Scanned by CamScanner




i
E

Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner




Scanned by CamScanner



upen position,
ol thrombiolhe

Ahe

Jevel of teehni

Researchis also being carred outin an atiempl (o produce a leaflet valve imade entirely [rom min-made
matenials, To dute, atlempls v manufacture flexible leaflet valves feom syntbietie pulymers have not been

Table 2.3, Swmnars of the muterinl compasttien of e kev designs of mevhaneal valves develupred i er
the canrse uf 30 veurs.

uring or calafication and
 The next advance Gime m 1969
mounted pig aumtic valves The nssge
S Bad two main disadvantyo < th
e ol Support Irame. they
1ve was intraduced i whsel 1he lea
S case. (he leaflets were st hed
- for flow These valves could also be munulactured in o [ull rnge of sizes
An alternative has been the use ul human alfogralis (or homugralis). Th
- which ire obtained from cadavers. Prior 1o ryup
allogralt procedure was earried out by Ross
1 shill and operative ime
a frame-motited hioprostliesss. Howe
here has been o renewed interest an tlieir wse. The w
ather than the denand
The most reeent trend for aortic
- cdgement af the suceess
- eonduit of biological tissue,
ol bovine or porcine origin and ane

the vulsi

.

in 1962, /
requi
ver. iy Uie

i U Trame

: they are ey

valve replavement is lhe
of the uninounicd allografts.

isnlated

use ol @ stentless bivprosthesis. In acknowl-
or joined cusps. sometimes surrounded by
are sutured directly (o the patient’s aorta. The tissucy employed are usually
chemically treated. Unstented valves have
- when compured with traditional stented biuprostheses. as they avoid the narrowing of the

associated with the vse of 4 stent and u sewing ring. thus

ing minimal resstance to flow However. like
allografts, they are more demunding in terms of surgical skall and may prove dillicult to re

Year  Name Type Poppet Materral >
1959 Humagel Ball Polyprupylene Methacrylaie
1964 Starr-Edwands 1000 Ball Stilastie Stellte

1968 Wada-Cutter Tilungdise  Tellon Tiamum

1969 Bjurk-Shiley Tilung dise  LxlInin Stellie

1970 Lallchei-Kaster Tlng dise  Pyruliie carbon - Titamum

1971 Bjork=Shiley Tiling disc  Pyruliticcarbon  Stellie

1977 Medtronic=Hall Tiling disc  Pyrolitic carbon - Titanium

1977 St Jude Medical Bi-leaflet  Pyiohticcarbon  Pyroliw carbon
1991 Jyros Bi-leaflet Vitreous carbon  Vitreous carbon

re human aoitic
h antibio i
e nonmally implinted w
mplantation is much greate

improved haemuodyamics

1999 10P Pablishing Lid

Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner




Latlire patient )

hecitse ol
i [ ! |
Ll
[ . |
| nliisiz, ) | |
. sl )
h el el |
Ji LTARTITTIY Y h il ol [ |
L : 1 LU {f ) I 1 1 UL
! LLUAL AL Il I I
ly h 1l ¢ beun el - | i
1Ny Ethe ahdominal wall. The ton of 1l 01l [ 1 N L
1 on of the glomeruli 1s 1o filter the plasma wh | 1 ) { hi
! I h ivegre 1does 1 AT : he capilli
g b 0 mmH ) out 25 1 g ulpu {
he
vy eatio
\erer 4
Efferent. u“"
v
h n p ) E
olleets T
e, T
) |
neys
[ il
s ! A2 Diagrom u ngl n. | 7 genan 197! K
' Init (London: Mucmillan)
it he autput of Bltrate 1 aboul [ mi/s/Kidney, | i slal plasmi volurm ih
that the plasma is filtered through the kidn ih i U Itrate then pis:
ubul he total length of the tubules in cach kidney houl an. The wbules re-ubsorh el
gl nd muost of the v nving a tolal urine vutp hout |- 1 1S 15 lIve process,
, u ey, und 18 continuously adjusted to maintamn the correel Aurd and electrulyle balance in tl
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0l : : pundy s nee! by ; - : , ag..es_aiis.!aiﬁagiiszg Mok g
sutpul 18 addequal o connout e tra and PR g sugery Co i vhete tlic ennre device i inyide o HOheTer, eieronl niatrel
f e bundics i hedl ity Sihis=Adn _ Bencrator Ja.é_a__i.éi. p , ;i :
o hload SUPIYY g it o st puccrabers cun be used o patients with o (Emporry he heria e mes DReurin
i ,i ¢ 1 vrtical post-girimive pe by or duriny &aﬁi»..,i s §§§ &
5l aaé:s..: denuthers ure implanted, with the pulier generator put in u surgical pouch often bl the
“HLOFIEAT chavicke (NEUTe 22.1). T wternal Jeuts may then, pass snto the hears thrvugh the sephalie ver,
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| | Yigure 22.1. T trnsvenms lewd froms the picentaker enters the subelvion vem and i guided under s-eus
Jut a0 35 Tep al i the heart The posemaker is

e & whal oulpu w i : The simplest type of pucemaker produces o continuous stream of oulput pulses at aboul 70 hpm There

' o) y we ol ure many disadvantages (o this simple upproach. one being that the heart rate will not vary in response to what
buve example the pulse amplitue 1 o il T . Eavc_za_..r_:._:m.>=...§n:_a=,_<.ssﬁa=z§§n.as._xs.a..n._:__n_.__._ﬁz.ma._rda_._ﬁncnn..__an
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Flgare 2.8, Block hingrans o P it

. The Ie ugreed internativna| codes for the description of pacemakers. These classily devices i terms
.wa.i,,_wnmz hamber which 1 puged, the heurt chamber which 1s sensed und Whal type of response is made.
¢ inhibitiun ur fniggenng, However, the auven; of pacemakers with micro

,,v processors and the possibility ol
Very compley ulgorithms 1u.dgtermane the output of he. pacemakers have made it very diflicult (o describe
devices by meuns of y Simple code 3 -

