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Abstract—\We present an analytical model to compute the co-site constraints. In [7], Jayateertha and Sivarajan studied the
blocking probability in channelized cellular systems with dynamic performance of FCA algorithms for different traffic conditions
channel allocation. We model the channel occupancy in a cell 3nq gptained the optimal traffic distribution to maximize the
by a two-dimensional (2-D) Markov chain, which can be solved Erl it dt inimize th b f cells. In I8
to obtain the blocking probability in each cell. We apply our _rgng capaci y.an . 0 mlnlmlze . € nu_m er of cells. n'[ 1
analytical model to linear highway systems with and without log- Sidi and Starobinski devised andimensional Markov chain
normal shadowing and then extend it to 2-D cellular systems with model (wheren was the total number of available channels)
lognormal shadowing. We show that, for linear highway systems, and arrived at product form solutions to compute the blocking
distributed dynamic channel-allocation schemes perform similarly - probability for cellular systems with FCA. The above studies
to the centralized dynamic channel-allocation schemes in terms considered cellular systems with FCA only. In [3], McEliece

of blocking probability. However, for 2-D cellular systems, the . . . .
improvement in the performance is significant and the reduction @nd Sivarajan noted that an analysis of the Erlang capacity for

in the blocking probability in systems with distributed dynamic ~ cellular systems with dynamic channel allocation is complex.
channel allocation is by almost one order of magnitude, when  Dynamic channel allocation (DCA) offers the flexibility of
compared to that in systems with centralized dynamic channel ysing any channel in any cell, as long as the interference levels
allocation. In practice, our analysis of linear highway Systems is 5r6 pe|ow a specified threshold. This added flexibility results in
applicable to digital European cordless telephony (DECT) and ) . . . )
that of 2-D cellular systems is applicable to global systems for a Iow.er b'O,Ck!”Q p_mb?b'“ty or a higher I_Erlang capacity. With
mobile communications (GSM). cell sizes diminishing in the next generation of cellular systems
(i.e., 3G and 4G cellular systems), micro- and pico-cells likely
to be dominant. It would then be more efficient for the base sta-
tions to allocate channels oblivious of the neighboring base sta-
tions. This motivates the study of distributed DCA. In [9], Ci-

[. INTRODUCTION mini et al.studied cellular systems with DCA and performed the
ANAGING radio resources in cellular systems ha&nalysis for computing blocking probability with an ad hoc Er-

always been a very important aspect of system desigi?)r,‘g'B approximation for each cell and showed the perfo_rma_nce
due to the limited availability of resources. In channelizetp P€ better than that of FCA. A more accurate approximation

[time-division multiple-access (TDMA)/frequency-divisionWaS suggested by Sidi and Starobinski in [8], as an extension to
multiple-access (FDMA)] cellular systems, the radio resourd@€ir analysis of systems with FCA. However, the model is very
under consideration is a channel, which can be defined agc_gnple(x&c;mputaﬂonally and required solving a Markov chain
time slot, a carrier frequency, or a combination of both. Seveijth V"""’ states, wheréV was the number of cells amdwas
studies have been done on the capacity of cellular systems Wit number of available channels. o
fixed channel allocation (FCA) [2]-[8]. In [2], Gamst presented W€ Propose a two dimensional (2-D) Markov chain with
a lower bound on the required number of channels in cellulf +1)(7 +2)/2 states and solve this Markov chain to obtain
systems with FCA. In [3], McEliece and Sivarajan presentéBe blocking probaplllty. Each state in the Markov chain is a
bounds on system capacity of channelized cellular systef@-tuple (m, k) of integers, wheren represents the number
with FCA. The blocking probability was then computed fron?f channels in use in a give cell akdepresents the number of
the system capacity by the Erlang-B loss formula. Sarkar aHpusable channels in the cell due to violation of interference
Sivarajan presented channel-assignment algorithms for cell§@nstraints. We first analyzénear highway systemsvith
systems with FCA to achieve the bounds given in [3]-[5]. |n[6fentrallzed and distributed DCA. If we consider a cellular

Gupta obtained improved bounds to those in [5 ] by includin?’Stem along the corridors of an office or along a busy street,
then the base stations of this system are collinear. Such a

system is called a linear highway system. Digital European
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centralized channel allocation and show that the 2-D Marko__¢! a2 o3
chain model we propose is accurate. We also prove the validi d

of our model when applied to analyze linear highway systems
with distributed dynamic channel allocation, in which powefig- 1. AnN-cell linear highway system.
loss due to lognormal shadowing is neglected.

