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. ABSTRACT

‘Integration of Voice and Data - !
ey, v
in Spread Spectrurn Mobje Network

: ‘ N

Seéhaglrl Rao Nanduri

L
]

S/
- °) L
The delay, throughput and blocking characteristics of a pr'ulatlon of ]ldd..

data users and Mv voice users operating In a moblle network envoirnment are

t

evaluated. Frequency hopping ‘and forward error correction are used *hf—-llkg

v

user simultaneous transmission. QPf{ and MFSK signals are investigated as

candidate for data quulatldn.

The Interaction between the queuelng aspects and the modulatlog aspects

of the network are conslidered. “The potentilalq error correction techniques and

—

adaption of backofl strategles In the rréqqency hopped network Is Investigated.

v
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bit duration.
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o CHAPTER ONE - )

"INTRODUCTION

o

The potentlal ron communlcatlng with non fixed points over the horlzon

wlt.hout the use of wires was ﬂrst, recognlsed rollowlng the lnvenuon of the -

radlo In the late 1800 and Its development ln Lhe early 1900s. The ﬂrst use of

this poténtlal was to vessels at sea as an ald ‘to navgatlon and safety, Since

t,hose early days, the use of moblle commﬁnlcatlon has spread dramatically.
H

Todajhlt. 1s used not 8nly for ships at sea, but wlth land vmlrcsan and

even people using porvt,able commumcatlon equipment(moblle telephones).
1

e

The telecommunicatlon radlo service in general Is beling dexeloped at a
rapld rate. Inb the case of land moblle service, there 1s an Increase in the

number of users and also it the type of services belng provided.

Over the years, the system designers__hqve set varlous ot;jectlvés for [ar‘ e
scale moblle service b;_).sed on the Interests of t/t;e publlc, moblle cuétomers, and
moblle telephone operating companles. The baslc objectlves to be met lhclude
large subscriber eapaclty, efficlent use of the spectrum natlonwlde compatabll-

1y, wldespread avallabillty. adaptablilty to traflic density and service to vehl-

cles and portables.

v b

The Integratlon of services such as mobile t.elepho“nes; dispatch, paging,

Informatlon distribution, road and traffic data, moniltoring and conm;pl'are

belng developed. 4

? ’

The syst,em must be capable of growlrig to serve many customers in a
local service area, yet the provlslon must not be contlngent, on t,he continual
enlargement of the allocated spectrum. The need to operate and grow

, 4

¢ -




Q3

lndeﬂnltely within an allocation of hundreds of chan‘gels has led .{o the cellular
coocept. ‘

Instead of coverlng an entire local area from olle' land transmitter wlth
high power at a high elevatlon. sevet:al transmlitters of moderate power are dls-

tributed throughout the -coverage area. Each-slie then primarlly covers.some
rlearby sub area or zone called cell. The cells cover hexagonal area.
Each cell Is served by a distinct set of channel frequencleslt,o avold

Interference problem. Cells sumclently apart may use the same channel set.

Through frequency reuse, a cellular syst,em in one coverage area can han&e 4

number-: of stmultaneous calls greatly exceeding the total number of allocated ,

D

.Channel frequencles. -

Thils thesls * descrlbes a cellular moblle network employlng frequency

hopped spread spectrum for lntegratlng volce and data. . —‘

Spread sbectrum "communlcation systems have been widely §tudled and
have been }nalnly used for mlllt'ary applications. Alvhough they were not con-

sldered 'to be band width efficlent for clvillan appllcatlons they provide a cer-

™

taln degree of Immunlty to lment‘lonal or nonlmentlonal Jamming. These sys- .

tems have the capablllt,y of combatlng multipath fadding, as well as allowing
simultaneous multiple user operatlon.

| -—

Chapter two, describes the proposed, frequency hopped spread spe¢trum

mobllé network. It 1s assumed that there are Md data users and Mv volce users '
ln»one cell of the mobile network. The volce and data packets are transmitted
¢ .

In packets. The data packet Is backed off probabllistically If the load on the®

2

network 1s high. Coherent QPR slgnals -are used for the modulation and
Spread Spectrum- with frequency hopplng is .used for the transmission of the

e . . -
signals. The delay, throughput and the probabllity gr volce packet loss for Md

‘95



data users and Mv volce users Is evaluated taking Into conslderatlon: the

v

Interaction between the queuelng aspects and the modulation aspects.

~

In chapter three, the performance of multifrequency central transmitter,
fixed channel asslgnment schewd the dynamlc channel assignment scheme

are compared to the scheme described In chapter two. ‘ _— )

Chapter four descrlbes a FH spread spectrum technlque using noncoherent
MFSK modulatlon scheme. The analysls to’ det:ermlne the probability. of bit
error for the modulation scheme with multlple access 1s also presented. The

delays, throughputs and the probablilty of volce packet loss Is determined as

described In chapter two are determined for different traffic loads.

The described new}ork and the analysl’s differs from ‘the other proposals

t

by the Inclusion of the followlng aspects:

Consldering the Interactlon between the queuelng aspects and the modu-

S - /
latlon aspects of the network.

Studylng the exact phenomena of blt errors, traflic varlations, resujting

packet errors, nature of volce and data trafMc, effect of bulk and Intergctlve

data consldering the silence and talk perlods of volce.

The potential error correction technlques and the adaption of the backoff

strategles In FH networks Is also Investigated.

"




| " CHAPTER TWO
/

, /
COMBINED ERROR/ QUEUEING ANALYSIS
OF A MOBILE NETWORK EMPLOYING
FREQUENCY HOPPING/QPR, SIGNALS
2.1 Introduction N
" . ’ L
In thls chapter, a celiular moblle network employing rrequency hopping
(FH) as a spread spectrum cechnlque ror Jamming rejectlon and Quadrature

partial response signalling for baseband modula}mon Is priposed and described.
The u—'ansmlttﬁ buffer Is modelled by a Markovlan type state dlagram.

The blocking, delay imd the throughput for the network Is analysed for

’

‘combined volce and data transmission.

2.2 The SS Cellular Mobile Network Description

4

+  The network Is confligured as a cellular FH/QPR spread spectrum moblle
network. This does not preclude however the potential use of other DS sys-
tems and otl‘ler’ rrjmdulatlon technlques (MFSK, OQPSK or DPSK). The total
avallable spread spectrum band width (2C+W,,) Is ;ilvlded equally between the

£ .
nonoverlapping up link (from moblle units to the base statlons) and the down

>

link (from the base statlon to the mobile units). The up and the down links

are éach divided Into nonoverlapplng bands each centered at the carrler fre-
quency of the appllcable cell (Figure 2.1, & 2.2). Each cell base statlon Is
assigned two center frequencles for the up and down links (w,, wg ) and these

twé frequencles (and the assoqlated SS band) are reused far enough from the

- [

Fid
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applicable cell (Figure 2.2) depenaﬁg\en\the reuse distance arlxd the number of
:centrg statlon frequencies considered. Tﬂe number of basic SS t?ands selected
in this network Is 5, however It may be Increased to 7 or 11 on the expense of

}'educlng the SS band pe‘rhc-el'l‘ \1‘)er.llnk (W., ). Onone hand it reduces the pro-
' cessing gz:.ln PG which 1s a measure of the sys_tém capabill_ty to reject simul-
{aneoNke user Interrerenc;a (t.hus- d?gradlng the achle\}ed data rates and
Increasing the delay and volce blocking etc), on the other hand, the center fre-

quency reuse dlstahce is lhcreased. thus limiting the exlsting of lnterfer_'ence of

up link or down link signals.

Each volce or data user Is ldentlfled By a uniywesighature code (a string

of pseudorandom blt sequence)

This code may be of the linear maximal type or Gold codes[1]. The later

Is preferred because it provides a large number of user codes with reasonable

K
v

corelation propertles|1].

The aser code lcont,rols the frequency syntheslser of both the transmitter
and the recelver of the moblle units(Figure 2.8 & 2.5) thus generating one fre-

quency hop w,; per a certaln Interval T, . If T, is large compared to the Infor-

¥

matlon bit duration 7, a slow FH results. If T, Is less than T, we obtaln a-

fast FH system. AIl moblle units within'a certaln cell use the up -link band
(Figure 2.1) of this cell thus sharlné the frequency hops of this band. However
the probabllity of two or more transmitters of moblle units having the same
wy at the same. time 1s very small by the séfnlrandom nature of the codeg cori-

trolliing the FH of each transmitter. , ) :

At the moblle transmitter (Figure 2.6) the FH signal is mixed with the

,

appropriate base statlon crystal output (as will follow later) and the Informa-

O

tlon carrylng base band modulated slgnal (FSK or QPR etc) after which |t Is

¢ .




*JAA]3931 3[Iqom Jo wed3dv(p Ydold

SC uNIg .
> uonns
13413234 PUR JNWSUTIY 7XQ 19335 03 31301
ﬁw. Q) UouIWod
P03 133138 1350
s Yy
h 3
101213553 a2 UOISING 3% 3po> sy I@ en
B ‘ 30D 12123y *{®{3uy JOJ 3130°) 12s sk D uopiels asvg
. UiYs spod
Joxadnnus Ill@ ™
- 23sIYIULS 5doo] JuIRIe:1 3 - -
L>u3nbasy < oV, WItL zuopwns aveg}
1Ay ud 3p02 ug .
T O
81540 tuojieas aseg
2
107w21py] dda 4 ﬁ . [.In@ ,
” | smjusuein oL :
TIeP Paajaday g 2348
Inj2giuvawiun 43p023 :
a1 J1e|NpoWap Nt _ &
nw o34 . *
rd
©kp pardaued soxadiynw
L — Yiad
. Parasay Joreuy
: 53gnq weg ¢
- - [ - -
< 1WRGIZPIHMOURIT h 348
P pus L3nwns
v «
“ 7 [po 33eq uommimsusn v/a
w1ep 20; hi3o 1
- 32104 305 L8O
: . $3aR puN Imunren
~ 04 02 BOWWOI .
W WP Xy SRQ
.. .
\ L Y . L]

.
1

b

Jnpusuen 0L

10133198 JO WNWIXY}Y

44

kg

£




43413234 wol) umis

a5 Juthjnuapy asng @

Bnwswen siqow gy Jo weasep ¥

9% undi 4

a2y 01 330f pur uANUNOD

uvoninys
3xq 1% wonitinbe apoy

(492413331 pur LMwsUTn
420Q 01 VoW WD)
IPO 123438 Jaeny

R

114ys 3pod

401TI2U3d Ipo)

(samwsueat )

{

ATSIYIVAS 1M1

FEITL 3

Juuanly

&
DIDNIYIT SIYY Il BONTIS ITTQ WS N
ARY 01 TUY 33A1OU P IMNWITEN AIGOW
.noN

pueq pts Jaddn

uonwg 3iqeddy

I

(4nmwisuea])

{asn)

{4213¢2 UONITIS IEQq P1II|3s)

a3 wosg Tllll

404302 pus uofstadadns

r

N\

2ale] yuif esep ¥ 7

${030703d NI0mIIpN

Juisiuosyduds pue
JUIYNIMS UONITIS ISEG
PUT JUAWIZPIIMOUNDT

Joweinpow xR

12p02u3 D4

i

puUe YOSSIUWISUTIY
1ep 10j 31301

13412331 pue s
01 uowwo)

13yng viEp

Jmusues],

al’v

(a34n0s 230A)40

(asunoe 300?

@



10

upconverted and transmitted.

'

2.2.1 ;nterference Control Mechanism

Data mc;blié unlts are free to transmit their FH packets to the base sta-
tion they select and they. continue to do so as lc}'ng as there Is no 'NO STA-
TION AVAILABLI‘B' message recelvéd from that base statlon. The base sta-
tion generates this sigrial whenever the number of on golng volce calls and
averaﬁe level of data users traflic exceeds a certain limit. However volce calis

belng typicajly composed of thousands of backets will need a permlission to

start.

The volce moblle user will act first as a data user and so we chll it (data
ltke volce user). He will ask the base statlon he selected using FH packets for
permission to transmit and repeat t,he. request untll acknowledgement rece;I-
tlon from the base statlon. The b;ase statlon looks at its buffers and accumula-
t,ors; and If the number of on golng volce calls and data trafllc permits, the
volce request wlll be grantéed (of course glven that thg destlnatlon volce user
and the destinatlon base station are both free as wl'll follow, otherwlse g
*TRUNK BUSY",signal will be sent In the down llnk by the source base statlon
to the source moblle). If the buffer status of the base statlon does nqt pern'm.
new volce calls, a request denlal (blocking) wlil be sent by the base statlon to
the moblle user (1.e 'STATION OVER CROWDED"). The volce user will th’én
try other base statlons (done automatically during dial up perlod). Also to
further limit SS interference, both data and data like users will back off proba-
bllistically whenever they encounter a collislon (as Indlcated by absence of ack-
nowledgement from base station after a time out perlod). This means that

each data or data like volce user will transmit with a probabllity 1 /KD 1n each

one of the KD time slots (packet times) following a colllsjon (packet fallure).
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! This lmits the traMc but does not improve thé volce 'qngallty once the volce

iy, A
Ny call 1s permitted since volce transmission 4s based on loss. (Backoﬁ In an ongo-

T S\ Ing volce call may result in prohibitive delays).

- ~ t »

The above st;rat,egy controls only the upllng?’ traflic volume recelved from
- the moblles of a certaln cell.‘ It 1s possible fdf‘ the t{as'e s\,zg.tlon to also handle

traffic coming from other base statlons (long q1staifce trafic). To allow for

-

this traflic to be accomod%hgd a percentage.of the down link capaclty (tln)e

slots) of any base statlon Is usually reserved thus affecting the number ‘of local

I

uplink volce calls and local data trafllc that can be perhﬂtted from moblle

ilsers in ti]e vicinity of the cell. ! .

Y - 6 .

2.2,2 Royalit);\An&Location Frﬂobfents s - 4

. -
Rather than asking the moblle unit to transmit powerful tones to the

- nelghbouring base statlons for the purpose of l'bcatlon and ldent,lﬁcz;t!on and
power control, the more pqwer‘rul base statlon transmits tones identifying '
themselves In the beglning oﬁ each down lnk transmission frame (Figure 2.3).
The Eoblle users will monitor the ldentificatlon bursts contlnouslyu(l:ilroug‘fl
matched fliters or phase lf)cked loops’l\/fFl,l\/iF2,....IvIFC. of. Figure 2.5)~ and
select the station glving t,‘he,,mz}xlmuﬁ] ldentifying tone at the moblle recelver.