.
5  Power sourcey

s essential that the pacemiaher i relable power sourve swhieh will Fastas long s possible, 11 i pussible
: face an exhausted pavemiher but SUBERY s necessary and batiery fanfure if' 1 1 not detected at an e ly
nation. The nleal puwer source should be very small. have it long
- e wiallecied by hody Lemperatue, be casy 1o test so that exhaustion gun be predicied,
- hecheap. be unatlecied by wutockving and give an Output of at least 5 V. No gases must be produced. Ty pes
“which have beon useq mehude mereury cells, nucler I i th ! 2 s and bthwm vells
Muny types of PUWLT Source have been proposed and several used in pacemakers. The mosi exulic
15 the nucledr-powerey pucemaker which contans a cupsule o plutonium (***Pu) which has « half-Iie of
87 yews. This radiuctive 1BOlpe emits e-purticles which generate hesl when they ure absorbed within the
pacemuker: the heut can then be used (v generale electrvity from a large number ol thermovouples which lurm
~ athermopile. This type of power source 15 actually very reliable and has a ifie of more than 20 years, but there
are many disadvantages. so that whilst some remain implanted new opes are not used  The ..w&;.._ﬂ.&
are firstly. that plutoniuim is very Wxie s (hat the encapsulation has (o ensure that there is zero possibilily
Of leakage and secondly. 1hat the cost is fugh. Plutonium is so toxic that cremation of # device would be a
significant hazard so that steict control fas 0 he exercised over the disposal of nuclear-powered devices, The
radsation dose 6 the patient i actually very small .
Fur many years mereury cells were wadely wed jor powering pacemakers bul unlortuately their file
wits unly about 2 vears. A lite of i leaw 3 Fein had been anteiputed but the detervraton within the budy
Proved W be more rapud than anticipated so thitt by abuil 1970 the mercury batteries were the most severe
constraint on pacemaker lile, In the carly days lead Ianfure and prublems of encapsulation ol the electranics
had heen the major problems hut these bl heen largely overcome hy 1970, Peaple then tried all sorts of
allernatives such as prezoelecine Uevices. self-winding watch-type meehamsms. fuel eells. rechargeuble cells
and electroche mical generation from hinly flunds None of these were very suceessiul
The haltery mosi commonly wsed today s the e cell. This ofters o much lunger hle than
the mereury cell and has the Adviantige that oo wases are given ol o thal 1t ean be hermetically sealed It
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b 1l T q v igh curre
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Figure 226 s the ehary ray ( £) associated with the current pu The charge it
he product ol the current 1 and the p n N R heincsislance
current i delivered, Tt viun be seen that there is i minimum energy reg i idth ol
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rat Use of half-duplex (push-to-talk ope;
one ch 1is needed per uon, and using A
by ) rower bandwidth variant, SSB) keeps o i bane
A ern ) would be needed for FM. The channels are spaced at 10-kHz intervals,
o Selectl g the 40 available channels is done by the operator, who
§ Is supposed to listen any manually switch to a clear channel before transmit-
e\ alaBm ting. Since anyone can listen tn on any channel, there is no privacy.
The main disadvantages of CH radio are directly related 1o its simplicity.

cy and co-chuannel interference are major prob-
nnection to the wireline phone system or any

and informality. Lack of priva

We also need to express the -4 W transmitter power in dBm:
lems. So is the lack ol any co

Py = 4 W
L 36 dBrm ACCLSS to repeaters for reliable, long-distance communication, The relatively
high power level needed for communication without repeaters causes porta-
The antenna gains increase the effective power by 2 dB. Our allowable path ble transceivers to be large and heavy. See Figure 10.1 for a typival example.
loss is then The low frequency, which requires antennas to he large it they are to be offi-
cient, is also a problem for portable transceivers,

L, =36 UBm - (=113 dBmn) + 2 dB = 151 dB

I'he path loss is given by
= . . i FIGURE 10.1 - e
Lyo= 32,44 + 20 log o + 20 log f (10.2) ! Handheld CB transceiver ¥ T’i
(Courtesy of Tandy Carparation) ¥ k.

where
Ly = free-space loss in decibels
« = path length in km
S = frequency in MHz

Here we know Ly, and f and we need to calculate o, Rearr ke Equation (10.2):

20log d = Ly, ~32.44 - 20 log f
= 151 = 3244 - 20 log 27
= §9.9 ]
o« 31378 km

Therefore, this system is quite obviously limited by the distance to the
rudio horizon tand p by i ( e from other i nearer
1o the receiven) and not by transmitter power. [n this situation the power
level could easily be reduced considerably with no effect on communication
quality.
Ina practical mobile situation the lon might Ily be prop
tional to the fourth power of distance and would vary greatly depending on
reflections. Still, range tends to be limited by the horizon, reflections and
hadows, and interf , rather than power level,

81 Some of these problems have been addressed with unli 1 FM trans

b4 celvers currently belnyg sold for the AG/49-MHz and 460-MHz bands. The

* latter frequency cange Is called the Family Raudio Service (FRS). These trans-

= L celvers are more compact but they still suffer from the other limitations
§ mentioned earlier.

Scanned by CamScanner



3 U
orizon. It Is surpris 1
and still give reasonable resulls

MPLE 10.2
[ 50 m. Assuming
e operating at 49 MHz is Lo have a range o { ;
(')‘::li'd;:us; |;::ro:‘he :ntenn:s and the same receiver sensitivity as in Exam
itter power is required

ple 10.1, what

gy i (f here. We can
| d to the hori is not the | y factor here, We
Ese i the(m.:.’) to ¢ the loss for a path length of 50 m:

L, = 3244+201log d + 20 log f
= 32.44 + 20 log 0.05 + 20 log 49
= 40.2dB
1€ the required signal strength at the recelveris =13 dBm s clore, then the

transmitter power must be at least
Py==113 dBm + 10.2 B = -72.8 dBm = 52.7 pW

In practice, the power levels are much higher to cope with fading due to
fe and absorption. Cordless ph in the 46/49-MHz band are re-
stricted 10 an ERP of about 30 uW, while 900 MHz digital phones can use

about 16 mW EIRP.
Cordless telephones share much of the simplicity of CB radio, There are
) of f Y

no license requirements, and there is no official ]
simply try to choose a chan-

Users, or in most cases the phones themselves,
The newer cordless phones use digital access codes to

prever dp from dialing the phone and possibly making
unauthorized toll calls, but it is still not possible to use two nearby phones
on the same channel at the same thme. The use of FM does provide some pro-
tection from interference: due to the capture effect, the desired signal has
only to be a fesw declb ger than the i % signal in order to re-
duce interference to a reasonable level,
Privacy Is not quite as nonexistent

y avoid p
butanyone who wants to eavesdrop on an analog phone

nel that is not in use.

as with CR radio, since the newer
n 13, This red REoRie

privacy violations,

the i 0
tremely low transmitter power (microwatts el
the band and the phone) to Hmit interference. O
thelrrange. These phones cectalnly provide access
work, but In general, only from the customer’s own premises or

The newer spread-spectrum phones do have more range—up 1o a
or so under Ideal conditions,

Despite (nterference problems and
phones have been a

!

