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Effect of Mobile Velocity on Communications in
Fading Channels
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Abstract—in a fading channel, it is well known that the rate of nels with perfect interleaving is reviewed in [1]. Early work
channel variation is dependent on the velocity of the mobile. Con- done with FSC’s is reviewed in [2]. In [3], the performance
sequently, depending on the channel correlation, successive SYM-5f Reed—Solomon (RS) codes is considered for the Fritchman

bols transmitted over the channel can suffer from very similar or h | del. Th ket te interl d fadi
possibly very different fading conditions. In this paper, we present channel moael. The PAckel efforfate in a nonineneavea iading

an analytical model to evaluate the effect of mobile velocity on channel is studied using error recursions in [4]. In [5], the per-

the performance of a communication system operating in a multi- formance of coded communications over a FSC with finite in-

path fading channel. To incorporate the effect of velocity, a Markov  terleaving is considered. Two alternative methods of modeling

processis used_wh!ch capturesthe correl_ated nature ofthe channel. multipath fading as a Markov process are considered in [6] and

An error recursion is then developed which considers the effect of ) .

closed-loop power control, channel coding, and finite interleaving. [7]. In 8] and_ [9], the effect of me"e veI_OC|ty on the perfor-

In the numerical analysis, we use the analytical model to investi- Mance of various system models is considered through simula-

gate the tradeoffs when these various schemes are used. We demontion.

strate hpw the performance of these different schemes is sensitive The organization of this paper is as follows. In Section II,

to mobile velocity. we introduce the system model and state various basic assump-
Index Terms—Error correction, fading channels, Markov pro-  tions. The characterization of the fading channel as a Markov

cesses, power control, time-varying channels. process is then discussed in Section l11. In Section 1V, the model

used for closed-loop power control is reviewed. Section V

presents analysis used to derive the performance of the system

with FSC techniques. The effects of power control, coding, and

W'RELESS communication systems suffer from a variefyterieaving are considered. Numerical results and discussion

V' of channel impairments such as propagation loss, shafla presented in Section VI. Finally, Section VII summarizes
owing, multipath fading, and thermal noise. Fading has a partigsyits and presents conclusions.

ularly deleterious effect due to its time-varying nature and be-
cause deep fades in the signal amplitude lead to decoding errors Il. SYSTEM AND CHANNEL MODEL

at the receiver. Several techniques have been devised to coun- o . . . .
teract this type of channel impairment. However, because the® COmmunication system using binary phase shift keying

correlation between fades is dependent on the speed of the #i>SK) modulation is considered. The mobile user's data bit

bile, the effectiveness of these schemes varys considerably sbrganm, is modgled as asequence of mu.t'ually indepgndent bi-
function of mobile velocity. nary random variables, each with probability 1/2 of beidgor

In this paper, an analytical model is developed which chara_cl' The resulting base_band model of _the_transmitted waveform
the BPSK signal with rat& = 1/T is given by

terizes the performance of a communication system in a fadif?d

. INTRODUCTION

channel as a function of mobile speed. A Markovian model for 5 &
the fading channel is used that lends to a tractable analysis using s(t) =4/ T Z bolpr(t —nT) (1)
finite-state channel (FSC) techniques. An error recursion is then n=-—0co

developed which considers closed-loop power control, Cha”%erepT(t) is a unit amplitude pulse in the interval, 7] and

coding, and finite interleaving—common components in many s the correction factor due to closed-loop power control. The
communication systems. In particular, we show how the p&fg\yer control model will be considered in more detail later.