The second case in DECT-like systems is that of a set gf the center of each cell. The base station of céls coor-
buildings in a busy street. In such an environment, power |°3§1ates(ra.,0a,). It is noted that for 2-D cellular systems, a

due to lognormal shadowing cannot be ignored; we extend qiity 2 onal model for each cell would be more accurate, because
model to such systems. However, both through our analysis 8Ad circular model for a cell leaves the *
S'.n:]u:?t'onbs' wde dShOW t_haththe pel.\rfcl)lrmar_wce ofa I_mearr] SYSt&fAcovered. However, the circular model for cells enables easier
W't Istribute lynamic channel a ocat!on remains the Sar%alytical tractability. The cells could be modeled as interlaced
in terms of blocking probability, irrespective of whether or NOLircles to avoid the holes, but then the cells cannot be treated

\tll\fne takc? Iognormalf ?hadO\r/]v_mr? Into aci:ount. \'/tvr? aIs? SIhOVé tlm ependently of each other, which would result in an increased
€ performance otiinéar ighway systems with centraiizeéd a alytical complexity. Also, the probability of a call arriving in

distributed dynamic channel allocation is similar in terms She hole areas is small. Hence. for ease of analysis, we model
blocking probability. However, distributed dynamic channel %16 circular cellular sysiem as s’hown in Fig. 2 '

signment provides ease of subscriber data management. The objective is to devise an analytical model for computing
We then study 2-D cellular systems such as global systems

; L € blocking probability on the uplink (mobile-to-base station
for mobile communications (GSM). In such systems, thI'|3nk) for the 18-cell linear highway system with centralized and

number of cells are large and we perform our analysis op_ . . . )
) e . . distributed dynamic channel allocation and the 61-cell circular
such systems with distributed dynamic channel allocation L . !
llular system with distributed dynamic channel allocation.

only and show the accuracy of our Markov chain model. &eThe channel-allocation strategy is as follows. Each base sta-
cellular system with each cell being a circle is calledraular gy i

. gon measures the power it receives from users of all the other
cellular systemin such systems (for example, as in GSM), wi lis on all the channels. The users agsfectly power con-
have power loss due to path loss and lognormal shadowi : a y P

We show that the blocking probability in the distribute& lled, i.e., each base station receives unit power from the users
channel-allocation scheme in circular cellular systems is o ached to it, irrespective of the position of the user in thetcell.

order of magnitude less than those with a centralized dynan ence, the parameter the base stations measure is the ratio be-

channel-allocation scheme. tween the interference and signal (denoted/p§). The /S

The Markov chain in our model hds + 1)(n + 2)/2 states measured at the base station on every channel is compared with
for n channels, irrespective of the number of cells Thereforgthresholds and a new call is allocated one of the channels that

we need to solve the Markov chain only once if the mean arriVAfS!/S < ¢ A channelk is called as deasible channeh cell

rates are the same in all the cells and the mean call-holding tinid5the //5 at the base station of cellon channek. is below
are also same in all the cells, which is the case with which e € assignment of a channel among the feasible channels can

usually deal. Practically, both mean arrival rates and mean c&f Pased on strategies such as the clearest channel (the feasible

holding times could vary across different cells because theér@annel thathas the leasts), thenearesthannel (the feasible
could be some cells that generate more traffic than others difgnnel with the largest/S), and therandomallocation (any
to the location of the cells. For example, in a system with bof the feaS|bI¢ channels'at random). The performances of all thg
urban and rural settings, the cells in the urban settings are likéfjje€ strategies were simulated and compared by Varghese in
to have a larger arrival rate and fewer holding times, as we d0]- It was shown that their performance is similar. In our anal-
pect calls to be more official in nature and the cells in rural se¢Sis, we consider the random channel-allocation scheme since
tings are expected to have more informal calls with fewer arrivéiiS €asier to analyze.
rates. However, the differences may arise only across a few celld he difference between the admission-control strategy of the
and, by and large, most of the cells have the same mean arrkatralized and distributed dynamic channel-allocation schemes
rate and mean call-holding times. Hence, we will most oftef as follows.
be required to solve the Markov chain given in our model only < In the centralized dynamic channel-allocation scheme, a
once; even if the mean call-arrival rates and call-holding times  new call arriving at positior®; in cell 7 with the base sta-
vary across cells, the Markov chain needs to be solved for at tion positioned at a poinB; can be allocated a channel
most three or four times, even for a large system (large interms  if the I/S at B; is below the threshold and if thel /S at
of the number of cells). all the other base stations locatedtin cell j (j # i)
that have a user positioned &f using channek remain
Il. SYSTEM MODEL below e after admitting the call aF;. If such a channel
o ] ] o does not exist, then the call & is blocked. We redefine
A typical linear highway cellular system is shown in Fig. 1. the feasibility of a channét in cell i for cellular systems

