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Efficient Channel Borrowing Strategy for Real-Time
Services in Multimedia Wireless Networks

Xiaowen Wy Member, IEEEKwan L. Yeung Senior Member, IEEEand Jianhao Hu

Abstract—An efficient resource sharing strategy is proposed for When a voice call arrives, it has preemptive priority over data
multimedia wireless networks. Assume the channel resource in a and thus its performance will not be affected by lending slots
wireless system is partitioned into two sets: one for voice calls and to data. Recently, a double movable boundary scheme is pro-
one for video calls. In the proposed channel borrowing strategy, . L .
voice calls can borrow channels from those pre-allocated to video posed [11] for satellltg networks. It divides a TDM frame into
calls temporarily when all voice channels are busy. A threshold three compartments instead of two, where the extra compart-
type decision policy is designed such that the channel borrowing ment, called common resource pool (CRP), is located between
request will be granted only if the quality of service (QoS) require-  the voice and the data compartments. The CRP compartment
ment on video call blocking will not be violated during the du-  p4q o movable boundaries, one interfaced with voice and one
ration of channel lending. An analytical model is constructed for . . . . .
evaluating the performance of the channel borrowing strategy in a mterface_d with data. UnQer certain pre-defined resource sharing
simplified wireless system and is verified by computer simulations. Tules, voice and/or data is allowed to use the channels inthe CRP

We found that the proposed channel borrowing scheme can signifi- compartment.

cantly reduce the voice call blocking probability while the increase - . . . :
in video call blocking probability is insignificant. Existing approaches to_ bandwidth sharing in wireless
Index Terms—Channel borrowing strategy, performance anal networks usually only consider the resource sharing between
ysis, QoS guarantee, resource sharing. ' d{:\ta and one type Qf real-time traf_ﬂc, elyhe.r voice or video.
Since real-time traffic has preemptive priority over data, the
performance of real-time traffic will not be degraded by lending
I. INTRODUCTION some resources to data. In this paper, we consider a system that

HE next generation wireless networks need to Supp&qpp_orts all three types of traffic, data, voice and viQeo. Unlike
T multimedia traffic. Different types of traffic have different®Xisting approaches, we focus on resource sharing between
traffic characteristics. To effectively utilize the bandwidtf€@l-time voice and video traffic. When sharing of bandwidth
resources, several bandwidth allocation schemes have bBgfveen voice and video calls is allowed (i.e., a voice call can
proposed for transmission multimedia traffic in wireles0rrow the pre-allocated bandwidth from video or vice versa),
networks [2]-[5]. For broadband ISDN networks, technique¥e mustguargntee that during the bandwidth borrov_vmg.perlod,
such as complete partitioning, mutually restricted access [§]€ call blocking performance of both types of traffic will not
[12]-[14] have been widely studied. V|olate.the|r pre-deflned QoS requwemepts. Otherwise, the
Generally speaking, a real-time video call requires a relg@ndwidth borrowing request should be rejected.
tively large amount of bandwidth than a voice call and data In this paper, we propose an efficient bandwidth sharing
traffic does not have real-time requirement but is usually bursgcheme for voice and video calls. Since data traffic in general
To guarantee the quality of service (QoS) requirements for eduds lower priority than the voice and video calls, they can be
type of traffic in a wireless network, bandwidth resources ateansmitted using the idle voice and video bandwidth, e.g.,
usually pre-allocated to voice, video and data. For real-tinaglopting the movable boundary scheme [8]—-[10]. In order to
voice and video traffic, the call blocking probability is com{focus on the bandwidth sharing between voice and video calls,
monly used as their performance measures. For data traffi@ assume the system under consideration only supports voice
the system throughput and packet delay performances are usedl video traffic. For the sake of presentation, we assume the
To encourage resource sharing, the idle capacity allocatedsystem uses TDMA and the basic bandwidth unit for resource
video and/or voice traffic can be temporarily used for transmisharing is a time slot.
ting packet switched data without degrading the video/voice callThe organization of this paper is as follows. Section Il intro-
blocking performance. This is known as the movable boundadyces the channel borrowing strategy for voice and video calls.
scheme [8]-[10] and an example of integrating data and voiéa analytical model is constructed in Section Il for a simpli-
calls on an/V-slot TDM frame is shown in Fig. 1. Each framefied system where each borrowed video channel can carry only
is divided into voice compartment and data compartment. Thesingle voice call. Section IV relaxes this constraint. A gen-
idle slots in voice compartment can be lent to carry data traffieral channel borrowing policy for borrowing one video channel
carrying multiple voice calls is designed. Then in Section V,
Manuscript received August 24, 1998; revised December 6, 1999. This woiRme practical implementation issues of the proposed channel
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Fig. 1. Movable boundary multiplexing scheme for voice and data traffic o estot TDM frame.