formance of these different schemes depends on the existingphe transmitted signal is corrupted by multipath fading

channel copdi?i_ons. M(_)reover, the use of a combination of thegsgy aqditive white Gaussian noise. By using a narrowband
schemes significantly improves the overall performance of ”é?stem model, the multipath fading is accurately modeled as a
system. , , frequency nonselective time-varying multiplicative distortion
There has been extensive analysis of the performance of cQffn some phase shift. At the receiver, we assume that the phase
munication systems over a fading channel. Much of this rgzp pe perfectly estimated. Thus, with coherent reception, the

search considers independent fading between symbols; the pé#sc from fading is only due to the multiplicative effect. The
formance of coded communication systems over fading Charﬂput to the receiver is then given by
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is assumed that the fading stays constant over the entire bit gibcess. First, an expression for the pdf of the current state of
ration, hencea(t) = a, for (n — 1)T < t < nT. After the the faded channel conditioned on a past fade is needed. By using
received signal is passed through an appropriately normalizbé GWSSUS assumptions, a result from [12] can be used on

matched filter, the output of the receiver is the underlying Gaussian components to generate the transition
matrix. The joint distribution of- and s, two levels of fading
Zin = aplypbyn + 1y separated by some time is

wherer, is the matched filter output due to thermal noise with,, ., ,;_.(r, s)

varianceNy /2. If Z,, is greater than 0 the receiver demodulates rs r? 4 g2 o]

bit b,, to be+1, otherwise, the bit is demodulated to+k = m eXP<—m> Iy <7’3 m)
I1l. CHARACTERIZATION OF THE CHANNEL (7)

To make the analysis tractableyt) is modeled as a Wherep = Rx(r)/o? = Jo(2nfm7) and.o(:) is the zeroth-
first-order Markov process. The Gaussian wide sense stationgF§ér modified Bessel function. Clearly, this joint pdf depends
uncorrelated scattering (GWSSUS) model from [10] is usét the speed of the mobile through After normalizing and
where the underlying components of the fading procasst) transfo_rmmg (7 into decibel units, Bayes’ rule is used with (5)
and X,(¢), are modeled as independent zero-mean Gaussf@rPPtain the conditional pdf
processes. Hence, giver{t)e’®® = X,.(t) + jX;(t) and

EX,(O)X,(t + 7)] = EX;®)Xi(t + )] = Rx(7), the Pa@l ¢ (sl")

autocorrelation function from [11] _ 10°/10 expl - 10°/10 4 p?107/1°
10(1 — p?) log € 1—p?
_ 2
Rx(r) = oo funT) ®) I [10(r+s)/20 12|P|2} ) @8)
—p

is used wheréo? is the mean square value of fadinfy(-) is the
zeroth-order Bessel function, arfg, is the Doppler frequency The distribution of this conditional pdf dependsara function
given asf,, = vf./c wherev is the speed of the mobil¢, is of 7, wherer is the time between two successive fades. Thus,
the carrier frequency, ands the speed of light. Clearly, mobile we obtain the transition matri® for two successive fades by
velocity affects the fading procea$ét) through the autocorrela- settingr = 7" and integrating the conditional pdf in (8) over the
tion function Rx (7). appropriate intervals

A. Steady-State Distribution P, = / / P, |4, (s|r) drds. 9)

To characterize the fading channel as a Markov process, a Ve T
steady-state distribution and a transition matrix are needed. THas formulation gives a transition matrix that describes how
probability density function (pdf) of the Rayleigh-distributedhe fading changes from bit to bit. Hence, (6) and (9) model

fading factora,, from (2) is the fading as a finite-state Markov channel. Although the fading
) channel is not Markovian, applying this model lends to a more
Pa, (a) = a2 exp| — a fora > 0. (4) tractable analysis.
" o2 202 )7 -

. . . . IV. POWER CONTROL MODEL
Because a loglinear power control model is used, the fading will

be expressed in decibels. Hence, after normalizipgvith re- With the transmitter, channel, and receiver appropriately de-
spect to its root mean square valyg (= a,/v202), a trans- fined, we now describe the model used for closed-loop power
formation into decibels givesA,, = 20 log;, ¥») control. By using a first-order Markov process to model the
10 fading channel, we constrain th@emoryof the channel so that
_ 10 / _10A/10 the current fade is dependent only on the most recent fade. The
pa, (A) = exp| —10 . (5) . .
10 log;q ¢ same structure is employed in the power control model so that

it only depends on the previous update.

