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Q1. a) What are the main involved steps in FDM multiplexing and FDM demultiplexing 5
processes?

In multiplexing; Mixing — Filtering — Combining. _
In demultiplexing; Splitting — Filtering — Mixing — Filtering. »
b) Why the output of TDM having three streams of 2.048 MBPS is not equal three

times its input (3 x 2.048 MBPS = 6.144 MBPS) 6)
Because of two reasons;

i.)  2.048 MBPS is El standard in the “E” standard (European standard)

and the next standard is E2 which have 4 E1 inputs .
~ii)  InE standers there are some staffing bits for synchronization issue.

¢) What are the advaniages and disadvantages of FHSS systems? o)
Advantages; - Much larger bandwidth using frequency hopping than using direct-
sequence, which can produce a significantly higher processing gain.
-- Provide more immunity to certain types of channel distortion

Disadvantages; PM techniques such as PSK and DPSK are difficult to use because
of problems maintaining phase coherence across frequency hops.

d) What are main three types of the overheads in SDH system? And where are they
exist in the SDH frame? )
Regenerator Section Overhead; the first 9 bytes of the first 3 rows of the frame.
Multiplex Section Overhead; the first 9 bytes of the last 5 rows of the frame.
Path Overhead; the first bytes of each row of the virtual container.

e) What are the main service of TETRA network? o)
Individual call - Group call - Acknowledgment group call — Broadcast call.

J) Suppose you have 806 - 821 MHz bandywidih Jor TETRA .s'ys'renz, how many
logical channels can obtained from this band? ;)
For (821 - 806 = 15 MHz) band we have 7.5 MHz transceiver BW. And for 25 KHz
radio carrier, we can get 7500/25 = 300 carriers. For 4 time slots per carrier, we get
1,200 time slots which are logical channels.

g sketch a block diagram showing the main components of DWDM system? 5)
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h)  What is the main deferent between classical WDM and DWDM? o)

For the classical WDM systems a few wavelengths

(mostly two) are transmitted.
Where in the DWDM the number of transmitted way

elengths is much more than 2.
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Q2. The given PCM/EI multiplexer has }\; “input signals. All the mput were DC signals. The 1"
signal -10V, the 2" signal -9V, the 3" signal -8V, and 50 on. The mininum voltage can be
represented in the PCM modulator is -16 and has 0,25 step size.

5 . il . sy
The fi(t.) shown below is part of the 6" frame of the output signal, and the shaded bit is
representing the second bit in the time slot (the second MSB).

a)  What are the values of bits “4""?

fi(1) Jolt) Chl .. Ch2 .
A0 | PCM/E] oft) ) ooole T
e Multiplexer » MERXINY Y 1001 hoo1p?
/N“) > 7]/ T e - v I
Ol 4 L ‘
For the PCM system, and from the given data
-16V is level 0 = 00000000, -10V is level 25 = 00011001, -9V is level 29 = 00011101,
Since the inputs are DC values, all values of ch; are -10V = 00011001, and ch, are -9V =
00011101, ch; are -8V= 00100001, and so on
Since the shaded bit is the 2™ bit in the time slot, so its value is 00011001,
So, it is the time slot for Ch, which is the 2" time slot in the frame (frame 16 as given)
Tile bit “A” is the 5" bit in the 1 signaling slot of frame 16, which should be Cl()()l?l:?Oll.
So the bit “JASHRE
b)  Find the time t;? (10)
The time ¢, is the starting time of the 4" bit in the 1* time slot in frame 16. 2
L ' 1 e
ty —-.15 X125 pus + 4 x 2048000 — 1876.953:
Q3. 4 SDH network connecting six locations as show below. The carried traffic is given in the
traffic table?
c N
A 2El
C
D
E
a)  Propose the best configuration Jor the network and show its components and link
capacities. [ 5 ibso E.C SEL g , (10)
4El A-D DS2 E-D ‘0
3E3AF  DS3EF 4 DS2 1 D
2ElfoC{ A «“1y” }eE1104
4 El to Dy —— ——}3Elt C
2 DS3 to E{—] PTE[—DS20E
3E3to F ——PTE —3}2E3wF
2 DS3 toA{_“E” STM? STM3 “F”—}3 E3 10 A
408210 C{ = _E=X}Elwc
DS21t0 D PTE PTEE—3}2E310D
DS3to F ‘ DS3 10 E
b)  What is the maximum number of extra EI's that can be carried between “A” and “F"
without any expansion in network capacity. (10)
To go from A to F we should check the links A-B, B-C, and C-F
. A T ' .
Link Capacity Traffic Extra Possible E]
A-B STM1 6 E1,3 E3, and 2 DS3 5x3=15El
B-C SEM?2 6 El1,5DS2, 3 E3 7x3 =23 El
C-F STM3 | 3EL, 5 E3, and 1 DS3 6x3 +2x7x3 =60 El

RIS

S'extra E1%] can be go from A ¢ F without any expansion in network capacity
Good luck for every body

Dr. T. Benmusa
Page 2 of 2



COLOGE OF ELECTRONIC TECHNOLOGY

SUBJECT: - Communications Systems
COURSE NO. : - CM 404

DATE:-20-5-2018
Midterm Exam 1 Solution

Spring 2018 Time: 2 hours
Q1 a) What is the main concept of TDM? (5)
The main concept of TDM is making the sample pulses narrower and the space that
are left between pulses are used for pulses from other signals.
b) What are the standards for PDH systems? State the hierarchy for each of
them. E carrier T carrier ] @
The two PDH European (CEPT) USA and Canada ~ Japan
standard are the E PP kel L] sen-svorates |
carrier (European atevel  [ea ﬁfu mees | [l zatseme ] [Ga [ e7.728 meps |
system) and T sovevet (o[ asemmm | (3] warsemims | [ 13] 32000 s |
carrier (North 27 Lovel i_g;l;}a,’i;iﬁ.,;; ] RED Temmmle]
America System). 1 Level [‘a:[:;;;“g.;.;,:j """ e [j@@i‘,,{;] n
e
¢)  What is meant by Justification bits ? Justification control bits? ) -
Justification bits is additional bits are add in order to avoid of the slip of bits due to
the Small difference in the clock rates of the PDH input streams.
. Justification control bits tells the system whether there are a justification bits or not,
, their type (positive or negative), number of bits for each input. -
d)  Explain briefly the structure of the SDH frame? [&))
The STM-1 frame has 155.52 MBPS, —— Sl ihmeit B go-c=s st s
and 125 ps R et O B ot N s —
. . vie ’)Ql B:‘!. M_\l,__z\ 9 d} -
The Frame is made up of a “Section e P, /
Overhead” field and a “Payload” :
field.
The frame represented as 9 Rows by
270 Columns for total of 2430 Bytes.
The first 9 Columns for Over Head
and the other 261 columns are
Payload
e) What are the main advantages of DSSS? ()
Security - Low interference - No need for synchronization — And access control.
J) Discuss the limitations that prevent using the total DWDM wavelength? )
The lower limit is 1280 nm, which is limited by core diameter
The upper limit is 1650 nm, which is limited by attenuation.
g) Canthe code “111011100010010” be a valid PN sequence code for DSSS?  (10)

Balance (satisfy): The code has eight "1"s and seven "0"s. Balance is achieved.
Run property(satisfy): The code has one two-bit run of "0"s and no two-bit run of "1"s.