TABLE |
A SUMMARY OF MAJOR NOTATIONS USED

N The number of pre-allocated voice channels, where a voice channel occupies 1 time slot.
M The number of pre-allocated video channels, where a video channel occupies » time slots.
m The number of active video calls in the system at the time of a new video channel borrowing

request arrives.

Pg The voice call blocking probability with channel borrowing strategy.

Py The video call blocking probability with channel borrowing strategy.

Py The voice call blocking probability without channel borrowing strategy.

Py The video call blocking probability without channel borrowing strategy.
ALl p1 The voice call arrival rate, voice call service rate, and voice traffic intensity.

Az o, 02| The video call arrival rate, video call service rate, and video traffic intensity.

Pyt, m, M) | The transient state probability of a M/M/k queueing system. Given that at the time of
consideration there are m active video calls, P{(t, m, M) is the probability that there are i

active video calls after time ¢.

P, The QoS requirement on video call blocking probability. (e.g. P, = 0.01)
X The maximum time that k£ video channels can be simultaneously borrowed without violating
P,.
P The probability that the borrowed video channel can not be returned within the maximum
borrowing time X.
P, The system requirement on Py, i.e. P, < P
0 The minimum channel borrowing time without violating P, < P,
p® The probability of a successful video channel borrowing given that (g — 1) video channels

suc
have already been borrowed by voice calls.

video call blocking probability is observed. We also found thahat pre-allocated to video. That is when a voice call arrives and
the analytical results match the simulation results very well. Fbund all N voice channels are busy, a video channel can be
nally, conclusions are presented in Section VII. borrowed to carry the voice call if the video call blocking prob-
ability requirement, denoted h#,, will not be violated. The
crucial point here is to determine if sufficient number of idle
video channels are available (after lending) for preventing the
Let a system be engineered such that it can simultaneousigieo call blocking probability from exceeding its QoS during
carry NV voice calls and\/ video calls. A voice call occupies onethe channel lending time. This depends on the channel occu-
time slotin a TDM frame and a video call occupieime slots. pancy of the video calls at the time of lending, as well as the
In general, video traffic is expected to have a lower call arrivaluration of channel lending. For convenience, Table | summa-
rate than that of voice. Since video call requires a higher barrizes some main notations that we used in this paper.
width than a voice call, borrowing bandwidth for carrying video Assume the new call arrival for both voice and video follows a
calls is more difficult and should not be encouraged. Therefo@pisson process with mean arrival rakesand);, respectively.
we assume that only voice traffic can borrow bandwidth froinet the call holding time be exponentially distributed with mean

Il. CHANNEL BORROWING STRATEGY
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1/, for voice andl /o for video. Then the traffic intensities ‘ A voice call arrives
for voice and video calls arg; = Ay/p1 andpz = Ao/ ps. v ) ,
. . j ; . —-Voice ¢ S [8]) CR— Video connections ...
Given that there are active video calls at the time of consider- &£~ (e =y R
ation, let the probability that there afevideo calls after timeé [ 1 o5 T ahxis | ws.
’ X : VEEV2 V3 VeI Vs D1 D2
be P;(t, m, M), wherel is the total number of video channels L i b on ol : , :
available. ObviouslyP; (t,m,M)isa transient state probability ... yaice sub-system-—%¢ Video sub-system————————>
of a M/M/k queueing system and it can be approximated L.,
the following equations [1]: (@)
P (t . M) Pk (t, m, OO) (1) Z..____.Voice connections W_____.N [Vidco comections -~
KL, T, = M
2 1o Pi(t,m, 00) vilva|va|valvs| ve DI D2
‘ f’ I 1 !
where i Successfully borrowing
1 \ a video channel
2
Py(t,m,0) = 7 &P {(1 - e“zt)g} (b)
. o~ 2kt | L —potym V1 departure
eoo (1-e ) , N |
1 |: : Ao’ 4 Voice connections [Vidco connections -~
-Z—exp (et —1)— § N
8 -
= H DI D2
(m + T)‘ B (1 _ e—pgt)r—k ‘ '
_ !
(m k+ 7) for I < channel returned
or m
- ()
or Fig. 2. Example of the proposed borrowing strategy: (a) at tine voice
new call arrives; (b) at tim&" + ¢: borrowing successfully; and (c) borrowing
1 Ao channel is returned.
— _ eMety 2
Pi(t,m,o0) = 11 XP [(1 eh? )NJ
e . Ny 1T is immediately reallocated to the just released voice channel.
e Z [(6”2' - 1)5} The borrowed video channel is then returned. An example is
r=0 \ shown in Fig. 2. For the sake of presentation simplicity, here we
(At (1— e H2ty assume each borrowed video channel can only carry one voice
ik —m +1)! call.
fork > m. When a voice call arrives and found &ll voice channels are

