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Abstract-One of thé major prbblems created by the allocation of new.
frequencies to high capacity land mobile systems is that of theif intefference
impactlto UHF television recéivers. This paper proposes a new interferenée
model and provides an insight into‘the interference analysis. The.resﬁlts
presented indicate that the extent of interference to televisioﬁ sets caused

by mobile stations is negligible.




I. INTRODUCTION

The development of high capacity cellular systems for land mobile

communications is currently proceeding in various countries. In both

‘the U.S. .and Japan technical and market trials were'conductedlin 1978

and it is expected that the demand for such a service will allow its

rapid expansion to major metropolitan areas in the near future.

In the U.S. the upper portion of the UHF-TV band;(806—890MHz) has

been reallocated on a nation-wide primary basis to the high capacity.

land mobile service. In Canada.the Department of CommuniCé;ioné in a
recent policy (1] announcément.recommended that thg same ban& be used
to provide for the growth of mébile services. It is expecﬁed that high
éapécity cellular sysﬁems.will be available in Toronto or Montreal

by 1982.

One of the. problems created by such frequency allocations is that

of interference. In effect it has been argued that the density of

mobile telephones will be such that they will interfere with consumer
electronic equipment and in particular with UHF television sets. Several

studies [2], [3] of M.T.;,,that is interference to television sets from

mobile transceivers have been conducted in the past. Whether mathematical

or'experimentél, these studies attempt to. predict é radius of potential
intefferenée around a hypothetical TV recéiver._ A.recentlstudyl[4]"
suggests that this interference radius is of the order of 1056 ft and
,the.éoncluSion has been drawn'tﬁat it is ﬁot wise to assign TV.channels
58 through 61 for use in an area also served by,é high capacity mobile

system.

1 We suggest the introduction of a standard notation for interferénce,

- where the first symbol is the interference source and‘the~secoﬁ& symbol

the interfered object. Hence the notations M.T. is. interpreted as a

mobile interfering with a television set.
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In this paper a mathematical model based on the work of Chandrasekhar

[5] is suggested to compute the probability of interference and the mean
interference duration. The model is general enough to warrant its
application to various interference problems. These include the inter—

ference from mobile transceivers to UHF TV receivers as well as the

.interference from CB transceivers to consumer electronic equipment.
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IT. INTERFERENCE MODEL

Our objective is to determine how various parameters affect the

"probability that a randomly selected TV receiver will suffer from

interference caused by mobile transceivers in an area served by a high

.capacity cellular system.

The model is based on the assumption‘that several mobile trans-

‘ceivers are geographically scattered over a given interference area

(Fig. 1). The radius of.#his_ciréular area, denoted by Ry, corresponds.

to the distance beyond which a mobile transceiver will not cause inter—

ference to the TV receiver located in the center of the area. TIf the

geographical density of mobile statioms is denotediby D, the average

number of mobiles in a circular area, A, of radius,Ri will be given

by:.

n = TTRiZD.:AD E ) treceenenanseses (1)

We now assume that the number of mobile stations within this area is
Poisson distributed with mean ni. Hence the probabillity of finding n

mobiles in this area will be given by:
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If o, denotes the probability that a mobile leaves the area A
within a time T, given that n mobiles were present in A at ﬁhe
beginning of this time interval, the probability Pi(n> that i mobiles.

will leave the area in time T is given by:

(n)_ n! i,,. . n=i : : S
Pi "3t (n-1)! o (1-0) o L ebeeeessssenssss (3)
The probability P; that i mobiles leave the area A, regardless

of the value of h, is then given by:
(n)

P, = Ei P(n) B, - (4)

Replacing in (4) the appropriate expressions of P(n) éﬁd Pi(Q)

“we obtain the following Poisson distribution with mean fG:

¢ | S
i . i! . ..............v..'(S)

Assuming stationarity we conclude that P; is also the probability -
for i mobiles entering the area A in time T.

Having obtained an expréSsion for Py we now determine the various.