] devel ts In cellul, :u ng‘"‘, et L
lopments In cellular an systems have caused these Ideas
vor. The cordless phone seems Itkely to remain popular in its
as a low-cost, wireless extension phone, Its low power
battery life (weeks of standby, hours of talk time)
; antennas are reasonably small and unobtrusi
phone shown In Flgure 10.2 with the Pportable /
lfer shows that cordless phones are a step in the right

convenfence,

Improved Moblle The familar cellutar radlotelep)
Jystems that used a few widely spaced
on transm

‘, Telephone
Service IMTS) by using powerful
ot as possible. The mobife
the order of 30 watts, |
Ing systems, such as those fo

Scanned by CamScanner



SLE

Carriers

Q) 19| uows
o ay, “(03121)
-uoifas uaals

~ olavs ¥viniiad

itter operates at low ]
€ overa 1y short As we saw mChuplfer i7th xypsl::: :1“
b for a repeating pattern of either
hilelpmpt:;g:t!l::l contﬂ:l.ons all‘o‘Y‘ h is :ep d among these cells, The fre-
“:lx:l‘l’:l:: Cﬂ;l then be reused in the next twelve or seven cells, with lhte l;wlvle;
?mmher possible when directional antennas are used with three secto

ing different frequencles per cell.

tem, there are 395 duplex volce channels,
e No:x‘:‘:mericnr: :fe:\ct; for each of the two carrlers.
T calls and ad-

each
ed to set up
are also 21 control channels for each carrier us
::::‘l:tu the system. AMPS uses narrowband analog né’&::::; a mnx}mum
k2,
frequency deviation of 12 kHz and a cha-nnel spaclngo S

Table 10.2 shows how these ch are
riers: A represents the non-wireline carsler and B represents the wireline

carrier. Note that the frequencies assigned to each carrier are not all contigu-

ous because of the extra frequencies added to the system in 1986. Note

also the rather large separation (45 MHz) between base and mobile transd-
an

mit frequencles. This allows for simple to sep

TABLE 10.2 North American Cellular Radio Frequencles

‘nue an}lndn:s Mablle anunm:.les e n.:l S
869.040-879.360 824.040-834.360 Voice A
879.390-879.950 834.390-834.990 Control A
B80.020-880.620 835.020-835.620 Control B
880.650-889.980 835.650-844.980 Voice B
890.010-891.480 845.010-816.480 Volice A*
891.510-893.970 846.510-848.970 Vaice B*

Table denotes transmit carrier (requencies. Mabile transmits 45 MHz below base.
A = non-wireline carrler (RCC) B = wireline carrier (telco)
* = [requencies added in 1986

ur i1

” -sjauuey? 218

SO0 swaisAs SLINI MY

mitters in the same cell are generally separated by about seven channels or
210 kHz. Each cell in a seven-cell pattern also has three of the 21 control

channels.
To furth di )/ y req , adjacent
are not used in adj g cells. Therefc in adjacent cells are

separated in frequency by at least 60 kHz.

Frequency Reuse The reason for the

Ch, I The h, Is are used, among other things, to allocate voice chan-
* Allocation nels to phones. When a user dials a pPhone ona b h and

presses the Send button, the phone scans all the
to find the strongest. This control ch. I should be i with the
closest cell site. The cell phone its sponding -
nel, and once the call has been set up, the cell site assigns It a clear voice
h. g one is il
While the conversation continues, the cell sites adjacent to the one in
use monitor the signal strength from the mobile. When the strength is
greater In one of the adj. cells, the sy the call to that cell.
This procedure is called a h ff. Handoffs, of a ch. ln‘
frequency for the mobile phone, under control of the syst;m. by
e ;‘I:’emnlr'l:lre ‘s"lm‘:: k::.k“ place l‘t_r_r incoming calls. The mobile pericdi-
e sy itis d on, so t
:;::::{'l::.; :' guc:od ld;la' of its location. Paging signals are sent 'oul o'::gr:::;.
€ mobile responds, enabling the system to locate it mo pre-
::::lextﬁm I::; :ﬂﬂy'f?ysboi cell phones it often took some time, a mlm’;e or
3 utimp
reduced this time to a few seconds in mast cases. The p‘;lt:'enl.:'l.:slmndh;
lr'ilr;g; ymu: ;n;:e':r is 2 , the system Igns it a voice ch. Alter that
ollows the ph
S asaltall phone as it moves from one cell to the nexe, as

plexity of the cellul. is, of course, fi
reuse. Once a mobile has moved out of 1 2 . frequency
is for b :;ﬂ hdus r;:;l;‘"‘}'_ pair it occupied
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unf 1 =p ‘awp siyy, (q)

Each mobile unit has two uni q bers, The bile identification
number (MIN) is stored in the b i, d (NAM) in the
phone. The MIN is simply the 10-digit phone number for the mobile phone
(area code plus 7-digit local ber), t 1. ac 8 to a simple algo-
rithm into a 34-bit binary number, The NAM has to be programmable, since
itmay be Y taassign a diff ttelepls ber to the phone, but
itis not supposed to be changeable by the user. In most cases, however, it can
be changed from the keypad if the user knows the right procedure, (Check
the internet—it took the author less than ten mi to find the p d

for his own cell phone.)

Usually a cell phone s registered on eitherthe Aor B system and has one
MIN. It can operate on the other system as a ronmer, if necessary and if there
is an agreement between the two systems to allow it. It Is aiso Possible for a
Phone to have two MINs so that it can be used on both Aand B systems with-

out roaming. In that case the user of the phone has two phone numbers (and
two biils o pay).

