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Abstract

This paper considers power allocation across MIMO channels for transmitting
two different Classes of Service. MIMO provides multiple parallel channels
and it transmits different types of services separately because of different
Quality of Service requirements. A high priority class of service named as
Constant Bit Rate Traffic has limited delay constraints. So priority is given
to this traffic in power allocation and then remaining power is allocated to
other services i.e. here Best Effort Traffic based on water-filling algorithm.
Analytical expressions are presented to assess the outage probability in terms
of average access time and the effect of channel estimation error in throughput
is also studied. Numerical results and Analysis are also provided to evaluate
the Performance indices like outage probability, throughput and probability
of access of both classes of service by optimally allocating the power. The
Analysis is carried out for uncorrelated Rayleigh-fading channels with and
without interference.
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1 Introduction

The demand for data bandwidth has increased enormously; the next genera-
tion wireless networks adopted widely the Multiple Input Multiple Output
(MIMO) standards to cater the bandwidth requirement. The capacity analysis
of MIMO channels under rich scattering environment has been investigated
[1, 2] to explore the achievable rates of the channels. In [3] delay limited
capacity of MIMO system is derived and in [4] the analysis of capacity with
channel fading correlations is carried out. There are different approaches to
characterize the performance of MIMO channels based on the availability of
instantaneous or statistical channel state information (CSI). When the CSI is
perfectly available at the both transmitter and receiver it is called as perfect CSI
and if the CSI is known only at receiver it is called as partial CSI. The capacity
scaling laws are derived for partial CSI case in MIMO environment [5]. The
capacity constraints on both cases of CSI have been discussed extensively in
the past by many research works.

The effect of spatial multiplexing of MIMO is considered in [6–9] and
especially the effect of power allocation on resource allocation is considered
in [6, 7]. Usually MIMO Provides two types of gain to achieve fair power
allocation i.e. one is the spatial multiplexing (SM) gain and other is the
diversity gain. The trade-off between these two types of gain has been studied
in detail in [8]. In general, the resource allocation of MIMO systems widely
varying with number of transmit and or receive antennas, target signal to noise
ratio (SNR), transmission schemes, correlation among channel coefficients,
etc. Thus the accurate quantification of these parameters is required to achieve
the optimal performance.

Power allocation for SM in MIMO channels is an important issue in
order to improve the performance of MIMO. The power allocation using
beamforming between inter-cluster and intra-cluster Networks is also analysed
in detail [10] and closed form expressions are derived for Quality of Service
(QoS) driven power allocation to maximize the throughput for wireless net-
works [11]. Power efficiency maximization in multicell cooperation networks
for provisioning diverse QoS is also explored [12]. The power allocation
for MIMO systems by taking into account the channel estimation error is
also reported in [13]. When the minimum power requirement is specified,
the closed form expressions for Average Level Crossing rate (LCR), average
outage duration (AOD) are derived for various fading environments [14]. The
Time varying performance analysis of wireless networks with constant rate
traffics has also been proposed in the past and power allocation in cooperative
communication for Best effort delivery has also been discussed [15, 16].
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The power allocation with imperfect CSI for interference channels has
also been analysed [17]. The issue of stability and queuing delay for bursty
traffic is addressed in detail for simultaneous transmission with multiple
antennas [18]. While dealing the queuing and scheduling of users, the impor-
tant properties of average waiting time and access time with emphasis on
channel dynamics is studied [19]. These properties are very important in
scheduler design especially if the design is delay sensitive. The scheduling
in MIMO systems, with large set of users with different classes of service
requirements is also analysed [20] and analytical framework for scheduling
in MIMO with imperfect CSI has also been addressed [21, 22]. Our intuition
is to propose a robust power allocation for different priority based traffics in
MIMO systems and to compare the performance metrics in both interference
and non-interference regimes. Our contributions are summarized below.

In this work, we propose the power allocation for MIMO block-fading
channels in the presence of two different types of traffics, i.e., Constant Bit
Rate (CBR) and best-effort (BE) traffics. We derived the expression for outage
probability of the CBR users by considering the effect of queuing delay and
average access time of the user. Expressions for probability of access of the
user are presented if the user is affected by interference from remaining users.
We also evaluated the effect of channel estimation error on the throughput
of Best Effort users and also throughput improvements are investigated in
interference and non-interference regimes.

The rest of the paper is organized as follows. In Section 2, the system model
and proposed power allocation methodology is described and in Section 3, the
outage probability of Constant Bit Rate Traffic is described in both interference
and non-interference regimes and Section 4 describes the throughput analysis
of best effort traffic in both scenarios. Section 5 theoretical results are
corroborated with analytical evaluations and in Section 6 concluding remarks
are given.

