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SYSTEM AND METHOD FOR MAXIMUM LIKELIHOOD DECODING IN
MULTIPLE OUT WIRELESS COMMUNICATION SYSTEMS

The present invention relates to a system and method for simplified Maximum
5  Likelihood (ML) decoding method for Multiple-In-Multiple-Out (MIMO) wireless
communication systems

Multiple in Multiple out (MIMO) is gaining increasing attention in wireless
network applications because MIMO has the potential to provide better frequency
efficiency than a single antenna system, although the implementation complexity is

10  higher than for a single antenna communication system.

The implementation cost is higher not only because of the hardware increase
resulting from the increased number of antennas, but also because of the costs
associated with the decoding higher complexity. When a system has multiple inputs,
joint detection of the multiple inputs is optimal. However, joint detection is subject to

15  very high computational complexity. Thus most of the MIMO decoding focuses on
non-optimal but computationally affordable methods, such as Zero Forcing (ZF) and
Ordered Successive Interference Cancellation (OSIC), see Wolniansky, P.W. et al,,
“V-BLAST: an architecture for realizing very high data rates over the rich-scattering
wireless channel”, ISSSE 98, pp295 —300, which is hereby incorporated by reference

20  on its entirety. Speth, et al, “Low complexity spaced frequency MLSE for multi-user
COFDM”, GLOBECOM '99 , Vol. 5, 1999, pp2395 —2399, which is hereby
incorporated by reference in its entirety, provides a simplified decoding based on
optimal ML decoding. But the main idea is still ZF. The difference is that the method
proposed in Speth et al. uses the channel state information to weight the bit metrics,

25  whereby it came to be called Weighted Zero Forcing (WZF) decoding.

Although WZF currently is the choice for MIMO decoding because of its
simplicity, there is still a several dB performance gap between the optimal ML
decoding and WZF. Research is on going to find a decoding method that eliminates
the performance gap with reasonable implementation cost.

30 Thus, there is a need for a system and method for improving on existing WZF

MIMO decoding.
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The present invention provides a totally different decoding method than ZF for
MIMO wireless systems.

The system and method of the present invention is based on the optimal ML
decoding that, instead of performing a norm 2 calculation of the joint detection,

5  performs a more simple calculation. The simplér calculation reduces the number of
multiplications required to a more affordable level for implementation.

According to a simulation, the performance of a first embodiment of the
simplified ML decoding method provides a 2dB gain over WZF for a packet error rate
(PER) level of 10"

10 According to a simulation, the performance of a second embodiment of the
simplified ML decoding method provides a 4dB gain over WZF for PER level of 10
for 16/64 Quadrature Amplitude Modulation (QAM) modulation and 8dB gain for
Binary Phase Shift Keying (BPSK) modulation.

FIG. 1 illustrates a typical wireless network architecture having multiple

15  antenna devices whereto embodiments of the present invention are to be applied;

FIG. 2 illustrates a simplified block diagram of a multiple antenna wireless
device modified according to an embodiment of the present invention;

FIG. 3 illustrates a 2 by 2 MIMO system structure;

FIG. 4 illustrates the BER and PER vs. SNR curve in a first embodiment; and

20 FIG. 5.illustrates PER vs. SNR curves for different modulation in a second

embodiment.

It is to be understood by persons of ordinary skill in the art that the following

descriptions are provided for purposes of illustration and not for limitation. An

25  artisan understands that there are many variations that lie within the spirit of the

invention and the scope of the appended claims. Unnecessary detail of known

functions and operations may be omitted from the current description so as not to
obscure the present invention.

FIG. 1 illustrates a representative multi-antenna wireless communication

30  network 100 in whereto embodiments of the present invention are to be applied. The

network includes a plurality of wireless devices 101, each modified according to the
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present invention to perform a ML decoding using a simplified distance calculation.
According to the principle of the present invention, there is provided a simplified
distance calculation scheme enabling a wireless device 101 to receive and decode
signals based on ML decoding in a computationally cost effective manner.