The other id is an el serinl ber (ESN),
which is a unique 32-pjp b ig to the phone at the factory. It js
not d to be ch, le without rend 8 the phone inoperat

in practice it Is often stored in an EPROM (; P
memory chip) that can be I

Is or by
fight equipment and knowledye, The combination of the MIN and the ESN
enables the System to ensure proj

Per billing and to check for fraudulent use
(for instance, ifa registered MIN appears with the wrong ESN the system will
not allow the call to 80 through).
The mobile phone also

' but

d. L
with the

has a aumber called the station class mark
(SCM), which |d, its t i Power level. There
are three power classes % to ph T y i lled in a
vehicle, t “bag ph " and handh h . The i
Power levels, specified as ERP (effective radiated power with respect to a
half-wave dipale) are as follows:
Class | (mobile): +6 dBW (4 W)

Class 11 (transportable): 42 dBW (1.6 w)
Class 111 (portable): ~2 dBW (600 mw)

°3iNg a portab
erably, so communication from 5
lished in marginal areas by sim,
€ cel y

Turnlng on  When a ceyy phone is turned on, it identifies itself to the nenwork. Firsy it
a Phone scans all the ch. or its des;j, d

1 f sy (A orB)and finds the
Strongest. It looks for the SID from the sy to de hether or noc
[t Is roaming. If it does ngp feceive this information withip, thics seconds, it
tries the nexe st 77 ! ch. After i the systein informa-
tion, the mobile tunes to the strongest paging ch. ch. are
h, hat carry inf.

t about cails that the system is
to place to mobjles, jf Someone s calling the mobile, its number will be
transmitted by the Paging channel.
'rh o ch. co.

n ly upd. the status of its Jssoclated
reverse ch. (from bile to 3 m). Only thx
on the forwarg channel,

itidentifies itself again, In addi-
‘mobiles 1q see which are s
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here is | o!'}:!:th n and the exact speci-
 are publicly available. It is just a matter of
rdw: d software to decode a 10 kb/s FSI: t:nta stx'e:mt—-
rmidable task. Once the bers are available it Is p 0
e;’ac:‘f:':lh:ne to emulate a vlalld phone. Ealllsbmade on the cloned
ne are o the unfortunate legitimate subscriber.

m;:r:l‘:eb;?xl;ers do have some protection. For instance, if the network
~ detects the “same” phone trying to make two calls at once or two calls in
quick succession from widely separated locations, it will flag the occurrence
and will investig Asthe ks become larger and better inte-

grated, this type of fraud becomes a little more difficult.

Another fraud is to use a cloned or stolen phone on another network asa
roamer. If the foreign network is not capable of checking the phone’s home
network in real time, it may accept the call. This is becoming less likely as

b better ¢ d with each other. In the meantime, net-
works are becoming less trusting (especially in the United States) and less
likely to allow ith identificati

10.6 Cellular Telephone Specifications and Operation

In this section we look at the requir for the mobile or p phone
itselfand consider some examples of phone construction. See Figure 10.4 for
a block diagram of a typical analog cell phone. Because the system is full-
duplex, the transmitter and receiver must operate simultaneously with a sin-

gle A dupl is used to seg the two signals, The wide 45-MHz
frequency separation between transmit and receive frequencies makes this
relatively easy. The o freq Y sep also pli fi Y

synthesizer design.

Microprocessor control is necessary to allow the phone to switch chan-
netsand power levels by remote control from the base station. The processor
and its associated memory are also useful for timing calls, storing passwords
to unlock the phone, storing lists of frequently-called numbers, and so on.
Some cell phones can enter a sleep state between calls to conserve battery
life; they must emerge from this state to check the control channel at least
once in each 45.3 ms time period.

nitter In the Previous section we noted that cell i
phones come in three stazion
rand  classes. This term refers to the maximum power level produced. The actual
iency transmitted power level is adjusted in 4 dB steps by signals from the cell site.
The mobile transmitter must transmit at within 3 dB of the correct power

< it A Nk

NPT

joriuo: - 3 o ur i
!ﬂlﬂsﬁﬁ’d’ wny 3 e
o1 ¥3id
e " E
TR B AArntls tie
b P 2 B PR i R petn s v
Compression
Microprocessor
Keypad and Logic
Circults

De. h IF and Receiver
Demodulator RF Amp

FIGURE 10.4 Block diagram of analag cell phone

level within 2 ms of turning on and must reduce its output to 60 dBm ERP
or less within 2 ms of being d off. The t; itted frequency must be
within 1 kHz of the specified channel frequency.

The power levels for mobile, D ble, and p P are
shown In Table 10.3. The abbreviation MAC refers to the mobile attenuation

Flanh

TABLE 10.3 Power Levels for Mobile Phones (EIRP in dBW)

~__MaAc Class | Class It Class Ill
000 +6 +2 -2
001 +2 +2 -2
010 22 —2 =
o011 -6 = =
100 -10 -10 -10
10t 14 -4 -14
110 -18 -18 -18
111 22 —22 =22
There is 3 range of 28 d8 b and mini mobile

mk-nlswilhaﬂulphu-.
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Let us loo

systems have a head start in paylag for their infrastructure and

og
e been able to lower Pprices to match PCS in many cases.