In the numerical analysis, &m, ) RS code generated over
Galois field GF(27) is considered. Clearly, this analysis can
also be applied to any linear block code. To simplify the notation
here, we assume dn, k) binary linear block code is used. We
P _ / (2)d ©) will then describe the changes necessary for the model to be

4 = | Da, \X)ax. used with RS codes. Lét, be the rate of power control updates;
that is everyl;,, = 1/R, s, a new update is sent from the base
station to the mobile to adjust its power. The number of bits
transmitted between power control updates is denotet/ by

To capture the change in the channel model due to varyiffy/7". Each set ofd bits is represented by a power control
mobile speed, a transition matrix is developed which utilizegoup where is the index associated with tki power control
the Gaussian nature of the underlying components of the fadii@up and; indexes thejth bit in theith power control group

To compute the steady-state distribution, the fading proggss
is partitioned intaL intervals(Uy, Us, ---, Ur). Itis straight-
forward to numerically compute the steady-state probalitity
where thekth element is given by

B. Transition Matrix
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i1 ith power control group i+ the channel varies over time, the update from the power control

loop will become outdated. How quickly the update becomes
outdated will depend on the channel correlation which is a func-
tion of mobile velocity.

Fig. 1. Power control group. From this simple procedure, the received pougr; at the

base station can be computed. The received power determines
the signal amplitude and the ensuing performance of the com-
munication system. Wheh= M, the last bit of the power con-

trol group is evaluated and a correction is sent to the transmitter.
The transmitted power for the first bit of the new power control
group is

g B 1 Y I I B A LYY I I

B

Lii=Li 1, m—Ri1,m+R".

To obtain an expression fdt; ; for 1 < j < M, we note that
the received power of the first bit of the power control group is
given by

Rii=4,1+L;1
Fig. 2. Closed-loop power control. =A; 14+ Li i —Ri1 o+ R

=Ai1—-Ai M+ R
wherel < j < M. Thus,a,, the fading associated with thgh —A;, —B;_, +R* (10)
bit, is denoted by ’

whereA;_; p = Ri—1, m — Lio1, p» and B;_; 2 Aic M.
Thus, (10) gives an expression for the received power of the
. . . ) first bit in thesth power control group that is dependent only on
This notation will be used interchangeably. A model of the S€fie current fade. the previous fade, and some con&tarBince

aration of bits into power control groups is shown in Fig. 1. - yhe transmitted power does not change within a power control
In [13], a power control model was considered Wh'C%roup Li11=Li_1 VI k then

transforms a standard closed-loop model into an analytically

tractable loglinear model. A similar model is used in Fig. 2 that R, j=A;;—Bi1+R (11)
captures the essential points of the feedback loop. To impose ' '

linearity onto the entire loop the measurements are madeféit 1 < j < M. Thus, we now have a general expression for
decibel units. Thus/,, the update computed by the powethe power control at the base station. The simple model does
control loop in (1), is related to the transmitted power; by not approximate a typical feedback loop which usually averages

L;, ; = 20 log,o ln Wheren = iM + j. over a series of measurements. However, it captures the essential
In the figure,L; ; is the transmitted power at the mobile anghoints of closed-loop power control.