-~

This means thikft tl{e presence oﬁi‘moblle In a certaln cell does not mean that

¢ 1t will forward Its transmisston to thils base#a‘tlon. Rather good receptloﬂ In

channel fading wlll be the factor. o

This means that the fnoblle based 6n thc/ terrian and fading conditions
L § . !

etc, selects the appropriate base station to'tune tQ. As the moblle volce user
" ' moves towards a hetter tell, Its loyallty block (Flgﬁ're 2.6) will-dlal the better ™

station to get new reservation, Inform the on golng base s'tétion, then swlitch

L3
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very smoothly to the hew Dase station thus reducing the famlilar zone crossing

problems in a classlc cellul r system. .

The above sche.me reduces the multipllicative en‘ect of fading on power

. ~

differential problem (near far problem)[2] since each moblle unit selects the

best statlon apart from Its present- locatflon.‘ However finding a destination

moblle will be harder. Also extra power control can be accomodated.by.

, power of the best recelved base statjon tone (as above) such that all moblle
signals have the same re‘celved powers at a certaln base st,atlon Communlca-

tlons bet,ween base statlons have to exlst and statlst,lcs of moblle movements

N

have to be reviewed especlally iIf a moblle 1s hi den lntentlonally or unlnten-

tlonally. Neediess to' say that all t,hesé' problems are common to al) cellular

e

moblle systems. . ’ . «

\

2.2.3 The Back Boné Support Network

A very efficlent backbone network handling the Interbase ‘statlons com-
munlcamons has to exist. This I1s common to anfr cellul'ar system handling
wlde areas and conSlst,lng of many cells. Tradltlonally ths has been the publlc

network or a satelllte based multiple access. v It- Is also possible to use hlgh

) bandwldth backbone optical networks [3] for suc}' %urposes. This Inter statlon

r
communication should alleviate the contentlon for the right to handle the

moblle units speclally around cell borders. The search for.a destination moblle
Is handled by the base station transmitting "YOU ARE CALLED' messages 1n

Its celliseveral times. If there 1s no reply, this base station lnterrogates other

base stations who lssue a search for the destination moblle in thelr cells. .

Whitle -the moblle unit seléct's a certaln base statlon to transmit ‘tf), the -down
w . -+

_llnk recelver slgnal to this urilt may come rr:om' other bg.se station. This

2

‘ BV

deslgn!ng the moblle transmlitters to'adjust thelr power ‘dependlng on the

-

-~

>

o’
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’

possible independence of the transmitter and the recelver Of the unit Is .

'Justlﬂed for bui'sty traflic. . In this case Interstation communications will be

really needed whenever. he moblle crosses the cell boundary while recelving

from a different source moblle. *

The whole llnk from the source station to the ciestlnatlon station to the

»
"~

destination moblle has to change and the fact that the moblle has the s‘aﬂme

control over the selectlon of the statlon adds to the prc}blem. The mdblle'

recelver det.ect.ér the best new statlon, Informs the transmitter who Issues a

R
’CONNECT ME’ request to the new statlon then trles the next) best etc. A

smooth transition will then take place Another need for inter st/lan com-

.

munications arises In the case where SS or more mdblle units in the nelghbour-

ing cells choo’se‘ a(c,cldent,ally the same SS-code.' In this case base statlc;ns will

help the moblle users by issulng the appropriate ',CHANGE CODE’ message. to

AY
4

! -

A

the appropriate user.

2.3 The‘ Mobile Unit Trangfnitter And Receiver Strucf;uré" And"Rela-
- "tions To The Network

toe

The moblle transmitter emlts a FH/QPR (ar FH/MFSK) packets, but

before this.!s done, Information blts have to be collected, grouped with the

packet overhead bilts and then encoded for .t,he bosslble error correction at des-

w

tinatlon (FEC encoder of Flgure 2.8). The control overhéad blts are provided *’

by> the box ‘Supervislon Protocols’. This box Is common to boﬁ; the

transmitter and the recelver and provides overhead contalning messages such

és{ "VOICE CALL REQUEST', BASE #J', 'ORDINARY DATA "PACKET",
"ACK 'SWITCH’, (l.e. stzi/ilon switching confirmed) ete, '

" Also as the block extracts the overheads of the arrlving packets (from

’-f'

[

£

<
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1

base, statlon) and Issues the appropriate commands to both the transmitter
and the recelver to adjust to thelr carrlers, codes, transm!sslon tlmes,. .etc
Such arriving overheads contaln messages such as: 'STATION OVER

CROWDED"', ‘'VOICE CALL GO AHEAD TO TRANSMITTER #I', 'DATA

CALLS WAIT", etq.

.

"Both the physical layer protocols (llke the data back off and-retransmis-
slon strategy) and the data link projocols (for handling the acknowledgements

and hand shaklng'between users) are handled at the moblle user’level and not

~ at the base statlons. Also both are Incorporated In the moblle transmitter

p;(':ket. o;/erheads and implemented by ‘the eupervlsor In the control b;)x (Fig-
ure 2.8). e -

The 'Pause’ Inr.‘ervals In the transmitted packets (Flgure 2.4) facllitates
the Erocesslng e.t, the moblle unlts a'nd base statlons. The output of the FSK
or QPR or DPSK modulator Is mixed with the FH waveform‘comlng of the
syntﬁeslser (Figure 2.6) and‘another mlxer handles Qlie selected carrler.con}lng
from the recelver. Flnally the (‘upﬂper side bangd) USB Is filtered for transmis- -

slon.

o

’  As mentloned previously, the user may (on less frequent basls) change his

code to Improve his performance through the manual code select. However,

extra user Idenm»\catlon‘blts for the multiuser per code should be lncorporate&

- within the packet overhead. At a certaln base st,atlon. all SS’ packets arriving

P

from all mo"blle (preferred) be synchronlzed l.e. thelr code starts should be the
same. /fhls es\es the Inltlal code acquisition problem at the base statlon
recelvers and make the packet'_’detect,able at first arrivals, so Increasing the
ce.paclty of the network. + The rrlechanlsm_ror achleving this Is te_make the
moblle recelver x;lck the perlodically transmitted carrier of thelr selected base

' ‘ -

!
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statlon (FlgUre@2.3) z;nd tune thelr t;'ansmltter code to start Immedlately after
thg ‘Pause’ of the down link statlon.slgnal. The counter; and the logic box of
figure 68 1s Intended ro&r’ﬁxch purposes. However, It 18 possible of course due to
the difféFing locattons of the mobiles thal the 'moblle users codes starts at the

base station are not the same. This Implies the necessity of the base station

having an ordinary search code scheme (4] for all users operating In Its cell.

The recelver of Figure 2.5, conslsts of a few matched fliter banks MF1
thr_ougb MFC (or alternately phase locked loops PLLs). Each oneé of this

. " ]
recognizes the tone and pause of one of the base statlons in the network (Fig-

ure 2.3). Recall t‘he moblle recelver picks the base statlon glving the maximum
t,ode power at the moblizz recelver and adjusts his transmitter power accord-
ingly. The équarlng devices (.)? , and the base statlon logic achiéve such a pur-
pose. While the latches ‘and the multiplexer (MUX) sample only that (MF) .
pulse of the best station and feed It to the transmitter (Polnt(2)) for sydch‘ron-
izatlon purposes. Actua / two analog multiplexors are used at the recelver,

the first selects best of C down links SS bands of the C potential base statlons '

while the second mumplexer selects the correspondlng station carrier crystal

The selected recelved band will be mixed with the recelver dehopplng sig-

I
nal to yleld the base band Information carrylng signal which 1s then demodu-
lated and FEC decoded and D/A converted (for voice or analog data)\(ﬂgu're

2.5).

{

The logic and fine tracking boxes and also the down llnl'( :pulse coming .
. from the statlon (Polnt(2)) should help to bring the local code In synchronlsm
with the recelved slgnal code. Some FEC decoders come with fallure to
correct irdicator and thils signal may be fed to the base station selecior (Figure

2.5) to switch to a new statlon. Aliso this “selectlon may be aflected by

]
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{

unmeaningful data as detected by the supervision am‘i control box.

This box can be Implemented via software. However for high speed appll-

cat!ons or large SS bandwldths hardware Implementation may be necessary.

-A final note regarding.the down link signal (Figure 2.3) is' in order, 1t 1s
i§

seen there the sequentlal transmisslon of SS volce and data packets from the
! t

base statlon to all destinatlons plus the pause perlods (alding SS codes acqulsl-
tlon at moblle recelvers) and the base \;tatlon ldentifylng tone at the beglnmg'

-~

of each frame.

Any network control commands Issued from the base statlonsﬂto the varl-
; .
ous users (such as the ones already mentloned 1n this sectlon) are included In

the volcé and data SS packets sequentially transmitted.

However, other network supervisory slgnawnd‘rrame housekeeping such
as number of Vvolce and data packets In the current frame (Figure 2.3), statlon

statlfs,parlty check bits,....etc. are all Included In each frame control overhead

-

(Figure 12.3).

2.4 Blocking - Delay - Throughput Analysis of the Proposed Protocol

Because ‘all up llnk and down llnk SS bands are non overlapplng (figure
2.1), the up llnk slgnals from a set of moblle\ﬁsers In one cell will not Interfere
with the uplink SS signals of the moblle users in the nelghbouring cell. Sim}-

’ ‘ -y
larly, the down link SS signals transmitted from one base statlon will not

i4

Interfere with the that of the 'nelghbouring cell. Also from flgure 2.3 1t 13 evl-
dent that the SS packets are~sent sequentlally from each base statlon to Its

moblle users (no contentlon or mutual Interference).

!
\

The above mplies tha't_ﬂ the up llnk from moblle 'users to base station s

e
o -

the only place where we should expect.. SS Interferences (overlap of moblle

-



- - -
»
-

users signals both l‘n t,lmé and possibly rrequency)l

However, different from ALOHA or carrler sense techntques(5], {7] where a

, ’part)al overlap of two signals means complete destructlon the very nature of

SS signals allow more than one s;lgnal ~t,o coexlst at the same time. The
Interference rejectlon capabllity of SS signals [6] amounts finally to having a
few tandom bit errors per packet which can be correi:ted emplf)ylng ;Pqu
error correctlon techniques. However SS means. qacriﬁc.lng a bandwidth n’luch
larger Athan t,.h t of the bé\slc information ;:slgnal and aiso FEC s}acrlnt':es a llttle
bit of the cap; Ity to correct errors. Apart from some recent prgposais lgnor-
Ing some of thesle effects, éll those conslderat\ons‘shoulzi and wllt be consldered
Iin the process of calculating the us'erul throughput and other perrormance-

measures of the proposed network.

It:i‘s" assumed that a total SS bandwldth‘ber'cell up link 18 equal to Wss, a
numbef of data aad volce -users equal to Md, Mv per cell respectively. All
results are normallzed with the length between two embedded polnts‘in the

Markov chalns Involved which Is the same (In our case) as the service time of

v

one data packet at the baslc Informatlon rate. Assuming a data rate Rd and

number of bits per packet equal to Np the service time equals,

\ 1
. t, = -H'Np B (2.1)

1

If the moblle transmits all the time at this-full rate Rd, the probability of
generating a‘paé'ket per’packet time Is 1. (He cannot generate two packets or
P2y ]

more per packet time). We dlvide the packets Into small divisions-‘'and assume

Polsson traffic in each of the small divislons for the data users refiecting Itself

. finally In a probabllity of generating a packet per packet time equal to \,.

Assuming In general QPR data modulation and if NF Is the-number of

T n

frequencles, then N\
) .




) ) ° ) 20\

" NF = W,, 2T, (2.2)
' ’ . " .
- " The SS-interference rejection capabllity 1s usually expressed as the pro-
¥ bear -
cessing galn (PG) Which equals In this case ‘ i
) ’ . w” [ ’
‘ — . . , PG = —W-‘- ) . (2.3)

We assume (for analysis €onvelnlence) that volce users have the same Np,

td, Rd and finally the same PG-as that of data users. '

© &

’ . ' . .
F‘or_ data users, we also adopt the following random back off strategy at

~

the transmitter buffer 7 ‘ .

1. The (head qf the line) packet in the buffer Is transmitted.

2. If an acknowledg\ﬁent Is recelved for thils packet, 1t 13 dropped out of -°

’

the buffer, If after a time out 'perlod‘ the acknowledgement is not recelved

KN

(means unsuccessful transmission) then retransmission s trled In only one.slot

out of the Kd packet times (slots).

The above Is equlvalent (on the average) to saylng that retransmission 1s :

tried In each of the succeeding slots, with the probablility equal to, .

) , o .
s 9= %7 | (2.4)

and remaln delayed (refraln from transmission) with the probability (1-q).

The behavlor of the transmitter bufler can be analy2?ed through studylng

©

the Markovian state dlagram of figure 2.7.

/ { ", Excluding the idle state, the states of each transmitter buffer are

described by the integers i, J'(at the time frame (slot) number 1).

[N

. , Si =8(s.)) (2.5)
\ \ where 1=1,2,3,....L represents the buflet !:ontents In packets
J=0,1,2 indlcating a transri}ltt.lng orf ’ollldéd-‘or delayed transmitter
mpectlveiy. R o
. x SR c/
g@ﬁ;;_ N -
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In figure 2‘2\ the assumption 1s made that senslng colllslons and ack—l

22

nowledzement 1s lpstant.aneous thus permitting the exlstlng of llnks suth as

the one from state (1,C) to (2 C) and from (2 D) to (2,C)....etc. Thils assump-

tlon is almost, typlcal In the recent literature.

-

.;;. N

Based on thls we have the following definitions:

: 7

w=u-x.x1——lg‘—) ;

Which 1s the probabllity that the user will not generate a new packet and

wlll back off from transmitting old packets

W= -KIT(I—M)P. 0

{

3

(2.6)°

" (2.7)

N

Wﬁlch I1s the probability thap the user will try transmitting In this period,

wiil not generate new packets and will succeed In transmitting on the SS chan-

nel with probabliity (Ps) the head or line packet (HOL)

L ﬂ—k‘(l—P)

(2.8)

Whlch 1s the probabliity that the user wlll generate a new packet aﬁ will

not succeed 1n transmlttlng the .(HOL) packet.
.o .