busy, it initiates a channel borrowing request. Using (2) with
Supposes video channels are to Isemultaneouslporrowed. s — 1, we can find out the maximum channel lending time
Then without violating the video blocking requiremeft Xs X, . Since the duration of each call is exponentially distributed,
the maximum time that th& video channels can be Simultaneonce the video channel is lent, there exists a probauﬂgtmat
ously lent is given by the solution of the following equation: the lent video channelannotbe returned in time, i.e., within
X;i. Let P¥ (e.g.,PF = 0.1) be the system requirement éf.
Py_s(Xs,m, M — 5) = P,. (2)  When avideo channel borrowing request is initiated, the request
) . will be granted only ifP, < P7; otherwise, the request will
Itis easy to verify thaf{, > X» > --- > X5 = 0.1fall & pe rejected. A suitable set &t values can keep the video call
borrowed video channels can be returned within the borrowiipg, ciing probability as close to its QoS requirement as possible.
time X, (0 < k < M —5), the video call blocking requirement \ymerical examples will be constructed in Section VI-A for

will not be violated. Then the problem is to find out how Iongstudying the effect of differenP* values on the call blocking
the video channels will be borrowed. probability. )

Itis important to emphasize that for a practical system, all call
arrivals are sequential because in each cell of a cellular system,
there is only one base station and it needs to serve each arrived
call one by one. This implies that simultaneously borrowing In this section, an analytical model for a simplified system
more than one video channels, i.€.;> 1, will not happen. But where each video channel can carry a single voice call is con-
multiple video channels can still be borrowed at different timestructed. LetPg; and Pg» be the call blocking probabilities of
one by one. From now on, we only considee= 1 unless oth- voice and video when the borrowing strategy is used. Similarly
erwise specified. let Py and P, be the call blocking probabilities of voice and

Immediate channel reallocation is adopted in our proposeitieo traffic without using the borrowing strategy. The values
channel borrowing strategy. It means that when a voice cafl Py and P,; can be obtained using the Erlang-B formula.
holding a voice channel is finished and if there is a borrowethroughout the papeFy and Py, are used for comparing the
video channel, then the voice call on the borrowed video chanmedflect of using channel borrowing.

1. ANALYTICAL MODEL
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Fig. 3. The channel occupancy of voice calls.

A. Derivation of Voice Call Blocking Probability that no voice call will be finished within time perial;, andé,
Let P2 be the probability of a successful video channel bof'€ Minimum channel borrowing time, are given by (3) and (4),

rowing given that(g — 1) video channels have already beefSPECtVElY. y _
borrowed by voice calls. Let us first consider the simplest case>iMilar to (5), the probability that the-th video channel bor-

of PS(&Q, the probability of successful borrowing the first wdecLOW'ng is successful (given thgy — 1) video channels have
een borrowed) can be found

channel. When a voice call arrives and foundiélizoice chan-

nels andn video channels are busy,; the maximum time that M—g
a video channel can be borrowed without violating the video P9 = Z P, P{X; > 0| Pyy_yi1
call blocking requiremeng,. can be found from (2). Ther, o
the probability that no voice call will be finished within time (X1,i,M —g+1) =P} (6)
period X, is given by '
P, = o~ (N+Dm s 3) whereP; = (p4/4!) - (Zk o A5 /kY)~1 is again the probability

that: video channels are busy.
We must haveP, < P for a video channel to be borrowed. Therefore, the voice call blocking probability’s;) using

Substituting (3) into this inequality and after rearrangement, i§@nnel borrowing can be expressed as
have the minimum channel borrowing tifiewhere

g
In P* Pp, = Z (1 - Ps(ﬁ?:) Pyyi1+ Prnyyg (7
=—-——7"="-<X;. 4) i=1
pi(N +1)