Referring now to FIG. 2, each wireless device 101 within the WLAN 100
shown in FIG. 1 may include a system including an architecture that is illustrated in
FIG. 2. Each wireless device 101 may include a plurality of antennas 205coupled to a
receiver 201which communicates over the set of channels 102. The devices 101 each
further comprise a processor 202 and a maximum likelihood decoder with simplified
distance calculation. The processor is configured to receive from the receiver signals
comprising a sequence of one or more symbols and to process the signal to provide bit
metrics thereof to the deinterleaver and Viterbi decoder 204 which bit metrics have
been calculated using the ML technique having simplified distance calculation
according to the present invention.

The present invention provides a system and method for a distance calculation
according to the observation. In optimal ML decoding, the following equation is used

to calculate the bit metrics for a Viterbi decoder:

p . 2 2
mi, = min (= hya, —hyyay |7 F Nl ry —hyyay, —hyyay |7)
1i ameC P 1 11%m 21 %n 2 12 “m 22 % n
apeC
mP o= min_ (I r o=ty apy —hojan |12 4| Fy = by apy = by ay I2)
20 = gming W =hypam = hypan 2 =P am —hypan
apsCP

where m{ and mf, represent bit metrics of bit i in transmitted symbol s; and s

to be ‘p’, pe{0.1}; C represents the whole constellation point set and ¢/ the subset of
the constellation point such that bit i is equal to p. Then the bit metrics pairs
(m,mi;) (m3;,mb;) are sent to a corresponding deinterleaver and Veterbi decoder for

decoding both the bit streams. In a first embodiment of the invention, the metrics

calculation is simplified to

PCT/IB2005/052128
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mﬁ = minp(max(real(r1 = h1am —h21an), imag (1 —hllam _hzlan N+
ameCl.
ayeC

max(real(r2 “”12“m —hzzan R imag(r2 -hlzam —hzzan))

m{é = a,,l;neir(lf (max(real(r1 —hyap - h21an ),imag(rl —hjam —hy1ap))+
aneCP

max(real(ry — by am — hyyay)),imag(rvy — hynay, —hynay))

thereby reducing the computation cost by replacing the multiplication with
comparison while providing a 2 dB gain over WZF for PER level of 107,

In a second embodiment of the invention, the metrics calculation is simplified

to
ml}; = i n;u& [abs (real (r1 - hllam - h21a77 ) + abs (imag (r1 - hllam - 1121an)) +
met;
ayeC !

abs (real (1‘2 - /112am - h22 ay,)) + abs (imag (r2 - h12 ayy — 1122 ay))l

mé’i = a,,rzneinC [abs (real (r1 - hllam - h21an ) + abs (imag (r1 - hllam - h21 a,)) +
apeCp

abs (real (ry = g ay — hyyay)) + abs (imag () — 1112 Ay = hyay Nl

that reduces the computation cost by replacing the multiplication with addition while
providing a 4dB gain over WZF for PER level of 107 for 16/64QAM modulation and
8dB gain for BPSK modulation.

Optimal Single Input Single Output SISO Coded Orthogonal Frequency
Division Multiplexing (COFDM) System Decoding
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The basic principle of Orthogonal Frequency Division Multiplexing (OFDM)
is to split a high-rate data stream into a number of lower rate streams that are
transmitted simultaneously over a number of sub-carriers. Because the symbol
duration increases for the lower rate parallel sub-carriers, the relative amount of
dispersion in time caused by multi-path delay spread decreases. Intersymbol
interference eliminated almost completely by introducing a guard interval in every
OFDM symbol.

In a single carrier system, since a time-dispersive channel (frequency selective
fading channel) brings the channel memory into the system, joint maximum
likelihood equalization and decoding is not realistic because of the high computation
cost. The general practice is to first use minimum mean-square error (MMSE) as the
criteria to equalize the channel. Then the equalized signal is sent to a maximum
likelihood detector for further decoding. This is a sub-optimal system. Ina COFDM
system, since the system is designed to let each sub-carrier experience flat fading
channel, the real maximum likelihood equalization and decoding can be implemented
with affordable computation cost.