A; ;isthe loss due to Rayleigh fading. Itis assumed that there is
some open-loop power control mechanism that compensates for
the channel loss from long-term effects such as shadowing and ) ]
propagation lossR; ; is the received power at the base station With the system approprla_tely_ defined, a closed form for the
where we assume that the base station can perfectly estimatgiéormance of the communication system as a function of mo-
signal loss due to fading?* is some constant desired receive®!l® Velocity is obtained. The performance of the system is con-
power. S|.dered when combinations of power control, c_odmg, and fi-
The power control loop updates the transmitter once after Aif€ interleaving are used. By modeling the fading channel as
M bits of a power control group are sent. In Fig. 2, whiea M, & f!rst-order Mark_ov process, we can develop_ an error recursion
the last bit in the current power control group has been receiv&§ing FSC techniques that incorporates the time-varying nature
The switch then closes and the received paiies; of this last of the f_adlng process and considers the _e_ffect of codmg and in-
bitis compared tdz*, some preset desired power set by the bal@/l€aving. DefineP(m, n) as the probability ofn errors inn
station. A correction factor is computed and sent back to thiS- To compute the error recursion, two distinct cases need to
mobile. It is assumed that the correction factor is perfectly rB€ considered—a recursion for the coded bits within a power
ceived by the mobile without delay. The correction factor is theiPNtrol group and an expression to relate the performance be-
combined with the previous transmitted power to form the nelfy€€n separate power control groups.
signaling powelL;; 1 for the next power control group. At all ) o
other times { # M), the switch stays open and the transmittet- ETOr Recursion: Within a Power Control Group
power does not change. Hence, immediately after the controlConsider theth power control group consisting @f bits.
loop updates the mobile, the first bits that are sent by the mbhe value of the received pow#y; ; in (11) depends on the up-
bile will be able to counteract the loss from fading. However, atate from the previous power control groBp_;. The P(im, n)

i, 5 = Qn, whenn = iM + 7.

V. SYSTEM PERFORMANCE
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recursion can be computed by conditioning over the range of

values thatB;_; can take on | |M 1 | 2| | . | ] ] - 1] 2]
L u u
= ; P(m, n|Bi—1 = U)P(B;—1 = Up). B.—A BoA_

A recursion for the probability of: errors inn bits conditioned Fig. 3. Relating power control groups.

on B;_ is obtained by partitioning the recursion over the quan-

tized levels of fadindl/1, Us, ---, UL). This gives control groups andi + 1. Let P(m, N) whereN = iM + M
denote the error distribution for the very last bit of fttepower
control group. From (12), we sum over all possible values of

L
P(m, n|Bi_1) = ; P(m, n, Ai,j = Ui|Bi_1) B;_; to obtain

wheren = M + j for 1 < j < M. Letting P(m, N, A p=Uy)

Py(m, n|Bi_1) £ P(m,n, A;; = UlBi_;) to simplify L

notation, a recursion can now be obtained. The recursion for = Y P(m, N, A; y = Ux|Bi_y = U)P(B;_; = U}).
P,(m, n|B;_1) is dependent on the ternd%(m, n — 1|B;_1) =1

andF;(m—1, n—1|B;_;) forall L states. Thus, the probability (14)

of m errors inn bits when the channel is in stalig is Thus, we now have the probability ef errors in/NV bits when

the current level of fading i&, V& € {1, 2, --- L} and¥m €

Py (m, n|Bi_;) = Z P(m—1,n—1|B;_1) {0, 1, --- N}. In our power control model, the valug; »; is
= used as the update for the next power control gradp:=
PUU)P(E|Bi-1, Ai,j = Us) A;, . Therefore, we can usé;, 5, from (14) to feed the value
L of the new power control update; to the first bit of the(¢+1)th
+ Z P(m, n—1|B;_1) power control group. The recursion for the first bit in the next

= B power control group is
P(U|UDPE|Bi—1, A j =Uk)  (12)

2

P(m, N+ ].7 Ai—l—l,l = UYI|BZ = l[k)

where¢ is the event of an error for theth _blt. A proof of th|§ . — P(m, N|4; v = U)P(UL|UR)

expression can be found in the Appendix. Each summation in _

(12) consists of three termi§ (-, n — 1|B,_1), P(Ux|U;), and - PEIB: = Uk, Aiv1,1 = Uh)

P(:|Bi_1, A; ; = Ux). The second termP(Uy|U;), is given + P(m —1, N|A; ar = Un)P(U|UR)

by the transition matrix from (9). The third term is the bit error -P(¢|B; = Uy, Aip1,1 = 10). (15)

probability where the received power at the base station given

by (11) can be computed from the current level of fadihg; = The proof is similar to the one found in the Appendix for (12).