, the mobiles can reduce the Mslblllcy of collisions.
These still occur occasionally; however, in that case, the message from the

1S-136 (TDMA) PCs
We looked at 1S-136, the North American Digital Cellular standard, in Chap- mabile will not be acknowledged by the base, and the mobile wil| try again
ter 10. Most people just refer to It as TDMA (tirne division multiple uccass) after a random delay time,
when they are talking about PCS, though GSM is also a TDMA system. The The CSFP (todtdsuperﬁnmeplmse) bits identify the location of this time
most important difference between the 800-MHz and 1900-MHz versions of slot‘ ln_: Lﬂrser fmme that extends over 16 TDMA frames or 32 blocks of
TDMA is that there are no analog control channels in the P'CS bands. Rather ‘ con d':m.' 2 & 2 lime period of 640 ms. Each block is
than go over the ground already covered in Chapter 10, in this chapter we as t, paging, '&Ing, or access response
will take a closer look at the digital control channel and consider how en- Information Each_ohhue types of data can be considered a Separate logical
hanced services are provided. Much of this material is very similar for the <hannel of dn!n. time-division multiplexed with the other types and with
( voice as well, since l‘ourofevetyslx timeslots on the RF channel that Carries

blocks assigned to each type of use can be varied within limits. Table 17.2 on
Page 424 summarizes the logical channe’s, and a bde!descrlpclon of each is

igital Recali from Chaprer 10 that the digital control channel (DCCH) uses two of
v‘IAl’:l'?;?\'r:el the six time sln(l: In a TMDA frame (slots 1 and -, to be precise), Normally given below,

only one DCCH is required per cell or sector. Figure 11.1 shows how the time Two P a iy The hyp e st al-
slot is divided up for both forward and reverse channels, lows data to be repeated. This means thata mobile receiver €an check the sig-
nal strength on other channels, without missing data. It also provides

) 5 redundancy: if the mobile misses some data because of a burst error, it getsa

':Ed“ 1“:‘ s second chance.

| cgmml SYNC | scr DATA CSFP DATA SCF( 3 ! Theb ch ins inform i led for all mobiles, ¢

D| is divided into two p The fast broac It (F-BCCH) is used

28 12 130 = 130 10 2 to transmit system parameters toall the mobiles. These include the structure

Bits of the superframe itself, the system identification, and registration and ac-

Cess parameters. All of these must be communicated to the mobile before it

(@) Forward channel ; can place a call, 50 all of this information is transmitted at the beginning of

! each superframe, The emwwmcm(snccm has less critical in-

J formation, such as lists of the channels used in neighboring cells. This infor-

mation can be transmitted over the course of several erframes.
G| R| PREAM | SYNC DATA SYNC DATA e nd s
66 16 28 122 24 122 2
Bits § [ these messa
san gointoan idle or skeep

(b) Reverse channel This helps to extend batgery life,
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0.577 ms

156.25 bits
to use a whole RF channel for this. Instead, one of the el'gh: r.lme.slou on one
RF channel in each cell or sector is lasa The broad-
cast inf ion is d first, foll d by g See
Figure 11.3 for an illustration.
FIGURE 11.3 Varable Length
GSM cantrol 1 slot Each
channel
F SHIRC BCCH Paging Channel
26SlotsToal—————————&
F = Frequency (st carrier)
S = Synchronizing

C = Contents list
BCCH = Broadcast control channel

The BCCH and PCH are forward ch 1s only. The P g re-
verse channe! is called the randont-access chanmnel (RACH) and is used by the
mobiles to communicate with the base. Moblles transmit on this channel
whenever they have information; if a collision occurs, the mobile walts a
random time and tries again. Tr. are sh than the d
the slot to prevent interference caused by the propag delay b
mobile and base. The delay problem is avolded on the traffic channels, be.
cause the base | the mobile to ad or retard the timing of its

to P for the ch in propag: delay as it
moves about in the cell,

Just as with TDMA, 1t is also Y to send Inf on
the traffic channels. This is because the mobile has only one receiver; it can-
not count on g the b h during a call, because both
channels may use the same time slot. Also as with TDMA, there are two con-
trol channels assoclated with the traffic ch The Slow d Control
Clhannel (SACCH) uses one of every 26 bursts on the voice channel. It is used

| T
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Voice Each voice
Transmission d

4 L
transmission Is coded 22 13
the way  are prod I >

tongue, is used. Such coding allows the bit rate e 1ty rec

pared with straightforward PCM. In the future, itis planned to

vanced voice coders (vocoders) to allow the bit rate to be reduced to .S kb/s,
doubdling xheap:dtyoﬂhe(?&“m"ﬂeﬂmdmﬂaltyﬂtﬁ!ﬂl—and
half-rate TDMA, whlch:odevﬂmnaandimwmseama
for a discussion of vocoders.

The bits from the vocoder are grouped according to their importance.

with the most si, bits "‘,!henmelmrocnrdlonndlbe[est
significant bits getting none. Then the data lsspmadcvumﬁm'nshy
Interleaving it so mtlhehssora&amedueméuhwlmufetmwm
have a less serious effect.

Each voice transmission Is allocated one time slot per frame. A frame
lasts 4.615 ms so each time slot is approximately 577 us In duration. To allow
Umeformmlnus(ommonandoﬁ‘. the useful portion of the time slor
Is 542.8 ps, which allows time for 147 bits. This gives 3 raw data rate of
31.8 kb/s per voice ¢ moblle transmissions

at the base

so that each arri:
Propagation time va
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] veral kilometers apart. See Figure 11.5 for
on of soft and hard handoffs.

[ signal as mobile switches between cells W i
“ZL R trum than any of the other systems. Since degra; & L
s Increasing traffic, It is difficult to arrive at a definite maximum for its capac-
ity. Proponents of CDMA claim spectrum efficiencies ten ty times i::
great as for GSM; those using other systems dispute this and put the ga, i
body of data from all the PCS schemes, It
-1 din

2 = Q fearer two. Once there is a large
ten oficar ] will be easier to get at the truth. ;
e Time2 £ Time 3 Along with the other p sy
this chapter, the CDMA system also uses FDMA. Each PCS carrier has a spec-
trum allotment of either 5 MHz or 15 MHz in each direction (refer back to
loff Table 11.1), so a cell site can have more than one RF channel.

reverse channels are quite different in the CDMA system.