The architecture of a typical transceiver of an IEEE 802.11a based COFDM
system can be found in Part 11: Wireless LAN Medium Access Control (MAC) and
Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz Band,
IEEE Std 802.11a, 199, that is hereby incorporated by reference in its entirety. In this
transceiver, bitwise interleaving combined with Gray mapping is used. This
technique, referred to as Bit Interleaved Coded Modulation (BICM), provides
significantly better performance over Rayleigh fading channel than TCM with
comparable complexity. The received signal in the frequency domain can be

expressed as

rk=hksk+nk

M

where
hy is the channel frequency response,

sk is the transmitted signal, and
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ng is the complex white Gaussian noise with variance c% at the k™

subcarrier.

BICM allows a ML based decoding via a standard soft-input Viterbi decoder using
5  the metric that is proportional to the logarithm of the conditional probability

P(ri | bw),
where
10
|Ir,~h, al)?
L A A
2
1 2ro
Pyl =p= T ——e N
T
aeC / N @)
and where
by is the bit i in the symbol that is transmitted on subcarrier k,
15 cr is the subset of constellation points-such that bit i equal to p, where

p is either O or 1.

Determining the soft bits according to equations (2) is still very complex. A common
simplification is to consider only the maximum term of (2), see, e.g., Speth, M.; Senst,
20 A.; Meyr, H, “Low complexity space-frequency Maximum Likelihood Sequence
Estimation (MLSE) for Multi-user COFDM”, GLOBECOM °99, Vol. 5, 1999,
pp2395-2399, the entire contents of which is hereby incorporated by reference its

entirety. Thus the maximum likelihood sequence estimation requires a metric as

25

mP =min ||, —hza]®,p =0l
acC/l

@)
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to be sent to the Viterbi decoder. For the 64 QAM case, to obtain a bit metric for a bit

to be ‘1’ or ‘0°, one needs to calculate 32 distances
2
| 7y = hyal

with different constellation points a, in which bit i is “1” or 0°, to find the minimum
value of these distances.
Optimal 2 by OFDM system decoding

A diagram of a 2 by MIMO system based on IEEE 802.11a 54 Mbps mode
OFDM system is illustrated in FIG. 3. Defining the wireless channel to be

" o= :11 ::21 )
12 22

where

hy represents the channel from transmitter antenna i to receiver antenna j on

subcarrier k. Since the operation of each subcarrier is the same, to save space, the

subscript k is omitted in the following discussion. Without losing generality assume

the four channels are independent Rayleigh fading channels. The received signal can

be expressed as

r h h s n
Ch=¢l 2y ol “
72 ]'112 }722 S2 n2

Analogous to the ML detection for the SISO system, for each received signal pair, 1|
and 1o, in order to find out the bit metrics for a bit in symbol S; and S», the following

equation should be satisfied
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m2pi = min (| n- hllam = hyap ”2 +] y~ higam = hysay “2) ®)

where m{ and mZ, represent bit metrics of bit i in transmitted symbol s; and s,

to be ‘p’, pe {0]}; C represents the whole constellation point set and C? the subset of
the constellation point such that bit i is equal to p. Then the bit metrics pairs
(m,mb) (m%,mi;) are sent to corresponding deinterleavers and Viterbi decoders for

decoding both the bit streams.

