopted CDMA/P_RMAC(@
available bit rate) traffic environment. The idea to use HAP as Division Multiple Access / Packet Reservation Muiki
mobile communication assisted system with almosta@qaths to  Access), and its implementation is being discussdtt
communication nodes, while reducing signal impairnteriThe  regard to the satellite component of the UMTS nektwo
adopted scheme exploits reservation access mechani§he (S-UMTS) [21, 22, 23, 24]. This protocol incorp@at

reservation is assigned in a separate slice offitagne (reservation . . .
mini frame) while the rest of the frame is allottetb the PRMA in the CDMA environment in order to supporrsty

communication traffic. The second level exploitsetipiggybacked ~ traffic - characteristics, such as packetized voichew
reservation with multimode video encoder to deal withe applying voice activity detection. The PRMA schambased
dynamic nature of VBR traffic in order to increase thehannel on Time Division Multiple Access (TDMA) and combine
access_efficiency. The expediency of the adoptellestes is yandom access with slot reservation. In the adoptbgme
insured through the glmglatlon of an isolated (EaieInV|ronment. the access process is accomplished by making evaise in
The obtained results indicated that, a substantiatrease in the . . .
number of heterogeneous users is attained within timended a dedicated reservation slots in a separate podfothe
QoS level. frame, while the rest of the frame is reserveddooadance
with the reservation slots. Combining it with the
Index  Terms—CDMA,  PRMA,  HAPs,  Stratospheric, characteristics of CDMA more efficient radio packet
Communication. communication systems can be achieved, since daicbas
support more than one simultaneously transmittezketa,
l. INTRODUCTION limited by multiple access interference (MAI) [28B, 27]. A
The enormous and endless demand for broadbatwb levels of reservation is introduced to achieygimum
communications is a challenge that many peoplérgireg to  performance for real time video communications dad
solve. Commercial data providers continue to reseamys increase the capacity of the mobile networks. Ideorto
to bring high-speed data communications servicesh& achieve this goal, two assumptions are employee. firkt
customers in both cities and rural areas. Curremssumption is to incorporate two levels of Reséwmat The
infrastructures are a collage of terrestrial (eigeless, cable, first level is using the ALOHA reservation in theservation
and traditional telephone lines) and satellite weks whose period [28]. The second level employs the piggyleack
coverage does not span the entire globe or is @nudtic or reservation to deal with the dynamic nature of VBRriable
prohibitively expensive to access. Out of this stdyisector, bit rate) traffic in order to increase the multiitey efficiency
the concept has grown of providing wireless broadba [29]. The second assumption is employing a multienod
communications via High Altitude Platforms (HAP3his encoder equipped with a buffer at the user's mdiilminal
concept has potential for solving some of the modef14]. The buffer stores statistical peaks of theing rate by
telecommunications challenges such as ubiquitouslegs provisionally storing excess video packets. An erity flag
communications, and the need for rapidly deployablg used to monitor the expiration of packets invideo buffer
high-speed data communications in the vast growirg@o], in case of exceeding a certain threshold, gheoder
telecommunication market[1..10]. turns to a lower coding rate but with less qualdyavoid
HAPs are quasi-stationary airships or UAV operatinguffer overflow. The video multimode encoder ranfesn
within the stratospheric layer, due to the capgbdf LOS  16kbps to 128kbps.
(line of sight) communications are as in the sigeflystems,
but at lower propagation loss due to the relativielyer .
altitudes (20-60 km) , therefore, it combine theadages of
both terrestrial and satellite communications[1BJAP
networks offer advantages of reconfigurable andadyo L
resource allocation, coupled with flexibility andhprd
deployment. ).
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Il. SYSTEM DESCRIPTION