Moblle com;‘nu:lcmlulwnh two base s;:mnns at once.
‘0 data is lost during handoff
Forward Channel The forward and
Let us look at the forward channel first. We already know that sync, paging,
o and sp h are on the same physical RF channel using
"%- g CDMA. We learned in Chapter 4 that the direct-sequence form of CDMA is
e o & created by combining each of the baseband signals to be multiplexed with a
2nofar al P de dom noise (PN) at a much higher data rate. Each of thé
Timez © e p 1 to be use a different PN sequence. In fact, it can
& be shown that if the s seq are math cally orth !, the
P ln.d‘l_vldual baseband signals €an, at least in theory, be recovered exactly
: . any I The math | inp g this is be-
B i yond the scope of this text, but we should note that the number of possible
¥ Rl is limited and depe n on the length of the sequence.
nnels  Each RF channel ata base station supports u be some Tt Sy ey buuhne‘nm
nels, using direct-sequence spmﬂ.s';]::tmn: :‘; :‘:ﬂ:‘;‘:wﬂﬂl CDMA chan- e thi mrﬂic! ‘.l:' this will be
3 orthogonal
! Pilot chiannel, which carrles the phase reference for the other lhebi:-:no.?’.,l
tim

channels

*® lsyncchannel, which carries accurate timj
Rl e ming information (synchro-
leed chmm’:s satellite system) that allows mobiles to decode the
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a
used to distinguish one mobile from another, as each uses a unique (thoug|
not necessarily orthogonat) long code. The Walsh codes are used to help the

de the in the pres of interfe . Each block

base di ge | e orn| 2
of six information bits (64 different possible combinations) Is associated
with one of the 6:4 Walsh codes, and that code, rather than the actual data

bits, Is transmitted. Since each Walsh code is 64 bits ong, this In itself does
some spreading of the signal: the bit rate is increased by a factor of 61/6. The
Walsh code mapping thus increases the data rate as follows:

To Power Amp

. QPSK

’ Canietees Monul.ﬂor and Antenna

Paging ‘
Channels
-7) 64
° /), ~ 288 kbs x &
Traffic i = 307.2 kbss
Channels The long code is now multiplied with the data stream to produce a re-
eSS verse channel blt rate of 1.2268 Mb/s, the same as for the forward channel.
Each mobile transmits at the sanie rate to produce the spread-sp sig-
nal recefved at the base.

Channel The moblle units cannot use truly orth h b they lack a The h Is also slightly different on the reverse and for-
phase-coherent pilot chanael. Each mobile would need its own pilot chin- ward channels. Both use a form of quadrature phase-shift keying (QPSK).
nel, which would use too much bandwidth. Therefore, they use a more ro- The base station uses conventional QPSK. With this system the transmitter
bust error-control system. It outputs data at three times the input data rate. power has to go through zero durlng certain transitions. See Figure 11.9(a)

Follow Figure 11.8 to see what happens to the signal. on page 436.
The delay the quad, signal by half a bit period to pro-
{ duce offset QPSK, which has the ad ge that the power never
Vocoda: Emor Correction | Select Incorpuiate | ToOftser goes through zero, though the amp doeschang Linearam-
ErsA RN |8 Intctavian o Qb Code e I O toatiten pl are still req in the mobil but the I y requl
| ments are not as strict for offset QPSK as they are for conventional QPSK. See
Figure 11.9(b). v

Offset QPSK would have no advantage for the base station because a sin-

gletransmiteer is used for all the multiplexed signals. The summing of a large

number of signals would resuit In a signal that still went through the zeco-

amplitude point at the origin.

CDMA uses a varlable rate vocoder. Four different bit rates are possible:
19600 b/s Is used when the user

Walsh Code haj
5073 s st oAl (e
Voice Coding [
9600, 1800, 2400 and 1200 b/s. The full rate o 3 :
is talking. During pauses, the bit rate is reduced to 1200 b/s. The ather two
rates are also In the specifications but are seldom used.

3118 CDMA reverse voice channel
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Delay lines compensate
for different propagation
times for different
path lengths.
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—_ E 11.7 Data Communication with PCS 3
= — When we studied the TDMA cellular system, we observed that data commu-
erty 15-136 TDMA GSM 15-95 CDMAone ¥ i can Ily be more complex with a digital than with an analog
T system. This is because vocoders will not work properly with modems, so
1 Width 30kHz 200Kz 1.25 MHz | that the classic technique of ¢ g a modem to an analog voice chan-
for a digital phone
: Q 8 64, including 1 sync nel does not work. We saw that at 800 MHz it is common
‘ﬁ‘l:.;mnels e :ommgl chay:,“h to revert to analog mode for circuit-switched data and to
use the CDPD system for packet-switched data.
ng Type TDMA TDMA plus limited I Direct-sequence I The above techniques are still p le with a dual-made PCS phone, but
frequency-hopping spread-spectrum each of the three p N f > has develap d its own
kb/s full rat Variable hniques for data This can be exp to. more
R ?l ig;: :;lllfr:a‘li 235 kb,/ss h:m!':I mﬁe 9600 b/s max. important as a new generation of “smart phones” incorporating Jarger dis-
1200 b/s min. plays, (some even including web browsers) and portable computers incorpo-
rating RF i dules are j; d.
£RE Channel | 48.6 kb/s 220-833/kbis | 1.2288 sb/s At present the most popular use for PCS data seems to be short paging-
jannel 2 time slots of 6 In 1 time slot of 8 in 7 of 64 orthogonal type messages, followed by electronic mail. Worldwide web access is gaining
one 30-kHz RF channel | one 200-kHz RF codes in ane 1.25-MHz ;’ In Imp but is ly limited by slow ion speeds and the
channel RF channel 4 limited graphics capability of PCS phone displays. Let us see how data trans-
mission is handled with each of the three PCS.
with 800-MHz analog AMPS, which stilf has by far the widest distribution of
any system in North America,
There is an obvious, though rather 1dy, sol to the '
ity problem. This is to manufacture dual-b.md’. dual-mode phones, which TDMA Data The TDMA PGS standard allows for short iges and pack hed data
work with analog, 500-MHz AMPS as well as with one of the 1900-MHz per- Communlcation tobesenton the digital control channels (DCCH) or the digital traftic chan-
sonal communication systems. Dual-mode phones are currently available nels (DTC). Circuit-switched data isp on the digital traffic channels,
for all three of the PCS. Those PCS providers who do not also have an The digital control and traffic channels Support two main types of
800-MHz license often form alliances with a cellular provider to allow seam- packet-switched data communication. A format called cellular wmessaging
less roaming with only one monthly bill. Figure 11.11 shows examples of teleservice (CMT) is employed for a short messaging service (SMS). This
dual-mode phones. i allows for brief Paging-type messages and short e-mail messages (up to
, 239 characters), which can be read on the phone’s display and entered using
sm;mg 111 ] the keypad. l:'or longer messages and extended services like web brows-
D :;n::odg ing, the Generic UDP Transport Service (GUTS) protocol is used. The acronym-
(Covneyer within-an-acronym UDP stands for User Datagram Protocol.
Noxu.((z.) Both of these services require extra in the PCS to

and those used with the radio link,
With GUTS, the user connects o a netwock server that relays messages 1o
and from the Internet. The CMT system also requires the servers in the PCS
network to ges and i with other services such as
the user’s e-mail service. See Flgure 11.12 on page 442 for an illusteation of
packet-switched PCS data.
Circuit-switched data is I on the digital
traffic channels, The vocoder is bypassed and data is coded and sent directly
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oW, € : nar hone mod e
n-bo: 0 g ow compared with a personal computer; and
handheld devices have very small, low-resolution displays. Many of these

plays are not ble for graphics. A typical web page would take a long time
- to load and when loaded would be almost, if not completely, unusable.
Third ion wireless sys , which are described in Chapter 14,