This means that for a video channel to be successfully borrowetere PS. is the probability that thé-th video channel can be
(without violating . and F;), the maximum video channel successfully borrowed, anll; is the steady state probabilities
lending timeX; must be greater than the minimum channel boof j voice calls in the system described by {é+ g + 1)-state
rowing time#. Then conditioning on the video channel occudiagram shown in Fig. 3. Solving the above Markovian chain,
pancy, the probability that the video channel borrowing is suare can get the state probability bfoice calls:
cessful is given by

[ (PR )

1 . . — -y
PR =3 PP 20 Py a(Xi M) =) (6) BE/9d Y
1=0 =

-1

‘ fori =0,1,2,....N (8)
where P, = (pb/i!) - (S0, ph/k!) " is the probability that
video channels are busy.
Next, we consideP ). When a voice call arrives and found
all N voice channels anin 4+ g — 1) video channels are busy (Ps(jQPs(fg .. ~Ps(i§N)) ol
(where(g—1) video channels are carrying voice calls), the max- F; =
imum time that they-th video channel can be borrowed without

7!
-1

violating the video call blocking requirement is very difficult to Mook (Ps(&g P Ps(ﬁg) pgA +9)

find. To simplify the analysis, we approximate this maximum x = + Z (N +4)!

borrowing time by considering a system consistsh\bfvoice k=0 i=1

calls and M — g+ 1) video channels (instead 8f video chan- fore=N+1,N+2,....N+g (9)
nels).

Then,when the new voice call arrives, the maximum chann&herep, is the voice traffic intensity.
borrowing time is approximated by the maximum time that the o ) -
first video channel can be borrowed from a system ith — B+ Derivation of Video Call Blocking Probability
g + 1) video channels, where: out of (M — ¢g + 1) video Next, we derive the video call blocking probabiliBg.. The
channels are busy. Again, |I&f; be the maximum time that a two-dimensional Markovian chain shown in Fig. 4 shows the
video channel can be borrowed without violating the video cathannel occupancy of the video calls, where statg¢) denotes
blocking requiremenf... It can be found from (2) by substi- that the system hasactive video calls ang active voice calls
tuting M with (M —g+1) andS = 1. ThenP;, the probability occupyingj borrowed video channels. Suppose when there are
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(a+ 1w,

Fig. 4. The channel occupancy of video calls.

(M3,

« video channels are lent to voice calls andor more video be borrowed, ang; is the voice call arrival rate to a borrowed
calls in the system, no video channel can be further borrowedeo channel3; is given by
by voice calls. The value of,, can be obtained from (2)—(4) in

the previous section.

From Fig. 4, the following set of balancing equations can be

obtained:

arPo1+ paPro— A2+ p51) Poo=0

MPis1 o+ (G +DpaPipro+onPig — (ipa + A2 + 1)
-Po=0 foro<i<M

AoPrr_1,0— Mpo - Pro=0

BiFoj—1+ p2Prj + ajp1Po i1 — (A2 + o + Bjg)
Py =0 for0<j<@
NP1+ i+ DpaPigry + 5P j—1 + P j
—(ip2 + A2+ + Bjq1) - Py =0
foro<i<M-—j 0<ji<(@
AoPryi—j1i + BiPru—jj—1 = (M = Ppz + ) Pyu—j
=0 for0<j<@

BaPog-1+mePia—(A+ag) Poag=0
MFi_1 ¢+ 0+ DpePig1.g+ BaFi a1
—(ipe+rotoag) Pg=0 foro<i<M -G
XePry—co1.6 + PaPr—aa-1
—((M = j)p2 + oc)Pr—c,c =0
,M; 3=0,1,...

Y B,;=1 fori=0,1,... .G

B = PnyjA (11)
where
Py = (N +)!
N . W p@)  p@Y (N4 T
X p_k +zg: (PSUCPSUC PSUC) pl
Frd k! —~ (N + )

is obtained from (9). It is the probability that &IV + ;) voice
channels (including channels borrowed from video) are busy.
Note that we have assumed that the overflow traffidollows
a Poisson process.

