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Abstract—1In uncoded cooperative wireless networks, error
propagation due to the detection errors at the relay limits
the performance of cooperative digital relaying. Threshold re-
laying is a simple and effective technique to mitigate error
propagation without any reliance on the channel coding. This
paper analyzes the asymptotic end-to-end (e2e) bit error rate
(BER) of threshold digital relaying in a network with a single
relay and links experiencing independent Rayleigh fading. It is
shown that the optimal threshold that minimizes the e2e BER
increases as log(SNR) as the average link signal-to-noise ratios
are increased simultaneously. The resulting e2e BER decreases
as log(SNR)/ SNR?, thereby achieving dual diversity.

I. INTRODUCTION

In wireless networks, cooperative relaying creates indepen-
dent paths from a source to its destination. The destination can
combine signals from these independent paths using traditional
combining methods such as Maximal Ratio Combining (MRC)
and improve the e2e reliability. Several relaying protocols
to achieve cooperative diversity are proposed in [1], [2].
According to the signal processing performed by the relay,
cooperative relaying protocols can be classified into two
categories: analog and digital. In analog relaying, the relay
amplifies the signal without detection. In digital relaying, the
relay first detects and then remodulates the signal. The focus
of the present paper is digital relaying.

Consider a source-destination pair and a single digital relay.
if the detection at the relay is error-free, the destination is pro-
vided with two diversity branches: one from the relay and the
other from the source. By combining these branches, the error
probability at the destination is reduced significantly. However,
retransmitting erroneous symbols from the relay causes the
post-combining SNR at the destination to be very small and
a symbol error at the destination becomes very likely. This
latter event is usually called error propagation. If the relay
retransmits all the symbols regardless of the reliability of its
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detection, i.e., simple relaying, the e2e diversity order is only
one [3]. Hence, error propagation limits the e2e performance
of digital relaying.

There are different ways to mitigate error propagation. In
systems with embedded error detection codes, the relay can
transmit only if no errors are detected. In this case, the relay
can also correct some of the symbol errors by decoding and
re-encoding the received data block. However, some coding
schemes such as LDPC and turbo coding increases both
the relay processing and delay. Moreover, in heterogeneous
networks including nodes with limited capabilities, such as
sensors, it may be preferable to use relaying schemes that
are transparent to coding. When error detection is either
unavailable or inefficient, an alternate approach is to use the
instantaneous SNR of the source-relay link as a measure of
the reliability of the relay detection. If the source-relay SNR is
larger than a threshold, the probability of an error at the relay
is small and hence the relay retransmits the signal. Otherwise,
the relay remains silent. These kind of schemes are called
threshold digital relaying (TDR) [4]-[6].

In [5] Herhold et al. proposed a TDR scheme, where the
threshold is selected jointly with the power fraction used by
the relay and the source. They determine these parameters
through numerical optimization. The BER of TDR schemes in
a network with multi-antenna relays using a similar threshold
function was studied by Adinoyi and Yanikomeroglu in [4].
In [6] the optimal threshold functions that minimize e2e BER
have been derived analytically. It is shown that if the threshold
is selected properly, TDR can improve the BER performance
significantly compared to the simple relaying, where the relay
always forwards the received data. In [7] Ponnaluri and Wilson
considered a system with two parallel relays and equal gain
combining at the destination. They showed that a threshold
of the form ¢SNR/? achieves diversity order of d = 3 — €.
With this threshold, despite the asymptotic diversity gain, the
e2e BER performance does not improve significantly in the
practical ranges of link SNRs, especially for low e values.

Wang et al. proposed a new digital relaying scheme, called



link adaptive relaying (LAR), that aims to reduce error propa-
gation by adapting the relay transmit power to the link SNRs,
rather than transmitting with full power all the time [8]. This
idea is a generalization of TDR if the relay can control its
power continuously and reduces to TDR if the relay can only
perform on-off power control. In [8], the authors show that
with their proposed power control scheme continuous version
of LAR achieves full diversity while the on-off version of LAR
has no diversity gain. In the present paper we prove that this
result is not due to the limitation of on-off power control, but
due to the specific threshold used in [8]. An optimal choice
of threshold still achieves diversity order 2.