&
will help to solve the first problem, and perhaps make a start on the second.
The third is more intractable: large displays and pocket-sized devices are
simply not compatible. Therefore, even with third-generation systems,
there will be 1 need for a means to display web pages on the small screens of
PCS devices.

Until recently there have been many prop Y dards for display
ing web content on wireless devices. Each worked only with a small number
of specially created sites. Many of the major wireless manufacturers, includ-
ing Ericsson, Nokia, and Mo la, irave now bined to create a set of de
facto standards for creati g this content, known as the Wireless Application
Protocol (WAP). The idea is to include a small prog called a

in the wireless device, with most of the required computing done on net-
work servers. These servers have access to specially modificd pages on web
sites and can also attempt to translate conventional sites so that they can be

| a

used by wireless devices. The pages have i graphics and
text so that they can be used with portable devices.

WAP is compatible with all of the 8 i systems
and will be patible with all third-g y as well. As more
sites begin to provide pages compatible with WAP, the web should become
quite ble to p devices.

11.8 Testing Cellular Systems and PCS
‘We saw in Chapter 7 thatall 1 of signal h in a mobile envi-
ronment are necessarily approximate, as there are too many variables for

even a p lysis to be these pr are
generally accurate enough to locate cell sites and repeaters. Once these have
been built, it Is necessary to go into the field with a receiver to verify that the
signal strength is i y. The used for p y tests Is
often a portable model that puts oul a carrier only. This simplifies the mea-
surements, particularly when the system will eventually be CDMA with all
channels active in all cells. Figure 11.15 shows a typical portable transmitter
and receiver suitable for such testing.

(BuiSessajn
zoys)

eyep paydims
SID[AIISIAL

<212 $Dd
EL°LL 3HNDIEL

(a) Transmitter

FIGURE 11.15 Test transmitter and receiver -
(Courtesy of Berkeley Vantroaics Systems)

In add to the RF eq itis ble to have the test vehicle

equipped with a global positioning system (GPS) receiver and a computer. It
is then possible to plot signal strengths on a map and then o draw
contour lines. In this way, any problem areas can be identified.

Once the system is in use, signal measurements can still be taken, but the
process is more complex. This is especially true for CDMA, because all cells
transmlit on all frequencies with low power spread overa wide bandwidth. A
conventlonal recelver would not be able to distinguish signals from noise, or
one cell from her. A speciall apable of cting the pilot
channel from a CDMA is req d. Each cell its a pilot
with a slightly different delay added to the short code, and thus it can be
i e

fied if an timing s Again, GPS is used by
the CDMA system for this function. Figure 11.16 showsa specialized [nstru-
ment designed for this purpose. - L

Testing of indi

) 3 a =
must be done quickly and economically; ome:wise it will be less costly to
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12.4  satellites and Tra sp

The satellite as a spac with its attendant guid: e syslems and pe
tioning jets, is outside the scope of this book. We‘irecbn'cemed.‘.llggmn’
with the satellite as a radio Tepeater. We need to know what the satelli

to hq given point at all times. This
' can make the system quite complex and expensive, even allowing for the
= fact that it is less expensive to put satellites in lower orbits than in geosta- [ooks like from the ground.

- tionary orbit. The traditional way to build a communication satellite is to design it as
The Doppler effect requires careful receiver design for both satelljte and freq v-shifting rep or collection of repeaters (for some reason, a re
ground stations, so that the receiver can lock onto an incoming slgnal and peater on a satellite is called a transpoader.) One satellite may have man;
| track its frequency changes. transponders, each of which has a block diagram that looks like Figure 12.6.
1S Satellite orbits are usually divided into three ranges. Low-earth- Arange of frequencies is received from the ground via the uplink, amplified
| orbit (LEO) satellites range from about 300 to 1500 km above the earth. and shifted in freq Y, and on the dc liz No signal pro-
| Medium-earth-orbit (MEO) satellites are about 8,000 to 20,000 km in alti. cessing other than amplification andiuquen:yshlldngkdoneon thesatel-
1 tude. The gap between LEO and MEO orbits is there to avoid the lower of the : lite. For obvious reasons, this type of transponder has what is known as the

damage satellites. These radiation belts extend from 1,500 to 5,000, and
from 13,000 to 20,000 km above the earth’s surface. MEO satellites are typi-
cally near the lower end of the MEO range to avaid the upper Van Allen belt.
Finally, of course, there is the geostationary earth orbit (GEO) already micr.
tioned. It would, ©of course, be possible to orbit satellites at still greater dis-

e would like, there is no point in using more distant satellites.for commu-
nicating between Points on Earth. Figure 12.5 shows the LEO, MEO, and
GEO ranges, along with the Van Allen belts.

FIGURE 12.5
LEO, MEO and LEO
GEO orbits SN

(not to scale)

Van Alfen Belts

MEO

GEO

bent-pipe configuration.

FIGURE 12.6
Bent-pipe
transponder

Power amplifier can be operated.in a saturated mode. much like 3 Class C
amplifier, for greatest efficiency. If required to h 1l plitud rying
signals, the amplifier can be “bicked off~ toa lou!rpowernnenmodebyle-

mote control from the ground, Such 3 transpon

der is ready for just abour

any signal, or cumbl'nnllqn of signals, that will fit into its bandwidth.
It is also possible t« design satellite transponders for specific applications.
tore digital inf and

Some are designed te s

itatafater time.

