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I Homework & L lDuc N CLnsS

Consider & cellulor system thot uses a ?ce‘l«-euse. clugter

with hexasono\ Ccells.
- a) Show 3roph'<;°l|3 the worst case c;o;c_honnel mfe'moemmce .
for the ceverse chamel /7"

_b) Hs.sumfng the simple power - law. peth loss model , clalculot
Lhe worst case stno\- to- Laterference rotio - in termd of
| prophyeiron exponent n. .Fr3ure 2.9 will be wsefu! for {:hrs
ﬁroblerﬁ. |

<) éalca\a'c the velues of S/t dor n=22,3 4. ‘

Consider (»J\)e_ one dmensional a.r‘m.& oP base s\e*roﬁs m F:rures 2_,'
and 2. 4 | and onla one ¢trer of co -channel mfer‘Perence as
was consrdel‘ed for eq. 2.3 and 2.5, Further cansrde(_ the

user moving. to the NSh-\ from Pomf p ™M Fr@ures 2.7 ond Z.Q;f

o) For n=3 and M=2, how for would the user mov

before the doanrnk fa.led, if the downlink les at|

1

5/[ OF lOdB \ * " | 1, A

b) Assume that the user s back at P and that ¢
cochanne| users are fn the close user positions o f Fro
Now assume £hat the c\oseS‘\'coc.hcmne\

one to ¢thre rrshﬁ' of pl moves Left towards base sk
to the left does the

the
decreases €o (0dB, |

Under these conditions, hew far

S

cochanne! yser move before

m*erFere r (¢

‘of the user ot

=4

hal
ure 2. 4
he
btron IL

closes'r"
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| | \

Derive  the number of channe] sets (cs) end the reuge
interval (M) formulas for the 2.-dmmensfonal hexa.éono\ grid
base stotions: \ _. A
Cs= k24 (%4kd
M=\ W P +kd

‘Suppose  thot we decided 0 use more realtstre mode |
{then  Erlang C ,in which we have still A channels bult
queue .sfze s not umHe but a finite value M. An arrryol
| whten  occurs when queue TS Fuli N blocke o , leaves the
Sgsfem ond does not return. Besides, go.ch customer| m
the queue | after (,Qajl'mg for some randem time mﬁerva.;\‘)
cancels Wis c_a\\ , leoves the sss’refn and does not return. (,Uou\\, ‘
Lioes  are assumed to be Tid and drstributed accordinj to

negative exponentrol disteburon  with poremeter w. Fmnd

-

€ kme ane waolt pr ilities for this model.

r-J
LA RS

Lxererses rn trunkms ‘CQueuemg) (:heortd :
o) Whet 1s the moxmum system  capacity Ctotel and
per channel) M «Lrlangs  when provmlrnj %o blockrag
pmbo-bﬂﬂy with 4 channels ; with 20 channels , wwoith 40 rhonnels
Usa enclosed .Enlons B chart os heCeS$°r§j~
b) How mony  users  con be supported wrth 40 channels

ot 2% | bLockrnS? Assume IL_, (05 s ; A=z call/how;__.
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Figure 2.6



6. 5 years ago, there was a single company offering wireless communications service to a -

certain city. There were.15 channels per base station throughout the coverage area. Due to a
recent court case result against undesirable monopolies, we now have 3 companies to provige

~ personal communications service in the same area and not changing the density of channels per |

area, with the argument that it is ‘the same total 15 channels. However, you note that the

customers of one company will not be able to access the channels of the others, Therefore, the

channel access group has been reduced by a factor of 1/3.

Asstime that the offered traffic is also divided equally among the three compamcs, and

that each company can now provide 15/3 = 5 channels per base station. Also, assume access to

only one base station and that you want to use the same base station placcmcnt as would have

becn used for the 15 channel per base station system.

Summaxy base station placement is the same, and the same number of channels are
available in each bast station. The difference is that customers are only allowcd access to 5
channels per base station (depending on which company they are subscribing to).