Another line of research for improving the e2e BER of
digital cooperative relaying focused on the enhancements that
can be applied at the destination [9], [10]. Chen and Laneman
derived the maximum-likelihood (ML) receiver and a piece-
wise linear receiver approaching the performance of the ML,
that considers the possibility of symbol errors at the source-
relay link [9]. In particular, the destination receiver makes use
of the average BER at each relay during the first hop, which is
sent to the destination by the relay. The authors show that in
digital relaying systems these receivers can achieve diversity
order d of (M +1)/2 < d < M/2+ 1 for M even and
d = (M + 1)/2 for M odd, where M — 1 is the number
of relays. In [10], a novel combining scheme to be employed
at the destination is proposed. This scheme, which is called
Cooperative MRC (C-MRC), exploits the instantaneous BER
at source-relay links. The C-MRC achieves full diversity in
uncoded digital relaying systems.

The schemes proposed in [9] and [10] place the computing
burden on the destination while keeping the relays relatively
simple whereas TDR simplifies the destination processing by
making the relay smarter. In TDR the destination performs
MRC only (if the relay retransmits) and it does not require any
additional channel state information. However, [9] and [10]
both require source-relay SNR to be known at the destination
- average SNR for [9] and instantaneous SNR for [10].

In this paper, we study the asymptotic e2e BER of the
TDR in relation to the optimal threshold. After describing the
system model in Section II, we summarize the prior results
on the optimal threshold and the performance of the TDR
in Section III. Section IV is dedicated to the analysis of the
asymptotic BER of the optimal TDR in the high SNR regime.
In this section we prove that the e2e BER of the optimal
TDR decreases as log(SNR)/SNR?. Hence, the diversity
order of the optimal TDR is 2. In Section V, we verify our
results and compare the performance of the optimal TDR to
several similar schemes proposed in the literature. Section VI
summarizes the findings of the paper.

II. SYSTEM MODEL

This paper studies a simple network as shown in Fig 1,
where a single relay R is used to assist the communication
from a source node S to the destination node D. For clarity of
exposition, it is assumed that both S and R use BPSK mod-
ulation. A two phase digital relaying protocol is considered.
In the first phase S transmits a data block while R and D

Fig. 1. The system model.

listens, and in the second phase R either retransmits the data or
remains silent. If R chooses to remain silent, the second phase
is idle. At the cost of increased complexity, R can send a short
message to S about its decision and in the second phase S can
retransmit the same data or continue with a new block of data.
However, since we assume slow fading as explained below, the
retransmission by S does not provide any diversity gain. If S
transmits the next data block, we can potentially reduce the
average bandwidth. As we will show in Section IV, this gain
is insignificant at high SNR regime; the probability that R
remains silent goes to zero as SNR increases, i.e., almost all
the data blocks are transmitted twice.

Our system does not rely on any kind of coding and can
process the data symbol by symbol as well. For simplicity, we
assume that all the links use BPSK modulation. All the links
experience independent Rayleigh fading. The instantaneous
received SNR per bit for a link from node ¢ to node j
is denoted by ~;; and is given by vy = X707, where
ij is an exponential random variable with unit mean and
ofj is the average SNR. We represent the average SNR
as ij = X;; SNR, where SNR is a reference signal-to-
noise ratio, and A;; is a scaling factor with respect to the
reference SNR representing non-identical distance dependent
loss and shadowing for different links. Link SNRs vary in
time following independent block fading: v;; is assumed to
be constant for two blocks, precluding retransmit diversity,
and a new independent realization is used for the next two
blocks. The scalars X;;, and thus <;;, are independent from
link to link.

The instantaneous received SNR per bit for S-R, R-D, and
S-D links are denoted by s, Vrd, and 7ysq, respectively. Their
average values are denoted by o2, ¢2,;, and o2,. An error
event in the point-to-point link between node ¢ and node j
is represented by &;;. The error event that occurs after the
destination combines the incorrectly regenerated relay signal
and the source signal is referred to as error propagation and
is denoted by &£,,0p. We use the term cooperative error for the
event that an error occurs after the destination combines the
correctly regenerated relay signal and the source signal, and
denote this event by Ecoop.