. transition probabilities corresponding to a change of system state. If

" at time t there are n mobiles in an.area A, at time t+T the pfobabilities
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‘that for k > 0 there are n+k or n-k mobiles present, are given respectively

by:
P [n:t;n+k:t+TJ = I Pi(n) Pi+k'" N ()
im0 ‘
nd - e -
' : n” (n) | '
P [mitsnkitet]= By BB L)

For mathematical convenience we now introduce the wvariables -

X = n-i and y = izk. Then we can rewrite equatidns (3) and (5) as

follows:

w™ (x) =

and

A. State Behaviour

n! 1) X () ¥
(1~0)™(e) e (®)

C (mo)Y &M
- 1

y y

P

It is clear fromA(S) and (9) that the expected value of the random

variables x and y is given by:

Ml
1]

n(1-a) Ceeeseeieeenaees (10)

«<i
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Defining now the new random variable -m as the sum of the independent

random variables x and y, its expected value will be given by:
o = X+ = n(l-a) + 0o R ¢ /)

In order to describe the time behaviour of the state of the system

we let:

fi-n = (A-n)a = dn ‘» (13)

and

o= adt R ¢ 1Y

‘Where G, is the probability for entering or departing from the interference

area per unit of time.

" Thus we obtain:.

dn. = ‘ .
3¢ = @, N ¢ )
with the solution:
o . =0t . - P
n(t) = @+ (mo-Me ° e erennaeee. (16)

Equation (16) describes how.a state n, at time t = O will on the

average ''decay" to state il when t goes to infinity.




by the following approximation:
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B. Mean Life and Reewwrence iimes

The interference model introduced in séction é will now be ﬁsed
to deferminefthe mean life of a‘state and éhe aﬁerage stagé recurrence
time, where the state of the system is simply‘givén by the‘number of
mobile staﬁions:withinvaréa A at time t. |

The‘sﬁate transition probabilities. given by\equationS-(é) and (7)
can be expresé;d in terﬁs of Laguerre Polynomiaié; L, and their»

derivatives. It can be shown that the following expfessioﬁ for the

" transition probability from state n at time t to state n at-time~t+Tl

is obtained:

Plnitsmiest] s (L) L 7550 e (D)

Using equation (14) and making T = At we can replace equation a7y

P[n:t;n:t+At] ® 1-fogAt-nooAt

The probability that, having started in state n at time t the system

remains in state n over the next k-1 occasions, At units of time apart

and exits from state n at the kth occasion will be given by:

¢ [(-Dar] = ?5"n,m) [l—P(‘n;n)] S N ¢ )

where for notational convenience we have denoted the probability given ..

by equation (18), by P(n,n).

e eeriraenene.. (18)
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" The probability density function én(t)<is_obtained~by rewritiﬁg

equation (19) as follows:

. (k=1)1n P(n,n)
¢ [ (k-1)At ] = on(d4n) e At ,

or
¢n [ (k—l)At‘ ]gao (ﬁ-l-n)e—(k‘._l)ao(?i*n)A? |

Taking the limit At*O,l(k-l)At4t we obtain:

¢n(t) = (n+ﬁ)u5e?(n+ﬁ)a°t o e

ceees (20)

The expected value of t, that is the mean life Tn>bf state n is

therefore: - . : :
;Th = u/?t¢n(t) dt IPRERIREITERIEIERE (21)
N S . * ' _
or:
- 1 . . -
~n-‘ (n-..ﬁ)ao . "..................‘(22)

Similarly we can find the mathematical expectation of the

timé

required for the first return to state n. The mean recurrence time to

state.n, denoted by=9h is given by:

[1-P(n)]

o = g Le=mtmiJ P ¢ )

n n P(n)
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Replacing P(n) by the appropriate expression given by equaﬁion (2)

we find:

S -n -7 a : resensasnennass (28)

The "availability' of state n, that is the fraction of time spent

in state n will be given by2:

. 0. -0

n O (l-ﬁn e_n/ n!

e (25,

Since we are interested in the interference-free state, (n=0) we
can conclude that an arbitrary TV receiver will be interference-free

for a fraction.of time AO given by:

AO=T : . . .-......o-‘....o..-; (26)

C. Intenference Probability
A probably more meaningful measure of the availability of staﬁe n
is given by

T -n -f
n ~n

Tp + 6, =l e rrnreneanee. (27

which is simply the probability P(n) that n stations are present whén

their average number is 1.