«;, the departure rate of the voice call holding the borrowed
video channel, can be approximated by

a;=(N+3) . (12)

(10) It should be noted that using the above equation, we have as-

sumed that all borrowed video channels are indistinguishable

whereq; is the departure rate of the voice call holding the botnd the immediate channel reallocation policy shown in Fig. 2
rowed video channef7 is the maximum video channels that cars ysed.
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-

X, the max. video channel borrowing time

A

'A >
h

1st 2nd 3rd All voice calls on the
borrowing borrowing borrowing borrowed video channel
request request request should depart on or before
arrives arrives arrives this time.

Fig. 5. Timing diagram for borrowing a video channel to carry multiple voice calls. Call departure is not shown, = Xy;t, —t3 = X| —ta;t, —t5 =
X —ts.

Solving (10)—(12), the video call blocking probabili8s; is  on the probability that the borrowed video channel cannot
the summation of all the blocking state probabilities in Fig. e returned withinX;, the second call borrowing request is

or granted. Otherwise, the second call is rejected.
M Similarly, suppose all the previoys-1 calls are still ongoing
Pgy = Z Py_is (13) and holding the time slots on the borrowed video channel when
0 the g-th call arrives at,. Theg-th call request is granted if the

total probability of at least one call is not finished hyis less
then P*. Otherwise, the-th call is rejected. It is obvious that

V. BORROWING AVIDEO CHANNEL FOR MULTIPLE VOICE g < nandX, — t, > 0. The above channel borrowing policy

CaLLs can be summarized by the following inequality:
We relax the constraint that each video channel can only carry a—1 P-1
a single voice call in this section. We consider a general system Z 7,[§N+q)—p H (1 _ Té\"+q—i) < P? (14)
that can borrownevideo channelfor carrying up tovoice calls, =0 -0

Wheren > 1. In_thls case, we cannot f|r_1d the anal_y_tl_cal expre%\-lhere% — e~m@i—t) andN is the total number of voice
sions for the voice and video call blocking probabilities becaus . . L
cﬁannels. The left-hand side of the above inequality is the

the number of state variables involved is too large to be handl? . . e
) . : : . tal/summation of the probabilities that at least one call out of
In the following, a heuristic channel borrowing rule is desugneg

. : . . . . ie.,qg—1 [ -
and its performance is evaluated in Section VI by S|mulat|ons.q.CaIIS .(I €4 ongoing calls plus and.one call under con
sideration) can not be completed ty Inside the summation

Fig. 5 shows the timing diagram for borrowing a video. _ ) —p - .
g : 9 diag ving . 5ign, the first terméj\ +97P s the probability thatq — p) calls
channel to carry multiple voice calls. When a voice call arrives

annot be finished by,. The second terd] /' (1 — AR

the probability thap calls have been finished ky.

For a more general system that multiple video channels can be
porrowed and on each borrowed video channel, multiple voice
- . : ; calls can be carried, the channel borrowing rule is very difficult
S nf; is found b I 2) withS = 1. If . ) ' - :

QoS requirementt, is found by solving (2) wi to design and is beyond our ability at this moment. We argue

the expected channel borrowing tinfeis less thanX;, the £ f tical tern that h vid h | i
borrowing request is granted and the call is assigned to the fiv%? for a practical system that each video channel can suppor
ultiple voice calls, borrowing of more than one video channels

time slot of the borrowed video channel. We refer it as the fir3} o . - .
seldom. This is because 1) borrowiagevideo channel is

voice call. Suppose the first voice call is not finished whe ) ) . ) .
the second voice call arrives, it initiates the second chanrdl ov'"d ofmultiplevoice channels; and 2) channel borrowing

borrowing request at,. We check if the remaining video is only used to solve the temporary traffic congestion; if such
channel borrowing time¥ + is sufficient for both calls events persist, the bandwidth/time slots should be re-partitioned
1 — ¢t ’

the first call and the second call (if admitted), to be finishe]:?r gving more time slots to voice.

by ¢... Since the holding time is assumed to be exponentially
distributed, it is memoryless. Thus at timg we consider the
remainingcall duration for the first call and the call duration Let denote the number of currently active video calls (i.e.,
for the second call (under consideration), follow the samedeo channel occupancy). Given the number of video channels
negative exponential distribution with me&yy:;. To check if that have already been lent to voice callseis/, denote the

the second call should be assigned to the second time slotlokshold onm such that ifm < J,, further video channel
the borrowed video channel, two cases need to be consideteatrowing is allowed; otherwise, no more video channel can
First, both calls cannot be completed iy Second, one of the be borrowed. Refer to Section 11I-B and Fig. 4, is different