Using this store-and-forward technique, data can be communicated using 3
low-earth orbit utellite that may not be visible to the trnsmitting and receiv-
ing stations a. thé same time. A_!;q, satellites can be designed o communicate

with each  ther; Such crosslin| p
betweer: earth stations, as ind

] the efficiency of
in Figure 12.7.

-
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T, = equivalent noise temperature in kelvins
NF = noise figure as a ratio (not in dB)

AMPLE 12.2

A receiver has an equivalent noise figure of 2 dB. Calculate its equivalent
noise temperature.

SOLUTION

First convert the noise figure to a ratio.

NF = antilog (%)

=
= antilog [F))

=1.58

Now use Equation (12,5) to find the cquivalent noise temperature:
T., = 290(NF - 1)

290(1.58 - 1)

170 K

[l

To find the equivalent noise temperature of the receiving installation,
we need to add the antenna noise temperature, as modifted by the feedline,
10 the receiver equivalent noise temperature. That is,

T=T,+T,
where

(12.6)

T = system noise temperature in K
Ty = receiver equivalent noise temperature in K
T, = anlenna noise temperature in K

The antenna noise temperature results from thermal noise picked up
from objects in the beam of the antenna. This depends on the angle of eleva-
tion of the antenna: when the antenna beam includes the sround, the noise
level increases because of radiation from the ground itself. Luckily, this is
seldom the case with ground stations used with geostationary.satellites,

gam
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except in very high latitudes where the satellite is just above the horizon,
This means that noise entering the antenna originates mainly [rom extrater-
restrial sources (stars, for instance) and (rom the atmosphere. Occasionally
the sun passes through the main lobe of the antenna pattern; t[l’e sun is a
very powerful noise source and makes €c ication imp for the
few minutes it takes to pass through the antenna beam. Olhef\vlse the skAy
noise temperature for an earth-station receiving antenna is quite low, typi-
cally 20 K or less. The situation is very different for less directional antennas
such as those used with portable phones in LEO systems. The noise tempera-
ture of these antennas may be about the same as the ambient temperature
because of noise picked up from the surroundings; signals are much stronger
at these antennas as well,
Losses in the antenna system contribute to its noise temperature. The
noise temperature of an antenna system, at the far end of a feedline, is

glven by
P s "2:0 b P (12.7)
where

T, = eftective noise lemperature of antenna and feedline,
referenced Lo ceceiver antenna input, in kelvins

L = loss in feedline and antenna as a ratio of input to output
power (not (n decibels)

T, = effective sky temperature, in kelvins

ExampLe 123

An earth station for use with a geostationary satellite has a dish antenna
which sees 3 sky lemperature of 25 K. It is connected to the receiver with a

feedline having 1 dB loss. The receiver equivalent noise temperature is 15 K.
g Calculate the noise t for the system.
si 5 SowuTion
g-ng First convert the feedline loss to a posver ratio:

gn L =antllog (%5—)

= antilog (-l%
gg = 1.26
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Plguire 5.7 INMAZSAT Satellite Service
CMDES serc e o continue Lo he provided by: )

Tt B, Tnmaresnt Cfoin-Cand Inmarsat 1eet w77
o Uetentinl for GMDSS on FlostBroadband being snnepped

@ The e Critevin for the Provi ion of Mobile Sateliite Comml":l;;at
Systen o the Global Maritime | strem and Safety By otbem (GMDEB)

’

: 7 4 T vy
(1] Aoy lew‘*H'.H W ')I'UDUM“-"I: ]J’*';"nl;i”l"y 3} n’l”k" il; Hlmpl(ﬂ' Jis) Dthl 4
palelt e yateme o be approvad

@ Tho oronnl requirements romain and were approved by MEC 83
[ dilution of standards

@ Minos aaendments only; replacement Resolution expected to be npproved
by Lhe TRIO 26M Apsembly

@ Toraoon vemaine the sole, approved pateom providey for the GMIDE

6 LEsO: Low larth Orbit satellites he ve a small area of coverage, They «re
pogitioned oo orbil 2 pproximately 300 Olim from the surface of the earth

W "oy complete one orbit every 90 minutes

i The large majority of satell tes are in low earth orbit,

T deidivm system utilize LIEO  atellites (7801 m high)

T natellite in LEO orbit 1« visibl « to a point on the carth for o very
sbowt time

106 Deptof BCE
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SATELLITE COMMUNIC £TION

Transmission delay of the o der of 250 msec.
® Lovge free space logs,
¢ Nupolay coverage

s Ll

@ Satellite orbits in terms of the orhital height:
© According to distance from earth:
¢ Guosynchronous Earth Orbit (GEO) ,
® Modium Earth Orbit (MEO),
¢ Low Earth Orbit (LEO)

g
o

-

Fd

Figure 5.8 LEO, MEO & GEO range

‘ " - : . 2
B et e urbital altitudes between 3,000 ang . Figure 5.9 LEC. VIEO & GEO Orbits
T MBO: Modiim Earth i .
20,000 kan.. : -
e i T '’ . SSma—
gy o TN < rbeen LRO/ME® /GF O /TIRG. cont.
@ Tiey are commonly \ " >
v
““u e TEG ,v'.ﬁnn Number -Pagal NoJPonel: altitude  <eg.
Y S UARSYS 24 6 4 1300 GO
URBCOMM 23 a 6 785kmi 45
GLOBAISTAR. .48 8 6 1400km 52
- LIDTON 66 s 11 Z6skm 86
MEG  Lome ‘Number  Paral No/Panel altitude  deg.
) E DNARSAT P 10 2 -5 10300km 35
CDYSEEY 1z a9 4 103 s
LS i 2a 6 4 20200lem 55
- C.ONASS 24 3 8 19132km 4.8
) L
HEO N ame Number *Parnel No/Pancl altitude deg.
_ I LSO 24 4 (4 ATR00km
I . P:520km  53.4
3 . rea on the earth's WOTNIPA — s e 4 A:39263%ki
e Pr504km 634
N ! 4 XCEIMEDES 7] a 1 A3Z9 .

world's surface = P.926kun 3.4

Figure 5.10 Diff b/w .E0, MEO & GEO Orbits
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