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Abstract-- Multiple Input Multiple Output (MIMO) systems have been widely used in an area of wireless cellular
communication system, providing the both increased capacity and reliability. However, the use of multiple antennas in mobile
terminals may not be very practical due to limited space and other implementation issues. In this paper, cooperative MIMO has
been used in a way to optimise the implementation and working of conventional MIMO systems in terms of BER and Spectral
Efficiency while maintaining a minimal number of antennas on each handset. Cooperative MIMO with V-BLAST transmission
over Rayleigh flat fading channels and amplify and forward protocol with one relay node for modulation techniques like
BPSK, QPSK, QAM using various decoding techniques has been analysed. Decoding algorithms like ZF, MMSE and ML have
been analysed with respect to their BER performances. Since, there is throughput loss in cooperative MIMO due to extra
resources required for relaying, adaptive modulation has been used with C-MIMO to meet the demands for high data rates in
Long Term Evolution Network.

Keywords-- Amplify and Forward (AF), MRC (Maximal Ratio Combining), V-BLAST (Vertical Bell Laboratories Layered Space-Time),
Zero Forcing (ZF), Minimum Mean Square Error (MMSE), Maximum Likelihood (ML), BER, Spectral Efficiency (SE), BPSK, QPSK

. INTRODUCTION In Figure 1, it is shown that two mobile users are
communicating with base station. Because of the inherent

MIMO System has emerged as one of the powerful broadcast nature of wireless devices at base station, it is

technique in the field of wireless communication improving
reliability to a great extent. However, the antennas on a
MIMO device should have sufficient spacing for
uncorrelated fading. If the spacing between antennas
reduces, independent fading cannot be achieved for each pair
of antennas and the efficiency of MIMO will be degraded.
Moreover, real-time implementation of multiple antennas in
a small device like mobile is very unreal and cost ineffective
because of extra RF hardware.

To overcome the problems faced in MIMO Systems, a new
cooperative MIMO is a practical solution which allows a
source node to communicate with destination node with the
help of wireless relays which are capable of achieving
spatial diversity in a distributed manner.

Base Station
Channel 1

Channe] 2

Channel 3
)

Fig. 1. Cooperative Communication
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quite possible that one user may receive the information
intended to receive by another user and so it can help
forward some version of received information to the
intended user. Since fading channels are statistically
independent to both the users, so receive diversity is
generated.

Because of this diversity, the negative effects of shadowing
and small-scale fading can be reduced as well error
probabilities are also decreased. However, one main
challenge in cooperative MIMO is throughput loss due to
extra resources required for relaying. So, in order to nullify
this effect, adaptive modulation is used. Adaptive
modulation techniques like variable coding, variable rate,
variable constellation size can be used with cooperative
MIMO to make it more bandwidth efficient.

This paper analyses the BER and Spectral Efficiency of the
cooperative MIMO system aided by adaptive modulation
scheme over the Rayleigh fading channel under perfect CSI.

The brief outline of the paper is as follow:

In section Il, work related to it will be briefly discussed. In
section |11, Cooperative Protocols will be explained. In
following sections IV and V, various MIMO Detection
Techniques and Combining techniques have been explained.
In section VI, mathematical modelling for cooperative
MIMO simulation model is OBTAINED. Further, in section
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VII, V-BLAST Transmission is discussed. In section VIII
and 1X, adaptive modulation comes in play in Cooperative
MIMO and further in IX, results have been obtained
followed by a conclusion.

1. RELATED WORK

Many researches have been done focussing on Adaptive
modulation in Cooperative MIMO finding a way to improve
spectral efficiency. In [9], a new joint adaptive modulation
and MIMO transmission algorithm has been studied under
imperfect CSI. In [10], various AM schemes have been
studied in MIMO-OSTBC to analyse the performance of
Variable-power Adaptive Modulation with imperfect CSI. In
[11], adaptive modulation for OFDM system over frequency
selective fast fading channel was studied. The performance
analysis of adaptive modulation in MIMO system-based
Imperfect CSI showed that significant gains can be achieved
with rate adaptation even with imperfect CSI in [12]. A
novel hybrid Cooperative AMC mechanism is suggested by
authors in [14] for improving hybrid link quality. Therefore,
adapting constellation size of transmitted signal to changing
channel conditions can track the wireless channel properties
and thus sending more bits in good channel state and less
bits in poor channel state can help increasing spectral
efficiency.