We assume that R has {vs.,02,,02,} available in order to
make relaying decisions. The relaying decisions are made by
comparing the instantaneous S-R SNR ~;,. to a threshold ~,
i.e., R transmits only when ~,, > 7. There are several ways
of calculating the threshold ~y,; considered in the literature. Our



work focuses on the performance with the optimal threshold
value that minimizes e2e BER, which has been derived in [6].
We denote this threshold by «; and we refer to the TDR using
v{ as the optimal TDR. We note that the optimal threshold
can also be calculated for the case where the relay has the
instantaneous R-D and S-D SNRS, 7,4, vsq. This additional
information can improve e2e BER. However, the diversity
order cannot be improved any further as the current model
achieves full diversity.

III. PERFORMANCE OF TDR AND THE OPTIMAL
THRESHOLD

A. The e2e BER of TDR as a function of v;

The average e2e BER for a TDR protocol using threshold
~¢ can be expressed using the law of total probability:

BERZ—VQLJR(’W):]P){’YST > ’Yt} P{gsr"ysr > ’yt}]P){gprop}

+(1 - ]P){gsrhsr > 'Vt})P{gCOOP}
+]P){P)/ST’ < ’yt}P{gsd} (l)

Next, we derive the terms in (1) as functions of average link
SNRs. If the SNR of the S-R link ~4,- is below ~;, the protocol
falls back to direct transmission and has error probability equal
to [11]

P{E 1 O 2
{ sd} - 1"‘0'?[1 . ( )

Since 7, is an exponential random variable with mean o2, =
AsSNR, the probability that v, < 7, is equal to

P{'Ysr S ’Yt} =1- eXP(*’Yt/Ugr)- (3)

If vs» > <, the probability of bit error at the S-R link
decreases, but it remains nonzero regardless of the value of ~;.
The probability of bit error at the S-R link given that s, > ¢
is equal to

1
P{Esrver > v} = / ) erfc(v ,VST)p’yST"‘{Sr>"{t (Ysr)dYVsrs
“4)

where erfc denotes the complementary error function. The
term p,_ | is the conditional pdf of ~,, and is given
by

Ysr >Vt

1
Prarlver >3 (Yor) = eXD(0/05,) —= exp(=Tsr /03,

ST
where v, > ;. Hence, the term P{&,|vs, > 74} can be
represented by

P{(c:sr|75r > ’Yt}_ (2 2/ )

></ erfe(\/7sr) exp(—’ysr/afr)d’ysr, (5)
7

t

which can be calculated using integration by part [5]:

1
]P){gsr |'787‘ > %}Z Eerfc(\/'%)

2
_le'yt/gfr O-ST

1
3 T4o2 erfc ( Ye(1+ 0737,) > (6)

When ~,,. > v; and there is no bit error on the S-R link,
then the probability of bit error at D after MRC is equal to

[11, pp. 846-847]
P{ECOOP} =
2 2
) (1 +} ) o= o
1— 1 02 ?d 2 924

2
11— J"‘é
2 1+a7,d
2

1
42
2 954" %rd

, else.

@)

At high SNR (02,02, >> 1), the probability of error propa-
gation can be approximated by the probability that v,.q > 7vs4
[6]:

IP){gprop}f.’Q’JIFD{’}/Td > ’Vsd}
0o 0o
:/ pvsd('}’sd)/ Prypa (Yra)dyradysa
0 v

sd

2
g,
_ rd
=2 L 3
rd sd

Hence, the average e2e BER for a given threshold value can

be calculated analytically by substituting (2), (3), and (6)-(8)
in equation (1).

B. The optimal threshold ~y;

The threshold value +; that minimizes the average e2e BER
given in (1) is derived in [6]:

2
« _ J(erfc™(26))7, 0 < 0.5; 9
Tt {O7 otherwise, ©)
where ¢ is equal to
P —P
5= {gsd} {gcoop} (10)

P{Eprop} — P{Ecoop}
By substituting (2), (7), and (8) in (10), J is obtained as

2 2\
§(Urd7 Usd) ~
1 1 o2 O _ g2 a2, _ a2
2 O'ﬁdfo"%d sd 1+o’2 1+o’fd 1+o’fd
/ sd _
( éd 1+0 0 1+O-Td >:|

U?«d 1
IV. ASYMPTOTIC PERFORMANCE OF OPTIMAL TDR

2 7 — 2 __ 72
oZqtoi, 2 |: olg—0z

In order to study the high SNR behavior of e2e BER,
following an approach similar to the one in [12], we fix
the parameters Ay, A.q, and Az4, and analyze the e2e BER
as SNR goes to oco. Diversity order is a useful measure in
quantifying the diversity benefit of any scheme in high SNR



regime [12]. We adopt the following definition of diversity

order given in [12]': d = — limgNR— oo %.