U} and the power control updafe;,_; so that Thus, we now have a relation between the last bit inithe

power control group and the first bit in tti¢+ 1)th power con-

Phit error = Q (\/ 2. 10Rf1j/10) . (13) trol group. To compute the rest of the bits in the power control

group, we continue with the recursion described in the previous
Last, F;(-, n — 1|B;_1) depends on the recursion itself and theection.

initial values
C. Interleaving
£(0,0) =1 - In this section, we describe how the effect of interleaving of
Pi(0, 1| Bi—1) = P(§] Bi-1, Ao,1 = U) P(Ug| Bi-1) the block-coded system is considered. An interleaver of dépth
Py(1,1|B;—1) = P(§|Bi—1, Ao,1 = Up) P(Ug|Bi—1) is used to separate successive bits from the same codeword by
Pi.(m, n|B;_1) =0, for m < 0 andm > n. d bits from other codewords. With such an interleaver, we can

modify the error recursion described above to account for the

In these initial termsP(+|B;—1, Ao,1 = Usx) is defined as in effect of finite interleaving. Since the modification is relatively
(13) andP(Uy| B;-1) is given by the transition matrix from (9). straightforward, we will summarize the general procedure here.
Thus, we have a recursion that applies to the bits within a singleafter the bits are interleaved, they are combined into a succes-
power control group. sion of power control groups that are transmitted to the receiver.
To compute the recursion, two distinct situations can occur. If
two successive coded interleaved bits are in the same power con-

In this section, a method is developed to compute the rectmsl group, then (12) can be used to compute the recursion, how-
sion between power control groups. Suppose in Fig. 3, the erewer the transitiom?(U;|U;) is overd additional bits. For bits
recursionP(m, n) has been computed for @ bits in theith  of the same codeword that are interleaved into separate power
power control group using the method described above. An eontrol groups, the recursion must be completed for the current
pression is needed to relate the error distribution between powwewer control group and then extended to the next group. Con-

B. Error Recursion: Between Power Control Groups
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i i+l VI. NUMERICAL RESULTS

M2 M M| ] 2

In this section, numerical results are presented for the
1‘ 1‘ coherent reception of BPSK in the Markov-modeled Rayleigh
g g+l fading channel. A (63, 33) RS code ov&#'(2°) is considered
where fading is quantized over 32 levels. The RS code is used
because it is a nonbinary error correcting scheme that is ideally
dsuited to bursty channels. The figures compare the packet
error rate (PER) performance as a function of mobile speed
when different combinations of power control, coding, and
interleaving are considered. The plots are generated uging
?Hedesiredsignal—to—noise ratio (SNR) for the receiver in (11).
The unconventional use dt* for SNR is due to the fact that

Fig. 4. Two interleaved bits in separate power control groups.

sider Fig. 4 wherg andg + 1 are bits from the same codewor
that are separated hibits over two power control groups. To
compute the error recursion, the error statistics foith@ower
control group must be completed first. To do this, an equati
similar to (12) is used where there are no errors

L when power control is used, the average received SNR changes
Pi(m, n|Bi_1) =Y _ P(m, n|B;_1)P(Ux|U:)  (16) as a function of mobile velocity. By considerifiy, a constant
=1 SNR expression can be used to compare the performance at

where P(Uy,|U7) is a transition from biy to the last (/th) bit different velocities.

of the power control group. Then an equation similar to (15) can Fig. 5 plots the packet error rate performance from (18) versus
be used to relate the power control groups mobile velocity for a power controlled system at three levels