2 three-bit runs of "1"s and one three-bit run of "0"s; satisfying the run property.

Correlation(unsatsfy)

balance

balance

b1OEI™ 111011100010010
©01110111000100]1

b]1O[c]® 111011100010010

100110010011011

O 101110111000100
balance ol1ololorl1010t110

(b1O[e]™ T11011100010010
O 010111011100010
101100111110000
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Q2. For the given multiplexer plan, if the LLLS LLLS 119 L1133 1133
telephone cards are serving 6 channels |_|.1.i4 Dt I 1j| |[[TT0T g 141 17
3 e 1 LY ) -
and data serve 5 channels. Give the bill L1124 LLi24 JlLid2e 77 1
of quantity for the main MUX equipment ]1 :glb“'eph‘"\elllz”l)ﬂ :;}g Data :2:; I }3; Data : :ii
at station “C”. (15 marks) 2101 i
11311 Teleohone 11311
113,20 P N 1.1.3.20
Disertlo N T T
Data Signaling card 4+3=7 i D:q T
Telephone Signaling card 2+ 1=3 13128 1.3.1.28
D= 13.L11 [3.1.11
El/64KBPS MUX 2+2=6 B Data e
E2/El Mux (§8M/ 2M) 2+2=4 22 —~ 27-23 T};j :3':
E3 / E2 Mux (34M/ 8M) 2+1=3 143 Li3 753 N 124
E4 /E3 Mux (140M / 34M) l+1=2 : | 3J
Q3. The given TDM multiplexer is one of the first order PDH MUX, has “N” input signals.
The output signal was represented by f,(7) below. If the shaded bit is representing the 19( 0"
bit of non data bits, and the A’s bits and B’s bits are belongs to the same input channel:
" I Tom
f) ——»
: Multiplexer f"m ! OI I , ﬂ’ﬂ‘“m"’f‘bﬂ OBBB ) 3|;—|
) —>] ) t(us)

9.765625
a) What is the minimum \alue of the thme -7

Since the multiplexer -is one of the first order PDH so, it is either E1 or T1. But the time

9.765625 ps is a starting time of a bit in the output stream so, multiplying this no by the bite

rate should be an integer.
Trying T1; 9.765625 ps x

1.544 MBPS = 15.078 not valid since the result is not integer.

Trying E1; 9.765625 ps x 2.048 MBPS = 20, It is integer, the system is E1.

The shaded bit no. 190 non data bit = 1—19—69 = 11.875 = itis in the 12" frame

190—11x16=
14 — 8 =6 = it is the 6" bit in time slot 16

The A’s bits belongs to channel 16 (time slot 17) in the 12" frame
The minimum value of 1, if B’s bits comes in the next frame (frame 13)

The B’s bits belongs to channel 16 (time slot 17) in the 13

Before f; there are 12 frame, 16 time slots, and 7 bits

125
t, =12 ><125+16><—-—+7><m_

1l
' frame

14 = it is in the second non data slot (16" slot) in the 12" frame

b) Suggest another value for £, apart from your answer in part “a” above.
Other possible values of ¢, if B’s bits comes in frames above the 13" frame
So B’s bits can be belongs to channel 16 (limc slot 17) in the 14" frame

£ =13 X125+ 16 X +7 X

1690.918 éls

(3 mnarks)

(7.5 marks)

(7.5 marks)

(10 marks)

Q4. STM1 SDH multiplexer carrying seven streams of T1 and can carry up (o 29 streams of [ 1.

a) How many streams of T2 can carry?
29
The 29 streams of E1 can accommodate only l?| =9

b) How many streams of T1 can carry?

streams of T2

29 .
The 29 streams of E1 can accommodate only ’?| X 4 =306 streams of T1

(7.5 marks)

The seven Tl streams are carried through two TUG-2. The first one is fully occupied and
there is a space for another stream of T1 in the second one.

So the total no. of possible T1 streams can be carried is 36 + | =

Good luck for every body

Dr.
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Ql. a) What is the bite rat for the pure data in El caring different voice frequency channels? (5)
30 x 8 x 8000 = 1,920,000 BPS = 1.92 MBPS.

b)  Explain briefly the function of the Justification bits? 3)

Justification bits is an additional bits add in PDH multiplexer in order to avoid of
the slip of bits due to the small difference in the clock rates of the input streams.

c) Why there is no difference in quantization noises of samples in T1 and El
systems, even though the sample of El system represented by § bits and the

sample of T'1 system represented by 7 bits? o)
Because both of them use 8 bits to represent a sample. But in T1 system the LSB is
ignored and replaced by signaling and synchronization bit.
d)  Give one case that SDH is not preferable, (u'zd-give VOUr reason. )

o Low capacity systems. Because it is very expensive.

The required traffic does not require .
e) Can the following code be a PN sequence cod? And why? 1011100111010000  (5)

No because the run property dose not fulfill. (Twe 3 ones and no 3 Zeros).

/) What is the function of the Add/Drop Multiplexer in SDH systems? (&)
The Add/Drop MUX has the ability to breakout and insert low speed channels into
an STM stream?

' g What are the advantages of DSSS systems? the answer witheut explanations.  (3)

Security - No need for synchronization - Low interference - No need for access control.

h)  Why we have to move from TDM to WDM at very high bit rate? ()
e The required electronics are very difficult and quite expensive.
e The dispersion properties at high bandwidth can hardly be fulfilled.
. . ; B C
Q2. For the given multiplexer plan, if the - e -
telephone cards are serving 6 channels Telephone. ' 'l 3 Telephone /3,
and data serve 4 channels. T D R BB
124 [[L126 112¢
a) How many tel and data cahnnels can s S -
be added between A and D in the third it [ Data 7
2 MBPS in the first SMBPS of the 1'3_71{1)
system  with and without  adding = 12 =
channel cards? (10) 'lelef:lhonc S
: : TR 3.1.26
2 tel and 0 data without adding cards Dafa - S
and 12 channels by adding cards 2 }g :
El stream Type A | MUX | D 2w2~ {4 \
(3 Telephone | 4 . S 2oy |34 :
’ Data 3 0 4




L

b) How many EI MUX ar station B towards A . Station B tow
B, and at station C 1owards D

Location No. of E1 MUX’s

_at station B towards A
at station B towards C

Q3. The given TDM multiplexer has “N” input signals, The output f,

fitt)
j{(r)

In(t) .

a Ift;=11837]2 us, and ty=179.79] .7;1.5' What is the
T, = 119.79-118.37

So maximum input is 4 x 30 x PCM signal (64 kbps) =

b) Ift = 42,039.61 ns, and L =421167
data bit in the given Jigure?

42,116.77-42,039.61 ns
T, =

12

at station C towards B
at station C towards D

(1) is shown below.

Multiplexer

DM

No. of E1 MUX’s |
3(1.1-1.3-3.0)
3(1.1-1.3-3.1)

ards C, station C towards

(10)

12

So. the system is SDH with capamt) STMI

To tmd the order ofthe bit starts at £, we divide t; b

y Ty or multiplying by 0.15552 GBPs.