’
H

§=P,(1-)\;)

(2.9)

Which 1s the probabliity of success on- the channel and generating no mew

packets

a=)«‘P

(2.10) °

‘Which Is the probablllty of success and generating a new packet in the

mean time. ,

Simllarly the remalning transltlon probabllitles, l.e.

a ' P,

v . * ﬂ-MK

-~

- ‘7==(l-P)(1-)\¢)
. A=(1 -P.XI-XJ)/KJ

' (@2.11)

" (2.12) '
2.13)



r=X\(-P)K;
1
,§=X¢(l- T{T)
T e=XNs + P, (1-)y)

&

The two dimenstonal state S (.,») 1s now mapped to the single dimension

 state (.) uslng

_ Y35+ 5 -38)=S51(1.j)
‘Where 1=0,1,2,....L. .

" 3=0,1,2

23

(2.14)
(2.15) .

(2.18)

(217)

]

L 15 the number of the applicable time slot and the state Y(1).1s reserved

for the 1dle sfate.

5

The'« mapping of (2.17).1s well described In figure 2.7 where we show both . J

the two diinensional state S (.,.) and Its corresponding Y(.).

For fllustration purposes we write the equilibrlum equation for the idle

-

state Y{1).

Yin(l) = 9Y:(1) + §Y1(2) + wY;(3) + wYi (4) .
Stmilarly for the other states )

M 7% 4

Yg4)(2) = aYi(2) + BYi(3) + BYi(4) + 6Y1(5) + wYi(8) + wYi(7)

» Yin(3) = 0Y,(1) + 11 (2) + AY;(3) + AYi(4)
' Yia(4) = ¥Y,(3) + $Y;(4)

Yiui(5) = aYi(5) + AY,(6) + BYi(7) + 6Y;(8) + wY;(9) + w¥;(10)

Yi11(8) = 0Y1(2) + rY1(3) + rYi(4) + 4Y1(5) +°AY;(6) + AY;(6)
Yi1:1(7) = EY1(3) + £Yi(4) + VY[ (8) + VY (7)
Yi.1(14) = Y, (14) + BY,(15) + BY,(16)
Ym(xg) = 0Y;(11) 4+ rY; (12) £ ¥Y,(14) + AY;(36) + aY(1e)

This set of equations wlll be compllmen;ed by the condition.
& ‘

Yi(1) + V(2 + Yi(3) +

== ]

At equillbrlum we <\an write

-

| (2.18)-

(2.19)
(2.20)
(2.21)
(2.22)
(2.23) -
(2.24)
- (2.25)
(2.28)

(2.27)

. i
R
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Yia(i) = Yi(y) i - (2.28)
for all J==1,2,.... o N
Once the transition probabllitlies w, 4,.... etc are known the system equa-
tlons can be solved to yelld the equllibirlum probabliities Y(J).
- ' Varlous, performance measures can then be evaluated, such as the delay
D, so
. : .
D= YK(YBK -1)+ Y@BK)+ Y(3K +1)) ’ (2.20)
K=
The probabllity of data user transnilttlng a packet or colliding on the 8S
channel at equllibirlum (l.e. not 1dle or delayed) 1s given bly (at equllibirium).
’ - .o 00 - ' ]
. ' . . Pdp =1-Y(1)- ¥ Y(B8K +1) (2.30)
’ R -t Kw) 4
and the probabllity of a data user be successfully transmitting sg.at.f Is
[+ ' * .
. Pds = Y Y(3K - 1) (2.31)
Ko=) ' - ’
- . ’ -
Simtilarly for KD==1, the transmitter buffer can be represepnted as the .
' Markovlan\s}tate dlagram as shown 1n Figure 2.8. y
- w,. 0, 6, al-, ~, B are the same as defined before.
. V1= (-X)+ NP L (2.32)
. . ° R . ' 1 - . *
y ) Al = (1-X,)1 -'Pa YKd + (1 - vl (2.33)
R The equlllbrlurh equation for tfie‘ldle state can be writtén as .
R : Y1) = v1Yi(1) + 6}’:(2[+,w>’4(3) - (2.34)
Simllarly ro'r 6ther states: B
. N +
* .  Yaun(2) = aYi(2) + BYi(3) + 6Y1(4) + wY; () (2.35) .
' o " Y@ = A1Y(3) + 0Yi(1) + 73 (2) (2.36)
- -~ Y= a¥i) + BYi(6) + 6Y,(0) + WY (7) - (2.37)
_ Yu4nl8) = 81Y,(8) + 8Y1(2) + rYi(3) + 11 (4) (2.38)
' . o Y g 41(10) = aY; (10) + ﬂY(,‘,'(u) (2.39)
: oo &
g l)‘ -' , - =3
Sty - N ' & - Q *




" lowgd by & stlence burst.

1

The set of equatléns are complimented 'by the condition:

\ : a ® \

i)+ V@£ @) +_a_ =1 © (2.40)
and at equlllbrium . e . o
T Yua)=Yit) c (2.41)

for all J=1,2

The delay D, Pdp and Pdf can | be obtalned in slmllar way a\ (2.20),

(2.30) and (2. 31)

o

1’ ’ s
. .

The value of Ps is not a given constant. This probabllity of a backét suc-
A} . B Q

cess on the SS channel 1s a complicated function of the current traflic on the

~

network, the n;odglat,lon technlque (and hence the probabllit,y of error) .etce.

,and 1t will be computed shortly ) S

The voice traflle of each user 1s assumed to p_or'xslst of a téll; burst fol-

4

The performance will tze evaluated for a current 7number of volce users MV

each wlt;h 8 probablmjr of generating a new volce burst (ta]k plus s)lence) dur-

Ing the baslc packet time tp equal to ), | L . i

~

If this Is added to the data t,ramc,' the total Input traflic tosthe network

~

‘wlll be given,by I ‘ e

A ] o
- ’ - Ty
-

N ” .G = " Moh + M), . , : T (2.42)

5

N
More6ver it Is assumed tlzat volce users are operatlng on loss basls, l.e. an

-

“unsuccessful yo}ce.\aelq, (blocked) are lost and w1'l not be buffered.

. . , . I

During any packet time the talking volce user can be In three states, hav-
Ing a talk burst and sgccewmlly transmitting the Cerespondlng packet (va).
or having a talk perlod and unsuccessrul t.ransmlsslon (Pvt), or havlng a sllence

perlod(Pvd) (A completely Idle volce qser Is not consldered here). An analyst

¢

3
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wishing to include the effect of ‘completely idle state will only have to change
: 1

L

Mv and Md, this Is effectlvely done by assigning dlﬂeréqt values for Md, Mv. -

_ Each talk perlod s followed by a sHence pex:fod. Howéver for the combined

effect on the channel of a number of such wusers, thelr reflectlons can be

#

"s - modeled as having rafldom volce and talk bursps (not necessarily rejated).

o

-The probablility density functton of the sllent.'pe’rlod, Is (8]

0 ! . »
£ . N

+

T P(t) = ae-" ‘ S - (248)
Where the mean silent perlod 131/a. ' : - L "
+ . *
e The probabllity denslt.y runctlon (Pdr) of the'talk burst Is glven by .
. N . i . ‘%
' : « Py(t) = beM o (2.44)

WQere b Is the mean,talk burst length

, “'The Pdf of the volce burst (t:alk + sllence) 1s glven by

t
-

P, = P(t)tQ(t )= ab /(b—a)(c“‘ —eM)= ce (215)

or approxlmate]y (Implylng a worst case Polsson distribution (8])

To1fe =(/a +1/b) ‘ (2.48)
will be tﬁ‘e length or the burst. .

\

i Norm zlng \wlth respect to t,he total packet time and notimg that the «
r T o \ .

case of continuous presence on the channel. volce user I8 taken (lmplylng A,

+

;
M {

1'In (2.42)) we obtaln ’ ‘ , '. ; o
{ i 1/¢c =1/a + 1/6’ =1 ' ‘ (2.47)
' Since tlhe total time 1s normalized to 1 and the prob’ablllty of finding a - .
) talklng packet.“ls approxlmately equal ta t‘;le duration. of the talk- perlod rela-
.'t,lve to the whole perlocir (now 1) we obtaln: CTl
S cp=hr : (2.48) .
;o . p 18 the grobgblllty of havlqg a talking packetl O\, = p ) - ' _ ,.

RS
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' . ‘ ""f = (1/4)/1 (2’.49) .
-- . %18 the propabllity of having 5 stient period ) )
. Glven the average talk and sllence perlods (1/1),(1/a) we ﬂrst. normal!ze
' and then compute u, 2 from (2.48), (2.49). _ |
| At a certal;l level of trb.mc conditlons ((\iatawand .vo;t.:é) l.f’s' will be &

evaluated. It follows that the probibllltya of the volce user generating a suc-._'

'
)

cessful packet will be given by .
© Pus = pP , y By (2.50)
"and the probablllt,y or packet blocklng is
Pob = pa-P,) (251) w
and th bablllty of the user generating a packet at all on the SS. chan- o,

‘nel was given 1d (2.48).

L3 ! ¥
’ = N

Because of the complete lndependence‘_or the cransmlsslop-trlals of the Md-

! P e .
and My users to have a SS paqket on the channel the probabllity of having n

.

packets from Mv, Md-users will‘'be glven by - . . s
Md u. ' ’ ’
Pn) =5 S(WKPs) 0 Ry (:-)(x ST (@52)
(omljia) .

n'==(|+j), 0= 1,2,....,(Md+Mv) o T

‘

" ——Where Pdp Is glven by équatlon (2.30). However having a number of

. Slmultaneous " n™" packets on the channel does not mean having “n” Interfer-

. *

ences occupylnﬁ the same frequency hop or the ‘applicable base statlon
[ /

recetver, Assumlng random control of the FH synbhgslzers. the probablmy of
. any hop overlapping with another Interfering user hép Is (1/PG). Glven "n"

[ ll
packe\t,/l\llsers, the conditional probabliity of having Ks Interference tones out of

all. n users hittlng In the base band modulatlon (MFSK or QPR or

DPSK....... ,etc.) of the Intended recelver Is glven by, ' ‘ 6

t

~



, PiKe /n)=(3Y1/PGY™ (1-1/PG )k | (233) -
Where Ks = 0,1,2,....... . o ot y‘t

As a worst case 1t assumed that there Is complete overlap of the lnierfer;

.

Ing users packets In the time domain thus implylng Interfetence In each bit of

. e - ;
the packet consldered. :

. ‘ L ®
- The conditional probabllity of bit demodulation error at the intended -

-

oe‘él/ver is defined as*P(e/Ks,n) and 1s

P(e/Ksn)= Y PbeP(Ks/n) . (2.54)
Ko mi .
Pbe Is the bit error probabllity. and Is explained later. . \' .

4

At the Intended recelver; Forwz;rd error correction (FEC) will correct few
random: errors of each packet. If (12, 23) code[10] 1s selected, the minimum
a I

distance will be d=4 and the probabliity of maklng a decoding error .per . .

packet of 23 bits Is glven by oo _

»

=t

A o
. _ P(Block /Ks n) = E} (’-’ (P(c/Ks n )Y (1.- P(e/Ks . n)P> . (2.55)

where error randomness 1s assumed.

T

This Implles that the FEC willl divide the packet Into nb—tme—Eer‘ _

to correct the random errors In each block. Now nb equals

3

nb = (Np /23), . " (2.568)
Where (.) stands for the lntéger part. Np Is 512, '

"¢

- A packet conslsting of nb blocks and assumlné randomness of occurance ‘

-

ior blocks cbn;tltutlng the packet, the following packet detection (given n,Ks)

) 1s obtalned
P (Correet packet /Ks ,n) = P (Block /n Ks )™ ) (2.57)
“ Averaging over (n,Ks) from (2.53), (2.52) Into (5.57). the final averaze' pro- °

babllity of packet success (taken every thing Into conslderation) is glven as
. c .

[y ‘ N (‘!\




. mate from (2 58).

. . ' ' 30
7 . ,
- Mé+Me o -
P, = Y, Y P(correctPacket /Ka n)P (Ka /n).P(n) (2.58)
a=0 KomoO .

- .It 1s easlly seen 'that this sboufd be notf]lng but t,he sameu Ps that was
assumed. Equatlons (§.7) - (2.16) and equatlons (2.50)- (2.51) were used In tge

computations leading to the right hand side of (2.58).

This ineans that t.here Is an nerat,lv;: pmcedu}e. Starting with an Inltial
Ps and golng through all the equations and finally endlng with a better estl-
. .

In spread spectrum, the bandwidth 1s much larger than that of the Infor-
mation signal. Thls Implles that aay througimut. 6Stalned using spread spec-
trum has be refered to the bahdwldth us\ed"(l.e. Wss ). Durl\dg all calculations
wd Has been used as a reference and the resuitant Is that the ‘throughput
obtalned should be.dlvided by (Wss/Wd) le maltiplying throughput by the
'codlng rate ((12/23) In thls case) Flnally the SS network upllnk eflective use-
ful t.hroughput becomes - .

S58 —(12/23) (1/PG)(Ps.G) , . (2.59)
wheré PG and Ps and G are glven by equatlons (2 3), (2.58), (2.42) respec-
.tively. .
A volg:e packet blocking stems from an error In any of the np blocks con-
stituting this packét..

e

If the probabllity of volce blocking (per block) Is Pvb, then the relation bo

-

the volce bl‘ocklng per packet Is ) . ‘

P oob = ‘*’)(va Y (1- Pub)w-K , (2.60)
K—o !

> . In the course of comput.at;lon. Pvb will result first (equatloh (2.51)) In

Which case (2.60) wlll become a transcidental equatlon In Pvb and undoubtly .