A. HAP SYSTEM

HAP stations may be used as base stations withén
terrestrial area [31]. It employ a phase arrayramado project
spot beams for telecommunication services. The lspams
spread over the coverage area, in a pattern sitaldhat
created by a traditional cellular system. In olresne CDMA
payload is carried out by the HAP, at an altitufi22a25 Km
above the service area. It is assumed that, HAlRrsyis kept
stationary with regard to the ground surface. Dués low
altitude, the effect of the earth's curvature igleeted, and
each spot beam cover an equally tessellated seavéze of
radius r [34], i.e. macrocell. The service aresitra 517 Km
for an altitude of 21 Km [33]. For the studying eaperfect

successful allocation of the packet. The maximuroket
holding time,Dy,.«is determined by delay constraints on real
time type of communication. If a terminal drops thest
tiraffic packet due to expiration, it continues tmtend for a
reservation until dropped all packets or gain @mestion. It
lose additional packets as their holding times edoeertain
valueDpax

Terminals in transmission mode, store packetsitefinwhile
they contend for reservatiob o= ).

Instead of wasting another channel in sending eipgtket at
the end of spurt, Mobile terminals use piggybackel at
the end of final packet to tell HAP that this pdacisethe last
one in its buffer.

C. Medium access channels model

It is well known that the CDMA system is an

power control is employed, mobile users are unifgrm interference-limited system. Reduced interferenagance

distributed and, the signals from all mobile usera given
cell arrive at the HAP with the same power.

B. TRAFFIC MODELS

leads to a lower outage probability of the systémis to
increase capacity. In the cellular system undesidenation,
DS/CDMA with spreading sequence of lengflehips per bit
is assumed, and the neighboring cells use different

1) Frames and Slot#\s shown in figure 1, the time scale isfrequencies.

organized into frames, each containing a two tygfeme
slots. The frame rate is matching the rate of gaiwr of
voice packets. All mobile units transmit their patk such
that they arrive to the HAP station within the dloundaries.
In compared with to conventional PRMA, terminals retut
classify slots as either "reserved" or "availablag the
channel access for contending terminals are onlyhin

By using different frequency bands in neighborimfjscwe
resolve inter cell interference problem [35]. A elig used
approximation to determine the BER performance BiVia
channels is the standard Gaussian approximatioA)([SG].
Assuming that the multiple access interference M#l
Gaussian distributed, and using BPSK
modulation/demodulation and a simple correlatioreineer,

reservation minislots and is accessed through dynamhe bit error probabilityP,, can be obtained from:

permission probabilities Pp.

2) Reservation ModeA terminal that generates periodic data

switches from contention to reservation mode as smothe

HAP station acknowledges the reception of succkssfu

reservation packet, and stays in reservation motiktioe last
packet of the current spurt is transmitted. The HA&ion
conceder all the packets sent from periodic terlmiimaeach
slot (which can be achieved as long as the heaalers

P.=Q(SNR). (1)

Where,
N L7 )
= d
Q (x) Jon .[ e u
In the above equations the average signal-to-naite for
the ith packet in the case of unequal power receptioanwh

detected correctly) , and compute the utter peiariss considering a single-cell system can be writtefobew [37]:

probability for the next frame with the channel egs
function, and then transmits this value in the Besk to all
mobile units.

3) Caollisions: collisions is controlled to be only on the

reservation period and at the moment two or mamitels
send reservation packets using the same code hd game

®3)

SNR =

P,
(Bsf )’y p.+ Nog

Where, the received power leveB™(i = 1, 2, ..k) fromK
simultaneous transmitting terminals in a given,slots the

minislot. Considering that, in the case of DS/CDMAgdata bit duration, N, /2) is the two-sided spectral density of

collisions in the proper sense of the word as iMRRIs no

additive white Gaussian noise (AWGN) channel, Bpi$ the

longer accounted as one slot supports more than opewer level of théth user.

simultaneous transmitter. On the other hand, thekqia
success probability within a specified slot is agted on the
number of simultaneously transmitted packets, tsedu
forward error correction (FEC) coding, and the agieg
factorS.

4) Contention and Packet Droppingn order to transmit a
reservation packet, terminals in contention phase lto get
the feedback of utter permission probability redate their
type of service. They are permitted to transmiaeket if the
random number generated in their mobile unitsss than or
equal to the feedback of permission probability aoicast
from the HAP.