We also use the following asymptotic notation:

Definition 1: Let f(x) and g(x) be two positive func-
tions defined on real numbers. We say f(x)= O(g(z)), if
limsup,_, o Z;Eg < o0.

Definition 2: Two functions f(x) and g(z) are called
asymptotically equivalent, f(z) ~ g(z), if lim,_, £ gg =1.

In rest of this section, we first show that the optimal
threshold function 7; given in (9) increases logarithmically
with SNR (Lemma 1). Then, using this result, we prove that if
the relay sets its threshold to +;, the probability that it remains
silent decreases as log(SNR)/SNR and the probability that
the relay has a detection error decreases at least as fast as
1/ SNR? (Lemmas 2 and 3). Finally, we use all these results
to show that the asymptotic e2e BER of the optimal TDR
decreases as log(SNR)/SNR? and the optimal TDR achieves
diversity order 2 (Proposition 1).

We note that the BER of TDR is larger by a factor of
log(SNR) than the BER of a traditional diversity system,
where BER decreases as 1/SNR? at large SNR. Since the
diversity order represents the relation of the BER and SNR
up to an exponential factor, the diversity order of TDR is
still 2. Hence, we conclude that it is possible to achieve
maximum diversity order in a single relay network using
threshold relaying with the optimal threshold selection.

A. Asymptotic behavior of Vi, P{vsr < v/}, and P{Esr|ver >
Vi)

The results on the asymptotic behavior of v}, P{vs < 7'},
and P{&, |ysr > 77} are given in Lemmas 1, 2, and 3,
respectively. See the Appendix for the proofs.

Lemma 1 (Asymptotic behavior of ~;): The optimal thres-
hold ~;, given in (9), is upper and lower-bounded by two
log functions for sufficiently large SNR. That is, there exist
c1,c2 > 0 such that

c110g(SNR) <~/ (SNR) < ¢ 1og(SNR), as SNR — cc.
1D

Lemma 2 (Asymptotic behavior of P{~s, < v;}): For suf-
ficiently large SNR, P{vs, < 77} can be upper and lower
bounded as follows. There exists ¢}, ¢, > 0 such that

log(SNR log(SNR
C/l % <P{,Ysr <'YZ‘} < Cé%, as SNR — cc.
(12)
Lemma 3 (Asymptotic behavior of P{Es|vsr > 75 }): If
the relay uses the optimal threshold ~;, then P{&,,|vsr > 7/}
can be upper bounded as follows. There exists a ¢ > 0 such
that

1
P{&€|vsr >} <c=—=5, asSNR —o0. (13)

SNR

IThroughout this paper all the logarithms are in the natural base.

B. Asymptotic e2e BER and diversity order of the optimal TDR

Proposition 1: The e2e BER of TDR, given in (1), using the
threshold ~; satisfies BERLPT(77) = O(log(SNR)/SNR?)
and hence achieves the maximum diversity order of 2.

Proof: Let us denote the first term of (1) as P, and the

second term as P.
Pr=P{ysr > v }P{Esr|Vsr > Vi } P{Eprop} + P{Ecoop}

_P{gsr|’)’sr > ’Y;sk} IED{gcoop}
P2:P{’73r < %?} ]P){gsd}

In P, the term P{vys, > 77} = exp(—:/(As»SNR)) goes to
1 as SNR — oo. Since P{Ep0p} ~ Asjj;d)\rd and P{&.c0p} ~
Toxo; snre» the decay rate of Py is equal to the minimum of
the rates of P{E&,|ysr > v/} and P{E00p}. From Lemma 3,
P{Esr|7sr > 77} = O(1/SNR?). Hence, P = O(1/SNR?).

Since P{&Ea} oosm and P{y, < 47}
O(log(SNR)/SNR)  (from Lemma 2), P,
O(log(SNR)/SNR?). The e2e BER of the optimal TDR
satisfies

BERZP®(~7) = Py + P,=0(1/SNR?) + O(log(SNR)/SNR?)
=0(log(SNR)/SNR?).