1. COOPERATIVE TRANSMISSION
PROTOCOLS

Few common relaying protocols are:

1. Amplify and Forward - In AF, received signal is scaled
at relay node and transmitted to end user node after
amplification.

2. Decode and Forward - In DF, the received signal is first
decoded and then re-encoded. So, there is no amplified noise
in received signal at end node.

3. Compress and Forward - In CF, a signal is quantized
and compressed by relay and then forwarded to user node.

V. DETECTION TECHNIQUES FOR MIMO
SYSTEM

Objective of the detection - to differentiate the transmitted
signals on the basis of observation of the received signal
vector and the channel matrix.

1. Zero-Forcing: ZF nullifies the interference by Wy
matrix, which is the pseudo inverse of channel matrix H i.e.
WZF = (HTH)_I HT.

2. Minimum Mean Square Error (MMSE): This performs
better than the ZF under noisy conditions. It is not able to
discard ISl like ZF but however, it reduces the total noise
power received at the receiver side. The MMSE filter is
calculated by minimizing the mean-square error (MSE) as:
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Wumse = (H'H + 6°ly)*HT where o is Ratio of received
signal power to noise power and Iy is Identity matrix.

3. Maximum Likelihood (ML): The decision is taken
according to the minimum Euclidean distance between the
received signal vector and the product of all possible
transmitted signal vectors with channel H, and one with the
least distance is found.

V. COMBINING TECHNIQUES

Incoming signals with same information have to be
combined if more than one in number. Some of these
combining techniques are:

Maximum Ratio Combining (MRC), Equal Gain Combiner,
Fixed Ratio Combining, Signal to Noise Ratio Combining,
Estimated SNR Combining In this paper, MRC scheme is
used. In MRC, each radio channel is weighted with the
complex conjugate of the respective channel gain assuming
that channels' phase shift and attenuation is perfectly known
at the receiver.

VI. COOPERATIVE MIMO OVER RAYLEIGH
FADING CHANNEL SIMULATION MODEL

Fig. 2. System Model of Cooperative MIMO

St

To evaluate the performance of Cooperative MIMO, all
nodes are placed at equal distance with Ng=N,= Ng=2 as
shown in Fig 2 where N, N,, Ng are number of antennas at
source, relay and destination respectively such that Ng
>Ns=N;, in order to separate and detect the x transmitted
signals. Thus, a block fading half-duplex channel model
with N fading blocks is assumed here, with L symbol
periods in each block. On each block, Fading is assumed to
be flat and constant but independently Rayleigh distributed
on different blocks. Further, Average power is fixed per user
due to uniform energy distribution with an assumption of
perfect CSI available at the receiver side only.

There are two phases in which communication occurs. In
phase one, the signal transmitted by source undergoes fading
and is sent to relay. In phase two, depending upon the relay
protocol, transceiver complexity, relative channel conditions
and also user location, relay cooperate with the destination
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node. In this paper, Amplify and Forward protocol with
variable relay gain is considered.

The equivalent cooperative MIMO NgN; x Ng (4x2) with
NgN; (2) virtual receiving antennas representation for the
proposed MIMO system using relays is given as:

'}’d,1nl] VESHsqn 4
= |Es Xni
Ya,2n T Hrdnl Xt Hsrnl
Heqnl

INsNr 0 0 Nsani

’ n

Es srnl

0 Hrdnl Xni INSNT Nydnt

(1

Where yq,n and yq, n are the received signals at the user end
during the phase one and phase two respectively, Es is the
average power per antenna of each symbol at the source.
Hgm and Hggy, denotes the n™ block fading channel matrix of
source-relay and source-destination link respectively. The
vectors Ny, and nggy are the noise due to source transmit the
signal to relay and destination respectively. Index notation
(n1) is used to emphasize more on the block fading nature of
channel. «, is a gain factor of variable gain relay. The
transmit signal from relay is:

Xrnl = UnlYrnl (2

Therefore, the equivalent channel matrix for relayed link is:
Hrdansrnl (3)

While equivalent noise at receiver side is

Heqrsdnl =Fn=

Neqrsdnl = Hrdni Onl Nsrnl + Nrdnl

(4)

After these two phases of cooperative transmission, the
signals received at destination will be combined using
one of the combining techniques discussed above and
as the two networks source-destination and source-
relay destination links are different, so independent
combining is done and then estimated values are
summed up to get the final results.