Mobile units keep trying to transmit reservatiormket in the
reservation period until the base station acknogdsd

The case of no intercell interference means, thePHA
directional antenna transmit different frequenci@s
neighboring cells. Assuming that the system hasrdept
power control, so the signal emitted by every tnaitter is
received by the HAP withP, power level, by neglecting
“No'[40] we have:

(4)

Assuming that packets of lengthbit are transmitted over a
memoryless binary symmetric communication chanrigh w
average probability of data bit succe€d~ 1- P, and
employing a block code with forward error correntib
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capable of correctingerrors, the packet success probability

Qe can be derived from:

Q-yclQ)@)

D. Multicell System

In the following subsection,
CDMA/PRMA system performance in multicell environme
and a realistic distance dependent propagationficiesit

we study the adopted

I SSN: 2347-6389, Volume-2 Issue 5, April 2015

when perfect power control is applied, can be amitt
as follows [84]:

3P, N

(K _l)Po+Zk:

SNR=

R

z P(k,i)O
i=1

(6)
Where PO denotes the desired signal power levaéwkil)

k R
zz F%kvi)o

PO, and k=L i=L denote the Intracell and Intercell

model. The distance dependent model considered ikereinterference, respectively. Note that the effecthef AWGN

motivated by signal attenuation measurements [3&8&h
show that the variation of path loss (in dB) witktdnce (on a
log scale) is described by piecewise linear curéth
multiple breakpoints. This means that the propagaldbss
coefficient is not constant over the entire seraicea but that
it increases with the distance between base statidmemote
unit [40]. We treat the intercell interference auaction of

propagation coefficient on the performance of the adopted

scheme.

E. The Multi-Cell Interference

is neglected in the above equation due to the dersiion of

the intercell interference. Thus, the Bit Error [Bability Pe

can be derived in multicell environments.

2- The multiple access interference MAI is Gaussian
distributed, and a simple correlation receiver gssin
BPSK odulation/demodulation and, Pe can be
calculated from equations 1 and 2.

3- The communication channel is memoryless binary
symmetric with average probability of data bit
success (Qe= 1- Pe) when packets of length L is
transmitted.

The CDMA protocol allows each cell to use the same 4- Employing a block code with forward error correatio

frequency band distributed by HAP antenna array.aln
multicell environment, capacity evaluation is cadriout
according to the total interference from the coasickll and
that originated from other surrounded cells. Wesider a
regular hexagonal cell layout with a pointed beanthe
center of each cell. The average value of an iatlerc
interference level can be obtained from the prooedu
developed in [39] and [41]. When considering a gadis law
with a distance-independent path-loss exponentedpally
loaded cells, the normalized intercell interfererfice unit
traffic per

1.2

—e—BCH(127,43,14)
—A—BCH(1023,413,77)
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cell lintercell depends only on the value of paihksl expo-
nent.

For path-loss exponent = 3 andy = 4, lintercell (unit
traffic/cell) amounts to 0.749 and 0.37, respetyivisee
[40]).

For a hexagonal cellular structure, it is posstbleompute
the total interference received from all the cillthe system.
System assumptions:

t, therefor, the packet success probability QElmn
derived from equation (5).

k R
Z P(k,i)o
Thus, k=t i=1 can be substituted by.
k R C a
—_ s
ZZ I::Ek,i)o - R) IIntercell' 0O
k=1 i=1
Hence, the average SNR for test cell (0) can beearas,
e 3N
SNR= o
(K _1) +1 Intercell * O >
(7
Where C represents the number of simultaneous

conversations in each cell, and O is the numbeslai§ per
frame. Simulation results for the voice only systsith y=3
andy=4 are depicted for the considered scheme.

1. PACKETSFORMAT

We have two types of transmitted packets,

1) Reservation packets

2) Service packets.