Thus, BERZP R(’yt*) is limited by the second term P, which

eZe

corresponds to the event that the SNR of the S-R link is below
threshold.
The diversity order of the optimal TDR is equal to

JTPR__ p  108(0s(SNR)/SNR)
SNR— o0 log(SNR)

log(log(SNR))

SNR—oo  log(SNR?)

log(SNR?)
11m —
SNR—oo 10g(SNR)

:2’

since the term % — 0 as SNR — occ. [ ]

V. RESULTS

In this section, we compare the average BER of the optimal
TDR to several schemes which are described below. As the
two schemes that are simpler than TDR, we consider direct
transmission and simple relaying. In simple relaying the relay
always retransmits in the second phase. The average BER of
simple relaying is equal to

BERSimple = P{SST‘}P{SPTOP} + (1 - P{SST})P{SCOOP}’

e2e
which can be calculated analytically by substituting (2),
(7), and (8). The genie-aided relaying and receive diversity
schemes are also considered as performance upper bounds.
The genie-aided relaying is based on the hypothetical assump-
tion that the relay has perfect error detection for each symbol.
Hence, in phase 2 the relay retransmits only those symbols
received correctly in phase 1. The e2e BER of the genie-aided
digital relaying is equal to
BERgenie

e2e P{SST}P{gsd} + (1 - P{gsr})]P{gcooz)}v(ls)

which can be calculated by substituting (2) and (7) in (15). The
second upper bound, receive diversity, is obtained by assuming

(14)
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Fig. 2. The e2e BERs for different schemes as a function of SNR in a

symmetric network, where Asr = A\.qg = Agq = 0 dB.

that the S-R link is error-free, i.e., BERfQ‘Te2 = P{E.00p}, where
P{Eco0p} is given in (7).

Finally, we compare the BER of the optimal TDR to
other similar schemes proposed in the literature. The Link
Adaptive Relaying (LAR) proposed in [8] aims to reduce error
propagation by adapting the relay transmit power to the link
SNRs rather than transmitting with full power Py, all the
time. If R is able to adapt its transmit power continuously,
[8] proposes a scheme in which R transmits with o X Py,
where the scaling factor a = %de) We call this scheme
as LAR-cont. If R can perform onlrf on-off power adaptation,
then it can be seen that LAR simplifies to TDR with threshold
function v Lar = o2, We call this scheme as LAR-on/off.
For all threshold based relaying schemes, the e2e BER can be
calculated analytically by plugging in the appropriate threshold
value as v; in (1). We resort to Monte Carlo simulations to
obtain the e2e BER of LAR-cont only.

In Fig. 2 we plot the average BER as a function of SNR
in a symmetric network where s = Agq = A.q = 0 dB.
The on-off version of LAR has poor performance; its BER
is larger than even the BER of the simple relaying. Since
~e.LAR increases linearly with SNR, from (20) we observe
that P{~,, < v;.Lar} will be a constant independent of SNR.
Then, in the e2e BER expression given in (1) the second term,
P{ver < v, par} xP{Esq}, decreases only as fast as the BER
of the S-D link. Hence, the diversity order of on-off LAR is 1,
which has also been reported in [8]. This argument applies to
any TDR scheme that uses a threshold increasing linearly with
the SNR2. The continuous version of LAR, which is shown
to achieve full diversity in [8], performs better than TDR by
a small margin. We observed that this result depends on the
average link SNRs; in some non-symmetrical scenarios TDR

2More discussion on other thresholds that do achieve diversity can be found
in [13].

outperforms LAR-cont, but the performance gap is again very
small.

In Fig. 2 the performance of genie-aided relaying is close to
that of receive diversity. This shows that the main problem that
limits the performance is the inability of R to detect errors,
rather than the occurrence of the errors in the S-R link. Also,
although they all have the same diversity order, there is a
considerable gap between the performances of the optimal
TDR, and the genie-aided relaying and receive diversity. This
result suggests that there might be room for improvement by
incorporating TDR with smarter combining techniques at the
destination such as those proposed in [9] and [10].

VI. CONCLUSIONS

In this paper, we studied the asymptotic BER of threshold
digital relaying in cooperative wireless networks. We showed
that in a network with a single relay and independent Rayleigh
fading links, in order to minimize e2e BER, the threshold
used by the relay should be increased logarithmically with the
average link SNR. It is proven that with increasing link SNR,
using this optimal threshold the e2e BER of the threshold dig-
ital relaying decreases as log(SNR)/SNR?, thereby achieving
dual diversity.

