On Line-of-Sight Microwave Multicarrier Modulation Signature Area
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ABSTRACT — The availahility of line-of-sght (LOS
miccowave digital sytems which work at  high
transmission rates such as 155 Mbit/s, may be strongly
limted by frequency sdective fading effects. The main
countermeasure  techniques againg the fading are
equalization, diversity and error control coding. Under
adverse geodlimatic conditions, the path length and/or
the transmission rate may suffer redrictions even when
countermeasures  are used. The multicarrier
modulation technigue may be an aternative to tacke
the effects of the fading. The performance analyss of
multicarrier sytems can be made based on the
signature area. The aim of this work is to determine the
sgnature area of orthogonal multicarrier systens
auitable for microwave digital radio, and to determine
the number of carriers necessary to obtain smilar or
better  performance than sngle carrier coded
modulation systems with adaptive equalization.
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1. INTRODUCTION

The sysem sdgnaure or dgnature curve is the
frequency response of the recever to the sSgnd
digortion caused by frequency notches due to
multipath fading. The signature shows the robusiness of
the equipment, in terms of bit eror rate, when a
frequency notch is indde of, or near to, the signd
bandwidth boundaries, under some specific conditions.

The dgnaure curve is a messurement made by
stting up a test bench, which smulates a channd from
Rummler's modd or dmplified three-path modd,
whose function can bewritten as[1; 2; 3; 4; 5; 6]

H(w)=aftl- bep|- j(w- wy)t] o)

where a is the overd| attenuation parameter, frequency
independent, i.e, it represents a fla fading component;
b is a shgpe parameter, defined by the ratio between the
direct and secondary ray, and it determines the notch
depth; w is the angular frequency; wp is the notch
postion in terms of its angular frequency and, findly, t
is the delay of the secondary ray. The notch depth, B, in
dB, isgiven by

B =20log(1- b). )
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The Fgure 1 presents a test st block diagram for
sgnature curve meesurement [2]. The time dday t is
fixed, in prectice, to 6.3 ns [1]. The secondary ray
dgnd phae (j) varies 0 that the notch may move in
dl extenson of the sgnd bandwidth and its boundary
vicinities. The notch depth is dynamicaly adjusted by
the shape parameter (b), for a certain bit error rate
(BER) condition, such as BER = 10° or BER = 10°.
This BER condition is generdly named as performance
threshold [1].
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The dday t assumes a podtive vaue, when the
secondary ray is delayed in relion to the direct ray, or
t is negative, when the direct ray is ddlayed in relation
to the secondary ray. The shape parameter is in the
intervdl 0 < b < 1, when the amplitude of the secondary
ray is smdler than that of the direct ray, and b > 1,
otherwise. The chand response is sad of minimum
phass when0< b<1 and t > 0 and of non-minimum
phasswhen b>1and t >0orwhen0< b<1 ad
t <0. For sngle carier moduldion, the sgnature curve
is usudly obtaned for both conditions, snce the
peformance of some equdizers differs  sSgnificantly
from minimum to non-minimum phase condition [1].

Bdow the sgnature curve, the receiver will exhibit
a veay high and unacceptable BER This stuation
edablishes an outage period [3]. A typicd signaure
curve and their rectangular gpproximation are presented
inFgure2.

The dgnaure area may be obtained by rectangular

goproximation  under  the dgnature  curve.  The
minmum phase sgnaure ae Sy (in ns?), s
computed according to
[, W
Su =" ©)

where W, in GHz, is the sgnature bandwidth; t,, in ns,
is the reference dday, (typically, t; = 6.3 ns)and |, is



the mean notch depth, converted from notch depth B, in
dB, by
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Fgure2. Typicd sgnature curve.