Each type of the transmitted packets has fixedtlefig, Ls)
bits,whereLg is the reservation packet length, dngis the
length of the service packet. In general, each gtackll
contain some forward error correction to mitigdie éffect of
multi-packets transmitted within the same time,shotd the
thermal noise. In the example used herg, arror correcting
BCH code is used. Therefo(g,M,t) BCH-code [14] are
considered for FEC wherg, bits is the packet length after
coding, andM bits is the message packet length before
coding, whilet is the number of correctable errors. The design
parameters are setup as shown in table 1. PRMAefram

1- We have a multicell system with R+1 equally loade@onsists of 20 time slots; the first slot is detda for
cells, where R is the number of adjacent cells, an@servation, and is divided into 8 minislots, wHislots are
each has K active users (contending and reservinggdicated for traffic. Packet length before codmg13bits,
terminals. The average SNR for conceding cell (Qdnd after coding with a rate of 0.4 become 1028. bt
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spreading facto® of 12 is employed, so that the total CDMAWhere| x |

channel rate becomes 12.275 Mcps. (1023,413,77) 8cid

is considered for traffic FEC.

Reservation packet is of length 43 bits with 0.8derate,
and 14 bit correctable error capability. (127,43,BCH

code is considered for traffic FEC.

The appropriate number of simultaneous transmittisgrs
within the slot that satisfy the limits of the patksuccess

is the largest integeX. The time slot duration
7= Tg/O sec.

The mobile terminal will be either silent or activié it is
active it will be in one of three-state ContentiR&servation,
or Access. Any terminal can inter to contention mdd

1) It has packets to transmit

2) It has a valid permission probability.

In case of successful reservation, the base stdgdicates

probability Qe [K] for both reservation and traffic sub framethe amount of channels suitable for this kind o¥i®e only if

can be obtained by Substituting in equations (ki) are
shown in figures. 6 and 7.

IV. FRAMESAND CHANNEL STRUCTURE
Frame Structure

these amounts of channels are available, othethésmobile
unit become in waiting state.

Terminals who have a packets and valid permission

probability should contend only in the reservatmariod of
the frame, while the method of reservation is inOKA

The frame is represented in two dimensions, in tim@asis.

dimension, (TDMA), and in code dimension (CDMA).
The time dimension is divided into two periods.

1) Reservation period

2) Traffic period.
The reservation period is the (first or first amtend) time
slot, this time slot(s) is divided into mini-slatsthe TDMA
dimension while in the code dimension there issgigmment

Real times services (voice and video) are keptrésarvation
state during their active period while their bufenot empty.
Data unit must contend for every packet and therad
reservation for data.

V. TRAFFIC PARAMETERS
Voice traffic

(the available codes are assigned for both TDMAoglsr and The speech source generates periods of talk spodtgaps
the intersection between the two dimensions isedathe by using speech activity detector SAD to differatdi
channel. between principles talk spurts (ON state) and fplecgaps
By usingR mini slots and codes, the number of reservation(OFF state). The ON and OFF Periods are assumbdvi®
channelsNk = RK, and in the traffic period, the number ofexponentially distributed Durations, which are istatally

service channelds = SKwhereSis the number of traffic time independent of each other. Voice packets are getkomly
slots. Active terminals use the reservation chanmelthe during the ON Period. The mean duration of thk-$plurts

contention phase, by sending a
Reservation packet mainly contains, the terminaltyipe of
service (voice, video, data), plus other headarimétion.

CDMA

reservation packend gaps are 1 sec and 1.35 sec respectively. ®tiget

robustness of voice conversation, speech messagebe
reconstructed at the distention user with acceptabhlity
provided that the voice packet loss is less than [2%ach
talk spurt, the speech is sampled at 16 kb/sec,\anide

packets that suffer from a delay exceed 40 mdwitiropped.
It is assumed that voice traffic is heavy load, afidvoice

terminals are active and in continuous conversation

DIMENSION
i]!j__ﬂlllt:lt:l I:IE:%II:I 8| [H | | TR
PloEm|EE | CE| B CECE EEB|[TR[[E
o[NENE[E i | B [E | B
fl!ﬂnl| = | = e E ]