APPENDIX

A. Proof of Lemma 1 — Asymptotic behavior of v{

It can be easily verified that limgng_, oo 61(/83'\,‘\‘? =z A;d;\’\:d )

Hence, 6(SNR) is asymptotically equivalent to
1 )\sd + )\T‘d 1
4 )\sd)\rd

5(SNR) ~ (16)

SNR’

For large SNR, 6(SNR) < 1/2. Thus, we ignore the second
case in (9) and assume that ;' (SNR) = (erfcfl(Qé(SNR)))Q.
We make use of the following inequality given in [14]:

V1—e 2 < erf(z)| < V1 — e 22",

By replacing erfc(z) = 1 —erf(z), the threshold value is equal
to 7;(SNR) = (erf (1 — 25(SNR)))2. Since erf(z) > 0 for
all z > 0, and \/v; > 0, we can write

V1—e v < erf(\/w?) <V1—e 27,

Substituting erf(1/7;) = 1 — 26 from (9), we obtain

1 1 . 1
§log (46(1—6)) < <log (4(5(1_5)>. (18)

It can be easily verified that

. 1 _

Thus, there exists constants by, b, > 0 such that

7)

19)

b1 log(SNR) < log ( ) < by log(SNR),

1
146(1-9)

and (11) holds for ¢; = by/2 and ¢2 = be, which concludes
the proof. |



B. Proof of Lemma 2 — Asymptotic behavior of P{vs, < v}

Since s has mean 02, = \;.SNR, the probability that
Ysr < 74, and hence relay remains silent, is equal to

1 SNR
Pl <=1 - (525 )

=1 — (exp(~7(SNR))) %757

(20)

By substituting the bounds derived in Lemma 1 in (20), we
obtain

1
1— (efcz log‘(SNR)) *or SNR <Plyer <77

1
<1_ (e—cl log(SNR)) Xar SNR

1 /\5:2SNR y
=1- (SNR) <P{vsr <77}

<1- (SNR> |

We note that

_ (L)m c
lim N O
SNR—oo log(SNR)/SNR )\,
and hence,
1\ oo ¢ log(SNR)
11— == ~—_— . 21
(SNR) Asr SNR @b
Then, there exist positive constants b} and b5 such that
b} ¢1 log(SNR) b, co log(SNR)
T oND ]P) ST S ; T oND
N SNR <Pl S < 3T TSNR
and (12) is satisfied for ¢j = b:{:: and ¢} = b)%:f. [ |
C. Proof of Lemma 3 — Asymptotic behavior of

]P){‘Ssrhsr > 'Y:}

Using Craig’s formula given in [15], erfc can be represented
as

2 7T/2
erfc(z) = f/ exp(—2z2/sin?(6))de.
T Jo
Substituting this alternate representation in (4) results in
]P){Esrhsr > 'Yt}

2 o0
= %/ erfe(y/Yer) exp(—yer/02,) dyer  (22)
Ogr Tt

_ exp(7t/0%,) /OO exp (_ 75r>
o2, - o2,
/2
v
X /0 exp <_ Slnszre> de dvsr
exp(ye/oZ.) [T [ 1 1

= TST exp | —Vsr 2o + =

sr 0 Yt sin Ogr

xdysy df

sin? 6

1 71'/2 9
== [ - in” 9)d6.
™ /0' Ugr + Sin2 0 exp( ’Yt/ S )

(23)

. in2(6 .
Since ﬁffsii;g)w) < %"} for any 02, > 0, P{E|ysr > Y1} is

upper bounded by

1 ﬂ'/2 1 .
P{gs7‘|737' > ’Yf} < ; / O’T eXp(*’Yt/ SIH2 9)d9
0

1
=552 erfe(y/7e)-

By substituting v; = 7/, 02, = AsSNR, and erfc(y/7f) = 26
from (9), (24) is simplified to

(24)

1 §(SNR)
Asr SNR
Since §(SNR) ~ 12etdea L there exists a constant ¢’ >

0 such that §(SNR) e /SNR for sufficiently large SNR.
Hence, using (25) we obtain

S(SNR) _ ¢ 1

P{gsr|7$r > 'Vt*}< (25)

P gsr sr N oND N ) 26

W= VI WV -ER

and we conclude that (13) holds for ¢ = ¢’ /A, [ ]
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