Weighted ZF decoding
For simplicity, only 2 by 2 MIMO analysis is given in detail. The same
principle can be readily used by n-by-n MIMO system. Rewriting the received signal

in (4) in matrix format results in

r=Hs +n ©6)
With ZF filter, the estimation of the transmitted signal is
§=HPH)'H r @)
With MMSE filter, the estimation of the transmitted signal is
§$ = (H PHr)Y'"HH® + 0 %)r 8
The estimation error (for ZF only, the MMSE analysis will follow the same principle

with additional noise variance item) is
e=§—-s=H"H)THn )
With variance
R, =Eeee =03 EB) (10)
Thus the multi-dimensional complex joint probability distribution is

LG RG)

pB|s)=
R, |

(11

PCT/IB2005/052128
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Since R, is not a diagonal matrix, the bit metrics calculation cannot be separated for
these two symbol detections. To simplify the calculation, an uncorrelated normal
distribution is assumed for the components of (11). Then the bit metrics can be

calculated as

- 2
s, = al
ml};= minp( 1 )
ae C ; R .11
o 2
sy = al
nzfi= minp( 1 )
ae C; R c2

(12)

where m? and mZ represents bit metrics of bit i in transmitted symbol s, and s, to be

‘p’, pe{0l}; C7 the subset of the constellation point such that bit i is equal to p.
Then the bit metrics pairs (m9,m);) (m3;,m};) are sent to corresponding deinterleavers

and Viterbi decoders for decoding both the bit streams.

Simplified ML decoding

ZF decoding has the problem of boosting noise if the channel matrix is ill
conditioned. Weighted ZF partly solves this problem by giving low weight to the bit
metrics calculated from the ill-conditioned channel. Using this approach a Viterbi
decoder is not disturbed by some very erroneous bit metrics. This is similar to
puncturing a sequence to set those erroneous bit metrics almost to zero. The
following decoder attempts to recover those bits using some reliable bits information
around those bits.

In the present invention, a decoding method is used having a basic principle
that is the same as ML decoding. The only difference is replacing the distance
calculation of the ML criteria by an approximate distance calculation that is less

computationally intensive. The bit metrics is then simplified as follows.

€)) In a first embodiment

PCT/IB2005/052128
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mil; = min » (max(real(r — hj1am, — thaﬂ ), z'mag(rl - h1 19m — h21an »n+
ameC|
ayeC

max(real(r2 - hlzam - h22an )} imag(r2 —hyyay, - hzzan))

m2pz = ammei%' (max(real(r1 —-hllam —h2lan),imag(r1 - hllam - 1121an))+
aneCP

max(real(ry = hj5ay, — hynay)),imag(ry = hjnam —hyyap))
(13)

reducing the computation cost by replacing the multiplication with comparison while
providing a 2 dB gain over WZF for PER level of 10,

The number of multiplications needed for the simplified ML decoding to find
the bit metrics for all the bits transmitted in one packet is 4*M, where M is the
constellation order, assuming the channel remains quasi-static for one OFDM packet.
For WZF method, the multiplications needed for one packet is 8*N*K, where N is the
number of data sub-carriers in one OFDM symbol and K is the number of OFDM
symbols in one packet.

As an example only, the number of multiplications for SML, WZF and ML
decoders are calculated as follows:

a. a packet contains -

(i) 1000 bytes,
(2) 96 data sub-carriers in one OFDM symbol; and

b. 64QAM is used to transmit the data using a 2 by 2 MIMO system of the

first embodiment.

For the whole packet: -

a. SML requires 4¥64*96 = 24567 complex multiplications,

b. WZF requires 6%96+8*96*10 = 8256 complex multiplications, and

c. optimal ML decoding requires 4*64*96+96*10%2+64%64*96*10%2 =

7890816 complex multiplications.

For a single bit: -

a. SML requires about 24567/(1000%8) ~= 3 complex multiplications,

PCT/IB2005/052128
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b. WZF requires about 8256/(1000*8) "=1 complex multiplication, and
c. optimal ML decoding requires about 7890816/(1000*8) ~= 986 complex
multiplications
By contrast, in the first embodiment the number of comparisons to search for a
5 minimum distance is: -
a. 64*64 =4096 for SML
b. 64*2 =128 for WZF, and
c. 64*%64 = 4096 for optimal ML decoding.
The first embodiment has been simulated to measure the performance of the
10 simplified ML decoding method as compared to SML and WZR. Results are
presented as the PER vs. SNR curve illustrated in FIG.4. The simulation

parameters are listed in Table 1.