ai, az,...,ay denote the positions of the base stations in the  ith centralized dynamic channel allocation as admissi-
highway of lengthd. We considetN = 18 in our study as is bility of a call in celli on channek.

usually the case in systems like DECT. A typical 61-cell cir-

C.ljlar cellular system is Sho_\Nn 'n Fig. 2. All Ce"S_ are of equal practice, power control is not performed in DECT. We perform our anal-
size and each cell has radiiswith the base stations locatedysis for DECTike systems with power control.
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Cells 2...7 :- First Tier of Interferers to Cell 1
Cells 20..37 :- Third Tier of Interferers to Cell 1

Fig. 2. A 61-cell circular cellular system.

In the distributed dynamic channel-allocation scheme,
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Cells 8...19 :- Second Tier of Interferers to Cell 1
Cells 38..61 :- Fourth Tier of Interferers to Cell 1

new call arriving at positior®; in celli is alloted a channel

T o T A 1 * T A T A 1 A

k if the I/S at B, is below threshold. If no such channel

is available, then the call &, is blocked. However, ad- Fig- 3. An 18-cell linear highway system with the base stations located at the

mitting the call atP; on channek could cause thé/S at
the base station of some c¢ll(j # i) located atB; with
a user at positiorP; using channek to go abovee. In
such cases, the user &t undergoes aimtracell handoff
whereby it is treated as a new call in cglbr will try to
find some other channel to continue the call. If no such
channel is available, then the call /At is dropped.

Blocking probability is defined as the probability that a new
call is blocked. We make the following assumptions in our
analysis.

There areN; = 18 cells in the linear highway system of
lengthd. All the cells have equal lengttl/N,, with the

base stations located at the center of each cell.

There areV,. = 16 cells in the circular cellular system. All

the cells have equal radidswith the base stations located

at the center of each cell.

There aren channels available for allocation.

The call-arrival process in any cell is a Poisson process
with mean arrival rate\ in each cell. .
The call-holding time in each cell is exponentially dis-
tributed with mean:~! seconds.

The position of the a newly arriving call in any cell is
uniformly distributed over the length of the cell for linear
highway systems and is uniformly distributed over the area
of the cell for circular cellular systems. The positions of
the calls in the system are statistically independent of each
other. .

center of each cell.

The radio-frequency (RF) signal that propagates in the air
interface undergoes a short-term Rayleigh fadig a
long-term lognormal shadowingG?, and attenuation due

to the distance between the user and the base station. If
a powerP, is transmitted by the user, then the pow#r
received by the base station at a distadgeaway from

the user is given by, = P,R2G?d," [11], [12], where

7 is a path-loss exponent that is taken to be four for our
analysis. We assume that the Rayleigh-fading term is av-
eraged out withZ[R2] = 1. This is valid due to the large
holding times of voice calls [11], [12]. In linear highway
systems along the corridor of a building, we neglect the
loss due to shadowing and, hence, the loss of power is due
to distance attenuation alone. In linear highway systems
along a busy street and in circular cellular systems, the
loss due to shadowindy?, is given byG? = 10~%/10
wherey) ~ N(0,02).

The base station of a cell experiences signifidast from
users located at the neighboring cells alone, i.e., the two
immediate flanking cells for linear highway systems and
the first tier of neighboring cells for the circular cellular
system.

No two calls in the same cell can use the same channel.
Hence, there is at most one call in every cell on a given
channel.

