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wiser - Rate of Channel “consumption"
One criteria for the state of congestion in a band is the rate at
o which channels are "consumed". In this context, the word "consumed" is
o oaNzused Lo mply that in a given area the COPbude channel "is no Tonger vacant.
L If, in a given city, there are N channels avaiilable for land mobile usage
N (] . N . x * s 3 J
AN i a given band, then that band is said to be in a state of "congestion" when

11 N channels are consumed. Congestion, however, does not imply that
further assignments cannot be made in the band, bacause channel .sharing
does permit further loading of these channels. When further loading is
impossible without severely degrading the quality of the servmc5 the
band is said to be in a state of saturation.

The at taghed computer pr1nt0ut represents the state of congestion
of each YHF/UHF land mabile band within a radius of 70 wiles from the
centre of each of the major Canadian cities. The data is extracted: from
the FCC, IRAC and the DOC frequency Tist data tapes. There are two
tables and a graph per paga. The fiquveq in _the tables vepresent the total
number of channels censumed during or prior to the vear indicated. Thus,
in Montreal, by 1972, there were 146 channels consumed i the 450-470 jHz
band out of a total of N=800. The asterisk qrapha are pictorial representa-
tions of the number of channels consumed in the Land immediately to the
teft of the graph, and can be used for vwsua1 extrapolation. The scale is
1 aqter1°k pt) 20 channeis for all tables except ‘or the "all bands" table
where it is 1 per 35 channels.

A tab]e is also attached ind1cat1nq tne number of channels
available to the Tand mobile service in the various hands in various cities.
Note that in certain cities certain charnels are not available due to pricr
allotments as is the case for maritime mobile service in cities within
100 miles from the water bodies. Using this table along with projections
in the relevant table the expected date of congestion can be estimated.
This congestion date is also shown on the graphs,
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The congestion dates as derived from this eerapo]ation are not to
be interpreted as the dates of saturation. The latter is difficult if
not impossible to determine with the present state of knowledge because
more and. move systems can be shoe~horned into a band by sharing, oFfmsct
assigning, power Timiting and system tailoring using directicnal antennas.
The final state of saturation can only be reached when a specified percentage
of users has to wait more than a specified Tength of time to get on the
air, for a specified portion of the day. In fact the only reliabie means
of predicting saturation is by experience when assignments commence being
difficult to make. The congestion date concept, however, is still useful
for policy and strategic planning purposes wherein potential problems can
be avoided by timely action. It provides a framework within which national
solutions (such as spectrum re e-allocation) can be imposed given that a
problem is only localized in a few key areas. It provides the measure of
the urgency for solutions.

_ Note that in certain areas the number of channels consumed
exceeds the number of channels in the bands,. This is due to the use of
offwset channels which is. becoming a widespread practice in Canada and the
u.S. . ,

For furiher discussion, p]ease contact V. Sahay of DTSS at 6m4740.

\\_////. “
e
|
" Distribution: DTS RDA | ( ,@ g it )

DOS RDC
J. Braden Rpo

R. Begley RDQ
SMS RDP

Att.




ol

I
I
1
1
1
l
1
1B
B
1
1
1
1
I
1
1
\ [

R

e

Rate of Channel Cons umpfion

Th1s report descr1bes the concept of channel consumpt1on rate

A and how it can be used to .obtain appwox1mate date; of saturation of the.

LM bands

Pred1ct1ng Land Nob11e Saturat1on'

©The term "saturation" is extremely nébu?bus and hence hard to
define. . If it is used in the absolute sense, then saturation is reached
when no further assignments can be made in a given LM band without

. seriously degrading the qua11ty of the land mobile service. However,

-to determine when this state is reached, a figure of merit must be

adopted implying the manner in which the land mobile service is ser1ous1y
degraued Also, there'are so many ways in which a new assignment can

be shoe-horned 1nto a band that one can had]y say today that the band will
be saturated tomorrow.