= <EN B |[B| #EE| [ B EE [ME(H|E=m| (TR
S < n.m | | | [B|E[CE
| | =8 W8 8§ | EE |l (8| =

[CE| [TB| (B AE | [CE|[(B|8@|[§

2 WEMDCE B | E [E[H || (TR

1 L2 3 4 5 [s] 17 18 19 20
L o _ ] TDMA Dimension |
Reservation period Service period

B [ 0 : HE EE )

Video Data wvoice Piggybacked Video
reservation reservation reservation field
packet packet packet

Data Voice
packet packet packet

Fig. 3 Slots and frame structure for CDMA/PRMA with
piggybacked reservation

As periodic source generates exactly a packetrperef, the
amount of information per packet Rg Tr bits whereRg

bit/sec is the source rate (voice), drds the frame duration.

Each traffic packet contain a header informatibibits, the

total packet length is i T +H) /r) bits.

Wherer is the code rate for the traffic packet coder, Bnsec

is the frame duration.

The traffic channel carrid® Te/r bits, whereRs bit/sec is the

channel rate of the channel before coding and dprga

Therefore, the number of time slots per frabnis given by:

O{ R.T J ®)
R.T+H

TABLE 1
Simulation Variables
Definition Notation Units Values
CDMA Channel rate R Kb/s 12275
PRMA Channel rate after coding R Kb/s 1023
PRMA Channel rate before coding R Kb/s 413
Number of Correctable bits it bit 77
Code rate r 0.4
Spreading factor sf 12
Path loss exponent Y 3,4
Reservation minislot M slot 8
Reservation packet length r L bit 127
Traffic packet length t bit 1023
Number of Correctable bits (reser.) r t bit 14
Voice source rate R Kb/s 16
Video source rate (VBR) R Kb/s 16- 128
Frame duration i ms 20
Slot duration T ms 1
Over head H bit 93
Speech activity detector Slow
Maximum delay Ras ms 40
Permission probability speech pP 0.1-.9
Permission probability data pP .01-9
Permission probability video PP 0.1-9
Number of voice users M Variable
Number of data users M Variable
Number of video users M Variable
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Data traffic
Each random data terminal can create at most neleepn

I SSN: 2347-6389, Volume-2 Issue 5, April 2015

increasing the number of simultaneous conversatiesslts
increasing of BER (Bit error rate), if the employ&@H code

one slot, whereyis the probability that there is a new packets not efficient in correcting corrupted packetgaor voice

in a slot, and is equipped with an infinite FirstHirst-Out
(FIFO) buffer to store delayed packets. Denoteaverage

quality or even a connection failure could be di&hbd. To
insure that the overall performance is a resulmeidium

data bit rate byR; and the data packet that has the sanmmccess control protocol, packet success probabdityo be .9

duration as voice packet is generated independdrdnce
the mean bit rate of data terminal is:

Rd:O'dRSO.

in the simulation program.
Simulation for voice only traffic was establishedhw equal

(9) to 4 as standard assumption for mobile communicd8d],

A constant data bit rate of 3.4 kb/sec is assummd fand withy equal to 3 as a more pessimistic assumption.

simulation, and data packets are originated fraseprendent
Poisson input stream with mean inter-arrival tingpiad to
0.02 sec.

Video traffic

Video traffic is represented here by a variablerafe with
exponentially distributed transmission time of eamequal to
180sec. As shown in figures 4, any video terminéll be

assigned first with one channel, and accordindi¢éoamount
of queued packets in its buffer, it can ask throdbg
piggybacked field for additional channels up to r8ffic

channels (8 channels/frame). Piggybacked fielppdated in
each frame, and video terminal can keep the chaumdl the
end of the current active period. For proper opanathis
traffic channels must be in different slots, butmatter to be
with different codes. Many video compression teghas can
be employed to increase video allocation in mohdavorks.
Due to the sophistication nature of the compressddo

stream, a very low packet loss rate is requiredriter to
construct the frames at the receiver end. So idabwacket
drop probability is set to be as small to meet thggiirement.
The instantaneous bit rate of video codec variesatiyr
depending on the video sequence complexity.