The users have very low mobility or no mobility.
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Fig. 4. Markov chain model for the channel occupancy in a cell with centralized DCA.

[ll. PERFORMANCEANALYSIS be modeled as a binomially distributed random variable with

Consider an 18-cell linear highway system as shown in Fig.pIEObabi“ty mass function given by

and an 61-cell circular cellular system as shown in Fig. 2. 2\, vi(1 _ »)\2—vi )
Let I; be thel /S experienced at the base station of ¢ath Pr{A; = v} = { ()P (1 =)™, 0 < v < 2 ®)
channek. LetS; denote the set of neighboring cells to geffor
linear highway systems; = {i —1,i+1}|i # 1,i # N, (S; = for linear highway systems and given by
{2} andSy; = {N; — 1}). For the circular cellular systens; 6\ b 6
is the first tier of cells neighboring cell (for example,S; = Pr{A; = v} = { (,,1-)1’ (L=p)P ™, 0<w S 6 (4)
{2,3,4,5,6,7}). Let A; be the number of significant interferers 0, otherwise
to celli on channek:. Since there is at most one call on everyoy circular cellular systems. is then given by
channelp < A; < 2forlinear highway systems aiid< A; <

0, otherwise

6 for circular cellular systems. AP
Let the user in celjj in the linear highway system occupy a §= Z pen(€,vi) Pr{A; = v;} 5)
positionP;, which has a coordinate;. x; is a random variable vi=1

uniformly distributed ifa;, a;4+1). In alinear highway system,
the distance between the user situated at a ggiim cell j and
the base station of cejl, located a3 with coordinatex;’, is
given by

where A = 2 for linear highway systems antMaX — ¢
for circular cellular systems. We will use the valueafbtained
from (5) in Section I1I-C to compute the blocking probability.

A. Centralized Dynamic Channel Allocation
Dy(Pj, Bjr) = |z — aje. 1) y

In cellular systems with Centralized Dynamic Channel Al-
In a circular cellular system, the distance between a user at pdseation, we model the channel occupancy in any ¢elb a
tion P; in cell j having coordinate&r;, ;) and the base station two-tuple ¢n,k) of nonnegative integers where the statek)
Bj: of cell j" with coordinatesr, , , 0., ), is given by indicates that there are: channels being used in celi(i.e.,
there arem ongoing calls in celk, andk channels are unus-
D.(P;,Bj) = \/TJ2 +713,, = 2rjTa, cos(0; —ba,). (2) able because the/S at the base station of cellon thosek
channels are above the thresheléVe model the state space of
r; andd; are random variables uniformly distributed over thémn,k) as a 2-D continuous-time Markov chain (CTMC) with
area of a circle of radiug& with center at,,, 0,,. We define transition rates as shown in Fig. 4. From Fig. 4, it is noted
pin (€, A;) as the probability that a channklcannot be used that there exist transition rates of the formia andk’b, where
in cell + due to the presence &; significant interferers. We m',k’ € {1,2,...,n}. To compute: andb, we model the feasi-
define¢ as the probability that a channel is not feasible in ¢ell bility of the channel in any cell as a two-state CTMC as shown
¢ is obtained by averaging (e, A;) overA,. If the probability in Fig. 5. In Fig. 5, the “channel usable”state indicates that a
that a channet be used in celf is denoted by, thenA; can channelis feasible in that cell and the “channel not usable”state
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C. Blocking Probability

The steady-state probability of a state given state k),
m(m, k), in the CTMC shown in Fig. 4 is given by [16]

w(m,k):{%(%)m#(’;)& mAk<n g

0, otherwise

_ , , where¢ = b/a andy is a normalization term given by
Fig. 5. Markov chain model for channel state in a cell.