So, the order of the bjt starts ate; = 42.039.61 ns « 0 15557 GBPs = 6,538

To know in which byte we divide by 8;

6,538 + 8 =817.25. That j 1s mean there 817 byte and (0.25 x

=2 bits) before l

So it is the sta.rtmg time of the 3" bit of the 818" byte

To know in which row we diy ide by 270;

817 =270 = 3.026. That is mean there 3 rows, (026 x270=7 byte),
So it is the Slartmg time of the 3 3" bit of the 8" byte in the 4™ row.

Since the first data bjt in each row

and 2 bits before t

come in the first bit of the 10 byte. So, it should come

after one byte and 6bits after ¢; as shown.

Its starting time is (270 x 3 x 8+9x8)+0.15552

=0552+0.15552 = 42,129.63 ns .
28}7(52 261Bytes N fot1) B) te 8 B}w
Pay load
OH Pay load 010”0001 1 000r0ﬂ00
OH Pay load
OH |-/ Pay load

Good luck for every body
Dr. T. Benmusa
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Q1 a)  Whatis the used carrier frequency of the fifth channel while generating a group? (3)
Jea=108 kHz — 5 x 4 kHz = 88 kHz
b)  What is meant by drop/ insert MUX station? (3)

™ e 2 aee 4 MATTV s sl ~ RANTW st T R S | L e
nr l.l I ORRRIWE B LTAVL AN "ull\lll, IJ O LTAUV /N Judauiun U\.\.ula lll (S 18 % Illlu\.lli.‘ UL Tt IUIRY VY AN

received signal from one end is demultiplexed, some channels are dropped to that
station. The rest channels are combined with other new channels generated from the
station and multiplexed again before feeding to the transmitter of the other end.

¢)  Whatis the type (data bit or Overhead bit) of the 3500" bit in STM1 stream? (3)

2590 —'437.5; So, the 3500th bit is the 4™ bit (0.5 x8) in the 438™ byte

—o0 = 1.616 So, the 438" byte is the 168" byte (0.616 x271) in the 2" row

And it is the 159" data byte (168 — 9)
d)  How.can we get multi hop HF transmission? 5)

By making the reflected wave from the ionosphere come on a smooth surface area
such as water (see, ocean), desert.

€) A service of TETRA network allows some members call specific subscribers

.\‘Fh:r I’l-\plr fw\nrr\\r\l \lfhnr Ar\ e w:ll H x cary -rv.o‘) /\lcn ctata wihathae e

simplex. semi-duplex, or full duplex mode? - (3)
We call it acknowledgment group call. It is semi-duplex mode.
f)  State two advantages and one disadvantage of the FHSS? (3)
Advantages, Higher process gain — higher immunity to frequency selective fading.
isadvantages, difficult to maintain phase coherence across frequency hopping.

g)  Why we are using the ATPC in the receiver of DMR radio to increase and
decrease the transmitter power level ? (3)

Advantages, Higher process gain — higher immunity to frequency selective fading.
Disadvantages, difficult to maintain phase coherence across frequency hopping.

h) ~ What is meant by spectral efficiency? Do we aim to get high or low value?

And why? (5)

Spectral efficiency means how many data speed in bit /s can be carried in one hertz.
We aim to get higher value to send higher bite rate in small bandwidth.

Page 1 012
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L__“.:  PART I OPENBOOKEXAM - N
AL R s ki i N Dl

For the given multiplexer plan. if the telephone cards are serving S channels.

AU auy ZViDES sueaims canl Le added g

between B - D and A - C, without any

additional hard ware? )

B : D
ﬁ } y Telephone l

20

Nothi . 167" R : A6 i3] o 1.311
othing between A and C, iz Telephone Visas i 3_m]ekphonel B
Only one streams of 2ZMBPS can be added | '121 : ; ; - —
l)etween “B” and wp” (1.4) ’ ,' 91'_0[0])[]0“0, l‘_"'J :-;;lh‘elcphonei'; L;j
o 1310 ey 1311
b) il we need to add another 22 channel; 15 391 e £Ephone 321 jf
channels of them between B and D, and [RTI Telephone 21 112 11 Telephone AT
another 7 Channels between A and D. What % 2] : L1 T W3 —-—2—1%1
are the needed hard ware? (15) i 3 []23 231153 23

D, 24
L 32
2]

Q6. SDH multiplexer carrying one stream of 34 MBPS, eight streams of 6 MBPS, five streams
o 2 MBPS, and tive stream ot 1.5 MBPS'

a) What is the maximum no. of El 34 MBPS —>»[€F}— .. — ..
streams can be add to the system? (]5)

_»_.._..._.._..
) i N v s — s
The configuration should be as shown —>[C7] "
in the figure. We can add 7 streams of O6MBPS S G2 T
El as follows: ‘ T T

* One streams of K] (2 MBPS)
directly to free TUG-2 inputs.
¢ 2 free inputs of TUG-3each of them
2 MBPS
can accept 3 El streams.

b) On the top  of the capacity
mentioned in part “a”, how many
extra DS1 streams can be add ? (3) 1.5 MBPS

1
Three stream of DS1 can be added —[EH - — - —rugy

mni A DND inl atilind,

10 o radin with feancnniitan Cutnut mnvvar AFY0 ADG. N aD | R
e & FATie Testaesos woplopOVEr 20 22 4B 2

improvement factor, and 4dB noise figure. The radj
link has the following specifications:
* The total free space loss is 14] dB.

* The target probability of errors for the two links is 10”. And the link relj
is 99.998%.

* The area has average train and worst case climate condition,

* The area considered as a heavy rain area and produces 0.4 db/km attenuation loss.
What is the minimum possible received signal power? {3)

For heavy rain condition and 0.4 dB/km attenuation, we can get the operating frequency
from the rain attenuation vs frequency graph. SO [E: Hz
L= 92.4 + 20 log Dy, + 20 log Faii, = 20 log Dy, = L;—92.4 - 20 log Fgy,

Ls - 924 - 20 log Fgpyz 141-924 - 2010g9
=57 720 g Fehz

D, =10 20 =10 20 = 10147 :
Total rain attenuation L,,;, = ®rsin X Dy = 0.4 dB/km x 30 km =
Pruin =P+ G+ G, - Ly— -k~ L, — Egihers + EQIF
=28dBm+42.7 dB+42.7dB - 141 dB-0—0_ |2 dB—0+2dB=-

FM =g, t10lmc s o 1m0 Dy A

=301og 30+ 10 log(6 x 1x 1 x 9y_ 19 log(1-0.99998) -70 =
FM =P, - Coia = Couin =P, - FM = -37.6 dBm — 38.6 dB =}76.2 dBm

Good luck for every body

Dr. T. Benmusa
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QI What is meant by?

a) TFull duplex operation mode? (4)
The two parties of the communication can send and receive at the same time.

b) 1 Erlang )

Is the traffic generated to occupy the communication link 60 minutes in 1 hour.

¢) M+ N standby configuration for microwave system? 4)
We have “M” links and “M” radios operational and another “N™ radios standby
can take over any minute in case of failure or any other reason.

d) 3 dB gain? “)
Multiplying the power by factor two (doubling the power).