VIl. COOPERATION BASED ON V-BLAST
TRANSMISSION

Cooperative  VBLAST transmission achieves high
spectral efficiency by spatially multiplexing the coded
or uncoded symbols transmitted by source in first
phase over the fading channel. The received symbols
are modified by relay and forwarded to destination in
second phase. Using MRC technique, the total receive
signal at the destination is given follows:
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Vi = HY samiyasm + HigrsaniYa,z m )

In order to detect the transmitted signal x, put y in ZF,
MMSE and ML detection scheme as y is in y = Hx + n form

VIIL. ADAPTIVE MODULATION IN
COOPERATIVE MIMO

The basic purpose of adaptive modulation is to apply the
modulation based on CSI (Channel State Information)
available. When the channel is in good state, higher order
modulation scheme is used, otherwise lower order scheme is
preferred. The various parameters that can used to indicate
the CSI are SNR (Signal to Noise Ratio), SINR (Signal to
Noise Ratio plus Interference), PERs (Packet Error Rates) or
BER (Bit error Rate). In this paper, the post detection of
SNR at the output of ZF, MMSE and ML detectors is used
as a metric for CSI as it directly measures the performance
of communication system. This post SNR will correspond to
BER information for each mode candidate and then
threshold SNR is selected depending on the mode that yields
the highest throughput remaining with BER constraints.
Since exact post SNR detection is impossible, it can be
estimated by sending pilot sequence through the channel to
have the knowledge of current CSI. In this paper, it is
assumed that CSI is known at receiver terminal.

A. Adaptation based SNR in assisted cooperative AF
MIMO with VBLAST transmission

In order to select the suitable modulation scheme based on
the specified BER target, threshold SNR has to be
determined at the output of ZF, MMSE and ML detectors for
which it yields maximum throughput. For that, post SNR
equations has to be derived at the output of these given
detectors considering all direct and non-direct links with V-
BLAST transmission at receiver only. In addition, the data
streams are sent independently to the relay and destination
nodes and then collaboratively processed at destination to
recover the original signal. The equivalent channel matrices
for direct and relayed links are given by Hg, and F, For
MRC technique the receive signal is:

YEI = r 1 VE s ( |hi1 dsnll2 + |hi2 dsnllz) +
Es
Ky (|fl1n1|2+ |fizm]?) Xnl + finl (6)

Where Fni = HigniHsrni and i is the equivalent noise
channel evaluated at the output of MRC that is

fin = FHi (Hrd(xnl Nsrnl + nrdnl) + HH sdnl O]

In matrix form (6) can be written as:

Yini = ullnl ] xlnl [ﬁllnl]
= E ~
[}’an] L O uoml [xan N21nt ®)

H
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E
Uiinl = VES(|h11 asni|? + |h21 dasnl]?) + Ts ant (|f11
|2+ [f21n1]2)

E
U2z nl = VES(|h12 asni|? + |h22 asnl]?) + TS ant (|f12
|2+ [f22n1]2)

The covariance matrix of the equivalent noise 71 (noise
power) is
E{finlfinlH} =

Ny Ny
N <Zi=1|fi1nl|2 Ifiz ml?( 1402 Tor il hik armil?)
o

N
i1t asnil® = 1hiz asmil

9)
Where E{.}the expectation of {.}.
1. Zero Forcing detection

The received signal in Eg. 8 can be seen as the sum of the

required signal X,,; along with the noise. Extract Xnl out of
the received signal by estimate the values that minimize the

least square of ¥n — HuXn and yul - GuiXnl.

UMRCnl = | |Ynl - Hnlk\nll |2 (10)

This is solved by multiplying by a pseudo inverse matrix:
Wirczpm= (H" niHp) T H (11)

5C\lnl] [ 1nl] H —117H [ 11nl]
. + (H" yH H (12)
[xan Xoni ( nl nl) nl fiy1ni
The post SNR detection J recelve antenna at the output of

ZF detector obtained from Eq. 12 given by: y;,; =

Es

2 2 2 2 2 2
No“Wi,MRsznl“ F(“Fi,nl” Fte ntllFinill F”Hi,rdnl” p+”Hi,sdnl” p)

(13)
2. MMSE detection

In this scheme, the transmitted signal x, can be evaluated by
minimizing the mean square error. MMSE detection matrix
is given as

Wuremmse nt = (HHannl + NOINS)_IHHnl

(14)

Itiplying Eq. 8 by Eq. 14, the estimate signal is

[ylnl]_W ullnl ] [xlnl
Yonl MRCmmse nl u22nl x2nl
H

nq 1nl] (15)

WMRCmmse nl [Tl
21nl
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From Eq. 15, the post SNR detection for MMSE detection is
given by:

YVint =
|W MRCmmse nl|2<Esl(5|Shl1 asntl® + Rz asnil®) +>2
it |finntl?+ 1 fiz nil?)
(16)
F+>

In Maximum likelihood (ML), distance between the received
signal vector in (8) and the product of all possible

transmitted signal vectors with the given channel Hni, Gnl

gives us the value of Euclidian distance and X,,;;with the
min. distance metrics is chosen.