two calls cannot be completed by. If the total probability for for different values ofrn andxz. Using (2)—(4),/, is obtained
these two cases is less th#lf, the pre-defined requirementfor various values ofm,z) pair. (If multiple voice calls per

att; = 0 and found all voice channels are busy, the first
borrowing request for a video channel is initiated. Based
on the current video channel occupaney the maximum

video channel borrowing time without violating the video cal

V. CHANNEL BORROWING FOR APRACTICAL SYSTEM
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TABLE 1
SYSTEM PARAMETERS FOR ANALYSIS AND SIMULATION
Parameters Symbols Values
Voice arrival rate A varied
Voice departure rate m 1/3 calls/min.
Video arrival rate Az 1.5 calls/min.
Video departure rate 0 1/3 calls/min.
Number of voice channels N 20
Number of video channels M 10
Video blocking requirement P, 0.01
System requirement on the prob. of no voice call leaving P, varied
the system within time X,

video channel is allowed, (14) is also used and the resulling [ voice Call Blocking Prob.
depends offm, =) pair as well as the number of idle slots in the 20 7————————————— :
already borrowed video channels.) Then the resulting values
J,. are stored in a table callathannel borrowing table

For a practical wireless system, the channel borrowing tabis +
is pre-calculated and then loaded into the system memory at t
base station. Thusoreal-time calculation of the lookup table is
required. For a system that supports single voice call per vide;o -
channel, when a new voice call arrives and foundMaloice
channels are busy, a table-lookup is performed to check if a vidi
channel can be borrowed based on the current video channel 5 |
cupancy and the number of video channels that have already bt
lent, i.e.,(m, x). If m < J;, anew video channel is borrowed to
carry the arrived voice call; otherwise, the call is blocked.

For a system that supports multiple voice calls per vide ; 4 5 6 .
channel, one more index entry is added in the channel bor-
rowing table: the number of idle slots in the borrowed videBig. 6. Voice call blocking prob. versus voice call arrival réte: P =
channel. In this case, when a voice call arrives and foufld: - = 0-0%-
all voice channels are busy, the system checks if any vidr-
channels have already been borrowed. Assymaleo chan- 1.08
nels have been borrowed. Check thest borrowed video
channel (i.e., channel) for possible idle time slots. Perform a 17T

Video Call Blocking Prob. (%)

table-lookup and check if the available number of idle slots i ;g6 | R o
video channey is sufficient to carry the current call. If yes, the | o [
call is assigned to the idle slot; if not, try to borrow a new idle 193 B A +

video channel by performing another table-lookup (similar t . |
the system that supports single voice call per video channe

It should be noticed that in this paper, we only designed tf 1.03 + T Puamabsis
channel borrowing rule, as summarized by (14), for borrowin "+ Paa-simulation
one single video channel for carrying multiple voice calls. Th 127 T4 Pao-analysis
borrowing of multiple video channels is beyond our scope. g |
When a voice call holding &oice channels finished, ac- M
cording to the order of video channel borrowing, finst voice 1 ; 4 5 6 ;

call on theborrowedvideo channel is re-assigned to the just re

leased voice channel. When there is no borrowed video changgl ; 4465 cail blocking prob. versus voice call arrival rate pr =

or a call holding a video slot/channel is finishewy channel 0.1, P, = 0.01.

re-assignment is allowed/needed.

Then we focus on multiple channel borrowing scenario in which

each video channel can carry one voice call. Both analytical and
The performance of the proposed resource sharing stratesgyulation results are obtained and compared. Finally, we study

is evaluated in this section. First we investigate the simple cabke effect of borrowing one video channel for carrying multiple

of borrowing one video channel for one voice call in details/oice calls using simulations. Table Il summarizes some useful

The effect on choosing different values Bf is investigated. parameters.

VI. NUMERICAL AND SIMULATION RESULTS
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Fig. 8. Voice call blocking prob. versu8*: A; = 5 calls/min.,P. = 0.01.
Video Call Blocking Prob. (%)
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Fig. 9. Video call blocking prob. versu8*: A; = 5 calls/min.,P,. = 0.01.