QZ. a) State general equation to find the power al DMR receiver. Define its parameters  (5)
Pr =P+ G+ G, —Li— Ly~ Ly~ Ly~ Lygin— Loghers +AEQIF
P;: Transmit power . L. Free space loss
AEQIF : Adaptive equalizer Improvement factor Ly : Branching loss
G, G, gain of transmitter and recover antennas Ly /L; : TX/RX Feeder loss
b) what is the multiple access technique used in TETRA system? Give numerical
values. . (6)
FDMA ( has several RF carrier with 25 kh BW. And TDMA where each carrier has
4 time slots.

¢) Sketch a typical block diagram for the DMR radio? (6)
: e Differential up [ [Re ]
l,)ma — Combmmg Seramblepl=a erentia Mod P, N S I Rl }
Streaq—| Aux traftfic ‘ k nu)du conv, Lhngr |
; R |

Ty
Order Wire Branching -
Net -
Older erc _1
Jata — ars R
g T“ %epmlm;: ATPC | |Scrambler|, Demod, |[Equalizer ﬁ‘ RE
Streae—| Aux traffic conv. l lll r

State the main four Atmospheric I'ffects on Free Space propagation. How

they are varymg wnl. frequency’ T (6)
| EFFECTS | VARYING WITH FREQUENCY
| Atmospneric \nsorptmn | INeghgibe Tor < 10 GHZ
Smtttrln" Due to Rain or l*ml ] ' For light rain; Ncgligil)rlc for <10 GHZ

] For heavy rain; Neglwnblg for <6 GHZ f

\tmospherlt Refraction ' Does not Chdﬂgt ;
' Diffraction Effcct.s(ic Fresnel Zone) D(’U‘Lﬂb( by mcreasmg s the frtquo.nu
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Q3. A TETRA network serving 200 subscribers. The system uszd for voice services only.
In addition to the normal subscribers calls, the control station broadcast calls 1o all
subscribers. The total broadcast calls are 175 calls during the working hours (from 8
AM to 3 PM). The system has the following specifications :-

e twelve channels can serve the total subscriber with 2% blocking probability.

» Each subscriber generates 1.2 calls per hour with | min average holding time.

What is the average holding time for the broadcast calls? (30)

For 12 channels and 2% GOS, from Erlang B table the total trafﬁc is 6 61 E

The traffic generated from the broad cast calls Az =6.61 —4 =

175 _ 175
_— = 25 call per hour
3PM-8AM 7

Average Holding Time for broad cast calls Hg » = SIS ﬂ 0.1044 h =
cp.c

Call rate for broadcast calls is cg =

Q4. A 250 MBPS DMR utilizing 8 GHz band is connecting two location separated by
40 km. The characteristics of the system is:-

¢ P;=28 dBm and the Equalizer limprovement Factor = 2 dB.
e . Antennas diameter is 1.2 m. Feeder loss is 0. | dB/m.

~ Nl Ahectanlar anmAd tha Aaran nre ﬂqf e flr\ Avraraca frain

vineet nacn alinaata Anadifiae
s TiG DY teaetiey 1w e wiaiimee - e

e The antenna height at one site is 40 m, and 2m kept for future height expansion is used.
I'he radio has 4 dB Noise Figure and the target £3/N, for the link is 12 dB3.

What is the system fade margin? 30)

FM =P, - Cyin

P, =P+ G+ G,—Ly— Ly— Lj— £y~ & psin— Lotpers + AEQIF
G = 18.5+20 log D, + 20 log Fyz=18.5 + 20 log 1.2 + 20 log 8 = [38;
L,=92.4+20log Dy +20 log Foyz =924+ 20 log 40 + 20 log § = |

L =y x a;=40 % 0. 1 = {dB
=l % ay

To find the antenna height at the second point we should calculate the highest
effective obstacle, which is at the midway “/,is .y sSince there are no obstacle.

EC=0078"%2=0.078 x 222 = 23.4m
/odada \ 1 72020\

1y = “'J\]Fuuz\d&dz): 1/ \] \ G220 ) = 1Y 3= V.0 =11Lom
Nmidway = EC + 0.6 R; + Future Expansion =23.4 + 11.6 + 2 = |
Since the antenna height dt one site 40 so the other height can be 34 m only
Lp=h,xa; =34x0.1= 8448

P, =28+38.15+38.15-1425-4-34+2=

C
Conin = Nioral + (—)dB = 174 + NF + )dﬂ +101og(R)

=-174 +4+12+ 10 log (7\0 000,000) =
FM =P, - Cpin =-43.6 (-74) = B0

Good luck for every body
Dr. T. Benmusa
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.0 PART I'CLOSED BOOKEXAM =

o What is meant by multiplexing process? and what are its main nypes” (5)

Multiplexing is the process where multiple channels are combined for transmission over a
common transmission path. The main multiplexing types are:
Frequency Division Multiplexing (FDM) - Time Division Multiplexing (TDM)
\\/-,lvnlvnqth Divicion Mulfiplo\'in_ﬂ_ (WDM) - Cade Division Mnlﬁplm-iny (CHv

b Discuss briefly the main four ways of synchronizing the data stream hepyeen
the transmitier of the data stream and the receiver? (3)
»  Synchronous (Synchronized) All of the clocks are synchronized to a masler
reference clock and run at exactly the same frequency.
* Plesiochronous (Almost Synchronized) The clocks are not synchronized to each
other so the data streams will run at slightly different rates.
* Isochronous (Synchronized) Data stream has the timing information embedded in it.
* Asynchronous (Not Synchronized) The clocks are not synchronized.
</ What is meant by signaling process? (3)
Signaling process is the process that controls the establishing and termination the
connection between the parties of the channel,

d)  Explain how increasing the spectrum of the information signal is preferable in
Spread Spectrum technigue?

e~
s

3)

By increasing the spectrum ol the information signal its power spreads and fiatten over
LJII\.' Jl.}\/\.;IUIII. lll;. ;.:l\. I.\.-\(L;\’\-I \.IIL:, ;.:IL. L:;h')lbdk:;]ls }ll\l\-\.JD Hattuw > slll\; I'l\_l'&:li\llk\ l‘;?\.

spectrum of the required signal only, yet leaves the spectrum of the other received signal
essentially unchanged. The receiver can now extract the despreaded signal from the other
signals using a band pass filier. So, higher transmission spectrum gives more flatten to
the signal power and make its effect on the received signal of other users lower.