Table 1. Simulation parameters for FIG. 4

15

System Rat | Chnnl | GI | OFD | FFT | # Modul- | CC RS
config e* | Bdwt | Lgth M Lgth | Sub- ation | Rat Rate
Mb h s | Sym carri e

ps | MHz Lgth ers

2by MIMO | 120 | 20 0.8 6.4 128 96 64QA | 3/4 | (220,200
M )

From FIG. 4 it is obvious that there are about 2dB gain of SML over WZF at
20  PER level of 107 without RS code. IfRS code is in effective, the performance gain is

larger because as one can see from the figure, after 28dB, the PER is 0.
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2) In a second embodiment

ml}; = n;igp [abs(real(rl - hl 19m — ]'Qlan)) + abs(z'mag(rl - hl 19m h21a71)) +
am .
aneCl

abs(real(r2 - h.l 2~ hzzan N+ arbs(z'mag(r2 ~ h1 Ay~ hzzan))]

: : (14)
mﬁ = . ,,rzne% [abs(real(y — hy 1ay, — hyjan) + abs(imag(n — Iy 1y, — by 1ap)) +

apeCP

abs(real(ry — by o0y, — Iy nay)) + abs(imag(ry — by 50y, — hynap))]

5  The simplified ML decoding requires 4*M complex multiplications to find the bit
metrics for all the bits transmitted in one sub-carrier, where M is the constellation
order. For a WZF method, the multiplications needed for one sub-carrier is 8 no
matter what modulation scheme is used. As an example only, the number of
multiplications for SML, WZF and ML decoders are compared. Assuming one packet

10 contains 1000 information bytes, 96 data sub-carriers in one OFDM symbol, 64QAM
is used to transmit the data and compared to a 2 by 2 MIMO system according to the
present invention. A packet contains about 10 OFDM symbols for the given OFDM

and modulation parameters.

15  To decode one packet:
SML requires 4*64*96 = 24576 complex multiplications,
WZF requires about 6*96+ 8%96*10 = 8256 complex multiplications,
optimal ML decoding requires about 4*64*96+64*64*96*10*2= 7888896.

20  For a single bit:
SML requires about 24576/(1000%8) ~= 3 complex multiplications,
WZF requires 8256/(1000%8) ~= 1 multiplications, and
optimal ML requires 7888896/(1000*8) ~= 986 multiplications.
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To find the minimum distance:

SML requires 64%64=4096 additions,
WZF requires 64*2 =128 additions, and
optimal ML requires 64*64=4096 additions.

5
The second embodiment has been simulated to determine the performance for the
simplified ML decoding method as compared to SML and WZR. Results are
presented as the PER vs. SNR curves for different modulation schemes illustrated in
FIGs.5a-c. The simulation parameters are listed in Table 2.
10
Table 2. Simulation parameters for FIGs. 5a-c.
System | Data | Channel | GI | OFDM | FFT | No.of | Mod- CcC RS
config- | Rate* | Bndwth Lgth Sym | Lgth Data | ulation Rate Rate
. (Mbps) | (MHz)
uration (us) Lgth Sub-
(us)
carriers
2 by 13.3 20 0.8 6.4 128 96 BPSK | 3/4 | (220,200)
MIMO
2 by 53.3 20 0.8 6.4 128 96 16QAM | 3/4 | (220,200)
MIMO
2by 120 20 0.8 6.4 128 96 64QAM | 3/4 |(220,200)
MIMO
*The data rate is calculated without RS code. If RS code is considered, the
corresponding data rate should be reduced according to the RS code rate.
15

Referring now to FIGs. 5a-c, it can be seen that there are about 8 dB gain of the SML
over WZF at PER level of 107 without RS code for 16QAM and 64QAM modulation,
and about 8 dB gain for BPSK modulation.
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A MIMO system and method according to the present invention can be used in
systems and methods according to the IEEE 802.11n standard since the decoding
method in this invention can be used in any 11n decoder. However, the application of
the present invention is not limited to only 11n devices since a general decoding
system and method are provided. That is, the system and method of the present
invention can be used for any convolutional coded BICM MIMO system, and
especially good a wireless system having a small number of antennas, such as 2 by 2
MIMO. Since the system and method of the present invention comprises a simplified
ML decoding method, any communication system using ML decoding can take
advantage of the present invention to reduce the computation cost for system
implementation.