)

(Pvb<P'vb). '

N

[

@
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2.5 Analysis to calculate the bit error probaBilit}" o0

. The bit error probablility -of a communlcat:lon system employling frequency

hopping (Ij\‘;H) as a spread spgctrum teclinique, for Jamming rgjectlon ,a}xd ng-

drature bartlal respo;nse slgnalllng. for base band ‘modulation are evaluat;ed as
In [12]. o ‘ T

The“modulator and demo%h'x‘lato‘r shown In Fléure 2.9 are the same as

, those presented In [13]. However, with a frequency selective fading and-the
narrowband tone Jamming channel far from belngj(!deal channel we«chgoée '

for analysls’'s convenlence to conceny'ate_ the QPR pulse shaping ﬂlper at the

W transmitter. The transmitter and receh}er filters are deflned In the frequency

domaln as , _
. /
4T coswT |w| <m/2T )
+ Hp(w) = 5 . -
l 2 . {0 : otherwise . (2.61) .
1 |w|<w/2T . ’
H W) = . . A ,
r(®) {0 otherwise (2.62)
and In tlme domaln as (T Is the bit duration) ‘
. hg(t) = & | S5T2R) (mt/2T) ~ . (2.63)
© P 19 1 — t/Q/TQ ,
. 5
hg(t) = 0T W/ZT) (’;s‘/ 2T) (2.64)

Here the recelver filter Hg(w) merely bandiimlts the nolse. -

The transmitted slgnal can be expreyed as |

3

s(t) = V2 A f} ' ﬁ cnh‘$[%2nT] cos[(wk+wo)t,+ﬂk].

K =~ed N==-00

\ + f_‘, dnhT[t,;-znT] sln[(wk+w°)t-;-0k]}P(b—2kT) . (2:65)

n=-00 -
where A Is the signal amplitude, c,.d, are the precoded bits In quadrature and

In phase channels taking on values 41, these 'are obtalned by splitting the
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lilrormatlon bit array into odd and even arrays in a well known manner, hp(t)
Is the transmitter filter defined ébove. w, Is the osclllator frequency, w.1s the
kth hopping frequency, and ok i1s the'random phasé generated by the frequency
syntheslizer In the kth Interval (bit Interval) - ,

1 o<t<2T

P(t‘)= {0 elsewhere , - (2.00)

v

It 15 to be noted that the first summation with Index k Is one way of represent-
Ing a FH signal, wh);le the Infilnite summatlonr represent the generatlon process

of a QPR signal as 1s well known.

The channel model which assumes wide-sense-statlonary-uncorrelated-

scattering (WSSUS) Is used In the analysis. This is a representative model for

¢~ practical ‘radlo Itnks and troposcatter channels [15],{18]. If x(t) cos (w,t + 8) 1s

the Input t,b this channel, then the corresponding output 1s glven by

y(t) = Re {[x(t) + 7 f B(r) x(t=7) dr] exp ewgt+0)) (2.67)

where ’7 Is the transmisslon coefficlent for the fading channel. f(7) Is defined as

a Independent, Zzero mean, complex Gausslan random process representing the
. . ’

*

low-pass equivalent impulse response of the frequency selectlve channel. The

correlation function of f(7) Is denoted from [14],[15] as

TR{ArIB) = pr) Bl o T (209),

-

and assuming [15],[17],f18]
E{f(1)B(ry)} =0 :  (2.69)
where p(7) for practical WSSUS channels Is a real function of 7 and &) 1s the

dirac delta functlon. As in [14],[15]-(18] p(7) is the mﬁltlpath-delay spréad of

the channel chosen as

1 - ITL) | 7] <2T
p(n) =1 2T 2T

(o] + otherwise (2.70)
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ol
1 -
and this limits the Intersymbol Interference to just adjacent symbols. The

recelvéed signal Is glven by

-

r(t) = s(t) + sp(t) + J(t) + Ig(t) + n(t) N X 48]
where s(t) Is the specular component of the intended slgnal glven by )
' ‘ . hd m \
g # g(t) = Re [\/EA Y P(t-2KT) { 3} ephp(t-20T)
’ . Y 'k . n=-00 °
00 » :
- j . 2 dnhT(t,-znT) } exp J [(wy+wy)t+6;) ]
n=-00 . N ’
, (2.72)
sp(t) 1s the faded part of the intended signal, glven by ,
() = 7 Re [VaA 33 [ Ar) [P-r-2km) -
: | RS
o0 ! . >
' { 33 c hp(t--2nT)-) Z,‘ d hT[t—T—2nT] } ]
n==-00 n=-00
, - v
* exp J, [(wy+wo)t+6y] ] o (2.73)

similarly, the specular recelved components of the jaminlng signal Is glv,e}l by

b4

“ W)=\ Re{ V2l exi)] [(wk,+ W)t +'¢k]} | (2.74)

and the faded jJamming component Is given by v -

-

s Jp(t) = X; Re{q,\/_ f ﬂ,(r) dr - expj [(witwo )t + &) } (2.75) .

' n(t) 1s the addmve White Gausslan nolse of two-slded spectral denslty n°/2 N
For the partlal-band multl-tone Jamming pollcy assumed, we let, the }ptal
p6wer of the jammer be denoted as Jy and the number or',Jz;,mmmg tones by
M. Wlt,l} the total jammlngﬂ power of Jr equal'ly divided amoﬁé the M Jammln};

tones then each tone has power of J=Jp/M. The variable A j takes a a value

v —
°
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of 1 or 0, depending on*whethgr the Jammer Is present or absent respectively.

Assumln'g that a coherent frequency synthesizer s avallable at the
recelver. That Is it 1s capable _or estimating .and correcting for the phase errors
caused by the transmitter synthesl'zer, the channel and the recelver syn-

-~

theslzer. The dehopped signal then can be'exgressed as

y(t) = Re{\/':’A[ 3 e hT(t—2nT) 3, 2 d, hp[t-2nT)

n=-00 ‘ n——oo
- - ' m w .
S 4y Z} b, 3 ¢, [ Br) PU-r-2KT) be(t-7-20T) :
i n=-00 .0 .
. . o
~) '732 6w°wk 3] d, f Be(r) P(t-722KT) hT[L—T—2nT] dr ] '
. . n=-00 .po
& ' .
" €XP J Wb } . oo : T

[

+ A ,ﬁe{[ V2T + 7,23 f 'By(r) dr ] 3 P(t-2KT) &,
. ' -k ’

3 .
- , -

t

* exp J,(wot+¢k)}_, . L. | (2.76)

) . . . , . .
then flltering by Hgi(w) to glve the following quadrature and Inphase signals, -

-~ ’ £

Zq(t) = ¥()(VZ cos wet) * hy(t)

00 . .
= A Y ¢, hy(t-2nT) ) . ) fa
. n=-00 . ’
1 “ ‘
A
+7,Azj&uowk 2 Ca f ﬂ,(T)P(t.—-f—2kT)hT[t.-r—2nT]drthR(t)
k n=-00 o0 N . ' ;
+ \;V7 cos ¢ .
3 . .' - oQ a . /

+ A ,'17,\/‘.7cos ¢ S IP(t-2KT) bwowy f Bi(r dr * &R(t)d N

k . -00 : . '
& N f - "

T, o+ N : . (2:37)°




;Zl(t)'= y(tXV2 sln w,t) * ﬁa(u) ¢ y

o0
» = A Y] dyhy[t-2nT]

“ Na=-00 .

N=—00 _w

- + )\,\/jslnd:

r

L + Ny(t)

i .

-
.«

Zqm = ZQ[(ZHI,——I)'T] .
=A(cm+cm-1)+ A Jcosg -

g

\ s "*'AE‘S‘%% E Cn f ﬂs(f)P[(Zm—l)T—r—sz}

Lo

. 8
1h$r[$2m—1)T—r—2kT]drt hp((2m-1)T] . -

.

+ A1yV3 s 63 Pl(2m-1)T-2kT)w,w,
-~ ’ . k u

] -

A=

. f By(r)dr * hyl(2m-1)T]

-

S _ + Ne[(2m-1)T] L s

Zym = Z{(2m-1)T) -
= A(dg + dp_;) + M\;Vsin ¢

\

- + ‘Y.AE&UM 2 d, f Be(7) P[(2m—1)T-r—2kT]
T d ‘nm-00 00
)

+ A1,V sin ¢ T3P (-2kt) G [ By(r)dr » hy(t) *
k -0

The baseband signalg Zq(t) and 2Z,{t) are then sampled to glve

36

. +'7,Aw—2 ¢ f ﬁ,(r)P(tr—r—sz)hT[t—r—znT]dr*hR(t,)

.- (2.78) -

P ‘o

(2.79) -



*hp[(2m-1)T-7-2kT]dr * hg|(2m-1)T]

/
+ X 1VT sin ¢Y) P[(2m-1)T-2kT] wwy
k. .
- [ Bynar « blem-1)T)
-00 ' N .
+ Nyem;1)T) ' , . (2.80)

<

‘:’To evaluate the probabllltf of bit errors; one' need; to flnd the mear and
varlances of varlous terms of Zgqnm and Z,,m. Hdwever because of the rhany,
parameters Involved we choose to fix them ﬂrét. then rem;)ve-'the conditloning

later. Before performing this step though we will assu;ne that Inter-symbol
lnterjference exlsts only between nélghborlng amacem'blt,s and so consider only
the quantitles c_y, c_,, co,/ ¢,y €, In equatlons (2.78), '(2.79). With this assump-
_tion “and assuming glven values ¢, C_,, Cg» Cy» Cp d_p d_,s do. d,, d, and

‘Inserting the known hg(t), P(t) In (2.78), (2.79) we see that the 3rd term

becomes a deterministic térm. Also the first term of (2.78), (2.79) 1s determinis-

! "

tlc once the data bits ¢, ¢p,_,, dp, d;,_, are assumed. For the computation of

probabllity of blt errors we compute the probabillity of bit errors In the I and

’

Pal
the Q banks of the recelver. To thls objective a norﬁ’lﬂ_‘ density 1s assigned to

the declslon varlables Zq, Zj;, and the needed varlances of faded élgnal. faded -

¥

Jammer apd the nolse are presented as shown later. The transmitted data
sequences a,'a d b, are then recovered ﬂy the well known .detectlqn criterla for
QPR signals (Table 2.1).

{+1 it {Zy] >A ” {+1 it [2q] > A S
-1 I |Zyl <A 'Ol oor |z <A ]

L



condlt.lonal varlances of t.he faded signal, faded jammer and or nolse Consld-

Table 2.1.

4

. Lt ;i
‘Transmitted
“Symbol b,

Recelved Symbols

Duobinary

¢ + ¢,

\
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To evaluate the probablllty or error. we need Qhe rollowl g results.

ering first the varlance of the faded slgnal

- G.Q%‘

‘hp(t—7,-2nT)dr *hp(t) ]

[’M Z) TS S f Be(r2) P(t"'mT"Tz)

J=-00

-

using the relation

(2.07).(2.68) the above becomes

7:,«2 f ITTEIﬂ, r,)ﬁ;(r,)l

?

\

[N

m=-00 .00

M hT(t,-—T,—:2mT)d1’2*hR(t) ] ‘} :

>

i

Gwowk Z cnP(l —2kT—r1) hT(ll—‘r‘—2nT) hR(t-ll)

’-E 2,

' l==—00 m=—0

* drydr,dl, dlg

Y

» .

2 Sl 2 emB (1~ -2IT—7) hy(l;—7-2mT) hR(t,—l,)

i

\

{Re [A,,Agaw w3 ¢ f ﬁ,(r,)p(o-zk'r-r,) A

I=-00 500

.

-

The

L4

(2.82)

Re(a)Re(bjl= -:"—'Re(at{‘) + -;Re(ab) and |equations

PN



Substltutlng eq. (2.68) in the above f'esults In

' -

® - goooooo

f f f p(f)E&Dowk ‘ | S
* . o0 FARN o .
N S - 3 ¢, PQ, -2kT—1') nTﬂ ~7-2nT) hg(t-1) Tt te
N ) N=-00 % :
. . 00 I . A . @
~ T 30 b Y e P(I-21T5) hp(lp=-2mT) hp(t-l,) v
T J=—-00 - m=-00 . v ; ‘ 4 -
. dpdldl, - _— (284
. . - ﬁ .
. — ,,2,\2 f o(7) [E&wowk f )3 c P(x-zk'r—r) \
; "=2T ) -00 D=-00 ‘
. . %
2 ’ C p
re o th)‘i—r—2nT)hR(t—-)\)d)\] dr ’ ] N (2.85) -
. h , ' N . . . - .\ o ‘e a . .
- Substituting eq. (2.60) thé multipath-delay spread of the channel which Mmits

, - ~the intersymbol Interference to Just ad)acent symbgls. Then we get the follow-
= . 8 . -

.ing four cases . . ‘ , . ~
‘ 24243 .
7, A°16T g o ) ‘
oQ = — L; 1=1234. ° Do (2.86)
Co ont ‘ s - '
case (1) w_; = W, w; = w, RS T o
o . . ATHr T 3
, r 2
];l = f 1+ -—"IT [ C’n f hT()\—T—2nT)h (L-—X)d)\\] ) i
- 4T+r ’ -,
+ f [1 —C— cn f hT()\—r—znT)hn(t—X)dX ] dr- R (2,8?)
n-——2 -2T+r s cr T .
‘ _cm(“)w—xi%“’o'wl%wo : ' S . , :
2T41 ) . '
2
v . n=x=-~2 e T . ¢ :
"I a M < ’ (.:\