¢/ How many data bits in 5 seconds of STM4 stream? (3)

8bit x 261row x 4 x 9 column x 000 frame x 5 sec. = 30,006,720,000 bits

N A PDH TDM multiplexer carries 525 voice channel, 210 PCM 64 KBPS data
channels, 17 streanis of 2 MBPS. What is the bite rate for the muliiplexer
output? (3)
Total no. of VF channels (64KBPS) = 525 4210 = 735 ch.
The no. of required E1 (2 MBPS streams) for these channels is 735/30 = 24.5 — 25 F|
So the total E1 required is 17 + 25 = 42 E|
The no. of required E2 (8 MBPS streams) for these E1°sis 42/4 = 10.5 = |1.}:2
M3 (34 MBPS streams) carries 4 B2 <0 it i not enongh. and

E4 (140 MBPS streams) carries 4 E3 (4 < 4= 16 E2) which is ok.
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Q2. For the given multiplexer plan, if the

telephone cards are sery ing 3 channels
and data serve 5 channels.

a Without A B C
any additional Hardware 71 T[T Tl 1T
Tclcphonc 'I‘elephone : Telephone
) , LLI4: L4l 1110 Lt liite L11¢]
a) How many 2 MBPS streams benveen B S g — — .
and D can be added? 06) Wlehsria Liao | Dt e
Three streams only (1.2 ~3.2 -3 3 : SN [ 13,1
< ) ( 3= 3.3) 31951.36 h.]cplmne |
e ERIN ¢
b) How many tel and data cahnnels can : 1320
be added between A and D? (10) STl
C (& elween an ! i -’l‘elep,bbnc : 5 ]: 5 |
s 2105
We can add 3 tel and 0 data T 3126 |
e 31728 i
| El stream Type A [MUx ] p | 5 EHRIR |
i ) x| . 5120 ‘
1.1 | Telephone ki ke 9 2 D2 e E] Y
Data 123 23|[54 33 ‘
pere— 14 3 43
13 Telephone (2. b 4 2.4
) Data 42 12 J
21 Telephone a N
) Data
3.1
~Aa oy ~ T 7 ~ 4
e LrIC /lLyl i1 C UL(UH DU YEY lllb (/l(ll/LH \lbl LH U/ urnic U/ J ULy
the first level PDH multiplexer. If 1; = 2,155.44 s,
what are the type, the bit order in the time slot, the LH' ﬂ) 00 [ﬂ) 0 t (ms)
channel number, and the frame of the shaded bits i |
1/

“x"and "y”?

13)
l'o find which frame t;is we divide it by frame time (125 ps) 21.55.44 /125 =17.24352
That is mean there are 17 frames before ¢;. OR #,in frame 18.

And t; came afier 30.44 ps { 21,55.44 ps — (17 x 125 ps) = 21,55.44 ps — 2,125 ps} from
the starting time of frame 18

To find the order of the bit starts at ; in the frame 18 we divide 30.44 ps by 75 or
multiplying it by the bite rate R .

We have only two standards E standard and T standards. So R is ¢ither 2.048 MBPS (&
standard) or 1.544 MBPS (T standard)

Let us try I standards

The order of the bit starts at ¢, is 30.44 1s x 2.048 MBPS = 62.3411 not valid because it is
not integer

Letus try T standards

The order of the bit starts at #; is 30.44 s < 1.544 MBPS = 47 valid because it is integer
l'o find the order of the bit starts at ¢, (47 -1)/8=46/8 =5.75

That is mean there are 5 channels before #;. OR #;in channel 6.

So the bit starts at ¢, is the 7" bit in channel 6

Page 2 ol'3



"X bitis 1™ bit in time slot 8 of the frame 18 and it is signaling bit. -
And =y bitis 3* bit in channel 7 of the frame 18 and it is data bit,

Q4. The three bit data "101" has 20 KBPS bit rate are transmitied via a € DMA systeim
nsing DS-SS techniaue. If the coded sienal was siven helow. what is the useel code

for this user? (15)
Scoa(t) (V)
10
; - el 1)
I 25 5() 75 100

From the figure the time of output bit is 6.25 ps. and the output bit rate is 160 KBPS. So

cach data bit exnored with 8 code bits

_ Timegs) [ [ [ | ] [ [T [ [ [ [

nformation Data
Coded data | 0

| Used Code

xN
Q3. A company has SDH multiplexer system @{E;@« - ] e
carrying ine joliowing trajjic.- , o
e one stream of 34 MBPS, — =
e one stream of 8 MBPS. “A”’,_‘“Eﬂf R e
o four strecams of 6MBPS [t asss 5 ‘ I
s four streams of 2MBPS +— Maltplesing e Ijﬁ_ﬂ‘( el
o three stream of 1.5 MBPS o T’ﬁ: Ny
v e i g Kl
What is the maximum no. of 2 MBPS streams :? e "”@Jn fre v {er] o
cant be add to the system? Give reason jor 227" e
Tour answer, (s
E3 HC3}— - — TUG-3 ‘
e = [ — 1uG33 J
T _} !
The B2 (RMRPR) ctream cannat L VC4 Lo

be accessed the SDH system and  S2
should be converted to E3

(34MPS) stream by PDH

multiplexer first,

I'rom the figure we can add only
TWO streams of E1 (2MBPS)

streams

Good luck for every body
Dr. T. Benmusa
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Ql a) AFDM multiplexer carries 602 VF channels:
1) Whatis the level of multiplexer? 2)
Super Master Group

it} How many groups the system is carrying”? )
A
A ¥

.
Al\ihpa

b)  When we are combining the super groups, do we introduce guard bands or
not? 1f so what are their values? ()

When we are combining the Super groups we create Master Group which have §
kHz guard band

¢) What is the mathematical relation between the time slot and the maximum
signal frequency at Nyquist rate? ()
T, 1 1

SN fexNT 2xfxN

d)  Why we cannot get the actual bit rate for a certain PDH MUX level when we
are multiplying the bit rate of its lower level by the max no of its inputs? 5)

Because we have staffing or "justification"" bits which are added to allow the far end
receiving multiplexer to decode which bits belong to which 2 meg data stream.

Q2. a)  Explain briefly the elements that make up an SHYH network? (10

* Path Terminating Element; These are the end point devices where the lower speed
channels enter and leave the SDH Network.

* Digital Cross Connect; which can x-connect :t the STM level down to individual
El streams. An E1 stream on one STM trunk could be x-connected to another
STM trunk.

* Kegenerator; Is a device that regenerates the signal.

* Add/Drop Multiplexer; which has the ability to breakout and insert low speed
channels into an STM stream.

b) What are the advantages and disadvantages of the DSSS and FHSS from® (10)
* 7 LA(It'(llz;z}ge.s'_;f'flie D§bS‘ - ' ;7 A dl’ﬂiﬁﬂgdﬁ)/'(/ﬂj F HES

| ® The signal contains low energy spread over | e Does not affected by multipath

a large bandwidth. That gives very low | fading (frequency selective
interference  to  other communication | fading)

sveteme waorkina in the came bhond and araa | !
ot TOTRORg i the same hangd and area

g

N

* Provides security. | * Provides security. '
|

Disadvantages of the DSSS W Disadvantages of the FHSS
* Affected by multipath fading (frequency o Complex due to the problems of
selective fading) maintaining  phase  coherence

- across frequency hops. |

J
- it SHE S - e = —
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__PART 11 OPEN BOOK ExamM R
Q3. Tor one of the 1 level PPy multiplexer
nting the las| possible
esenting the first ol
fth bit of the fify ch

last bit represe
second bit repy
time of the f;

il the difference between the s
channel in g certain fy,
annel in the neyt frame
annel in the fifih frame?.

arting time of (he
ame and the starting time of (he
is 1.943 s, what is the starting

20)
In the European Standard there Sig.& Chy | Chy I Sig. & | o7
are 10 bits between the Jast bit Synclh ’ N Spnch¥ "
of the last channel :

and the

rrrea SR Y i
. 1,15
second bit of the fiyst channel - —i_’L_\ (30

in the next frame., So Ty=1.943/ 10 = 0.1943 s Frame N

R=1/T,=5147 MBPS, which is not EJ. So the system is not European standard .
In North America standard there are 3

bits between the last bit of the last
channel and the second bit of the first
channel in the next frame, :
S0 T, = 1.943/3 = 064766 ps ’WI< )
R=1/T,=1.544 MBPS which is DI.So

the system is American standard .