indicates that a channel is not feasible in the cell. The proba- X = Z (ﬂ) L' <”> ck. @
bility that a channel is feasible is given hy— ¢ and that of a mtk<n \H m!\k

channel not being feasible is given ywhere¢ is obtained

from (5). The CTMC shown in Fig. 5 is a simple model to obTo evaluate], the two state CTMC in Fig. 5 is solved to obtain
tain the value ob/a. To obtain the exact values afandb, one

must consider the exady/ S of a channel (which can be mod- b £
eled as a continuous state space Markov chain) and obtain the (= 2 1-¢ (8)
distribution of the state occupancy time [13]. However, we will

later show in (6) that the exact valuesaodindb are not required The probabilityp that a channel is used in a cell is given by
to compute the blocking probability and that the fractign is

sufficient. Therefore, the model shown in Fig. 5 is used for an-

alytical simplicity. p= Z (

%) w(m, k). 9)
m+k<n

B. Distributed Dynamic Channel Allocation The value ofp obtained from (9) is then used in (3) and (4) to
In cellular systems with distributed dynamic channel allocgptain¢ from (5), which in turn is used to computeand, hence,
tion, the channel occupancy in a cell is modeled by a CTMG ;. k) and, hencep. Therefore, by solving (3), (4), (5), (8),

as shown in Fig. 6. The interpretation of state,) in Fig. 6 (6), and (9) iterativelyr(m, k) can be obtained. The blocking
is the same as that in Fig. 4. The transition rateand b in  probability, ps,, is given by

Fig. 6 mean the same as in Fig. 4, but their values differ in the

two CTMCs because the values fliffer for the centralized

and distributed dynamic channel-allocation schemes, as will be Py = Z m(m, k). (10)
explained in detail in Sections I1I-D-F. The CTMCs shown in mtk=n

Fig. 4 and Fig. 6 are valid both for linear highway systems anﬂwe value ofp, obtained from (10) is also the value of the

circular cellular systems, both with and without considering log, , ¢ call-blocking probability in cellular systems with dis-
normal shadowing. The difference occurs in the values of rate fibuted dynamic channel allocation, since there is no priority

andb. The CTMC in Fig. 6 can be solved by the Reiman—-Smi r handoff calls.

procedure, given by Reiman and Smith in [15]. However, we It is observed that, for large values of the number of chan-

simplify the analysis by neglecting all transitions from states A i i
(m. £) 10 (m — 1, k + 1) to reduce the CTMC in Fig. 6 to one nelsn, evaluatingr(m, k) from (6) and (7) becomes compu

similar to the CTMC shown in Fig. 4. This is valid because if thtanonally inefficient. Therefore, to evaluatém, k) efficiently

I/S on channek’ is close to the threshold, then the probabilityg)r largen, recursive algorithms developed by Kaufman in [17]

that this channel is allocated to a new call in its neighboring ce SThe difference in the methods of computingm, k) for

. L
is very small. If thel /S on channek’ is very small and much linear and circular systems with and without lognormal shad-

below ¢, then the probability of a new call in the neighboring, .~ . . . .
cell causing thd /S on this channel to go above the threshold ?gwmg lies in the wayt is evaluated, which, from (5), depends

small. Hence, the event that a call on a particular channel leayt ONpea(e, Ai). We derive expressions to evaluaig(c, A;)
the system is more likely due to a call departure than to an intrg. linear highway systems with centralized and distributed
cell hyandoff To com u¥e the blockin F;obabilit the CTM ynamic channel allocation without lognormal shadowing
o P gp Y in,Section IlI-D, for linear highway system with distributed
shown in Fig. 4 needs to be solved. We reemphasize that though . . . .
. namic channel allocation and lognormal shadowing in
the CTMCs for the channel occupancy in each cell for cellul . . R
) . . ) ection IlI-E, and for circular cellular systems with distributed
systems with centralized and distributed dynamic channel al g . L .
. - ynamic channel allocation in Section IlI-F.
cation can be made to lodakimilar, they are not the same be-
cause the transition ratasandb are different. The similarities s iah _ |
and differences are the same for linear and circular cellular s%— Pth(e] Ai): Linear Highway Systems: No Lognorma
tems with and without lognormal shadowing. The method to o hadowing
tain the blocking probability from the CTMC in Fig. 4 is given For any celli in the linear highway system, the'.S experi-

below in Section IlI-C. enced at the base station of cgll; on a channet conditioned
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Fig. 6. Markov chain model for the channel occupancy in a cell with distributed DCA.