A. Borrowing a Single Video Channel for a Single Voice Callreduction in voice call blocking probability increases as voice
call arrival rate increases. At = 7 calls/min, the reduction in
First, we consider the case that only one video channel ogsice call blocking probability is 0.024 (i.eBz; — Py). From
be borrowed and the borrowed video channel can only cayy. 7 we can find that the corresponding increase in video call
a single voice call. Figs. 6 and 7 show the blocking prob@iocking probability is insignificant and in the worst case, i.e.,
bilities of voice and video versus voice call arrival rate. Th@, = 7 calls/min, Pgo = 0.0106 is only increased by about
probability requirement on no voice call finished during the.0001 as compared #8,; = 0.0105. Furthermore, we can see
video channel borrowing time is set 1§ = 0.1. The video that the analytical results dfz; and Pz, shown in both figures
call blocking probability requirement is fixed &,. = 0.01. match the simulation results very well.
The video call arrival rate is fixed at 1.5 calls/min such that Then we study the effect of changing?, the system
without using channel borrowing strategy, the video blocking.quirement on the probability that no voice call is finished
of Py, = 0.0105 is obtained using Erlang-B formula. We conwjithin the channel borrowing timeX;. Voice call arrival
sider 0.0105 is close enoughf = 0.01 and thus satisfied the rate is fixed at\; = 5 calls/min. Figs. 8 and 9 show voice
video blocking requirement. (Pp1) and video (Pp,) call blocking probabilities versus
From Fig. 6 we can see that the voice call blocking probd2*, where P* varies from 0.1 to 1.0. From (4) we found
bility decreases when channel borrowing strategy is used andéhe= 0.329,0.131, 0.051, and0 min, for P; = 0.1,0.4,0.7,
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Fig. 11. Video call blocking prob. versus: P = 0.1, P. = 0.01,5 = 0,1,2,3, M.

and1.0, respectively. From (1) and (2), we hay@ = 5.508, value of P, the more difficult to borrow a video channel and

4.829,4.009,3.031,1.970,1.049, 0.440,0.120,0.001, and 0 the probability of violatingP,. is lower. The vice versa is true

min, for m the number of active video calls varies from 0 to 9or a large value of’;. The optimal value of’* thus depends

Again, from (4), we can get the value for paramefgr(refer on the tolerance of a system on the probability of violating its

to Fig. 4). When the system hds or more active video calls, video QoS.

no further video channel can be lent to voice calls. We have ) . . )

J, =7,7,8and9 for P* = 0.1,0.4,0.7, and1.0, respectively. B. Borrowing Multiple Video Channels for Multiple Voice
From Figs. 8 and 9, we can see that voice call blockig ~ Calls

and the video call blocking’z> remain unchanged faP; < Next, we consider the multiple channel borrowing scenario.

0.4. This is because the values 6f are the same wheR; is  Again, we assume each video channel can only carry one voice

set t00.1 and0.4. WhenP; > 0.4, the voice blocking proba- call. Figs. 10 and 11 show the blocking probabilities of voice and

bility drops quickly and the QoS requirement on video blockingideo versus voice arrival rate. L&t be the maximum number

P, is slightly increased. Hence, we can conclude that the videbvideo channels available for lending to voice calls, where

QoS can be guaranteed using channel borrowing strategy whigr: A/. Results foiG = 1, 2, 3 andM are shown in the figures.

a suitable set of’F values is used. In general, the smaller thEor the case ofF = M, that means all video channels can
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Fig. 12. \oice call blocking prob. versus for different values of?; andn. P. = 0.01.

be borrowed by voice calls. The probability requirement on rability Pg; forn = 1,3, and5 are 0.1636, 0.1279, and 0.1098,

voice call is finished during the video channel borrowing time isespectively. A reduction of about 0.036 and 0.054 blocking

settoP” = 0.1, and the video blocking probability requiremenprobabilities can be obtained usimg= 3 and5. The corre-

is fixed atF,. = 0.01. sponding video call blocking probabilities have no significant
From Fig. 10 we can see that, compared to one channel bananges and with values 0.01061, 0.010 74, and 0.010 68, re-

rowing strategy in Fig. 6, the voice call blocking probabilityspectively.

is further reduced whemultiple channel borrowing strategy For P; = 0.01 andn = 5, the results are also plotted in Figs.

is used. As expected, the larger the valug®fthe lower the 12 and 13. The smaller the value Bf, the more difficult to

voice call blocking probability we can get. Whéh = M, at successfully borrow a channel. Therefore the voice call blocking

A1 = 6 calls/min, the reduction in voice call blocking probaprobability is higher than that witk; = 0.1. On the other hand,

bility is about 0.02 (based on simulation results) as compartte probability of violating video blocking requiremes} is

to the case withG = 1. From Fig. 11, we find that the corre-reduced as indicated by the smaller value$g$ in Fig. 13.