IFimall” 5+ o il Hiramil
N0||Wi,MRCmmsenl||2F< e E B

”Hi,sdnl”zF

3. ML detection

dz(ylnlyllnlylnl) + dz(yanuZanxlnl) (17)

The estimated value of the transmitted signal vector x by
ML detection is given as:

argmin

nl = % Zomy} ”ynl -

Hinb ~2nl . . .

Where ¢ is set of signal constellation symbol point possible
value of {X1,;, X2ni }-

x Hyyxp|I? (18)

The post detection SNR ¥j,nt MRC of the receive signal at
the output of ML respectively from Eqg. 19 given by

2
Eslhiq asnil® + |hiz asnil®) +
E
Vi = o fir i+ 1f iz mil?)
inl — N
N ((lfm ntl# Fizntl?)( 1+“2nlzk:1|hikdrnl|2)+>
o

[hi1 asnil?® + |hiz asnil?

(19)

The threshold for adaptive modulation has been derived
above for ZF, MMSE and ML detectors by determining post
SNR as a function of Channel State Information.

IX. SIMULATION RESULTS

Simulation of adaptive modulation based cooperative MIMO
is done in Matlab environment with all the parameters set
according to LTE standard. For all simulations, classical
relay model is considered and equal power is given to each
node with independent identically distributed (i.i.d) Rayleigh
fading channel matrix elements. Cooperative and Non-
Cooperative transmissions are compared in terms of BER
and Spectral Efficiency.

Table 1:  Simulation Parameter
Parameter Type / Value
Channel Rayleigh flat fading
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Transmit, receive and relay
antennas number

2,2 and 2 respectively

Transmit power normalized at all nodes

Modulation Scheme BPSK, QPSK,16 QAM and

64 QAM

Combining techniques MRC

Detectors ZF, MMSE and ML

MIMO scheme Spatial multiplexing with V-
BLAST

Relay protocol AF protocol

Threshold BER or BERth BERy< 10~

Performance Metrics BER and SE

Performance of 2x2 V-BLAST scheme with MRC

‘IC»o = 3 i3 =

E —ye— 7F 1=

k —sk— MMSE |7
Wi L —k— ML

10 G IE]

theory ZF %

s =

BER

A R B L L R R RETY| S ]

5 10 15 20 25 30 35 0
Fig. 3. BER performance of 2x2 V-BLAST MIMO using BPSK modulation
for different detection scheme

In Figure 3, it is seen that for a fixed BER of 107, SNR
required for ZF, MMSE and ML detection is approximately
245, 21.5 dB and 11.5 dB respectively. ZF and MMSE
detectors showed almost same performance but ML has a
better performance than these.

2x2 V-BLAST scheme (MRC) for MMSE detection

i}

[REERT]

—— BPSK MMSE
—k— QPSK MMSE
—sk— 16QAM MMSE |
- - 64QAM MMSE

T

bt

-

é 1.0 1.5 2;) 2.5 3-0 3.5 40
SNR,dB
Fig. 4. BER performance of 2x2 V-BLAST MIMO system using MMSE

detection for different modulation
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In Figure 4, it can be seen that a change in constellation size
affects the BER performance a lot. A change in M=6 to M=2
indicates performance betterment close to 8.5 dB at a BER =
10 in MIMO VBLAST using MMSE detection.

12~ - - —
—sk— BPSK MMSE

—sk— QPSK MMSE
—k— 16QAM MMSE
B64QAM MMSE

10

SE
o

ohalolblobiobighbetiolivet : g y =
o 5 1015 20 25 30 35 40 45  5C
SNR.dB
Fig. 5. Spectral efficiency of 2x2 V-BLAST MIMO using MMSE detection

for different modulation.