“ Nevertheless, some means has to be dev1sed to determ1ne a

critical date before which new spectrum usage po]1c1es must be implemented
so as to maintain the Tand mobile service. Three approaches are possible, .

two of which have been tr1ed in tha past and th1rd will be tr1ed 500N
in DTS=S.
The first and most obvious method: is to determine the rate
of growth of numbers of Tand mobiles in a given area, determine a
"maximum number o mobiles tolerable" in a given channel, and correlate
‘these to cbtain a date of saturation. There are several problems with
this dppwoach The DOC data bases are not set-up-to deal with this. The
Domestic rrgquency List does not provide a suf f1c1enu1y accurate count
of the numbers of mobiles. The Licensing List is more accurate, but

the absence of location data does not permit association with particular
cities. Finally because in the past cancelled licenses were dropped
from the data bases, use of either data base will indicate growth more
rapid than actually took place. Another problem is the establishment of
"maximum number of mobiles per cnanne]” :

_ The second method s1mp1v uses the rate at which unused.
channe]; are "consumed" and relates this. to, ‘the maximum number of channels
available in each band. For the purpose of discussion, a channel is said
to be consumed when it is first assigned to a user. The approach suffers

“from the same problems with the data bases as the first one, but to a

Tesser extent. It uses base station information rather than mobile

wn1uh gives the dovaulages that locations are known and, because base
tations are dismantied iess frequently) !nd1v1dua1 mobites, past consum~

pbion rates can be expected to be relatively ¢iose to the actual. Howaver,

the end product by no means indicates saturation. The question is how

“close to saturation is a given band when projections of the rate of

censumpLion curves indicate that all channels are aﬁnaumed? This 1
discussed in the fo%*ow1;q section:
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The third methdd, which will be undertaken shortly, is to

- make random duly engineered assignments in SW Ontario untill a succession

of assignments cannot be wade due to electromagnetic incompatibility. v
The randomness of. the assignments will be weighted by past assignment

. rates which are determined from the data bases. Thus this approach also

suffers from data base problems, but in the final analysis is probably the
most accurate of the three. It is complex and will not be discussed further
here. : _ ‘ '

As stated earlier, thL only object of th1s paper is to present
the mechanics and rationale of the second method above and this is given
in the f011ow1ng section. The relative merits of the outputs. of the )
three methods is important to determine, but this report on1y discusses
the relationship between the output of the rate of consumpb1on method
and actual saturation.

" Theory of forecasting using rate of channel Consumption

. A single city L B -

-1, , Assume a-ciy cular c1ty of rad1us R in which channel assignments

are to be made. Further, assume that ass1gnments can be made in all
d1rect1ons around a city. .

2. Assume that two ass1gnmenbs Cdnnot be made, w1fh1n a
distance R (to be. relaxed later).
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Any channels consumed in the region~R0<f r <_(R—R0)
are not available within r< R '

.Channels consumed in R- R < r< Ronly ava11ab1e in part of r R
. For Rof;< R, this- pdrt wou1d be ~1/2 of the area r< R
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: Arb1trar11y, cons1der1ng above and as a good approx1mat1on,-"
let us say that assignments made w1th1n R, 41 r ¢ (R=R o ) cannot be made

within r <R . ?

' Let us assume that the rate of channe] consumption within-
r £ R s linear -and equa]s ac, and within R "‘r < R R it 1is also

2
Then, at any given time, t, the number of channe]s'consuméd
in city, L I '

~and the number of channels consumed outside -

%== a t

A state of congest1on is reaches at t1me to when

n_ 4 n_= No’ where N, is the total number of channels ava11ab1e

A c 5
in a band.
aoTo + boTo:= No
Then,
To:: Ny v N |
3+ 8 a_

The values 3, = aC-¥ as can, for small values of aC and

(x’O 2), be 1nterpreted as the rate of channel consumpt1on in the total .

a?ea -r< R- Rb

2

Thus, to find T, for a given city,.ﬁt suffices to determine

the rate of channel ronsume1on in a radius of 'r. R-R "and then to project

to _the poﬁnt where all the channelsin the "given bandzare consumed.
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2.2 ~Two Cities with oVer]appinq areas

When two cities are less than 2R away from each other, the total.
number of channels available to each of the cities is reduced by the
channels consumed in the other city. The analysis is similar to above..