of R* with no channel coding. The carrier frequency used is
P(m,n, Aix1.1=U|B; = Uy) fe =850 MHz. There are/ = 9 RS blocks of uncoded bits per
= P(m, n|A;, y = U ) P(U|U). (17) Ppower control group. Atlow speeds, power control improves the
performance significantly. This makes intuitive sense because
Finally, (12) can be used to extend the recursion tagbit 1  at low speeds, the channel is highly correlated from symbol to
of the new power control group where the transition is from thg/mbol. When power control updates the transmitted power, it
first bit of the new power control group to the location of bitan effectively null out the signal degradation caused by mul-
g+ L tipath fading over many successive symbols because the fading
. varies slowly. However, as the velocity of the mobile increases,
D. Channel Coding the performance of the power-controlled system worsens. As the
As mentioned earlier RS codes generated @vél(27) are rate of fading increases, the power control may work well for
used for error control in the numerical analysis. So far, we hathee first symbols of the power control group, but for subsequent
presented a formulation for binary linear codes in order to sirmymbols, since the fading changes rapidly, power control does
plify notation. To use RS codes, it is assumed that the fadingt counteract the fading effect. At high velocities, this system
stays constant over a symbol duration. Hence, the only modi-useless because there is virtually no correlation between suc-
fication necessary for the channel characterization is to let tbessive symbols of a codeword.
transition matrixP in (9) transition over &-bit RS symbol so  Fig. 6 illustrates the PER performance of the coded system
thatr = ¢T. with no power control as a function of vehicular velocity. We
Although the error recursion now courf§m, n), the prob- see a much different relationship when coding is used. The best
ability of m errors inn symbolsthe error recursion describedperformance for the (63, 33) RS code is at high speeds. When
above remains the same with the exception of (13). Insteadtbé signal experiences a fast fading channel, successive sym-
counting bit errors, now it is necessary to track symbol erronsols in a codeword will suffer from nearly uncorrelated fading.
Because it is assumed that fading stays constant ogebit Hence, performance is best at high speeds because the RS code
symbol, the probability of symbol error can be computed froman correct intermittent symbol errors due to the channel. How-

(13) using ever, as the speed decreases, the performance worsens because
g the fading channel becomes more correlated. If a deep fade cor-
P(E|Bi1; Ain = Ur) = 1= [1 = Puit exror]” - rupts the codeword, the fade may lead to a burst of errors that

With the error recursion as defined which accounts for inteFUrPasses the error correcting capability of the RS code.
leaving and power control, it is straightforward to obtain the FT0M Figs. 5and 6, we observe that power control and coding
performance of the communication system with coding. GivéRitigate the effect of the faded channel at low speeds and high

an(n. k) RS code witht-error correcting capability, the proba_speeds. prever, at intermediate speeds, neither scheme
bility of packet error is given by works particularly well. Power control works poorly because

the channel conditions change too quickly for the feedback
loop to track the fading. Channel coding also works poorly
Ppacket error = Z P(m, n). (18) at intermediate speeds because the correlation of the channel
M=t leads to longer bursts of errors that surpass the error correcting
We now have an analytical model from which we can investigat@apability of the code. We consider the use of coding fanite
the performance of a communication system as a function ©fmbol interleaving to improve performance at intermediary
velocity. speeds without further reducing the overall rate of the system. If

n
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packet error rate

1 0'3 ! ] i L 1 1 ] L ; ]
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velocity (in mph)

Fig. 5. Packet error performance as a function of velocity for three different valus,ahe desired received SNR. A system employing closed-loop power
control with no channel coding is used where nine uncoded blocks of bits are transmitted per power control group.
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Fig. 6. Packet error performance as a function of velocity for a (63, 33) RS-coded system with no power control.

some delay can be tolerated, a combination of interleaving ainterleaving at these speeds, the system can experience deep
coding can be used to improve the performance at intermeditades that can surpass the error correcting capability of the RS
speeds by breaking up the channel correlation between symhmmde. With interleaving, the error bursts affect fewer symbols
of the same codeword. Fig. 7 plots the performance of tloé the same codeword. Hence, the shorter bursts of errors
communication system when different interleaving depths ateat are experienced by the system with interleaving can be
used with the (63, 33) RS code ati of 12 dB. Clearly, corrected by the RS code. At high speeds, the performance
the performance gain is at the intermediate speeds. Withalates not improve significantly because the fast fading channel
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packet error rate
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Fig. 7. Performance with (63, 33) RS coding when interleaving at various depths is used. No power control is consid@ree drxddB.
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Fig. 8. Performance of combined system at various interleaving deRths=(12 dB). Each power control group consists of nine coded blocks.