«

~



i

‘ - e
- . ‘40
1y ,1 .
2T+;’ ¢ ' 0
+ f [1— —| 1 33 ¢ f hpo(A- r—*QnT)hR(t.—)\)d)e] " (2.88)
D——2 T )
case (M) w_; 5% woy by =w, o y
' AT+ . BT : o
- I, = f [1 + —- 2 Cn f hT&)\—r—mT)hR(t—)\)d)\ ] dr -
n=~2 r . "
2T - AT+7 - . ] '
. - 2/ . .
T4 f [1 - — 2 Cp f hp(A—7- 2nT)hg(t-X)dr ] dr (2.89)
== T ,
case (Iv) W_; = we, w, 7£ Wo A \
2T+71 .o . i
1 ’ , 2 . )
L, = f [ 2 Cp f hp(A-r=20T)hg(t-X)d\ ] dr ‘
T | n=-2 _oT4r ' o “
4 2T+ , : , S K .
-+ f [1 e I DIA f hT(k—r—2nT)hR(t,—-)\)d)\] dTn ‘ (2.90)
=-2 T+r - .
where , o R
,, ‘ . | ‘ co 7r(>\—'r—2n'12‘__} in 1r(t—-)\) | )
. hp(A~7-2nT) hp(t-)) = — )\ : . (2.81)
. ) ) . 1 (X_T_znT)Q (E"’ ) . . .
P - «)TQ ¢ ’ .
sampled at t==(2m-1)T. Uslng. t:rlgno_met,_rlc ldentitles and ‘knowlng m takes on
Integer values (2.91) may be written as : IS . (
' . . . 3
o AhT()\—r—znT) hp(t-X\) — Num (2.92) -
' ' . . Denom ‘
where - ' ' )
»
’ AT ‘AT 2 _&-" .
Num—- 5 + .5 cog— — + 2 sln— sl '
. ﬁ {( + OST)COS2T+‘ nTsn'2T} ‘
‘e - cos T cos k7. ’ . .- (2.93)
Denom = -)3 + )\’[(Zm—l)T +2(+20T)] . T
L C # NT- (74 20D - 2{r + 20T)(2m-1)T]  ’ ‘ ,
' +.(2m-1)T{(r+2nT)? - T . (2.94)



P .‘ N o * -
° € »
. , 41 \
Similarly for the Jammer case it can be shown that o
T - . 21 . v - . ) ‘ | |
, ,-YJ J - “ v - , v 3
ot = — Ly 1=1234 . . (2.95)
[ v R ‘. ' . . .
case (1) w_,"= W, wy =u an
Iy = sx‘*"(aw’r)° : A g (2.98) C
,case(ll)w,#wo,wlyéw ' ) . _“\
I, =‘[Sl(31wT)—Sl(2wT)]2 L (2m) e
' ' ' Q
~ . case (1) w_; 5% Wy, Wy =ws - _ ’ S
A" e _.. 'o'ﬁ o Y . . ‘ ‘ N !
S L I, = [SH(6wT) - S1(2wT))? " (2:08)
s : . ’ N
. N 1 . % “ﬂv
- case(lV) wy = W, Wy 7 W, )
’ Q . ‘ * . + ! ' ) . *
. Iy, = S1*(4wT) - ' . -(2.99)
- _where ' b )
* . , . B o s . - . . . A
3 \ ‘ Y g - '- . ‘ . N : . - _J\ . ' ’
S slnz . " ’ L -
! , Sl( )—- f . . N (2.1.00)_
' ‘Next t,he varlance of-‘the nolse ls "
7r/2'I“ LY } )
5 i N ! "N, : . . .
R [—2-1- f | Hr(w) | *aw ]=—T°- , | @aon
. ' ' -**T/2T ) 4 Ll 1 *
N , _ .
in additlon to the above resul'ts. to characterize the perl‘orrﬁance of the
- <N
U system by t.he probabllity or blt error as a function of bit energy to: nolse rat'o,
o ‘, “blt energy to Jamming nolse ratio- we need the rollowlng. a relatlon bet,ween
" signal amplltude A to the average transmitted power S. ' !
o :
4 “J‘: '
o ! - c '
' ' "
i
“ ! . - ’ b ¢ ¥ - ‘o ! " ? "
Y s



. R
L ‘ 2T’
‘ ‘ S = (V2 A)2 [ f 2 n.}"(u-zn'r)dt ] 9
C ‘ T ' oL . 0.0=-00 , N
' ) 1r/2T : L
R [ [ 1w | 2w ] T (2102)
2T 21r,_ /ot '
. Based on all the aboVe. the condjt,lonal probablllty of bit errors in the Q and I
o .. ‘3 o . .
' channels. s glven as
) P Q(e | ¢'>‘J'c—2'c—l'c0'cl'c2'w-1'w1) =" . .
_ a —[Q(arg1)+Q(arg2)]-—[Q(arg3)+Q(arg4)] . (2.103)
i where . ’ ) i 0. . . \ N .'I‘- t - ‘. * “, n L4
] . . 00 1 .i Lo . . . ) - 3
1 . Qx) = o 2 qz o . o (2.194)
'.l M { 21I' ¢ ‘ \ n ‘! v \ * .
: . argl = p . e . (2.105)
4 \_#2 . .- . hd . T , N ) , ' s ;‘
. ] |' P . . A xjf cos ¢ , + - .
'“-. . L . arg2 :’ 4 . y . . (2.106)
o ro, O'T : * ! L .
. 3A+ A\VIcosg L S g
— ‘ ' arg3 =< - . ] ) . y  (2.107)
: “ Ot X ‘
. e 3A - X sV cos ¢ oL ? ’
. co arg4 == ‘ . ‘ (2.108)
S . © op - .
: ' Lo TNo A216T3 Ayyd 1/2 ‘
" Following the@m’e procedure, - ]
., . ) ; " » -
. Pi(e | @) 5,62iC_1,€:C1aCouw_1 w0y ) ==
- ‘ 3 1
¢ o -‘!-[Q(arzl)+Q(ars2)l'- -;-[Q(arz3)+Q(arg4)l o (2.110)

the arjgtrments In this case are the same as defined above but with cos ¢.
rgplgceq by sin ¢. Defining ‘p=M/,N.as a fraction of the total slots Jémmed,
- \ ° Ny=Jgp/W as the effectlve Jammer power spectral denslty In the total fre-
quency hopplng band W. Using the following relation S=4A? (aw;erage

L mﬁgnﬁtted power) and J=J;/M &S defined above then defining E,=ST, as

_’ R
S e ”v(:" P R T T
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blt ' ‘
. ' energy. Based on these definitions, we'may rewrite the arguments In terms of -
‘ bit energy ylelding i 9 ‘ o oo .
" . - - ' ) \/5)\1 ) R ’
, . 1 4+ —————=—c0s¢" C .
argl = P/ " L (2 lil)
’ N, ~216T? 2\ 2 1/2 Lo R
. - ~ + 8y + - 3 ~]
Ep, - 2nt - n%pEy/N; '
. . \/EX.' . . ‘ ’ ’ . .o
- o 1 - ————=cos ¢ . ' )
‘ L arg2 — : A PE/N; : S o, (211'2) N
\ . [ N, ., A218T2 . - 2A P ’]1/? . R ' _
‘ Eyp 27t Y a%pEy/N, N oo )
- i JEXJ . Y. .
. 3 + =—————cos ¢ ' . . Co {
! '\/ pEb/NJ .
- argd = 5 > - (2.113) .
- A NO '78 IGT 2’)‘.]‘7.] ’[2 B ) ‘ »
T + 4 Isl gl Ji . ' ’ .
Ey, | 27 TpEy/N; >
* ’\/EXJ : ~ ‘\ 1
- cos ¢ = )
- ‘-arg4 = _VPE/N, : | o (2:114) )
i J
Eb .2‘”418‘ ﬂ'szb/NJ — )
Averaging over all possible combinatlons of data bits ' :
Pb(e l ¢, Xw“-’-v"-’x) =
. - \ ;; ZPb(e l ¢ XJ,C_QcC_lvcoocpcgo pwl) , ' (2'115).

f=1 . Vo
, where the values of c_,. Cyr co. ¢;s €, take all possible 32 combinations l.e. {

'

‘ '(1,1.1.1.1), (1,1,1,1,1), (1,1,1,~1,1) .. etc }. Averaglng over \j, ¢ ylelds

‘ \
L

- e i T

M ’ 1 N v. ‘ . . , ) Bc . ,
- L Pb(e | l'wl) = E‘fp(e | x‘l=ll¢ow_liwl) d.¢ ‘ . ‘ . .
T 0 ., . o ) ’ .
) v ' .} . ,
s »‘k - .



N ' ' + [1_%]P(e | XJ::O,w_l,wl) ' .(2-1‘16)

. . }
’ Finally, for the four possible cases of Intersymbol Interference dw.w) assumed

(1.e. con‘dmons of w_,, w; compared 10 w,).
\ 1 W ' o

N"‘"l i3
" Pp = -;—P(e | w.y=wewy=w,) + —l?wo’wx#wo)
N-1 - | N-1
+ N2 P(e | l#wovwl_wo) + [ ] P(e I l#wo'wx#wo)

/

(2.117)
v Flgﬁre 2,10 shows the prob'agmty of bit error (Pbe) as a function of M. It

has been plotted for q, and ~ ; 8t 0.2 and E,, / Ny at 20 dB.

. - s/23,
N/M
Let S/2J, be 1.0 and M==2000, N is glven as

- (2.118)

- = - N——Ks/32t2000
YVhere Ks Is the number of lnterrerers actually hitting the slgna]

From the Flgure 2.10 the Pbe ls round correspondlng to the value of N

“and Eb/N, :

v
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G 0.%56 | 0.281 | 0.469 }'0.594 | 0.719 | 0.806 | 1.03 i.28

1 Ps 0.272 {0.247 |0.213 |0.182 [0.172 {0.146 | 0.129 | 0.101 ’

Table 2.2

Ps for a given total traffic ( X total). The number of volice users is varied and
the number of data users Is fixed at five. KD==1, \ data =0.3, and u =0.1,

PG=18.
v} .
G © 0.188 | 0.344 | 0.469 | 0.594 | 0.719'} 0.902 | 1.03 | 1.28
Ps 0.204 | 0.264 | 0.242 { 0.220 | 0.188 | 0.171 0.154} 0.123
» I @

Table 2.3

Ps for a given total traflic ( A t:c;tal). The number of volce users Is varled and
the number of data users fixed at five. Kd=2, » data =0.3, and x =0.1,
PG=18.. : '

G ] o0.a88] 0.344 | 0.469 0.504 | 0.719 | 0.906 | 1.03 | 1.28
\ Ps }o0.312]0.278 [0.255[0.233 | 0.211 [ 0.181 | 0.163 | 0.130

_Table 2.4

Ps for a glven total trafflc (X t,otal):' The numbemof volce users is varled and
the number of .data users Is fixed at five. Kd=4, \ data =0.3, and g =0.1,
N\ PG=16, ' .




G |o0.25 | 0.408 | 0531 | 0.658] 0.781
Ps [0.249 | 0.110 | 0.081 | 0.031| 0.014

Table 2.5

47

Ps for a glven total traflic (: total). The number of data users Is varled and
the number of volce users Is fixed at five. KD=2, A data=0.1, and p ==0.5, ' o

PG=186.

J

.

“r

0.781 | 0.989

| G 0.25 | 0.4¢% /i 8.531| 0.858
) Ps |0.259|0.1g6 |0.143 | 0.109 | 0.083 | 0.052
' (
Table 2.6 .

. PG=16.

o

</

Ps for a glvén total traffic (A total). The number of data users Is varled and

‘the number of volice users 1s fixed at five. KD==4, ) data=0.1, and pu =0.5,

! A
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Figure 2.110 Throughput for the uven traffic load. The number of voice users is varied
. and the data users is fixed at nVe
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2.6 Numerical Results '} u

?

Figures 2.11, 2.12 and 2.13 deplct the throughput, delay and the blocking
for the given total Input traffic. The nu;ilber of data users Md 1Is fixed and the
_ number of volce usefs Mv 1s varled, \; is 0.3 and the number of data users Is

4

fixed at five.

Figures 2.14, 2.15 and 2.16 depict the throughput, delay and the blocking
for the given total lnplib traflic. The number of data users Md Is fixed and the
number of volce users Mv Is v led, A\; 1s 0.3 and the number of data users Is

fixed at five.

Figures 2.17, 2.18 and 2.19 deplct the throughput, delay and the blocklng
for the given total input traffic, glven that the number of volce users Mv is
constant and the number of data users Md Is varylng. In thls case 4 Is 0.5 and

t.pe number of volce users Is fixed at ﬂve.\

= Figures 2.20, 2.21 and 2.22 deplct the throughput, delay and the blocking
for the glven total input traflic, the number of volce users Is kept ialr::;nst,ant at

I3

five and u 1s 0.1 and the number of data users Is varled. , Y
v In all figures values of Kd In the range (1,2 & 4) were selected.

Flgure'z.ll when compared to Flgure 2.14 reveals that the throughput

A}
— . decreases when u s Increased from 0.1 to 0.8.

l;"lgure 2.12 w_hen compared to Flgure 2.15 reveals that the blocking

Increases when u Is Increased from 0.1 to 0.8.

Filgure 2.13 when compared to Figure 2.16 reveals that the delay Increases

when pu Is Incresed from 0.1 to 0.8.

Figure 2.17 when compared to Figure 2.20 reveals that the throughput

decreases when ) data Is decreased from 0.6 to O.1. -
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Filgure 2.18 when compared to Flgure 2.21 reveals that the blocking

decreases when \ data_is decreased from 0.6 to O.1. W

-+ Flgure 2.18 when compared to Figure 2.22 reveals that the delay

decreases when )\ data Is decreased from 0.8 to 0.1.

'S

‘Figure 2.17 when comparecf to Figure 2.19 reveals the famlllar\t‘,hroughput.

g

- delay tradeoffs. The throughput Is maximum for KD=4 and the delay 1s the

"maximum for the case of KD=1. -

Flgure 2.12 shows that for mostly voice l6ad, KD=4 Is preferred followed

¥

by KD==2 and KD==1.

“"Comparing Flgdres 2,11 and 2.20, Flgure 2.20 suggests that backoff Is

n'ecess?ry (KD==4) for a better throughput. -

'Comparlng Figures 2.12 and 2.21 1t Is found that for a better probability
of packet loss, the backofl should be_ employed (KD=;1) in Fligure 2.21 where

the volce load 1s more pronounced.

Comparing the curves of Flgure 2.22 1t l; seen that at low traflic loads,
there Is no need of baickoﬂ. However as the load Increases 1t 1s necessary to
reduce the delay. Mogt of the traffit originates from the volce users. Compar-
Ing to Figure 2.19 1t 1s seen that the volce to data ratio tﬂan In Figure 2.22.