on the positions of the usets and neglecting power loss due For linear highway systems with centralized dynamic channel

to lognormal shadowing is given by allocation and neglecting power loss due to lognormal shad-
owing, p:r (€, A;) is given by
D% (xi/,ai/) €Ty — Qg 4
LA = Di(zi i) 2 («’171 - 047;> -
\.:7-,\6:21- v ‘;i/‘ezsAi pth(e;Ai) =1-Pr {Il(Az) S 6} H Z
(11) T
In (11), s; € S;. The terms in the summation in (11) are sta- Pr{Iy(vi) < e} Pr{Ay = v} (15)
tistically independent of each other and, hence, the probability
Pr{I;(A;) < €} is given by wherePr{I;(A;) < € is given by (12). We obtain the value of
¢ for linear highway systems with centralized dynamic channel
allocation and neglecting loss of power due to lognormal shad-
Prifi(Ai) < e} = / ol (12) owing by substituting (15) in (5).
Y=—00

E. pu(e, A;): Linear Highway Systems With Lognormal

where, if f(z) is the probability density function (pdf) df (1) Shadowing

averaged over;:, thenfa,_, (z) is a convolution off (z) with

itself A; — 1 times. f(¢) is given by For linear highway systems with distributed dynamic channel

allocation and with loss of power due to lognormal shadowing,

TV L(A) is given by
2t (1-ye)2’ T a
- —F—=, F<e<l 13 D2 (s, )10~ 35
TO= i) @ ) Ay = Y PreedlU T g
0, otherwise vey, Dalwi, a0

lsil=A;

For linear highway systems with distributed dynamic Channﬁ)hereDh(:ri,,ai,) and Dy, (z;, ;) are given by (1) andb; .,
allocation and neglecting power loss due to lognormal shag;,. ~ A/(0,2). 10~%#'/10 and10~*/1° denote the loss of

owing, pin (e, A;) is given by power due to lognormal shadowing from the user in ¢eb the
base station of cefl and the base station of cejlrespectively.
pen(e, ;) =1 = Pr{li(A;) < e} (14)  conditioned on the positions of the users, each term in the sum-

o . mation of (16) is Iognormally distributed of the fortfi—:/10
wherePr{/;(A;) < ¢} isgivenby (12). The value gfforlinear \yhereQ,,; ~ A(uii, 202). piri is given by
highway systems with distributed dynamic channel allocation

and neglecting loss of power due to lognormal shadowing is 4010w Ty — 17
obtained by substituting (14) in (5). piri = 401ogyo { 22— - (17)
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Equation (14) is valid for linear highway systems wit2a, NN(/LA“O'ZAq).O'ZAz andua, are given by (20) and (21),
distributed DCA when lognormal shadowing is also taken int@spectively, and using the value @f; from (23). Averaging
account. However, to evaluaig,(e, A;), it is necessary to over the positions of the usersy, (e, A;) is given by
obtain the pdf and cumulative distribution function (cdf) of R
1;(A;). To obtain the pdf and the cdf éf(A;), we approximate 1 : €0 + A,
th(e s)um of lognormally distributed (ran()jom variables by a Pin(e Ai) = <m> /Q[ oA, }fdﬂdﬂ (24)
lognormally distributed random variable, as done by Fenton .8
in [14]. Making this approximationp;, (e, A;) is given by

wherer = [r;1 r2 -+ Tia,] IS the vector that contains
N, Ai €0 + pia, the r coordinates of the interfering users to celland
Pin(€, Ai) = <7> /Q {—UA_ } dX  (18) gy — [#i1 Bia --- Oin;] is the vector that contains the

coordinates of the interfering users to cellt is observed from
. . . (24) that forA; interferers,2A; + 1 integrations have to be
V-VhereX = [:L',L'l :E,L'Z- - xiAi] IS the vector that contains pOSI-performed to evaluatﬁt]L(6, AL) This means that |ﬁ, - 6,
tions of the interfering users to cellin (18),¢o = 10logyg € hen 13 integrations will have to be performed. Therefore, we
o simplify the analysis as follows.
Q(z) = L / e~ T dy (19) Equation (24) was derived from the fact that the5' caused
V2r J by each of the)\; interfering users to cell are independent of
each other. This follows from the system model that the loca-
andifa 2 (In10)/10, then tions of individual users are statistically independent of each
other. We make another assumption that & caused by