The procedure to obtain the non-minimum phase
dgnaure area, Syu, IS identical to the minimum phase
presented above. The system dgnature area is, in strict
sense, an appropriate  balance between the two
situations. In practice, the minimum phase and non-
minimum phase aress are averaged, i. e,
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2. TYPICAL SIGNATURE AREA FOR 155 MBIT/S
SINGLE CARRIER MODULATION DIGITAL RADIO

The dgnaure curve for single carier modulation
sthemes are supplied by manufecturer of the receiver.
Figures 3 and 4 present the 155 Mhit/s digitd radio
dgnature  curves.  The  correspondent  modulation
schemes ae the 64-TCM (Trelis Coded Moduletion)
and the 64-MLCM (Multileve Coded Modulgtion).
These sthemes are auitable for 40 MHz width channel

arrangements|7; §.
Both receves hold time domain  adaptive
equalization in order to compensae amplitude and

phase digtortions due to frequency sdective fading.
Figure 3 presents a minimum phase (full line) and non-
minimum phase (dot line) sgnaure curves. Note that
there is no dgnificat difference between the 64
MLCM and the 64-TCM and the aress are practicdly
equivdlent. In Fgure 4, there is a dSgnificant difference
between minimum phase (MP in the upper right corner)
and non-minimum phase (NMP in the lower right
corner). Thus, the aess ae quite different. The
equaizer used to produce the signaure curve of the
Figure 3, paforms a very close response for minimum
or nornrminimum phase, whereas in the Figure 4, the
signaure curves show how an equdizer may produce
subgtantidly different responses for minimum and non-
minimum phases. The dashed rectangle in both figures

ae the rectangular goproximaion used to compute the
curve aress.

Note that both systems has the same magnitude
order for dgnaure area. Smdl differences may occur
due equdizer peformance and coded modulation
schemes used.
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Figure 3. 64-TCM sgnature curve with adaptative
equalization.
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Figure4. 64-MLCM dgnature curve with adaptive
equdization.



3. SIGNATURE AREA FOR 155 MBIT/S
MULTICARRIER MODULATION DIGITAL RADIO

The MCM scheme used to determine the Sgnature area
is an improved verson of timelimited orthogonal
multicarrier  modulation with waveform shaping (TLO-
MCM). This modulation technique presents a high
bandwidth efficiency. For a condderable number of
carier, such as 64, its bandwidth is very cdose to the
Nyquis bandwidth for double sde band single carrier
modulation, such as M-PX, M-AX, M-QAM. The
bandwidth efficiency is approximaidy 1 baudHz A
detalled description of the TLO-MCM and its
implementation arefound in[9; 10; 11].

For the ske of compaison of the multicarier
schemes with LOS (line of dght) digitd microwave
radio with dngle carier modulation, we ae going to
assume that:

1. The LOS microwave radio MCM schemes obey the
channd  arangements authorized by regulaory
agencies for agpecific transmisson rate.

2. The total transmisson rae accommodates an
overhead (typically about 10%) for
synchronization, frame dignment, etc.

3. The occupied bandwidth for the MCM, for a given
trangmisson rae, is smdler than or equad to the
occupied bandwidth for the single carrier.

4. The intercarrier interference (ICl) due to the
orthogondity damage brought by the sdective
fading is negligible, in order to its contribution to
the bit error rateis despicable.

These assumptions hold for the following scheme:

a The channd arangements ae for 40 MHz
bandwidth channdls.

b. The 155 Mbit/'s nomind transmisson rate plus 10%
overhead implies to a totd trangmisson rate of
1705 Mbit/s. For convenience, a totd transmission
rate of 172.8 Mbit/s is adopted.