In Figure 5, Throughput curves are obtained for MMSE
detection for different modulation techniques. Also,
switching criterion is obtained corresponding to given
modulation types for already set value of BER assuming it to
be 107 so that realistic BER < 107

12

%2 -BLAST MMSE with adaptive med. |

10+~

SE
@

0 5 10 15 20 25 30 35 40 45 50
SNR,dB

Fig. 6. Spectral efficiency of adaptive modulation 2x2 VV-BLAST MIMO

using MMSE detection

In Figure 6, the simulation results of the adaptive
modulation in 2x2 V-BLAST MIMO system for MMSE
detection are presented. For different SNR ranges, we can
select most suitable modulation type as given in the
following Table 2 making the system adaptive.

Table 2: Probability of choosing different modulation type for MMSE

detection
SNR, dB, For BER< 10 Modulation Type
<11 No transmission
[11,22] BPSK
[22,32] QPSK
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[32,40] 16 QAM
> 40 64 QAM

Performance of 2x2 V-BLAST scheme with MRC for ML
detection

Figure 7 and Figure 8 shows BER performance and
throughput curves for 2 X 2 VBLAST MIMO system.

In Figure 7, for BER of 10% ML detection improves
performance of MMSE by 10dB using QPSK.

From Figures 6 and 8, adaptive modulation MIMO system
for MMSE and ML respectively, it can be seen that at SNR
of 20

—3k— BPSK ML

| —¥— aPsk ML
—k— 16QAM ML

| 64QAM ML 3

BER

5 10 15
SNR.dB

Fig. 7. BER performance of 2x2 V-BLAST MIMO system using ML

detection for different modulation

pd 2

dB the ML has throughput improvement of 26.3% over
MMSE detection. The MMSE detection technique has to
gain 12 dB to get the same throughput

3 —
—k— BPSK AF ML

—sk— QPSK AF ML
s —k— 16QAM AF ML
B640QAM AF ML

wog
2 sk ks vk k- ek vk sk
1 ek
GS;’# B ,11‘;“‘“ 15 20 25 30 s 0

SNR,dB

Fig. 8. Spectral efficiency of adaptive modulation 2x2 V-BLAST MIMO
using ML detection
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Performance of V-BLAST scheme with MRC
(Cooperative)

= =

—— Sim AF MRC E

- 2x2 V-BLAST ZF []
—k— theory SISO

—| —%— theory AF

] 5 1'0 1'5 2'0 256
SNR,dB

Fig. 9. BER performance of cooperative diversity, 2x2 VV-BLAST MIMO,

and SISO with BPSK modulation.

Figure 9 shows BER performance of cooperative, 2X2
VBLAST MIMO, SISO with BPSK. It can be seen that
simulated results for cooperative diversity are in accordance
with the theoretically derived values. At BER of 107,
increasing the no. of antennas from single to two gains 6 dB
over SISO. Also, on adding one AF relay node in between
gains 7 dB gain over non-cooperative VBLAST MIMO
system at same BER. Simulated results came out from
diversity of direct link and assistance link of relay.

Performance of Cooperative 2x2 V-BLAST scheme with
MRC for MMSE detection

bl

[ —se— BPSK AF MMSE
—sk— QPSK AF MMSE |
—sk— 16QAM AF MMSE

2
9]
>
=
>
m
=
=
7}
m

—— BPSK AF ZF

&
S bl R RET

o 5 10 15 20 25 30 35
SNR.dB

Fig. 10. BER Performance of Cooperative 2x2 V-BLAST MIMO system
using MMSE and ZF detections for different modulation schemes

Figure 10 shows BER performance of AF 2X2 VBLAST
MIMO for MMSE and ZF detections. It can be seen that ZF
and MMSE have almost performance in the SNR < 18 dB
range for BPSK modulation.
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—sk— BPSK AF MMSE

—k— QPSK AF MMSE

—sk— 16QAM AF MMSE
B64QAM AF MMSE

4 *'(
wr
W3
2 Heslokciciclakiokokokodeioiok
1 shrriokkkeieioioikkkook
G””*J” - £ 3 L r L - J
oot iHak it ininioloiok
0 5 10 15 20 25 30 35 40

SNR,dB
Fig. 11. Throughput performance Cooperative 2x2 V-BLAST system using
MMSE detection for different modulation

Figure 11 indicates the performance of cooperative
VBLAST MIMO for MMSE detection. It is clearly visible
that SE saturates to half as compared to non-cooperative
results but this is due to half duplex transmission used. From
Figure 5, a spectral efficiency of 3 bit/sec can be achieved
with a SNR of about 31 dB with 16 QAM; for the same
modulation this value is reduced to about 22 dB if
Cooperative 2x2 V-BLAST MIMO with MMSE scheme is
used as shows in Figure 11.