The difference In berformance becomes more pronounced for the case of -

KD=1,2,4 In Flg_ure 2.22. .
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CHAPTER THREE

- COMPARISION OF MULTIFREQUENCY CENT‘RAL
TRANSMITTER, FIXED CHANNEL ASSIGNMENT,
DEMAND ACCESS FIXED CHANNEL ASSIGI\;MENT'

AND DYNMC CHANNEL ASSIGNMENT SCHEMES® ~

3.1 Introduction

2

‘In this chaptér the results of chapter two are compared to other schemes
such as the Multl frequency central t;ansmltter. Fixed channel asslgflment,,
Demand assigned multlple access ﬂxedﬁ channel assignment, and Dyhamic
channe] assignment. | |

[

3.2 Multi frequency central transmitter

In this type of conflguration [20] each moblle has c¢ different frequency

‘channels 6ver which to communlcate and Is blocked only If all the ¢ channels

are In use. A central base statlon Is connected to each of the non moblle users.

o

For analysls the assumptions made are:

-

The arrivals of Inltlatlons or requests for service form a Polsson process of

A arrlvals per second.

For a dispersed array the trafllc Is consldered uniform over the whole
urban area, and hence the arrival rate for each cell 1s A =A /N, where N

1s the total number of zones.

The duration of the message Is an exponentlal random varlable with the

"mean length T.

N
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— «——— ——- —The blocked calls are abondoned.. ' . ‘

64

The locatlon of the moblle unit Is kndwn to the central processing unlt.

The cell size I1s very large and the average message length Is short so that

the possibllity of a moblle unit crossing a cell boundry durlng communica-

L]

tion does not occur.

&

! .

Let ); be the packet arrlval per unlt tlme. Let T be the packet transmis-
¢y
sion time. H@ncé the traflic Input to the system can be sald to be 4; erlangs

where
S - ¥

' A =NT ' . (3.1)

»

v

Let the packet retransmission per unit time be X, . The numiber of pack-

1

. ets In the channel will be

Do =X + X,

. - (3.2).
The actual traflic In the channel can ';be syj to be .
Ag=A; + A, T (33)
‘Where ‘
N A, =MNT
~The above can be modelled as 1n Flgure (3.1)
) A°=A;+A, = A; + A .Pb
Where PD Is the probabllity of blocking.
A; = Af1-Pb) .. (3.4)
If ¢ frequency channels are avaliable per mobile then Pb Is glven as [27]
(1t 1s assumed that the blocked calls are lost) .
. As .
. Pb =B(c.Ag) = Tf"( Y AY/KY) (3.5)
k=0

The traflic carrled per frequency channel Is

L =A/e . {3.8)
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e = i T

1 1

From Figure 3.2 the offered traflic A, and the throv.i'ghput, A; are calcu-
lated and drawnAas shown 1n ﬂgu}e 3.3. , j , -

tf
4

-~

3.3 Fixed chinnelnassignment _

4

In the fixed channel assignment[20], the base station or‘ each cell Is alloted
a group of chann—éls. The neighbouring célls are assigned different groups of
cﬁannels. No channel belongs.to more .than oné group.p A same group qf chan-
nels may be alloted to cells which are sﬁmclently sepera't,ed geographically so
that t,ransmlsslor;s from these cells do not Interfere with one another. Each

user transmitts cnly in some channel appropriate to his own cell.

-

In this particular scheme the potal rrequencyo avallable 1s dlv\deq Into m
seperate frequency groups each contalning ) frequéncy channels._ A cell Is
assigned to one of the m frequency groups. Hence each bgse statlon can corm-
munlcate with as many as ) mctbbl’le units In Its cell slmultaneouély using J
different channels in its group. The nunfber m Is choosen as the smallest

number that satlsfles the lnte/ference buffering requlrements.

The oblvious advantage of this séheme 1s that each base statlon Is

equlpped to communlcate on ) of the mJj frequencles rather than all m). The .

disadvantage s that the moblle unit must be equlpped with channels with
: /

groups of m to try any where In the clty.

Based on the same assumptions as In the, multifrequency central

transmitter the analysls Is glverl below: ‘

If the number of frequency groups Is m, ¢ lIs the number of frequency

channels over which to %ommunlcate then B ;

' 3.7)

. * -
. W
v > )
4 ~
R , v v ’
. ,
7 ! s
N

3
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- whiere 1 Is an integer.
- ‘™ hen the total traffic offered per zone'ls glven as \
{ ‘ . .
t -, a=A/N erlangs . (3.8)
< . PWhere A 1s the 'total trafflic Intensity and 1s'glven as AT erlangs. N Is the
K total number of zones and A is’the arrival of the Inltlations which form a pols-
. spri prdcess of A arrlvals per second. r Is the. daratlon of. the message with
x ‘ N Fy 2 "
L. me&n length r. - .
R R T The probablliity of blocklx;g as per Erlang B forﬁlula [27] 1s defined as
. P -B(: a)—-B(c/m A/N) . (3.9) .
P e R . The tramc carrled Is defined as ° . \
’ ‘ ‘ . . ‘ -
et L A =AQ- Pb)--A(l—B(c/m A/NY) ' (3.10)
| -, + " The traffic carrled per channel Is - ’ - , T B
o 4V L=# Jc=AQ-B(c/m.A/N)e L (sai)
. 1Y *
.. From the Flgure 3.4, the traflic oﬁered and the throughput Is calculat@d
and Flgure 3. 5 shows the same The_Elgure~3.-6 shows the throughput as 9,
L @ runctlon of the oﬂeéﬁ tramc'Tor FH/ QPR network as In chapter two.
N *
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3.4 Demand assigned multiple access fixed chanhel assignment

scheme

In this type of assignment scheme [21], the users transmit messages In the
form of packets In the random ac¢ess ALOHA mode. Due to occaslonal des-

tructive collision among packets and due to ldle tlmes on channels, the

~

efliclency of the scheme s not very high.

1

R 4 t
One of the methods of accessing a message channel Is to send 'a request

for the message channel on a seperate request channel. If one request channel
Is dedlcated to a base statlon palr then accessing a base station will not be a
problem. The utlilsation of the band width resources }vlll be low as there will

be large number of low duty factor users.

Another method Is to ,uée a demand access_multiple access scheme with

collision type request channels w\ich 4 1 random access lﬁ XLOHA
type mode. A ready user randomly selects one of the request ‘channets on
which 1t t.rajnsm!ts to a qent;r‘al controller a !:equest: for asslgnxﬁent of a message
c‘hannel. The request contalns the ldentiflcation of tﬁ'e user aﬁd that of the
base statlon by which the user may-be seﬁed. Inhrhost, of the standard Fixed
channel asslgnment ischemes this Is the nearest base statlon. If the request 1s
recelved correctly ar;'g% at least one message channel Is avallable then a message'
_dhanne! Is assigned by the base statlon i)y sending a positive acknowledgemuent

»

and the message channel number. Otherwlse a request Is agaln rétransmitted

LT

after some random reschedullng delay. !

4

Let P, be the probability that a request falls to secure a message channel.

The new requests 1n each cell are generated as per Polsson pdlnt process with

rate A,,,. If successive retransmission of a request are Independent then the

Pt e e a v %y Y d . Sty MY wat vk
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* total request generation can be assumed as Polsson. Let A be the total request

4

rate. Hence

Anew = AQ1 - P[ ) (3.12)
With ALOHA type request channels, the probabllity that a request does

not colllde with requests from a particular cell Is glven by exp (-2 A r, / n Ca).
1, s defined as the request duration and n Is 1 or 2 depending on weather it 13

unslotted or slotted type request channels belng used. Ca 1s the number of

- 1

\
request channels.

Consldering the base statlon of a particular cell or In m cells around 1t
-may cause Interference at the base statlon, but requests In any cell outside of
the m belts cannot cause any lnterrerenée. If T'is the number of cells that can

cause Interference at a base statlon, by hexagonal geometry 1t 1s clear that

{ T~ . »
—
I ~—

-~ T'=1+'6i - or c (3.13)
V=t

T'=1+3m(m +1) ' (3.14)

The probabllity that a particular request does not collide 1s given by

Pnc = exp(—2)\r.,Tl/r)Ca) (3.15)
. ) ¢
The .rate at which the new requests, are generated must be the same as

the rate at which the circults are assigned in steady state. If T, 1s the average

mesWdlng time, the trafllc car'rled by each l\)ase station 1S A,y T If Cm

[y

1s the number:of message channels per base staﬁlon, then the traflic carrled per

channel per ?ase station is

‘

Pm = Anw T /Cm : - v (3‘16)
The system bandwidth utllisatlon can be defilned as the average fraction

of the system bandwidth that ls; busy for message transmission and 18

S = pm(1-v,) ' \ (8.17)
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‘Where

v, = Ca.Ba /(Cs.Ba + N.Cm.Bm) (3.18)

Ca Is the number of request channels each having a bandwidth of Ba and

-

. Cm 1s the number of message channels each having a bandwidth of Bm. N is

the number of message channels required 1n the system.

From (3_._12),(3.16),(3.17) and using algebralc manupulation (3.15) can he

J

written as

" Pne = exp(-2.5. ér.T/(Nu,n(1 - P, ) g (3.19)
Where ¢r 1s deflned as r /T, and r1s the request channel duratlon If it

were transmitted In a message channel. - - ’

The traflic carrled by each base statlon Is defined as

e = pm-Om = 5.0m /(1 - v,) ) «(3.20)
If s, 18 the correspondlng traflic offered, the probabllity of blocking Is

glven as

. " Pb'=B(Cm,ag | . (3.21)
*  Where B(- -) Is glven by the Erlang loss probability [27] as °

. , . B(s,a)= (a'/S!)/}_j(a*/K ) (3.22)
k=0 .
S s C
« The relatlon between the carrted and the offered traflic 1s

*

a ! 8, = 641 - B(Cm ,a)) (3.23)

The_probabllity of fallure to get a message chanael In a particular try is
a -
given by \ -
P, =1-(1-—Pb)Pnc ' (3.24)
For a glven S, P, wiil be a function of v,. The value of v, Is choosen such

‘ . thet P, is minimum.
> . : R - . : “' .
i Fligure 8.7 shows the lelmlsed probabllity of fallure as a function of

[}
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4

band width utllizatlon S. The Flgure 3.8 shows the fractlonal allocatlon v, as

a function of band width '%t;lllzatlon S..

From Flgure 3.8, the fractional allocatlon v, for the band width utlliza-
tlon S for five message channels Is determlned. From Figure 3.7, the minlm;
Ised probabllity of rallure)correspondlng t.o.t.,he band width uttllzatlon S 1s

determined.

{ )
Substltutlng the values of S, v, In (3.17) p,, 1s determined. Normallsing
T to 1, Ane 18 determined from (3.16). A Is obtalned from (3.12). The
throughput per channel as a function of the total input are plotted as shown

in Figure (3.9).
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p
3.4.1 Voice and data type channels

I

Conslder there are two types of messages: voice and data In the channel.
For volce a moderate interference rejectlon is acceptable, where as for data a
high Interference rejectlon Is needed. -Let type A message represent data and

type B message represent digitdlly encoded volce messages. ¢

If durlng the system deslgn,‘ the Interfergnce relectlon Is taken into con-
slderation capable of caterlng for type A messages, 1t will lead to low

bandwidth utllisatlon and or high probablilty of fallure. On the other hand If

the system Is deslgned to meet only the Interference rejection criterlon of type

' B messages then it will cause unacceptql::le Interference to fs;pe A messages.

It has been suggested [21], 1fi such a sltuation 1t would be better If type B
m'essa.ges be served by any of the nearest three base statlons and type A mes-

sages by the nearest base station,

. O . ' Figure 3.10 (Source: Ref.[21]) %
) Contlguous cells configuration. '

-®
L]

The FIgure (3. 10) shows ‘the typical three contiguqus cells with centre
;" AB,C. For any user- wlthln the t,rlangle ABC,; the base statlons A,B,C will be

..:nea,r,. The probablllt,y of gettlng; a message chanpel In Aor at Bor at C Is

da.

.

- \"i_
-
%
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1- Py =PAUBUC) .
- 1- P, = P(,\4 )+ P(B)+ P(C)- P(AB)-P(BC)-P(CA)+ P(ABC) (3.25)
P(A) 1s the probabllity that a reqﬁest succeeds In getting a message chan-
i ;;el at A, .P(AB) represents the probabllity that a request succeeds In getting
message channels at A,B; P(A,B,C) represents the request.'channel succeeding
In getpné message channels at A,B and C. Simllarly for P(B), P(C), P(BC)

and P(CA). If the request rate is the same In all the cells, and by the symetry

* of the cellular structure

v

P(A)=P(B)=P(C) ' (3.26)
. P(AB) = P(BC) = P(CA) . (3.27)

Can be written as
1-P; =3(P(A)- P(AB)) + P(ABC) (3.28)

Proceeding In the same manner as before

P(A) = (1- B(Cm ,a,)).cxzp (-25Phir T,‘/(N v n(1 - P, ) : (3.29)
; - P(AB) = (1~ B(Cm ,8,))*.cap (-25¢1 T3/(N v, n(1 - P, ))) (3.30)
P(ABC) = (1 - B(Cm ,a,))®.czp (28 ¢7 To/(N v n(1 - P; ))) (3.31)

Where a, Is the offered traflic to each base statlon. It can be obtalned

A,

vl

from (3.23).

T; represents the total number of cells contalning | contiguous cells and m

“ belts of cells around thex;x for 1=1,2 and 3. T,'ls the samlg as in (3.14).