The fifth bit of the fifth channel in the fifth frame is starting at

4x193x(ﬁ)+4x8x(1—;—4)+ 4x(ﬁl‘§)= 808x(ﬁ;)=523.32u5

. 2 . . - s | | |
bits spreading code and process gain of 8. If the 1™, g™ 9" g

Frame N 1+ ]

Sig.& Synch. bit

Frame N Frame N + |

Q4. A DS-SS system has 6

and
21" bits of the coded stream are 0, 1,1, 1, and 0 respectively, and 3% bits of the information
datais 1. What are the information data and the coded 12" bit? (13)
LT X FAERET
i A
¥ L]
o | A r_:;,"‘\/ i
() T
Q5. For the given multiplexer plan, il the A ‘ B c
telephone cards are serving 4 channels. I‘]-:‘i'-»l"‘l"pho"el!i'll'l 131-10-“.@.;,,10“% l].l”i ] l'l‘_loTelephnpc oy
a) How many tel cahnnels can be added : 1‘3‘1 —
between A and D without any additional 77 Teléphone - LL16 115 1 Telephone
hardware? ) : ; i !
l’f'] Telephone ?_'2‘! l""llT_clcpIn:mel'2'“'
. 209 weferave o fofllis LK 1221p
We can add only one tel. channel : ——
.I-‘l-..eil“;._.‘_j »211 ]!\ 1 R ‘l-;"v‘ ey ‘1:"
‘_”41‘“]"1’!1,9!‘? el e Telephone Srish
D2 Y 22 [li4 4
- : 3 3.1 |3 13123 1343
b) if we need to add 153 tel. channels between s 24 =
A and D, what are the needed hard ware? (13)

We need to added 53 channel cards, 7 E1 MUX; alld 3 E2/E1 MUX as follows

Channels Requirements Channels Requirements -
8chin 1.1 | (242) ch card 9chin12 | (3+2) ch card +(1+0) El MUX

10 chin 1.3 | (2+3) ch card - } ISchin2.1 | (+4)cheard .

30 chin 3.3 | (848) ch card + (1+1) E1 MUX 30chin3.4 | (8+8) chcard + (1+1) EI MUX |
0 chin 4.1 | B8 cheard + (LD EEMOX + L L{”é) ch card + (141) EI MUX |
) | (D) E2EL MUX ] R 4 A ) |

Good luck for every body
Dr. T. Benmusa
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PART Il OPENBOOK EXAM

Q2. A TETRA network serving 300 subscribers generates 9,000 packets per hours and
can send 1600 bits packets with bite rate | MBPS. The maximum allowable delay

probability is 0.02. What is the maximum number of subscriber can be handled by
the network without affecting its performance? (20)

R 1x10°
peket size 1,600
The service time for senior user T = £ = 0. 0016s=1.6ms

9000 !

~ 60x60
The traffic generated per user p=AxT=25x0.0016 =0.004E = 4 mE
The traffic generated by all users 4 = px N =4 x 300 = 1200 mE = 1.2 E
From Erlang “C” table and for 1.2 E traffic with delay probability 0.02 we need 5 channels
And from the table also we can have 1.5 E traffic with delay probability 0.02
So for the same performance (0.02 delay probability) we can have more subscribers

generate 1.5 E. that is mean the maximum number of subscriber is
A 15

p 0.004

users the service rate j =

= 625 packet/s

= 2.5 packet/s

= 375 subscriber,
(15)
QIl. The three sites A", "B", and “C” are )
connected using 630 MBPS DMR at 2 GH /‘%“m'?@ C?—.)
band utilizing as shown below. The svstem :
has the following specifications :

¢ The radio gives 20 dBm output power and utilizes 8 PSK modulation technique

with 4dB noise figure.
e The radio equipment are installed next 1o 3.3m antennas at the top of the towers.
e The target probability of errors for the two links is 107,
¢ The area has average train. worst case climate condition,
e Only one 15 m obstacle exist at 4 km from site “B” towards site “A™
* Adaptive equalizer is used with 2.7 dB improvement factor.

a) Find the tower height at site A? ) 20

The tower heights calculation should be started from B-C link since it is the longest.
Since the area is flat and no obstacle between the two sites and the highest effective
obstacle is the earth curvature at midway which is 42/2 = 21 km.

EC =0.0781% = ¢ 078 x 2X21 _ 55 gy

k 4/3
_ 1 (dydy N\ _ 121x21y

fiy= 17'3\ Fenz (u,m_.) = 043 z( 42 ) = 396

0.6 Ry =23.8m

Total effective obstacle height = 49.6 m

Take the antenna heieht at hoth sites *C” and “B” he=hg=

Now for A-B link obstacle Mid \\'J}' B
Distance from “b™ (km) 4 17.5

Page 1 of2



e,

v
( —— {Om

\ -'N.__\«.v. —
00%13‘3 0.6R7,-21.7m
\

ngt;cle l;eiig'lili(ilj)j_f J B
CECm

R1 (m) ”“jf [
0.6 RI (m) T

X fi/’?llm

—_—

T
Total effective hcigh\t(_m’)”J
HB”$

.
Km [7.5km 7 “A
d=35km

Very clear the existing obstacle I no effect

and the dominant height is the mid way
height. Since site =13

tower is 30 m height and the effective obstacle height is 40 m
at mid way, thus the Ither height at sit “A” js 3();'.

b) What is the maximum achicy

able link availability? (20)
The Path Loss General Equation

Pr min = Pl + Gt + Gr - L.\‘ - [7/‘“ 13/1 - 1-";'4;4';; - L‘oh’:em + EQ[F

G=18.5+20 log D, + 20 log Foyz=18.5+20 log 3.5+ 20 log 2=35.4dB

Ls=32.4+201og D,, + 20 log Fiyiz=32.4+20 log 35+20 log 2000 = 129.3 dB .
P.=P+G,+G,- Ly+EQIE

=20+35.4+354 _ 12934 2.7=135.8 dBm

. -t L'J
"From the curve for § QUSK at 107 p, ; N—') = 16dB
o’ dp
¢ ‘ LBy
min = Neotar + (E)(m =174+ NF + Na)dn —

=-174 +4+16+ 10 1oo (630,000,000) = |-66 dBm

FM =P, - Cpiy =-35.8 - (-0iv ;= T2 a1
r min

C

FM =301og Dy, + 10 1og(6 1 8 Feyp) — 10 log(1- R)-70
10 log(1- R) = 30 log Dy, + 16 108(6 4 B Fopp) — FM - 70
=30 1og 35+ 10 log(6 x 1 x 1 x 2) -30.2-70 = 43

43 i
1-R=100=5x10"5 —

[R =0.99995 = 99.995 %] _.