¢ The MCM bandwidth is andler than the sngle
carier  modulation  bandwidth, B, which s
computed by

B=T, ' {1+a) ©6)

where Ts is the sgnding period and a isthe roll-off
factor of the filter used to limit the bandwidth
transmission. On the other hand,

log, M
Ty =——,
R, ™

where R, is the bit transmission rate and M is the
number of symbols by carier. Then, for R, = 1728
Mbit’'s, M = 64 and a = 0,3; it is desrable that the
MCM bandwidth be smdler then B = 37.44 MHz
Conddering the 64-QAM, 64 subcariers and the
bandwidth efficiency approximately equa to 1, then
the MCM bandwidth is 28.8 MHz

d. The intercarrier interference (ICl) due to the
orthogondity damage brought by sdective fading is
negligibleif [10; 12]

C,=2pxa,xB, <<1 (8)
and
C, =20 <1, ©
T

where G and G are parameters tha depend on the
relative dope, a, and the group dday, by,
respectively. B, is the MCM subcarrier bandwidth
ad T is the MCM symbol period. B, and T can be
defined by

(10

T=NS, 11)

where N is the number of subcariers of MCM.
Note that a, and b, are vaues of a(w) and b(wj), for
w = w, , regpectivdy. The w, is the angular
frequency for the n" subcarrier of the MCM. Both
a(w) and b(w), are defined, repectively, as

1 dHW
a(w) = | | (12
[Hw)| dw
and
b(w) = (W (13)
dw
where the magnitude trandference function of

Rummler channd, [H(w)|, may be evauated by:

|H W) :aw{b+ bz]- 20 >cod(w- w0)>¢]}}/2 . (19)
The phase, f (W), may bewritten as

.16 bsen(wx)

F(w) = tan elg +b>co§w><ti
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In this approach, it is posshle to minimize the ICI,
therefore the bit error rate becomes a function of the
ISI only. Table 1 presents MCM systems with 64,
128 and 256 subcarriers with different notch depths.
It can be veified that the both conditions imposed
by (8) and (9) depend on the notch depth and on the
number of subcarriers.

The peaformance of a MCM sysem can bhe
andyzed under a frequency sdective fading Stuation
using a sgnd to inteference raio (SIR) for each
subcarrier, ¢, that can be obtaned from the empiric
expresson [10]:



(16)

wherew, isthe angular frequency of the subcarrier n.

Table 1— Relative dope (a) and group dday (by)
maximum vaues, for 64; 128 and 256 subcarries
(N) asfunction notch depth (B).
NOTCH DEPTH

B =30dB

N B=20dB B=40dB

Ca Cb Ca Cb Ca Cb

64 |0084 | 002 | 0277 | 0.087 | 0.874 | 0.28
128 | 0.042 | 0013 | 0.139 | 0.043 | 0437 | 0.14
256 | 0.021 | 0.006 | 0.069 | 0.022 | 0.218 | 0.07

From the signd to inteference ratio, the symboal
eror rate of a M-QAM system, where M is a even
power of two, can be evauated by the expression [10]:
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Note that Ps is a function of c, the Sgnd to interference
ratio, thus, this is the probability of symbol error for a
given subcarrier with angular frequency w,

For congdlaions which the symbol mapping is

made by Gray code, the probability of bit error, Phy, is
close estimate by:
P
log, M

The tota hit eror rate (BER), Pb, for the MCM
scheme with an abitrasy number of subcariers is
obtained by usng the mean vaue of the probability of
bit error for each subcarrier. Thet is:

1
Pb=—g§ Pb, (19)

n=1

Figure 5 presents the total probability of bit error as
a function of the subcarrier for two different notch
depths. The spectra position of the notch coincides
with the postion of the 30" subcarier of a MCM
system with 64 subcarriers.

BER
10*

B=224dB; Pb=10"
102 f@x
10°

10*

B=169dB
Pb=10°

S Sa=s
M
A

20 30 40
Subcarrier Number

Figure5. MCM (64~ 64-QAM) bit error rateasa
function of agiven subcarrier for two notch depths:
22.4dB e16.9dB.

Therefore, the procedure to determine the signature
aea for any number of subcarriers can be summarized
in the following steps:

1. Once the Sgnature area as a function of ta notch
depth (B) and of the reference dday (t;), is
evduated for an eror rate threshold, it must be
veified for a MCM scheme if the conditions
imposed by (8) and (9) are satisfied.