( 2a2o? 1) —2ap, the A; interferers to celt are independent and identically dis-
s 1 1 € 2 ‘;7"6;37 € 20 tributed (i.i.d.). This assumption is valid due to the symmetry of
Ia; =2 1+ 2 (20) the system. By making this assumption, the expressions<{or
Z‘ Ve eaﬂfw) andua, can be rewritten as
s; =4
and 2
1 e — 1
2
2 2 Ox, = In |1+ (25)
a(ox —20 1 au) a? A
nA; :%— g In Z e it (21) and
i'Es;
lesl=2; a(od, —20%) 1
. . Ua; = Wiy + —————— — — In A;. (26)
The value ofu;/; in (20) and (21) is given by (17). 2 a

The value ofp;1, (¢, A;) in (18) is substituted in (5) to obtain . .
the value of¢ for linear highway systems with distributed dy-p i (e, Ai) can then be written as

namic channel allocation and considering the loss of power due 1 €0 + pia

to lognormal shadowing. pen(€; Ag) = <m> //Q [T} rirdriidfi. (27)
F. pun(e, Aq): Circular Cellular Systems With Lognormal It is noted from (27) that, irrespective of the valuef, only
Shadowing three integrations need to be performed to evalpgtér, A;).

For circular cellular systems, the base station of ¢a#l po- The value ofp (€, A;) from (27) is substituted in (5) to obtain
sitioned atB; with coordinategr, ,,0. ) and a userin cell the value of for circular cellular systems with distributed dy-
is positioned at a poin®; with coordinategr;, 6;). The expres- namic channel allocation and loss of power due to lognormal

sion forI;(A;) is then given by shadowing.A*** is taken to be 6. From the value ¢f we
. compute the values of blocking probability as explained in Sec-
Df P, B 10~ o tion IlI-C.
LA = ) { ) v (22)
i'es; Dg(Pi/,Bi)lo_T
Isil=2 IV. RESULTS AND DISCUSSION

whereD,.(P;, By:) andD..(P;, B;) are obtained from (2) and In this section, we present the numerical results for the
Yiri, Yirg ~ N(0,02). Each term in the summation of (22) is a&locking probability obtained by our model and compare them
lognormally distributed random variable of the foir—2:/10  with simulations. We have considered the following values for

whereQ;.; ~ N (piri,202). i is given by our computationsy = 0.01 s71, N; = 18 cells, N, = 61 cells,
) ) and )\ = 2, 3 (this leads to a load qgi 2 A/p = 200, 300
i 7, — 2TiTa, CO8 (61 = ba,) Erlangs per cell). The number of channelsvaries from

a 810 3+ 12— 27, cos(fi — 0,,) 10, 20- - -300 for the linear highway system and 10,-26600

(23) for the circular cellular systeme = 0.021693 (16 dB) for

As in Section IlI-E, the sum of lognormally distributedlinear highway systems and = 0.02 (17 dB) for circular

random variables is approximated by a lognormally disellular systemsR = 1 for circular cellular systems antl= 1
tributed random variable of the form0=4:/10 where for linear highway systems and= 8 dB.
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Number of Cells = 18, rho = 200
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Blocking Probability
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Fig. 7. Blocking probability: Linear highway system with centralized DQA.= 18 cells,p = 200 Erlangs per cell.

Figs. 7 and 8 present the blocking probability for lineaowing. We computep:, (e, A;) for circular cellular systems
highway systems with centralized dynamic channel allocatiavith centralized dynamic channel from (15) by substituting for
for p = 200 andp = 300, respectively. The results obtained byPr{7;(A;) < e} from (27) and replacing the upper limit for
our analysis are compared with those obtained by simulations. by 6.

Itis observed that the analytical results closely match those obdn Figs. 14 and 15, we present the results for the blocking
tained by simulations, thus validating the 2-D CTMC model fgorobability in circular cellular systems with distributed dynamic

channel occupancy in linear highway systems with centralizedlannel allocation, including loss of power due to lognormal
dynamic channel allocation. The accuracy of our results alsbadowing. The comparison with simulations validate the ap-
justify the assumption that significaif S to a base station is proximation that thd /.S from the users.

caused only by the users located in the neighboring cells alonelt is also noted that the blocking probability for circular cel-