2 1t should be feaiized that A.n as givern by equation (25) is not

normalized, i.e. :E: AL 41

=0
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Hence the probability of occurrence of an interference-free state

(n=0) is:

| -1 .
R(o) = & e, (28)

Therefore it can be concluded that the probability of interference:
is given by:

 P(a2l) = l-e .
. _ N ¢-))

Up to this point ourimo&el‘assumed thatvthe mobilé stations were
conﬁinubusly transmittiﬁg.' However, it.is known thét the mobilé traffic
characteristics‘are’buréty, in the sense{ﬁhat their ﬁeak to avefage .
load is extremely high.. If we denote:by'p’the average traﬁfic load
per mobile station,,ﬁhe probabilit& oﬁ nOfinterferénce when'thére a?e n
stations in the iﬁtérfgrence aréa is given bj:

- Bygw= P (-0) e, (30)

Summing over all possible values of n we obtain:

o
Pz, P (1-0)
n=0
. P =.e-ﬁp | i aieaeee. (3D

Equation (31) above, plotted in Fig. 2, gives then the probability of
no interference when there are on the average n mobile stations in the
interference area and when each station contributes to the traffic load

by an amount 0.
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ITI. RESULTS

The interfereﬁce model suggested in the_previous sections all§wed
us to derive expressions for the mean life time,.the recurrence time
and the probability of interference. We will now. diséuss by way of an
example tﬁe typical numerical results given by ﬁhe model. Several

authors indicate that a typical interference area is. about 0.1 mi?

.»: and that an average mobile density of 10 mobiles per mi® is characteristic

. of a mature cellular system. We then conclude that ‘i, the average number

of mobiles within an interference area, is of the order of 1. Lacking

any experimental results we suggest that 0, the probability density

for entering or leaving the interfgrence aresg, per unit of time is‘
directly proportional to the average mobile speed, v, and”invefsely
proportiénal4to-thé-£édius, Ri,'Qf the interference area. ﬁénce, if
We assume that. the constant of froportionality is one, we obtain:

R; S - : B .

1/d.= e eeeneeen
= e (32)

Assuming an average vehicle speed of 10 mi/h and a radius Ry corresponding

to an interference area of 0.1 mi?

we conclude that l/oc0 is equal to
64.23 s.
Substituting the values of ﬁ:l‘and-l/a0=64.23‘s. in equations (22)

and (23) we obtain:.

_ 64.23 s
nT nl
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and
o _ 64.23. (enl-1) S
n~ o+l
The probability'oftﬁo interference computed from‘equation.(3l)
Vis:_* ‘ -
P = e-p

It is interesting to note that for typical values of p between
0.01 and 0.02 eflangs/mobile the probability of no interference varies’

between 997 and 987.
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IV. CONCLUSION

One £ype of interferenée has been examined namely the interfefgnce
caused by mobile stations ‘in high capacity cellular systems to UHF
television receivers. A mddel was presented that is useful in
determining various interference related measures such as the mean life

time and the mean recurrence time of the system stéte._

It has been shown that for the expected mobile densities and traffic

loads the probability of interference is for all practical‘purﬁoses_,

negligible. It is therefore suggested that TV channels 58 throﬁgh 61

could certainly be assigned for use in an area which is also served

by a cellular ﬁobile telephone system.



(2]

[s]
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FIGURE I MODEL OF THE. INTERFERENCE AREA
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FIGURE 2. PRC?BABIL!TY OF NO INTERFERENCE
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