VI. PROTOCOL ASSUMPTIONS

It is assumed that:

Power control is perfect and all packets arrivarfrasers
within a given cell are received with the same poatethe
HAP.

All packets arrive to the HAP are synchronized, argirong
forward error correction FEC can correct all coteap
packets. So the packet loss are due to the fatitttest in
gueue more than maximum delay, while the userwiag a
reservation couldn't find the intended number cdrfels, or
the collision between reservation packets in ttsemetion
period.

The flowchart that describe the reservation proéessiown
in figures 4, while the flowchart that represerd #ilocation
process is depicted figure 5.

VIlI. SIMULATION RESULTSAND DISCUSSION

The performance of the network under the adoptetbpol
is investigated by using computer simulation that $&tas
the network under

Average Signal to noise ratio is obtained by stitstig in
equation (9), and then by substituting in equaiid)) the
packet error probabilit?. is obtained.

Figure 6 represent the packet success probabibity f
reservation subframe when variable number of actsezs in

a heavy path losg£4), try to win a reservation in reservation
minislot, while in figure 7 the packet success piuibty
under the same condition but with path logs3].

By comparing the two figures, the probability otesassful
packet in the system with smaller exponent path iw$arger
than that of higher path loss exponent.

From figures (8, 9), it is also noticed that, thehability of
successful packets through the traffic period & trame
wheny=3 is higher than that whes4.

Simulation results are depicted in figure 10 undee
condition of 0.9 permission probability. The capgci
decrease due to intercell interference is obviowisthe effect
of propagation coefficient has a great impact ostesy
capacity.

The capacity decrease compared to an isolatetbeglE 4 is
about 40%, while foy=3 it is about 65% for voice packet loss
probability equal to 1%. For voice packet loss aiuility
equal to 2% the capacity decrease compared tokatad cell
fory = 4 is about 37%, while for=3 it is about 64%

The network performance is also evaluated withedfit
number of video users, in isolated cell and theaffof
neighboring cells in multicell system with the \aion ofy.
From figure 11, It is noticed that the increassiofultaneous
active video users accessing the network hgseat effect
on video packets drop probability, that is becaaszh active
user wins a reservation, has a big number of trgffickets
that occupy the channel until he finish his session

Itis also noticed that, with increaseypthe video packet drop
probability increase as well.

From Fig. 11, it is noticed that, the increase cive data
users has aignificant effect on data average delay, so the

number of activelata users shouldn't increase more than 300

to protect data average delay frexceeding the limit of the
300 msec. The effect of is clearly affect the data packet
average delay, when the system capacity is seB@ou3ers,
increasingy to 4, will result of increasing data average delay
over 300 msec.

VIIlI. CONCLUSION

random event and with different

permissionprobability for each class of service. Simulatiodn this paper a scheduling algorithm piggybackesreation
parameters areshown in table 1. Performance controlPRMA/CDMA for HAP communication system is introddce

parameters are set as: 2% maximum vop=eket drop

and the performance promises with a great featitreherits

probability, 0.1% video packet drop probability, dan the good features from booth PRMA and DS-CDMA

300msec Maximum data average delay. Slot capagigni
important factor on studying the overall system azity,

protocols. Higher capacity of different classesusers is
achieved by using multi-slots reservation and mbas one
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mini-slot per reservation slot. Utilization efficiey is
increased with the constrained of the adopted Qo®pared

[15]

with either CDMA or PRMA alone from advised HAP [14]
systems. Scheduling algorithm enhance network dgpac

compared with [18, 19]. HAP scheduling algorithnosla
have a lookup table for the available channelsthadability

to distinguish the best code and time slot for drett
management of network resource, and to assignbseita

permission probability for each class of servidgsing two
levels of reservation have a great improvement ieos
communications; however, it has a harming effectdata
average delay.

Concentric Cell, and micro/Pico HAP
configurations with perfect power control technigumay

[17]

(18]

[19]

cellular2q)

also apply to get more utilization efficiency. Ftuesearch (21]

is required on the effect of imperfect power cohttrod on
synchronization aspects.
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