A decoder according to the system and method of the present invention
provides a level of error performance that approximates a level of error performance
provided by a maximum likelihood decoder ML.

While the preferred embodiments of the present invention have been
illustrated and described, it will be understood by those skilled in the art that the
superframe as described herein is illustrative and various changes and modifications
may be made and equivalents may be substituted for elements thereof without
departing from the true scope of the present invention. In addition, many
modifications may be made to adapt the teachings of the present invention to a
particular situation without departing from its central scope. Therefore, it is intended
that the present invention not be limited to the particular embodiments disclosed as
the best mode contemplated for carrying out the present invention, but that the present

invention include all embodiments falling with the scope of the appended claims.

PCT/IB2005/052128
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We claim:

1. A method of decoding received signals in a multiple in multiple out wireless
communication system (100), comprising the steps of:

receiving (201) at least a pair of bit streams each comprising at least one symbol; and

decoding (203) the received at least one pair of bit streams by an optimal maximum
likelihood ML decoder that employs a simplified bit metrics calculation having a reduced
computational cost.

2. The method of claim 1 wherein, the simplified bit metrics calculation
replaces at least one multiplication with a comparison operation.

3. The method of claim 2, wherein the decoding step further comprises the steps
of:

calculating (203) the simplified bit metrics with the equations

ml}; = . rréigp(max(real(rl —hy a5, —hyqay),imag(n — 19 —hyq19y N+
A
aneCl

max(real(ry —hy5ay - hynap)), imag(ry —hjpay — honay))
mé)l = anrznei%' (max(real (r; — hyqam — hy1an), imag(n — hyqay, - hy1an))+
ape Cip

max(real (ry —hy5ay, —hypay)).imag (ry —hypay - hynay))

where

mP and m?, represent bit metrics of bit i in a received symbol s; and s> to be ‘p’,
pe {0l

C represents a whole constellation point set and C/ a subset of the constellation
point such that bit i is equal to p; and

sending the calculated bit metrics pairs (m},m};) and (mg;,my,) to a corresponding

deinterleaver and Veterbi decoder (204) for decoding the bit streams.
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4. The method of claim 3, wherein the decoding step (203) provides a level of
error performance that approximates a level of error performance provided by a

maximum likelihood decoder ML.

5. The method of claim 4, wherein the level of error performance is a gain of

2dB over weighted zero forcing WZF for a packet error rate PER level of 102,

6. The method of claim 1 wherein, the simplified bit metrics calculation
replaces at least one multiplication with an addition operation.

7. The method of claim 6, wherein the decoding step further comprises the steps
of:

calculating (203) the simplified bit metrics with the equations

7725 = . n;lg p[abs(real (rl - h] 19m — h21an ) + abs (imag (r1 - hl 19m — thai’l N+
mEL;
ayeC !

abs(real(ry — hypam — hynay ) + abs(imag (v — hypay, — hyrap))]

mgl- = mir(lj [abs(real(ry — hy ay, — h21an ) + abs(imag(r - M1y, — hy1ap N+

an€ Cl.p

abs(real(ry — hynam, — hypay)) + abs(imag(ry — hjyamy — My ay N

where

mf and mZ, represent bit metrics of bit i in a received symbol s; and s to be ‘p’,
pe{01}

C represents a whole constellation point set and ¢/ a subset of the constellation

point such that bit i is equal to p; and
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sending the calculated bit metrics pairs (m{,m;) and (my,,m3,) to a corresponding

deinterleaver and Veterbi decoder (204) for decoding the bit streams.

8. The method of claim 7, wherein the decoding step (203) provides a level
of error performance that approximates a level of error performance provided by a

maximum likelihood decoder ML.