sponding increase in video call blocking probability is insignifi-

cant. Evenin the worst case, i.&,= M and\; = 6 calls/min, D. Effect of Borrowing on Radio Channel Utilization

video call blockingPg2 = 0.0112 is only increased by about Next, we study the effect of channel borrowing on radio

0.0007 as compared By, = 0.0105. We can also see thatchannel utilization. We define the radio channel utilizatiah,
the analytical results in both figures match the simulation rgg

sults very well. (Note that the analytical results @r= M is
not plotted because of the high computational time involved.) _ Bat+5B,
We can conclude that the proposed multiple channel borrowing Bandwidth

strategy is very effective in reducing the voice call blocking,hereBandwidth= N + 5M. Recall thatV is the number of
probability while kegp.ing the violation of video call blocking, ice channels pre-allocated to voice ahis the number of
QoS requirement minimum. video channels pre-allocated to video, where each video channel
) ) ) occupies 5 time slots and each voice channel occupies one time
C. Borrowing One Video Channel for Multiple Voice Calls  giot B_ is the average number of the busy voice channels and
Next, we use simulations to study the effect of borrowing ong,, is the average number of the busy video channels. Bjth
video channel for carrying multiple number of voice calls usingnd B,, are obtained from simulations.
the channel borrowing policy summarized in (14). Figs. 12 and Fig. 14 shows the radio channel utilization against the voice
13 show voice Pg; ) and video(Pp») call blocking probabil- call arrival rate. In our simulations, we keéfi = 0.1 and
ities versus voice call arrival rate;. The video call blocking F, = 0.01. For video traffic, we usg; = 1/3 calls per minute
QoS requirement is still set t6,. = 0.01. Let the number of and\; = 1.5 calls per minute. For voicey; = 1/3 calls per
voice channels that can be supported by a video channel beninute. From Fig. 14, we can see that without using channel
The results of, = 1, 3 and5 are shown in Figs. 12 and 13. Theborrowing, the channel utilization is the lowest. Let each bor-
video call arrival rate remains ab = 1.5 calls/min such that rowed video channel be used to carry one voice calli.e-,1.
without using channel borrowing strategy, a video blocking @s the maximum number of video channels allowed for lending
Py; = 0.0105 can be obtained. From Fig. 12, we can see thaicreases front7 = 1 to M, the radio channel utilization in-
when); = 7 calls/min andP; = 0.1, the voice blocking prob- creases. Then we fi& = 1 and varyn, the number of voice



WU et al: EFFICIENT CHANNEL BORROWING STRATEGY FOR REAL-TIME SERVICES 1283

Video Call Blocking Prob. (%)

1.10

1.08

1.02 4 —o— PP, =01,n=3

1.00 4

A

0.98 T T T

Fig. 13. Video call blocking prob. versus for different values of’; andn. P. = 0.01.
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Fig. 14. Radio channel utilization versis for different channel borrowing policie$?; = 0.1 andP, = 0.01.

calls per video channel. As increases, the channel utilization VII. CONCLUSION

alsq Increases. . , . An efficient resource sharing strategy between real-time
Since the video call arrival rate and the video call blockmgoiCe and video calls in multimedia wireless networks was

probability are fixed in our simulations, the channel UtilizatiOBroposed and studied in this paper. Both analytical and sim-
due to video traffic remains unchanged as 1) the voice call ation results for various channel borrowing policies were
CieS are Used. For aﬁxed VOiCE Ca” al’l’ival rate and W|th diﬁ:ereaan increase the radio Channel uti“zation by Carrying more
channel borrowing policies, the increase in overall channel Wisice traffic. As a result, the voice call blocking probability can
lization is therefore due to more voice calls have been carried ¥ significantly reduced while the QoS requirement on video
the borrowed video channels. This is consistent with our earligiills is not violated.

results that the voice call blocking probability is reduced when The borrowing concept proposed in this paper can also be
channel borrowing is allowed. used for giving priority to different classes of traffic. One poten-
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tial application is for prioritized handoff scheme using channef14] Y.H.Kim etal, “Analysis of bandwidth allocation strategies with access
restriction in B-ISDN,”"IEEE Trans. Communvol. 41, pp. 771-781,
May 1993.

reservation for handoff calls [7]. The new call blocking prob-

ability can be cut down by allowing the reserved channels for

handoff calls to be temporarily borrowed by new calls.
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