Good luck for every bod;l
Or. T. Benmusa

Page 2 012



Q2. A 900MBPS DMR link working at 10 GHz using 8PSK radios is connecting 1wo points

separated by 30 km and has the following specnfmtmns -

¢ The radio has 30.2 dBm output power with 3 dB noise figure.

¢ The specific ILLd(’r loss is 0.1 dB/m.
¢ Assume the radio located at the bottom of the tower.

¢  The area has average train, no obstacles, hot. and humid climate.

* Adaptive equalizer is used with 3 dB i improvement factor,

*  The link availability is 99.99% and 10-6 the tar get probability of error:-

e Rain attenuation is 2 dB.

*  Assume the radio located at the bottom of the tower and no branching loss.

Assummg both ends are using identical antennas, what rs 1hur diameter?

T"jrom the curve for 8 QPSK at 10°p,; 5 ) = 14dB
=g = daB 4

(E)dB » z_z)dB — 10log(BW) + 10 log(R)

=14 dB — 10log(BW) + 10log(9 x 10%) = 103.45 dB — 10log(BW)
Niotar =10 log(kTBNp) = -174 + 10 log(BW) + Ng 45 =-171+ 10 log(BW)

C
Conin = Nyoras + (F)d = —171 + 10log®BWS + 103.54 dB — %Qiegé&u%

Cnin =-67.45dBm

: The.Path Loss General Er]uati(m
P Pl + GI + G L Lf“ éb-_ Tothers ~ me + lr()lr
G, =G, = G then

2G =P,- P~ LS—L/'— Lygin + AEQIF

Ls=92.4+20log Dy + 20 log Ferz=92.4+ 20log 30 + 20 log 10 = 141.9 dB

Smce the area is flat and no obstacle between the two sltes and the hxohest effectlve

obstacle lS ‘the e1rt11 curvature at midway which is 30/2 = 1:3 km,

15"15_13 2m

1%~ 0.078 x

Z 4 L L radns dldz
Ve F(;Hz (d1+ dz)

0 6 Rl = 9 [11

Total effectlve obstacle hewht = 22 2m

7 3 —(15;;15) =15m h,

0:0 R+ 9m

23m

3m

Xety 72 Xaf 2x23mx0.1 dB/m = 4.6 dB

P Ls— L, L,,,,,,+AEQIF

2768572 = 38.425 4B
' _ﬁllld gain G = ]8 5+20log D,, + 20 log Ediga

et GBS 20l0g Py . | n38.425-185-2010g 10
e ':0 - = 10 = 20 2 — 1 m

d/ =15 km

Good luck for every body
Dr. T. Benmusa

PPage 2 02

d

= 30 km

£76.85.dB



Ql. A TETRA network s.er\'ing
64 Kkbps, and 30 s
bite rate 2 Mbps.

500 norm
einer subscribers have the capability of sending 20.000 bits
The system has the following specifications ==

* The transmitters work on class | for both mobile and base station.
® The BS has -110 dBm threshold receiver power, 3
® The system uses full 3 carriers,

® The hand held has -100 dBm thresho

al subscribers can send 1280 bits packets wi

-1 dB antenna gain and no feeder loss.

l Id receiver power. 2.12 dB antenna gain and no feeder
0ss.

¢ The maximum allowable path loss is 142 dB
* shadow loading Standard deviation is § dB.
* The delay probability 0.02.

* Each of senior subscriber generates 720 packets per hours.

a) What is the percentage of cell coy erage?

For Uplink hand held(HH) to base station(BS)
Prbace = Pown + Gigy - Ly — Lp + G- Lg — Myown
OF, Magwn = Prin + Gupr - Ly — Lp + Gp-Lg- Py,
Piun=30W = 14.77 dBW = 44,77 dBm since it works in class 1
So,
For Downlink hand held(HH) to base station(BS)
Mup=Pig+Gs—Lg—Lp + Guy— Lyy - P,
Poun =40W =16 dBW =46 dBm since it works in class 1
M, =46 dBm + 511 dB-0-142dB +2.12 dB- 0 - (-100 dBm)=11.23 dB

So we should take the margin of the uplink (M, ) since it is the smaller. The coverage area

for smaller FM for sure can be obtained with higher FM.

From the graph, the percentage of cell coverage for 11.23 dB and 8 dB shadow loading

Standard deviation is 96%
b) How many packets each normal user is send per second?
F . t[ . t 1 Rsen 2—'106
‘ s the service rate .., = : =
or senior users th Peon ket S 000

sen=—=0.015s

Hsen

= 100 packet/s

The service time for senior user T
720

T 0.2 packet/s

The traffic generated by senior user pg,,, = A5, % T,,,, = 0.2 x 0.01 = 2 mE

The traffic generated by all senior users Ag,, = popy X Noppy =2 x50 =0.1E

For 3 RF carrier we have 3 x 4 =12 channels,

Asen =

From Erlangs C table, for 12 channels and 0.02 delay probability, total traffic A,,, is 5.9 F

" The traffic generated by all normal users A, = A;pral — Agen =59-0.1=38E

“norm 58
The traffic generated by normal user p,5rm = -ﬁ = 0.0193E = 19.3 mE
. Ruorm 64,000 5
service r: = = = acket/s

For normal users the service rate fi,orm Seket izt 1280 Op /

. s 1 .
The service time for normal user Ty, = —— = 0.02 s

norm
’ 0.0193

Anorm = Prom _ 2% = 0,965 packet/s

Thorm 0.02

Myown = 44.77 dBm + 2,12 dB- 0 - 142 dB + 5.11 dB - 0 — (-110 dBm) =20 dB

13)
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Q1. a) Show that the numerical aperture .1 - Jyni—n3"
Using Snell’s Law
n,sing,  =nsina=sind, =nsina
For the reflection of the ray inside the fiber then:
n, siné, = n,sin 90 =n,
n, sin(QO—a) = n,= n,cosa =,

2

n .

cosa =—2, andsin a = l~(
n

] \

-

NA=sin@ =nsine=n |- L2 [a? = n?

NA = m:u_’l I R n A 2
I

b) Suppose we have two liber as shown. why there are < # )
aloss i’ NA; > NA,and no loss it NA, < NA, 7 3)

IfNA; > NA, some rays come out from “S” will go inside NA, NA,
and other rays will go outside “r"* and will not continue to the final destination so

o

n,

<9
r

‘there are loss. But if NA; < NA, all come out from “S” will go inside “r” so, no losses

but also there is no gain.

¢) For PDH multiplexer, give nuniber i the boaes below? (5)
1) In DS2 there are 4 |ol s
i) in DS4 there are | 49 Jol s
i) fnbothereare | g4 ol o
iv) In E4 there are | 64 jol -1
V) In Ed thereare | 29 oI DS7

d) Explain Bandwidth - distance product and they are atfecting cach other? (3)

The bandwidth in Fiber optics system is not the same for all lengths it is increased as
distance decrease and decreases as distance increase. That is because dispersion increases
by increasing the distance so pulse width should by longer and bite rate should be lower,

which is the system bandwidth.
e} Sketch the farm of the ITU ~1 European standard multiplexer? (3)

25us (5)

f) Explain the operation of ADS]. svstem?
DSL technology utilizes more of the frequencies in copper line by splitting line
frequencies, using the higher frequencies for data and the lower frequencies for voice;
0 to 4 kHz voice, 10 to 2.2 MHz for data. ADSI has the characteristic that the data can

flow faster in one direction than the other. a symmetrically

Q2. Forone ol the 1™ level PDI multiplexer it the difference between the starting time
of the first bit representing the second channel in a certain frame and the starting

time of the sccond bit representing the third channel in the same frame s
4.39453125 us, what is the starting time ol the fifth bit of the fifth channel in the
second [rame?