Let a “be the rate of channe1 consumbt*on within radius R—ROa

—

of city A.. A1so, Tet ay, be the rate in the unover1ap ed area and L
CH be the rate in the over1apped area. Note .that in the over1apped area-

are statlons associated with both c1tes A and B.-

© The maximum number of channels ava11ab1e to the unover]apged
area at any given time is o

N, f'aoot

The date when congestion is reached 1nsofar as c1ty A is
concerned is then given by:

a.'TSN-‘aTr-

ua o 0 00 O

or '

|

TO == E‘Q_
"uat %o
: BUt‘aud+ éoo is simply the rate of channel consumption '

within a radius of R,EQQ. of city A. Note that aud+‘ 350 = ‘b.

2

because of the presence of stations associated with city B in the overlapped
area. Nevertheless, from the viewpoint of city A, the final date of
congestion is derived by simply determining the rate of channel consumption
within a radius of R"Roa' of city A and extrapolating to,NO; The presence

2
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of city B does not disturb the conclusion reached for a single city
standing alone. .

Multiple over-lapping cities

By a similar analysis, it can be shown that the same conclusion
can be reached when several cities overlap.

Effect of Sharing

The assumption that two assignments cannot be made within
a distance R ignores sharing of channels. while channel sharing is not
performed across the US/Canada border, it is generally adopted within
each country.

The question that needs answering is whether the approach of
seeking a congestion date by the simple method above gives a date which
is so far in advance of the expected date of saturation as to be meaningless.
The answer must be negative because a glance at the tables shows a steady
increase in channel consumption instead of a rap1d 1ncrease‘f01]o,-:)p,‘

This answer is reasonable considering the 11ke1y behavior of
the responsible frequency assigner. - The frequency assigner has a tendency
to informally categorize groups of users, has an intuitive desire to
equalize loading of channels, has an abhorrence of assigning new channels
which must be coordinated and hence delayed and wishes to avoid .IM analysis
where possible. It is reasonable to assume, therefore, that the rate of
consumption of new channels reflects sharing atleast to the extent that
loading without spectirum monitoring is feasible. Had this phenomenon not
been in effect, the tables would have shown a rapid rise in the channels
consumed due to a one-user-one-channel philosophy, followed by
an absolute leveling off of the consumption due to the depletion of
available channels. (Assignments will of course continue to be made as
the under utilized channels are increasingly shared, but this will not be
reflected in the rate of consumption curves). Since this characteristic
is not observed, it is concluded that channel loading occurs before new
channels are consumed and hence that the onset of congestion as predicted
by the method above will not predate saturation beyond a reasonalbe
amount of time.
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Conclusion

In’ conc?uSIOn, the method while it does not c1a1m to pred1ct :

the date of saturation, does prov1de reasonab1e target dates for policy

~and strateg1c p]ann1ng

. : : B V;«Sahay"
o DTS~S2
July 22nd, 1976




I CHANNELS AVATLABLE IN MAJOR CIVTES »
A .':'3*(_)~5'0 138144 148-150.8 150.8~-174 410-420 450-470  letal
. wontveal - 1000 200 gs 691 400 L.800 3179
R goronto : 1000 - 200 88 691 400 800 3179
Vancouver T 1900 200 &8 T 691 400 - goo 3179
l" 0t tawa T 10000 200 88 - 691 400 - .°800 - 3179
i peg . 1200 200 88 691 £:00: 800 3179
: ami Lton 1000 200 88 691 400 80c . 3179
g Ednoaton 1900 200 88 771 400" . 800 '3259 -
' Quebec 1200 200 88 691 400" 800 3179
= Calgary 1900 200 88 771 400% 800 3259
London - 100 200 88 691 - 400 800 3179
. Windsor 1700 260 88 691 400 800 3179
Halifax - 1200 200 88 691 400 800 3179
victoria 1200 200 - 88 691 400 800 3179
l Kitchener 1700 200 88 691 400 . 800 3179
| @ pogina 1900 200 88 771 - 400 . 500 3259
!
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