SNR Threshold values are obtained in Table 3 for
Cooperative V-BLAST MIMO for MMSE detection scheme.

Table 3: SNR switching criterion of AF 2x2 V-BLAST MIMO system
using MMSE detection.

SNR, dB (for BERn< 10®) | Modulation Type
<5 No transmission
[5,12] BPSK
[12,20] QPSK
[20,27] 16 QAM
> 27 64 QAM

Performance of Cooperative 2x2 V-BLAST scheme with
MRC for ML detection

Fig. 12. BER Performance of Cooperative 2x2 V-BLAST MIMO system
using ML detection for different modulation scheme

—%— BPSK ML
—%— QPSK ML
10| —%— 16QAM ML
- 64QAM ML
m—2x2 \/-BLAST ML with adaptive mod.

““““““““““““

/

b d b ALl L

O T ov%s 30 35 a0 45 50
B SNR.dB A
Figure 12 shows that BER performance of Cooperative
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VBLAST MIMO system is better for ML detection than that
of MMSE detection. It also shows that as the constellation
size increases, performance decreases

—3k— BPSK AF ML
—sk— QPSK AF ML
—k— 16QAM AF ML
B4QAM AF ML

BER

20 25

SNR,dB
Fig. 13. Throughput performance of Cooperative 2x2 VV-BLAST system

using ML detection for different modulation

Figure 13 depicts the Throughput performance for ML
detection of Figure 12, at target of BER < 10-2. In this
figure, there is no modulation scheme that gives us
performance below 10-2 at an SNR below 3dB.

6

AF 2=2 V-BLAST ML with adaptive mod
AF 2x2 V-BLAST MMSE with adaptive mod.

0 5 10 15 20 25 30 35 40
SNR,dB

Fig. 14. Throughput performance of adaptive modulation cooperative 2x2
V-BLAST MIMO using MMSE and ML detection.

Figure 14 shows the comparison between throughput
performance of MMSE and ML detections. It can be seen
that the ML Detection, in contrast to the MMSE Detection
has improved spectral efficiency by approximately 2.5dB at
medium or low SNRs. However, for SNR greater than 35 dB
the gap is approximately nil.
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L R R ALl e R TI |

10|, Cooperative AF VBLAST (2.2.2)
—e— ZF

| —PE— mmsE

10| —se— L

—&— coop.AF ZF

—&— coop.AF MMSE

5| —&— coop.AF ML L | ! ! L L

b 2 4 6 &8 10 12 14 16 18 20

SNR.dB

Fig. 15. BER Performance curves of cooperative 2x2 V-BLAST MIMO
system for different detectors (ML, ZF and MMSE).

[RT 10D SEERETIIIE

10

Figure 15 shows the comparison of 2 X 2 VBLAST MIMO
system with Cooperative AF 2 X 2 VBLAST MIMO system
for all detection techniques. The result revealed that at BER
of 107 there is approximately 1dB SNR difference between
the ZF and MMSE detectors in 2x2 V-BLAST MIMO
system. Cooperative 2x2 VBLAST MIMO system shows the
performance curves of these two detectors close to each
other, especially when the SNR is less than 11dB. The
cooperative 2x2 V-BLAST MIMO system with ML
detection vyields a gain of about 4.5 dB over the
corresponding 2x2 V-BLAST MIMO system with ML
detection at a BER of 1072

The SNR gains of cooperative MIMO using QPSK
modulation over non-cooperative for ZF, MMSE and ML
detections at a BER of 10™ are listed in Table 4.

Table 4: SNR switching method of AF cooperative 2X2 V-BLAST MIMO
system with MMSE detection

Systems SNR

Modul | MIMO Cooperative Gains
ation MIMO Cooperati
type ve
MIMO

ZF | M M | Z|M M Z| M M

MS | L F|IMS |L F|MS |L

E E E
QPSK |16 | 15 |10 |8 |8dB |55 | 8 | 7dB | 4.5
dB |dB |dB |d dB | d dB
B B

X. CONCLUSION

The simulation results of Cooperative and Non-cooperative
MIMO systems over Rayleigh fading channel for ZF,
MMSE and ML detections using MRC combining have been
analysed along with adaptive modulation. Results have
shown that cooperative VBLAST MIMO in contrast to non-
cooperative VBLAST MIMO system is capable of improved
and better BER and SE performance at no penalty in
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complexity. ML detector proved to be optimal detector.
Furthermore, adaptive modulation aided to select optimal
modulation scheme in different SNR ranges achieving the
highest SE with BER target set at 102
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