Assume a specified blocking probability of 0.01 for the cases before and after the split.

a) What is the Erlang B blocking probability of a 1/3 capacity (5 channels) base station
when offered 1/3 of the 8.11 Erlangs of traffic?

.b) What is thc Erlang B blocking probablhty if the traffic offered to the 5 channels is
reduced to 1.36 Erlangs?

€)  What is the ratio of the traffic offered capacity in Erlangs when used undivided (15
channels/base station) to the traffic offered in Erlangs when divided among 3 equal sets of users
(6] channels/bas_c station). Assume base station density is the same in both cases and that the

» rcguired blocking probability is the same at 0.01.

-d)  What could you do to decrease the blocking probability of the 1/3 size system (5
channels/base station?)

Mg



Figure 2.3

Downlink Interference Representation
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Figure 2.4

Uplink Interference Representation
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Figure 2.8

Hexaoonal Cells:
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1. Consider a user of wifcless personal communications set moving slowly in a residential area
having many random paﬁs arriving at many random angles so the envelope variations of the
small scale multipath variation is well apprdximated by a Rayleigh distribution. Over the
distancc interval of motion there is no large scale (shadow) signal variation, i.e. the mean of the
small scale variation does not change over thé interval. Also, assume that from subjective
listening tests ikhas been determined that users judge the radio link to be aéceptable under these
conditions if only 2% of the time the signal level falls below the minimum usable signal level

threshold.

How many dB must the median signal level exceed the minimum usable signal level threshold in
order todnsure that the signal does not fall below that threshold more than 2%. (i.e., how much
signal margin must be allowed relative to the median to insure that only 2% of the distance

moved through will have signal lcVEf’belcﬁag‘ the minimum threshold.) Do the problem for no

receiving diversity.

}

2: Large scale signal variation can be approximated by a log-normal distribution with a standard

deviation, o,. Interference also can be approximated by a log-normal distribution with a
different standard deviation, o;. Let signal power be represented by S and interference power by
I, then, if we define

s=101log S

i=10log I
then s and i are normally distributed with means ¥ and 7 and standard derivations o; and o;.

Then the S/1 ratio becomes s-i and a quantity of interest often is
P, =P{s-i<v}



where 7 is a signal-to-interference threshold for a system in decibels. Derive a relationship. for
Pyinterms of §, i, 05 oOpand ¥

[Hint: the final expression will contain a variable v-function of ( ¥, i, 0,, o; and 7l

3. Consider a wireless system with the following parameters:
transmitter power of +20 dBm (20 dB greater than 1 milliwatt)
minimum usable received power of -100 dBm (100dB less than 1 milliwatt)
gain of transmitting antenna=10 dB
gain of receiving antenna=0 dB

frequency=2 GHz

a) What is the distance in free space over which the wireless system will work?

b) Assume propagation over a flat earth with ideal reflection coefficient of -1. For h=30 ft
and k=5 ft, what is the distance over which the wireless systems will work? (A, is height of
transmitting antenna, A, is height of receiving antenna). Compare this distance with the distance

in free space in a.
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cach lmme o _Ygf)ec+ron COGWTC)QO* of 0.5. The reflects

coef(n‘cfenf s the..rfq.h“o of the amplitudes of the re?)éc#ec

- and  rncfdent eleetrie  frelds.

o) Derive aon expresston for the resulient stena | Ppém

paths A B, and C ?

b) Plot the amplitude varrotion due to multipath \f%_dnﬁg

and colculote the doppler quuencg. ( Assume zﬂ-.:'cB=z</

l.e. Eme o(elags o'F all poths are same

g e:= 300, v 30km/hour
'pcz 3°OMH1)

Consider o tero-mean complex Gaussion random process
r‘l{;) howmg the aquto co-rmlo‘H'on fu,ncfmn ¢"_ tr). Dedermihe
the correlotion Func‘"bf\ oF &L{:‘ :_- ert) '7". o Write the exp eSS
for  @p(t) when r(E) s the sfgnol reeived ot r¢otrppre

scoﬂenrg case for o mobile with constent speed v,|.