“naturally” interleaves the codeword. At low speeds, finitéion of mobile velocity for a noninterleaved system and depths
interleaving does not give a performance gain because the eobiwo and five. The plots are obtained using a (63, 33) RS code
bursts are still too long. at aR* of 12 dB. The plot shows that the performance of the
From the figures above, we see that power control works welbmbined model over the entire range of velocities is consider-
at low speeds while a combination of channel coding and intebly better than the performance of the individual components
leaving works well at intermediate and high speeds. We wouddbne. We observe a significant improvement in performance
expect that combining power control, interleaving and codirag low speeds while the performance at high speeds approach
would perform at least as well as the different schemes alotigose for the coding cases alone. This performance is due to the
Fig. 8 plots the performance of the combined system as a fufi@et that coding can be used for any channel environment while
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power control is only useful at low speeds. Because the channglere the everd denotes that theth bit was received in error.

is slowly varying at low speeds, the power control can track thigter simplifying the notation so that the eve,ﬁté {m -1
fading very well and counteract it. After demodulation, the fe\grrors inn — 1 bits}, we consider only the first term in (21)

errors due to this channel can than be corrected by the RS code.
Hence, the good performance at low speeds. At high speeds,
we only observe the gain due to coding. This is because power
control is unable to track the fading at high speeds because the
channel changes too quickly. We notice that interleaving helps
the overall performance of the system with a significant gain
at intermediate speeds. This is expected from the observations
made earlier.

VII. CONCLUSION

In this paper, we have presented a method to evaluate the per-
formance of a communication system as a function of mobile
velocity. Based on this model, we have investigated the perfor-

L

PRy

B, 6 A jm1=U, A j = U|Bi—1)

M=

P(3,¢ A =UrlAi jo1 =Up, Bisy)

=1

-P(A; j_1 =U|B;i_1) (22)
L
= Z P(B, | Ai ;= Uy, Ay jo1 = Uy, Bi_1)
=1
- P(U|U)P(A; j—1 = Ui Bi—q) (23)

mance of a communication system as a function of mobile vahere (22) and (23) are obtained by repeated uses of Bayes’

locity when power control, coding, and finite interleaving ardheorem where we replad&(4; ; = Ux|A; ;1 = Uy,

B;_1)

considered. It has been shown that the correlation of the chanwéh P (U |U;) in (23) because the fading process is Markovian.
has a large influence on the performance of the overall systéfaing Bayes’ theorem once more, we then find

when these different schemes are considered. Moreover, a com-
2 P(BIE, Ay = Uy, Aij1 = U, Bi 1) P(Ui|U7)

bination of these different techniques, can lead to an improve
mentin performance over a large range of velocities, that s, over—
the different channel conditions.

APPENDIX
DERIVATION OF THE ERRORRECURSION(12)

We would like to show that the following expression holds
true:

P(£|A71 _Uka 2, j—1 :[]la
(AZJ 1 _UI|BZ 1)

B;_1)

<

L
=Y P(BlA; j1 = U, Bio)P(¢|A; j = Uy, Bio)
=1

- P(Ur|U)P(A;, j—1 = Ul Bi—1)

~

= Z P(B3, A; ;1 = Ul|B;i 1)P(&| A j = Uy, Bi 1)
=1

Pi(m, n|B;_1) (19) - P(Ux|U1) (24)
_ & P 1 1B, where in (24) the first term is simplified by noticing thatthe
- ; i(m =1, n —1]B;1) probability ofm — 1 errors inn — 1 steps, does not depend on
= the future fade nor if the next bit is received in error. The sim-
P(rUk|Ul)P(£|Bi—la Ai j = Ux) plification of the second term in (24) is due to the fact that the
- event£ only depends or;_,, the current fadei?;_, the update
+ Z Pi(m. n = 11Bi—1) P(Ux|U1) from power control, and*, the desired SNR at the receiver. Fi-
=t nally, the last equation is obtained by combining terms through
P(E|Bi—1, Ai j = Uh). (20)

Bayes’ rule again. Hence, we obtain the first term in (20). A

similar proof holds for the second term of (20).
Substituting the correct expression for the simplified notation in
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