1

- T, =24 33(2+6) ‘ )
s
' or. Ta=(m +1)3m +2) (3.32)
i T:=3+i§5l(3+8i) “ |
or  T4==3(m +1) (3.33):

Let a, be the fractlon of new requests belonging to type A messages and

ay bethe rest belonging to type B messages. Hence

o

a, + ag=1 . (3.34)
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If P;, 1s the probabllity of fallure for type A messages and P,  Is the pro-
" bablilty of fallure for typ¢ B messages. If A,, and A are the ‘new and total

request rates per cell,"then

1 Auew /(1= Py 1) + Qg.Au /(1= Pyo) = A (3.35)

Using this equation and proceeding as before, the probla'ﬁ!llty of success of

A and B type messages Is

1-P;,=(1-B(Cm,ay)).czp(-25 ¢r T‘(al/(l - Pry) + oy o/(1 - Py o))/(Nvgn) (3.36)
e 1-P;,=3P(A)- P(AB)) + P (ABC) (3.37)

PA)=(- B(Cm \a).e2p (-25 ¢ T (o /(1 - P; ) + ay/(1 - Py o))/ (N v, n)) (3.38)
P(AB)= (1 - B(Cm ,a,)%xp(-2S ¢r T;(O'l/(l =Py )+ (ag/(1 - Py ))/(Nvugn) (3.39)
P(ABC) = (1 - B(Cm ,a,)%.exp (-2S ¢7 Ta,(ax/(l - Ppy) + (aa/(1 = Py o))/ (Nvu,m))  (3.40)

Solving (3.36), (3,37) P,, and P,, are determined which are functions of

v.. v, Is choosen such that the llnear comblnation of P;, and P;, are minim-

«

1sed. The overall probablilty of fallure C; Is |

C[ = a,.ﬁ,.P, y + a,.ﬂ,.}f, a (3.41)

PEEY
3

Where g, and f, are welghting factors. C; Is sealed 0<C; <1. Let §, and

v-

f, be such that “ -

Cfl.ﬂ| + ag.ﬂg =11 ' (3-42)
The figure (3.11) shows the probablility of fallures of type A messages and
type B messages and also the overall probability of fallure with requg;:go the

fractlonal allocatlon v,.

{
Y, r

) ™~ . . .
The figure '(3.12) show's the bandwldth utlllsatlon and the fractlonal allo-
catiorv,. The throughput Is calculated as described before and Figure (3.13)

¥ 18 drawn.
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3.5 ‘Dynamic Channel Assignment

In the dynamic channel asslgnment[22], all chanriels are Kept In a c?ntral
- pool and any channel can be used by any cell. This system takes advantage of
the fac'\,t, moblle unit and the base ‘st,at,lon communication and control Is
A eflected through the central i)rocesslng' unlt on which all dispatchers and base
stations terminate. The central processbr keeps track of frequencles in use In
the base statlons and to what moblle units and it asslgns channels on dynamic
basls. The pro?essor allows a channel In use In one cell to be used slmult;'ang-'
ously in another cell In the system If the seperation distance between. the two
cells 1s greater than a minlmum distance to avold co channel Interference, Fig-

ure (3.14).

For each system cycle, each subsriber who Is elther "on’ the system or 1Is

attempting a call Is checked for his actlvity status.

New call attempts are procgssed along the centre branch of the flow chart
as shown in Flgure (3.15). The first step In processing an attempt Is to deter-*
mine which base statl.on should be used to serve the call. The base statlon
nearest to the subscriber has the strongest recelved signal from the subscriber

and Is the only one with the adequate slgnal strength té serve. ‘(‘

Sy,

A radlo channel which satisfles some channel asslgnment criteria Is now\‘"
processed. The channel search s done <channel by channel starting from

channel 1. , N

. If the particular channel Is belng used at the base statlon to be assigned,
then the channel Is rejected and the next channel is checked. If the channel 18
not 1n use at that base statlon, a 'qheck 1s made If the channel In use at a base

statlon closer than the reuse interval awai‘r from the base statlon to be
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asslgned. If the channel Is In use, the channel Is rejected and the next channel
1s checked starting agaln at the beglning of the channel check procedure. If

the channel Is not 1n use at any base statlon less.than the reuls,e lnterv@l from
be

the base statlon to be asslgned, then further checks on that éhannel are made
and it 1s compared with other channels, If any, which hav’e met thls reuse cri-
Lgrlor)..’ If durlng the channel search, a channel Is found which Is not In use at
any base statlon In the system, the chahnel is allpted apd the channel search Is

terminated. Otherwlse, the channels which meet the reuse criteria are com-

/
pared to find the most deslrable one.

//
If after checking all radio channels In the system, no avallable channel Is’

found, the call attempt Is refused service and L}me call Is blocked_.' The blocked

/
calls are removed from the system. /

For‘cmm‘lrr'ﬁmgréss, the sultabllity of vﬁe current base statlon asslgnment
Is checked. Thls 1s done to see 1’r the veh/lcle has movgd to some other base
_statlon than the one serving It and has a/ strongé,r slgnal at the other lba.se sta-
tion. If 1t has not moved Into such a’snuatlon, then Its current basve station
and channel asslgnment are 'accel;ta_ble and no further actlon 1s taken. If how-
ever, the vehlcle has moved closer to another base station, that closer statlon
must be used to serve the call. /As shown In the ﬂov;' chart Flgure 3.15, the’
asslgned channel Is checked'a,t, the new base statlon to-be u\ssgi and at all the
base statlons wlthln‘a rguse'lntewal of the new base station. Ir‘t,he channel
satisfles the conditions, the new baée station and the old channel are assigned
to serve the call aﬁd the old base station 18 cleared off the call. If the old
channel s In use within a reuse Interval of the new base station, then a new

channel search 1s Initlated which 1s same as néw éall attempts. Ii’ a subsititute -

channel 1s not found, the call is forced to term!nate.
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[
For call termgnatlons, the channel'ls cleared at the assigned bése statlon.

In the computer slmulation [22].lt,he base station actlvity Is stored In a
two_dimenslonal matrix M(1,k), where 1 depotes the channel number, and k

e 4 '
denotes the base statlon number. The matrix is shown 1n Figure (3.18).

"For example If the base statlon k Is asslgned, then nelther channel 1 or 2
may be assigned as nelther meet the criterla discussed before. Some of the
asslgnment strategles are discussed below and the results as simulated (32] are

presented. *

3.5.1 First Available

In this assignment strategy, the firsv avallable channel Is assigned durlng the
channel search as described before. This s the slmplest and the cheapest stra-
tegy to Implement but may not be the optimum asslgnment strategy.

3.5.2 Mean Square (MSQ)

In this assignment scheme, the channel activity Is checked at base statlans In

between one and two reuse Intervals, le. If Dy Is the allowa‘l%le reuse interval

then the actlvity between DR‘ and 2D, away from the assigned base statlion.

This I1s done as the channel In use a distance greater than 2DR' away

would allow the use of that channel at another base statlon within that dis-

g

tance. The mean square asslgnrhent, strategy minimises the qua_nmy

‘13 D Dy <D; <2Dg

i=




\

01

D; 1s the distance between the assigned basg‘statlon and the base statlon
using the channel within the specifled interval and 1 Is the number of base sta- -
tlons using the channel within this Interval. If n=0 for some channels, It

means that the channel Is not In use between Dr and 2Dy on elther side of the
A ‘

.

asslgngd base statlon,ﬁthen the first such channel encountered 1s assigned to

I
/

serve the call.

3.5.3 Nearest Neighbour (NIN) -
y

In this type of scheme, the channel that Is In use at a base station nearest
to the assigned base station, but still at least a reuse lnter\;al Dy away 1Is
assigned, It\mln!mises the distance D over the avallable channels where D 1Is

k3

the distance to the first base statlon. If more than one channel has thd same

*

minimum b, then the first channel #ncountered 1s assigned withoud regard to

tlon using that channel In the opposite direc-

the distance to the first base
. '

- tlon‘

s

3.5.4 Nearest Neighbour + 1 (NN + 1)

——

This assl‘g‘nment strategy s simliar to the nearest nelghbour strategy

‘except‘ that it finds the minimum D for the avallable channels with
-~ . i \.

D>D)r'+‘l__~

9

IF such a channel does not exist, then a channel with D=Djy Is assigned.

This allows more callers to keep to thelr gasslgned channel when they cross a

i
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The Flzuf@ @\{7) si)ows the average call attempts and the average cally

v
on a base station for the varlous methods described.

’

3.6 Conclusions

Comparing the throughputs for the Multifrequency central transmitter
and Fixed channel assignment schemes (Figures 3.3 and ‘3.5) to the throughput
. ~ . .
. of the proposed scheme shown 1n Figure 3.6, 1t Is seen that the throughput 1s

higher In Figure 3.6. . . .

In the case of Demand assigned multlf)le access fixed channel asslgnment . .

scheme the throughput as a function of the offered load s shown in Figure 3.9.
LI .

For volce and data type channels, the throughput as a function of the offered

traffic 1s shown in Figure 3.13. Comparing these to the Figure 3.6 1t 1s seeng

that }he pmpo§ed scheme 1s comparable to the other schemes.
‘ -

v The Dynamic channel agslgnmenb scheme has been described. The pro-

posed scheme Is better as It facllitates the t;ransm]sslon of volce and data.

- ' - -
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CHAPTER FOUR A
T
'QUEUEING/ERROR ANALYSIS
OF A MOBILE NETWORK EMPLOYING
, . FREQUENCY HOPPING MFSK

4.1 Introduction ' Y o

In’thls‘chapter, an noncohgrer{t det,eciedq FH/MF‘SK signal 1s considered

for baseband modulatlon‘ror volce or data In the moblle network as described | ¢

o

In chapter,two.

The ana}ysls to.evaluate the bit error ‘probabﬁlty for the noncoherent,

a

FH/MFSK signal 1s given.

The packet length 1s assumed to be 255 bl‘ts. ¢
. )

Py *y ¢ N . -

4.2 Analysis

‘desc‘rlbed In chapter two. ' ¢ o

The analysis of the moblle network is done In the same manner as

o

Assuming In generai MFSK data modulation of size M, the bandwidth' of

thls data set 1s given as . ' : . 2

2

W, = M.Rd /(Log ,.M). (4.1)

‘The SS Interference re}ection capabllity expressed as the processing galn is

£

W ‘ :
PG =2 _WT ='W,,.Log,. M /(M.Rd) (4.2)

"Rd Is the data rate.
At the Intended recelver, Forward error correction (FEC) wlll correct a

few random errors of each packet (255 bits). The code selected Is (255, 1200) as
I o ‘ .



e

—

-~ given In [10] and the minimum distance will be 19.

- The condltlonal bit error probablilty P(e/Ks,n) Is given later. Ks Is total
number of actually Interfering tones lying within the data bay&% of the ”

’ appllcabl% recel‘ver and n Is the number of packets.

The probability of making a decoding error per packe_t of 255 blts 1s glven

Py
as i
P{(Correctpacket /Ks in) = ("‘"/(P(c /Ks ,n ))’ (1 -P(c/Ks n))>7 (4.3)
5 - D
‘Where érror randomness Is assumed.
- Averaging over. (n,Ks) In the slm;lar manner described 1n chapter two, the

~ final average of packet success Is glven as

Md+My n
Ps = Y3 Y P(Corfectpacket /Ks .n).P(Ks /n).P(n) (4.4)

a0 KoemO

P(Ks/n) and P(n) are the same as glven In chapter two. ’

The coding rate 1s 1/2 and hence the effective useful throughpuf become$
. 555 = (1/2)(1/PG )(Ps.G ) (4.5)
Where the processing galn PG, and the packet success Ps.Is glven In (4.2)

and (4.4) respectively.

4.3 Analysis for bit error of noncoherent detected MFSK signals.

.‘——

The conditlonal blt error probablllt,y P(e/Ks n) for a noncoherent detected
'. FH/MF§_K signal \ylll be comput,;c; z;t one of the many recetvers of the appll-
cable base statlon. A’s a first order analysls, It Is possible to model the multl
access Interference as a narrow band muiltltone Jamming[4],[6] thus providing a
slmpllﬂe;i yet worst case probabllity of bit errors (upper bound). It has been
observed that appiylng worsp_ case Jammlng results to multlaccess envolrnment °

have yellded unreasonaby poor results. Moreover, these loose upper bounds

leads to unstable networks, not consistent with the graceful degradation the

~
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leads to unstable networks, not consistent with ‘the graceful degradatlon the
spread spectrum networks should achleve as we Increase the load. The follow-
Ing analysls assumes that In a:certaln packet tlme, there are n total number of
packets, Ks Is the total number of actually Interfering tones lying within the

*

data bandwldth of the applicable recelver.

Filgure 4.1 shows the sequence of events taking place at one of the base
statlon recelvers following -dehopping. Each c;r the (5,+S,+ -..... +Sy = Ks )
llke user sfnusoldal Interferences has a rando;n phase ¢ uniformly distributed
iIn the range (0,2r). The recetver AWGN will. reflect Itself flnally In

nolsesn,n,,...., at the output of each IF matched fliter (BPE) with varlance o2

. and the thei-gnal slgnal to nolse ratlo Is defined as

SNRy = A{ /(20) (4.68)

Where A 1s the Intended symbol amplitude
Morecver-most-analysls In the literature have neglected these thermal like
eflects which Is a flaw ;lnce SNR may drop below 21('3 belleved 10.or 20 db In
the SS case (at the M ary demoulator). The total number of Interference tones
Ks 1s automatlcally ranc;omly divided among the M band pass fllters and as a
s;.art.. a slow frequency hopping equal to the symbol rate 1s assumed. It Is
assumed that all nolses n, (t),n, (t), ..., and random phases ¢,, ¢;,, ¢;, are

hY
mutually uncorrelated and all nolses have zero mean and varlance c}\\

The following analysls starts by finding the conditlonal symbol correct
detectlon probabllity glven S;.S,.S,. (1.e. Ps(C|S,,S;,....)), then the conditloning
Is removed by summing over all possible values of §,, S, ....., such that ( §, +

Sq + ...=Ks).

This Ps ( C| §,, S,,....) Is well known to be

Ps(C | §,.85..)= [ Pr(Up<Up Uy < Uy Un <U, | Uy=u )P (u)du,  (4.7)

g
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Where U,, U,,.... are the decision varlablgs_;followlng envelope detection

tlﬁand sampling and P(u,) Is the probabllity densltyurl;nct.lon of the declslon vari-

able. These are functions of the number of interferences a’nd are mutually
1ndep‘endent, S0, ’

-

- w .
Ps(C |5,.530uSm) = [Pr((U,| S)<(U, | S))....Pr ((Up |\s,,, )<(U, 180
[+ N
I'P(Uxt\'gx):“l)P("‘l)d"| (4'8)
In the following, to ease the evaluation of (4.8) by taking a recelver wﬁlch
compares the first bank to the remalning (M-1) signals not contalning Lhe'slg-

nal. This Peads to sub optimum recelver and symbol error probabliity

- obtained wlll serve as an upper bound. To evaluate the Integral part of (4.8),

the conditlon of u, Is removed and -mult,lply the probablilty with the Integrand

thus obtaln Ps(C|....). To evaluate the probabilities withinil the Integrand of

-

(4.8), the distributlon of U, Is found, U,, Us,,...... U, .