9. The method of claim 7, wherein the level of error performance is a gain of
4dB over weighted zero forcing WZF for packet error rate PER level of 107 for 16/64
quadrature amplitude modulation QAM and 8dB gain for binary phase shift keying BPSK

modulation.

10.  An apparatus for decoding received signals in a multiple in multiple out

wireless communication system, comprising:

a receiver (201) operative to receive at least a pair of bit streams each comprising at least

one symbol; and

a decoder (203) configured to implement a decoding operation for the received at least a
pair of bit streams as a maximum likelihood decoder that utilizes a simplified bit metrics
calculation having a reduced computational cost.

11.  The apparatus of claim 10 wherein, the simplified bit metrics calculation
replaces at least one multiplication with a comparison operation.

12.  The apparatus of claim 11, wherein:
the apparatus further comprises at least one deinterleaver and Viterbi decoder

(204) operatively coupled to tﬁe decoder (203);

the decoder (203) is further configured to -

a. calculate the simplified bit metrics utilizing the equations
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mi‘ll? = rninp(max(rearl(r1 - h1 19m — 1221an ),imag (1 — hl 19m = h21an »+
apeC!
apeC

max(real (1'2 - hlZam - 1222 an))s z'mag(r2 - hlzam - h22 an))
mgl. = anl?ei% (max(real(r1 - h1 19m ~ 1121an )5 imag(r1 - hl 19m — h21an N+
aneCP

max(real (1‘2 - hlzam - hZZan ), imag (r2 - hlzam - h22 an))

where

mf and m}, represent bit metrics of bit i in a received symbol s; and s, to be ‘p’,
pe {0l

C represents a whole constellation point set and C/ a subset of the constellation
point such that bit i is equal to p, and

b. send the calculated bit metrics pairs (m),m);) and (mg,m)y) to a
corresponding deinterleaver and Viterbi decoder of the at least one deinterleaver and

Veterbi decoder (204) for decoding the bit streams.

13.  The method of claim 12, wherein the decoder (203) provides a level of
error performance that approximates a level of error performance provided by a

maximum likelihood decoder ML.

14. The apparatus of claim 13, wherein the level of error performance is a gain of

2dB over weighted zero forcing WZF for a packet error rate PER level of 107

15.  The apparatus of claim 10, wherein the simplified bit metrics calculation
replaces at least one multiplication with an addition operation.
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16.  The apparatus of claim 15, wherein:
the apparatus further comprises at least one deinterleaver and Viterbi decoder

(204) operatively coupled to the decoder (203);

the decoder (203) is further configured to -

a. calculate the simplified bit metrics utilizing the equations
mﬁ = . rrelsigp(max(real(r1 = hyyay, —hyyap).imag (v — hyyam —hy1ap)) +
meCH
aueC !

max(real (ry —hypapy, —hysay ), imag(r, —hypay, —hyray))

mz = min (max(real(r1 —hl 19m —h21an ) imag(r1 —hllam —tha,Z N+

ameC
aneC zp

max(real(ry — ”12"m —hysay ), imag (i — hl 2y —hynay))

where

mf and m?, represent bit metrics of bit i in a received symbol s; and sz to be ‘p’,
pe {05

C represents a whole constellation point set and C/ a subset of the constellation
point such that bit i is equal to p, and

b. send the calculated bit metrics pairs (m{,m)) and (m3,m};) to a

corresponding deinterleaver and Viterbi decoder of the at least one deinterleaver and

Veterbi decoder (204) for decoding the bit streams.

17.  The apparatus of claim 16, wherein the decoder (203) provides a level of
error performance that approximates a level of error performance provided by a

maximum likelihood decoder ML.
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18. The apparatus of claim 17, wherein the level of error performance is a gain
of 4dB over weighted zero forcing WZF for packet error rate PER level of 107 for 16/64
quadrature amplitude modulation QAM and 8dB gain for binary phase shift keying BPSK

modulation.
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