. (10)

Pace 10t2



45 MBPS

The difference between the first
and the second bit representing th

9T, = 439453125 HS =Ty = 5 =

So, the system is ITU —T European, and th
channel in the second frame occurs at;
1% T +4x(8><'l‘b)+4x7‘b— 125 + 36

Q3. Suppose we have a SDH multiplexer
streams o 6 MBPS. eight streams o 7 v
a)  What is the maximum no. of F1 i

[

From the fig. below three four inputs to TUG-
b) Can we add 5 streams of DS | to the

e third ch
4.39453125

Yes because 5 DS1’s need only two inputs to TUG-3, and we have two inputs free.

bit representing the second channel in a certain frame _
annel in the same frame is mne bits, so;

= 048828125 = R = L = 2,048 MBPS
Th

¢ slarting time of the fifth bit of the fifth

% 0.48828125 = 142.578125 us

carrving one stream of 45 MBPS. cight
IBPS, and two stream of 1.5 MBPS .
ams can be add (o the system? )

3 are freesowecanadd2 x3+1=7EIl’s
system? And Why?

)

e 005 ] - . TUG-3 ...: ! AU Ivu k — 140 Mbps
[E_&_-‘E: L= 1UG-2 ' 9 TUG-) A [rualefves
—»@]— —— - . JTUG2] s
T e L wes || @ e |
e "—"'TUGZ
[C2]— .. === - | ~ .5‘]',\,11
—)E— ............ UG 4
...‘._..J
6 MBPR —W[Cdl— s v it
E’@ ik
-_’ i Wy
LM > E‘ 1 — ~-- SONET-spenfic C = Contamer VO = Vinual contamer
- 2 << Europe-speaific TU = Tributary unit ~ TUG = Tributery umt group
_ Hiesich <— Unisersal AU = Adminisiraine unt— AUG = Adiministrative unit group
—— [C-TT }—=
1.5 MBPS [ :
C—I‘I
Q4. 130 km ST+t fiber Optics Link has the [ollowing specification :-
e The output ray of the LED pulses at FO torminal has | ns width and 10 dBm.
e The LED Tife tinie 2 years and the poscr reduction factor is 0.5 dB per year.
e ‘T'he threshold power of the receiving terminal is -3 dBm.
e The cable has 0.05 dB/km loss. and splicine loss is 0.1dB.
e The losses ol area differcnce, misalignment, and air gap are zeros. .
o The transmitier and recciver coupling losses are 0.969 dB and 0.177 dB respectively.
o The terminal runicrical aperture NA = 0,006 at both ends.
o Power mili'g_ii‘ ?':-m additional splicing is 245 (B,
a)  Whatis pulse width at the receiver? . o B (10
Since NA; = NA; so either Ly, or Ly equal 0. And since L., is higher than L., so Ly, =0.
0.177
Lc,-: 0.177 dB :L,-‘_,ﬂ‘}‘iém,. = Lref[ = =20 lOg(l =5 l') = 1—-r=10 20 = r = 0.04
2 2 =
=004= (1) = (M) = (20) = 02 = 08n, =12 =n, = 1.5
r==u “ \n;+ng ni+1 n{+1
Ley=0.969 dB = Lo+ Lyy = 0.177 + Ly = Ly = 0.792 dB
Ly 797 NA; _ 0.006
e M = = = = 0.00547
Lyae = ZOlogNA ::»N—Af =102 = 1020 =1.095= NAf = T
— 2 2 2 _ 2 —
NA; = yn? —n3 =n, = fnl — NA} = V1.5 — 0.00547% = 1.49999
T= T s 2 - 00333320 = At = 2 x L = 0.03333 X 150 = 5 ns
L 3x10Y

Tb min =

T+ Atiorqr = 1ns+5ns = 6ns
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[ PART I CLOSED BOOK EXAM -
Q!  What is meant by?
(3 marks)

i)  Guard band?

ii) Sampling time?

iii) E1 multiplexer? (3 marks)
iv) The-process gain in spread Spectrum systems? (3 marks)
v) Signali -d?

) Signaling channel card’ '3 marks
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Q2. a)

What is the mathematical expression relating the bit time and the sampling
frequency? (10 marks)

b)

How many non data bits in 3 seconds of SDH stream data? (10 marks)

PE——

(10 marks)

explain briefly the main concept of FHSS systems?
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| PART 1l OPEN BOOK EXAM |

L

Q3. The figure below shows one of the first level PDH multiplexer has 24" input
signals. Part of the fifth frame output signal was represented by Jo(t) below.
Knowing that some of the bits shown in f,(2) are related to the 16" signal, and the
shaded two bits in the f,(7) are part of the frame signaling and synchronization bits.

i) —» So(V)
) TDM

Multiplexer i , / ’ ﬂ‘ ﬂ’,“ : Fﬂ pog Il—E‘) W—IJJI’_I { (ms)
AL‘/ / :

a) What is the value of 1, ? (15 marks)

>

Jau(1) .

<th

b) From the given f,(¢) stream, what is the bits related the 15 channels? (10 marks)
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Q4. F]or the given n‘!ultiplexer plan, if the telephone & data cards are sérving 4 & 5
channels respectively. Complete the table below for the bill of quantity of the main

Multiplexer equipment at stations B and D? (15 marks)
A B 3l
T ; T o LT o, ] [ [ — 1‘1.1{
Description StB" | SLoD" | |liias P 1 yislhiino P wioffiize P 1120
31
116 TT16 |[T37 retephone =
1.1.22 TeiepTe 122 |[13.10 1310/
|
) l 271 T2 T2 oo rennond 211
~ 12,197 1ePROnG 5 19 ‘ 1.2_211“'”’ onq 3 el
1311
1311 Telephone a I
B EE & A 1.2112? '
AR AN [*AR S AN
1. 14TeIePhOnS ) 14 Eus L, 21ls |
p 2 L ,
— 73 23|[23 23
3 31 =
b4 .
32 3 _J
5 i T ’. IN-—‘ = ] ——— ——— 139 2
Q5. Suppose we have a SDH nuﬂtnplexa carrying |0 mo el — o | s
one stream of 34 MBPS, eight streams of 6 frreaf{e e .3
MBPS, five streams of 2 MBPS, and five
stream of 1.5 MBPS . potrold
a) What is the maximum no. of DSI streams [] pointer processing ~Frus| Ez—;--«- [c2] svawes
can be add to the system? (10 marks) Cilipleang [—T‘

b) On the top of the capacity mentioned in part “a”, how many extra EI streams
can be add ? (5 marks)

Good luck for every body
Dr. T. Benmusa
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