The slgnal contalnlng the transmitted symbol (following BPF[,) 1s glven

by,

Sy

r,==A,cos (Wlf‘l + &) + EA‘y‘n‘:os(“'JIFPl + é50) + ny (1)
-y

The first term represents the desired signal of ’amplnude A, and random

pha.ée of angle ¢, distribyted between 0 and 2x. The setond term represehté
.6 .
the sum of §, statlstically Independent pulsed sinusolds, 7* member having an

amplitude of A;, and random phase of ¢;,. ’I:he last term Is additive gausslan

noise.

The filrst term represents the sum of all statlstlcally independent interfer-
Ing pulsed slnusolds each having a random bhase ia,_ngle distributed between O

and 2n.

«

~
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Since the signals are matched fliter, envelope detected, 1t is eonvelnlent to

write the above as,

ry = Ucos(wir t + ¥y (4.9) oo

Where U, represents the envelope of a slgnal conslstlng of' a fixed ampll-

tude A, plus gausslan nolée. Tge conditional P(U (S, )) can be computed from,

AL+ E\A,,
. J=l - o
P(U,/S)) = f P(U,/E,\.$))P(E,/S\)dE, (4-10)

o

+ The density P(U,/E,,$,) Is well known to be Ricelan distributed as

o U 2 23 /0.2 E :
» P(Ul/EpSl) — _;_;1_6'(01 + E{ )/”nlo(Ul_a_;_) ) -—— (4.11)

n
O< U] <w ' I
the second pdf of (4.10) Is given In [11) and is '

. . S,
P(El/sl) == fmxjo(}mx Tr-]o(ijX)Jo(AxX)dX (4-12)
. o ) ,

=\ ,

Substituting (4.12), (4.1/1) Into (4.10) and exchanglngﬂ the order of Integr

. tlon, we get,

. S '
U2/202% 2 .
P(U/8y) = (Uy/od)e T2 [XTT I oA, X )T oA, X)
. [+] =
S Iz
Al"'EAJI
. ==l "E2 302 .
N o*( [ BT VRIGE X)IGU,LE,/02)dE )dX (4.13)
L] + o .

The Integrand of the Inner Integratlon becomes so small for large values

.

" of \ =
B o~
) s,
E,>(A|+'EA,';)
j=1
so the limlt can approximately set at co In which case the Integration
yellds,

09

]
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1

—o2px3-v2
ole »/2 1

o) (XU,) ©(4.14)

b

Substituting (4.14) In (4.13), we get,

oo S, - )
-222
P(U\/S)) = UpfXe ™ " TUIoA;,X) oA X [00) (U, X)dX - - (4.15)
- o 3=\ ‘ :
' e 2 P ’
P{U,/S,) = Ulfye—' /QJO(UNI)}T Jo(Aj 1y /02 ) oA,y /oy )dy (4.16)
] ] =\ ' N
Simllarly for the ¢** recelver bank not contalning the signal It Is easy to see
that, : v
(
! 5o Se ' <
P(U;/8:) = Ui fe MM I oAk Z Jo, ) o Us Z)dZ (4.17)
. 0 i=v!

The condltional probabllity of making a subdecision error (U; > U!) In (4.8) Is

°

glven by,.

B o000

P(U;>U{fS,S:) = [ [P(UL/S )P (U;15;)dU; dU{
( ou
bl

P(U/>U{/S,.8) = [ [P(U)/S,)dUP(U}"/5:)dU/ © (4.18)
00

\

Substituting (4.17); (4.18) Into (4.18) exchanging the order of integration

and reduclng, we geby

A

) 00 Sy
P(U/>UYS..8;) = [dU[U/e 21 Uy TT Tl Afry)/on) .
. 0 [J i=t
© 2 Si !
Jo(A,y /o)y [2U ¢ * BT (Ay 2 Jou ) (Ui 2)d2 (4.10)
[+] K=1

Integrating angj colleqtlng all terms In U; we get,

[+ ] )
= [T UNU T 2UNAU = 8, (2-y) (4.20)
o
¢ ] R od 2 S \
PU;>U,/5,.5) = "f‘_? /g_ﬁja(ijy /o) o A\IV /o)
[} 3%
s< -
A€ T oAy /on)/ dy)dy (4.21)
Assuming all Interferences have the same power the signal, l.e,
5 .
Aﬁ = A,-,- = Al / ’ (4.22)
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and performing integration by parts, we get,
1o T aals,+s,
PU;<U;/8,,5)=1/2+ (A,/o, )(§,- |‘+!)/2j¢ Jo (A2 /04)J (A2 /0,)d2 (4'23)
0

The correct symbol detectlon probabillity (¥ now upper bounded by

Ps(C/5,.5,..) ——TT P(U/'<U /S,,S) (4. 24) ‘

On the other hand If one wishes to compute the exact symbol probablllty,,

using soft declslons from (4.18), (4.19)

R 4

DY
- £

. St
P(Ui <Ui/U=BS1.8,) = [Ui f2™"2 T Jo( A 2/00)Io(Ui'z)dzdU/
[} [+] K=

-
"

oo ¢ . o
P(U/<Ui/Ui=B.5,5) = Bf e, (B2) T oA 2 fou)dz  * (4.25)
o K=t

*a
Substituting (4.25), (4.18) Into (4.8),

ﬁ 00 N-i oo

Pa(o/s,.S.. )= [T Bf c"’f’Jx(ﬂz.)ﬂ’ T Ag 2 /00 )dz;).
oAzl [
[ S

ﬂf ye? /°Jo(ﬂy)TY JO(A,,y/a.)J.,(A.,y/a.)dydﬂ - - (4.28)

P I

Havlpg evaluated the conditional symbol detectlon of (4.14), it s an easy '

exercise now to average (enumerate) over all possible values of the number of

lnterferlng tones In each bank, l.e.5, ,5; ,....5, ,1.e.

"\ e

S

Pole)=1- 3 8 e B QT PUI<U, /518 (4.27)

51-052—0 s, =0 dz2

(Sy +83+4erSp =Ks)

Equatlon (4.27) assumes that all situations for the distribution of Ks tones

Into §,.55,.00e.. zire equally ltkely with probabllity 1/Q where Q Is the number

of all sltuatlons. . ) \ ' ‘

! ‘ “~
The probabllity of bit errors Is related to the symbol error probability of

(4.27) by (If orthogonal MFSK Is assumed)

P(e /Ks,n)= Pa(e ).M/(z(M—;)) K ' (4.28)
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4.4 Numerical results

Figures 4.2, 4.3 and 4.4 depict the throughput, delay and the blocking for
the given total Input traflic. The num'ber of data users Md Is fixed and the

number of v;olce users Mv Is varled, 2\; 1s 0.3 and the nupber of data users Is

_fixed at five.

Figures 4.5, 4.6 and 4.7 deplct the throughput, delay and the blocklng for
the given total Input traffic, given that the number of volce users Mv Is con-
stant and the number of data users Md Is varylng. In ,thls case u 1s70.1 and
the number of volce users Is fixed at five. N~

Flgures 4.8, 4.0 and 4.10 .deplct the throughput, delay an\d,the blocking
for the\ given total input trafic, the number of volce users lIs kept constant at

-

five and x4 1s 0,5 and the nqmber of data users Is varled.

In all igures values of KD.ln the rangle (1,2 & 4) were selected.

Comparing the two curves of Figure 4.7 we can clearly see that,‘ at low
traflic loads, there I1s .no need for l;ack off (KD=2, KD=4). However as the
load Increases, back off will be necessary to reduce the delay.‘ The curves of

(..
Figure 4.10 depict the same effect except that the difference in performance

between the cases of KD=2, KD=4 becomes more pronounced because of the

fact that due to the Increase of the volce'lpad (#=0.5). This means that most
of the traflic orglnates from volce users where no back off exists. (:I‘he effect of

'

volice traflic:is more pronounced).

Figure 4.5 reveals that the throughput Increases when the backoff Is intro-

duced. In Flgure 4.5 the case of KD=4ls better than KD=2 and KD=1.

4

.

.Also comparing Flgures 4.2 and 4.8, reveals the dependancy of perfor-

mance on the type of load (data or volce). While Figure 4.2 suggests (to
P .

LY
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i

improve the throughput) employing backoff only at high loads. Figure 4.8 su'z-

gests for the sainq bjectlves having no backoff strategy at all.

Comparing Figures 4.3 and 4.0 we arrlve 'at the same conclusion with

/
respect to the blocking probabiiity. , -

X P
In Figure 4.4, KD==1 1s unstable -for higher traflic, thus leading to non
|

existance of\equ!llbrlum solution.

' Comparing Figures 4.4 t6 4.7 1t Is seen that for mostly volce load, (Figure
ha) Ll o
4.4) the delay for KD=4 Is higher than that of KD=2 and KD=2 1s higher

than KD=1. This Is expected as the throughput Is higher for KD=4 followed

by KD=2 and KD;-——I. However thls t.qraaeoﬂ Is not very pronounced In Figure
W ]

4.7 where the load Is mostly data. Upto & certaln tram)’(i{DFl glves better

delay while beyond this traflic value KD=2 & 4 glves better delay results.

F‘Igure 4.3 shows that for mostly velce traflic, KD=4 is preferred followed

- by KD=2.

In Figures 4.8, 4.9 and 4.10 the load Is uiostly data but the fixed volce

ey

proportion Is higher than the prevlou,é figures and hence the backofl Is not very

effective here. The performance is lowest for KD==4 followed by KD=2 and

s

followed by KD=1.
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o | CHAPTER FIVE

» CONCLUSION

4

A cellular moblle network employling frequency -hopped Spread Spectrum

has been studled for integrating volce and data.

v

In chapter two the moblle network 1s described. The analysls was done
for a cell In the network In which It Is assumed that there are Md data users

[ * -

and Mv volce 'users and that they have the same modulation scheme.

The volce and data were encoded Into packets and transmitted. The data
packet was backed off from transmisslon and the varlous cases such as
KD==1,2 and 4 were considered In the analysls. The volce packet was also

_modelled In a Markovlan state diagram.

The modulatlon scheme for both the data and volce packets was coherent
QPR with channel fading. The throwghput, delay, probabllity of volce packet
loss and the probabllity of successful transmisslon of a packet (Ps) was
evaluated conslderlhg the queuelng aspects and the modulation aspects of the

network.

The probabllity of successful transmls'.slon of a packet (Pg) decgeases-with

the Increase of the load. In the case ivhere there were fixed data users and the
/a}ce users was varled, for the correspondlng value of traflic, Ps was hlgher
when }‘he backofl st.rategy was applled and was the best for KD=4. When the
volce users was-fixed and the data users varled, Ps improved when backoff

strategy was employed. ~

In the case of throughput for the given traffic (for fixed data and varlable

volce traffic), it Is found that the backoff increases the throughput. It Is the
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best for KD=4 followed by KD=2. BT P

The prbbablllt.y of volce packet loss Is the minimum for the backo?r‘;tra-'

tegy KD==41 followed by KD=2 and KD==1. The delay 1s the maximum In the

case of KD==4 followed by KD=2 and KD=1.

When the voice traflic was ﬁxgd and the data traflic was varléd. the pro-
babllity of volce packet loss can be reduced by using backoff strategles for
data beyond a certaln traflic In the network._ The ’delay in the net,wori( can
also be reduced if backofl strategies are applled to the datla packeys beyond a

certaln traffic In the network.

a

In chapter three, the proposed network Is compared to other schemes such
as the multifrequency central transmitter, filxed channel asslgnment scheme,
demand access fixed channel asslgnment and dynamlc channel assignment

schemes.

The proposed SS network has advantages such as selective addressing

N
capabllity, code divislon multiplexing for multiple access, low density power
spectra for signal hlding, message screenlng for eavesdroppers, high resolution

ranging and lnt}rrerence rejection.

In chapter four a stmllar scheme as described in chapter two Is analysed.
In this case non coherent detected MFSK signals were used for modulation of
t,he'volce and data packets. The analysls to'galcul‘ate the probablilty of bit

‘ error for the MFSK slghals ln_mult,lple access Is glven.'

The value of Ps reduces as the total trafllc In the network 1is Increased.
Comparling the results of chapter two for the same glven conditlons, 1t 1s found

that the Ps Is better for the.scheme proposed In chapter four.

For flxed data and varlable volc? traffic, the throughput was higher for

the case where no backoff was used upto a certaln trafic and beyond this

C 7



Yo
A

- KD=2. Y

- 116

\ A

.

traflic the throughput was better for the backoff strategy KD==4 followed by

The probability of volce packet losg 1s better for the case where ‘there Is

no backoff (KD==1) at low traflic loads and for higher trafllc conditions, th,e’ R

" backofl reduces "the volce packet. loss. The delay 1s the mlnlmum‘f_‘or no

backoff and 1s the most for KD==4 followed by KD=2.

For fixed volce and varlAble data traffic, the backoff strategy Increases the

throughput cbnslderably. When the fixed volce traflic 1s more dominant than

the data trafc, the backoff strategy reduces -the throughput.

The probabllity of volce packet loss 1s the minimim for no backoff at low
traflic loads. However as the trafile 1s Increased, the backoff strategy tfeduces
the loss. When the fixed volce traffic'ts more promlnent than the data trafilc,

the backofl strategy increases the probabllity of volce packet loss.

The delay Is the minimum for no backofl strategy at low traflic loads. As

the traflic tncreases, the delay can be reduced ﬁslng backofl strategles.
the fixed volce traflic 1s more promlngnt than the data traffic, the backQf

tegy Increases the delay.

It can be concluded that the throughput, delay, probabllity of volce
packet loss and the probabliity of successful transmission of a packet on a
channel depend on the type of traffic, amount of traffic, the backoff strategy

for data and the type of modulatlon scheme used.

Further extex%ns of the work can be done considering the channel fad-

ing effects while calculating the blt error rate for multlple access for MFSK

. .Signals. The Doppler eflect due to the movementaor the vehlcle can be con-

-

sidered whlile evaluating the varlous performance measures.
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