Figs. 9 and 10 present the blocking probability for linedular systems with distributed dynamic channel allocation is one
highway systems with distributed dynamic channel allocatimrder of magnitude less than those with centralized dynamic
and neglecting the loss of power due to lognormal shadowirchannel allocation. This is because, for the call to be accepted in
Since the model is accurate for linear highway systems with difie centralized scheme, tfigS at the base station of the cell in
tributed dynamic channel allocation, the approximation of thehich the call arrives, as well as tli¢ S at the base stations of
CTMC shown in Fig. 6 to one similar to the CTMC shown irall the neighboring cells must be below the specified threshold,
Fig. 4 is valid. Note that the blocking probabilities for lineamwhereas in the distributed scheme, it is sufficient if fhi& at
systems with centralized and distributed dynamic channel alkhe base station of the cell in which the call arrives is below the
cation are comparable. This was also observed by Ciatial. threshold. This resultis encouraging because cellular systems of
in [9]. the next generation are expected to have micro- and pico-cells,

In Figs. 11 and 12, we present the blocking probability for amhere distributed dynamic channel allocation is a more feasible
18-cell linear highway system, taking into account the loss option than centralized dynamic channel allocation.
power due to lognormal shadowing. Once again, itis shown thatThe difference in the magnitudes of blocking probability is
the analytical results closely match the simulations. This valiot significant in linear highway systems. This is because the
dates the application of Fenton’s method to computée, A;). number of neighboring cells to a cell in linear highway sys-

In Fig. 13, we compare the blocking probability obtained biems is two, whereas it is six in circular cellular systems. The
our analysis with those obtained by simulations for a 61-cekduction in blocking probability in cellular systems with dis-
circular cellular system with centralized dynamic channdtibuted DCA is penalized in the form of call dropping. Since we
allocation, including the loss of power due to lognormal shadiave not given any priority for ongoing calls in our analysis for
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Fig. 8. Blocking probability: Linear highway system with centralized DGA.= 18 cells,p = 300 Erlangs per cell.
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Fig. 9. Blocking probability: Linear highway system with distributed DC¥, = 18 cells,p = 200 Erlangs per cell. Lognormal shadowing neglected.
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Fig. 10. Blocking probability: Linear highway system with distributed DG, = 18 cells,p = 300 Erlangs per cell. Lognormal shadowing neglected.
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Fig. 11. Blocking probability: linear highway system with distributed DO/, = 18 cells,p = 200 Erlangs per cell. Lognormal shadowing included.
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Blocking Probability

Fig. 12. Blocking probability: linear highway system with distributed DG, = 18 cells,p = 300 Erlangs per cell. Lognormal shadowing included.
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Fig. 13. Blocking probability: circular cellular system with centralized DGA, = 61 cells,p = 200 Erlangs per cell.
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Fig. 14. Blocking probability: circular cellular system with distributed DO, = 61 cells,p = 200 Erlangs per cell.
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Fig. 15. Blocking probability: circular cellular system with distributed DO, = 61 cells,p = 300 Erlangs per cell.
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blocking probability, the blocking probability computed as in [10]
Section llI-C is also the probability of dropping the handed-off
calls. 1
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K. Varghese, “Decentralized dynamic channel allocation in cellular net-
works,” M.E. Project Report, Department of ECE, Indian Institute of
Science, Bangalore, India, Jan. 1999.

11] T. S. RappaportWireless Communications, Principles and Prac-

Equation (13) shows that the value ¢fe) and, hence,
pen(e, A;) is independent of the value dfand ;. Similarly,  [12]
from (18) and (27), it can be observed that the values in th?ls]
numerator and denominator are weighted by the same ordéu]
for various values ofl and R. Hence, the value of blocking
probability is invariant to changes in the cell dimensions for[15]
both the linear highway and circular cellular systems in the
presence of lognormal shadowing. Since we have considered
significant /S to be caused only by the users present in thélﬁ]
immediate neighboring cells, the blocking probability is also[17]
invariant to the number of cells. Hence, our analysis can b
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18]

[19]
V. CONCLUSION

We devised an analytical model to compute the blocking
probability for linear highway and circular cellular systems
with centralized and distributed dynamic channel allocatio
We showed that our model is accurate. The analysis can
extended to the downlink of cellular systems with DC
Our approach can also be applied to wireless data netwo
incorporating the effects of the Rayleigh fading and to syste
without power control. Our analysis can be extended to ev
uate quality-of-service parameters such as the mean delay
the average system throughput in OFDM-based 4G cellu
systems [18], [19] with dynamic packet assignment.
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