2. For the tota error rate, Pb, equa to the error rae
threshold, the vaue of the notch depth that results
in the error rate threshold, in the pass band and at
the boundaries of the MCM spectrum, must be
found for the values predefined of dday ;) and flat
fading (a), typically 6.3 nsand 1, respectively.

3. With the vaues obtained in the previous sep, the
sgnature area of the sysem can be evauated by
using the expressions (2), (3) and (4).

Figures 6 and 7 present the signatures obtained by
computationd andyss for a 64 ~ 64-QAM and 256 °
64-QAM MCM schemes, respectively. The results
presented are for minimum phase. The MCM  schemes
present the same signature trace for minimum and non
minimum phase[10].
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Figure6. MCM — 64~ 64-QAM sgnaure area.
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Figure7. MCM — 256" 64-QAM signature area.

Table2. MCM signature &ress.

MCM SGNATURE AREA
64" 64-QAM 361" 10°ns?
128" 64-QAM 148" 10° ns?
256" 64-QAM 62" 10° ns?

Note that, according to figures 6 and 7, the MCM

schemes present signature curves very dmilar with a
rectangle. The notch depth that determines an error rae
threshold is amost congtant through the band. The
limits of the sgnaure bandwidth are defined by the
abrupt increase of the notch depth when it approaches
the subcarriers located a the boundaries of the MCM
spectrum.

Table 2 shows the vaues of the dgnaure aea
obtained for the 64 ~ 64-QAM, 128 ~ 64-QAM and
256" 64-QAM MCM schemes.

4. RESULT ANALYSIS

The results presented in the previous sections show
that signature aress with values close to those presented
by the best dngle carier coded modulation with
adaptive equalization can be obtained by usng a MCM
scheme with 64 subcariers and Gray code, see figure
6.

According to figure 7 and table 2, for the number of
subcarriers  grester than 64, the dgnature area of the
MCM schemeis sgnificantly reduced.

Table 3 presents a brief of the results in decreasing
order of dgnature aress and pectrd  efficiencies of the
andyzed modulation. The transmisson bit rate is 155
Mbit/s. Note dso that there is a dgnificat gan in
bandwidth efficiency with the use of MCM schemes.

Table 3. Single carrier modulations and MCM

signature area and bandwidth efficiency.

M odulation Signature Bandwidth
Area Efficiency

64° BAMCM | 361" 10° ns? 5.38 bit/sHz
64TCM[7] | 275" 10° ns? 3.88 bit/sHz
64-MLCM [8] | 200" 10° ns? 3.88 hit/sHz
128" 64MCM | 148" 10° ns? 5.38 bit/sHz
256" 64AMCM | 62" 10° ns? 5.38 bit/s/Hz

5.CONCLUSION

This paper has shown that the signature aress with
the same order of magnitude of those obtained by
sgngle carier coded modulaion schemes with adaptive
equdization, can be obtaned by usng MCM schemes
with 64 and over subcariers. Note that the signature
aea is dgnificantly reduced with 128 and 256
subcarriers. The dgnature arees of MCM  schemes are
evidently reduced by a factor of 24 when the number
of subcarriers is increesed from 64 to 128 and from 128
to 256. This dgnature aea reduction reflects an
increment in the notch depth of approximately 7.6 dB
for an error rate threshold of 107,



The MCM schemes has presented a better spectra
effidency than the dngle carier coded modulaion
with adaptive equdization. This bandwidth gain would
alow, for ingance:

a new dvidon of the bands with candization of
30 MHzinstead of 40 MHz

b. the use of the same 40 MHz channds for the
transmissons a higher rates by using subcarriers
with grester constellations;

¢ reduction of the dgnature area by usng a coded
modulation filling pat or al the bandwidth thet is
not occupied by the MCM spectrum.

Notice adso that, under the point of view of exclusvely
performance degradation imposed by the frequency
sdective fading, the use of MCM is gainful and it has a
great devdopment potentia with the implementation of
channel coding techniques.
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