2 System Model

In MIMO systems, according to the data rate that is decided by optimal
power allocation, single data or multiple data are multiplexed and transmitted
through the parallel channels. If there are multiple data streams and if each
have different delay requirement, then those data streams have to be dealt
differentially. In constant bit rate service a constant data rate should be
maintained in order to meet the stringent delay requirement. There is no
condition of stringent delay requirement as far as other data traffics are
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concerned. For example, in Best effort traffic, throughput has to be maintained
without maintaining the delay requirement. To satisfy the requirement of both
CBR and BE, the system needs to designed properly. The block diagram
of MIMO transmission to support different data streams is shown in the
Figure 1.

The system considered to be consisting of Nr receiving antennas and Nt

transmitting antennas. The Number of transmitting antennas is greater than
the number of receiving antennas and the elements of the channel matrix H
are identically independently distributed. The channel matrix H is assumed
to be invariant for a frame duration i.e. the channel is of block fading type.
Let the receiver is interested in decoding the lth transmitted vectors as [7],

yl = Hsl + nl, l = 0, 1, . . . . . M − 1, (1)

Where yl, sl and nl denote the received signal vector, the transmitted signal
vector, and the background noise vector respectively. The length of the frame
is denoted by M . The noise vectors ηl assumed to be Gaussian and are an
independent circular complex random vector with the following properties

E[nl] = 0, E[nln
H
l ] = N0I, E[nln

T
l ] = 0 (2)

where N0 denotes the double–sided noise spectral density. The total transmis-
sion power E[s2

l ] is constrained as [7]

E[s2
l ] ≤ PTotal (3)

where PTotal denotes the total power and the input signal to noise ratio (SNR)
is denoted by SNRin = PTotal

N0
.

Figure 1 Block diagram for MIMO systems.
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Since multiple traffics have to be transmitted simultaneously, the MIMO
channel between transmitter and receiver should be decomposed to provide
multiple parallel paths. Varieties of methods are available to decompose the
channel matrix H of Equation (1) and most widely, versatile used methods are
singular value decomposition (SVD) [23] and QR factorization [25]. Using
QR factorization, the channel H is decomposed as H = QR where Q is
unitary matrix and R is the upper triangular matrix. By applying the QR
decomposition, the received vector of Equation (1) with QH is

Zl = Rsl + nl (4)

where R = QHH and nl = QHnl. The class (Traffic) of service called
Constant bit rate (CBR) Traffic is assumed in this paper as A. This class of
service given to the users whose traffics are delay sensitive. Because of its
delay constraint, the users of CBR traffic are given priority over other class
users in power allocation, channel feedback and scheduling. The other class of
service considered in this paper is Best Effort (BE) traffic and it is denoted as B.
There is no definite quality of service requirement for these users. Therefore
their traffic is based on Signal to noise ratio and the interference they cause
to other users. There are K users in the system, KA and KB refers to the
users belonging to the category of CBR and BE Traffics. The proposed power
allocation with power constraints is described next.

Since there are Nt antennas and after applying QR decomposition, there
are assumed to be Nt sub channels are available. The SNR’s of each channel
are represented as γ1, γ2 . . . . . ., γNt and each SNR’s are feedback to the
transmitter via backhaul link. In general, the SNR’s are expressed [7] as

γnt =
|rnt,nt |2

No
(5)

where rnt,nt denotes the nth
t diagonal element of R in QR decomposition

of Equation (4). The power allocation problem can be decomposed into the
following two sub problems. Since Constant Bit Rate traffics which have
higher priority than best-effort traffics, we need to allocate power first to CBR
and then to BE.

In our proposed model in order to reduce the queuing delay and to avoid
packet loss, some minimum amount of power is allocated to serve BE users.
This is done by defining power allocation ratio α which is the ratio of allocated
BE power to CBR power i.e. α = PBE

PCBR
. In this proposed power allocation

methodology the value of α lies between 0 and 1 i.e. suppose sufficient CBR
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users are having no data to send then α can take the maximum value as
one (PBE = PCBR). This allocation of maximum PBE is equal to PCBR is
considered to satisfy the demands of high priority delay sensitive applications
in a better way compared to low priority applications and moreover in a real
time practical environment delay prone applications out numbering the delay
insensitive ones. In rare situations, if PCBR is 0, α tends to infinity. If α goes
to infinity, entire total power will be allocated to PBE and in reality this will
rarely happen. Thus the proposed methodology ensures minimum allocation
to BE while maintaining guaranteed QoS.

For Constant Bit Rate traffics, the set of sub channels A, that minimizes
the power can be found as

min
∑

nt∈Nt

PTotal

subject to PCBR + PBE = PTotal (6)

PCBR =
PTotal

1 + α
, PBE = αPCBR

The power allocated to the sub-channels of CBR traffic should be less than or
equal to the target SNR in order to meet the minimum outage constraint. Thus

Pntγnt = γCBR, nt ∈ A (7)

where γCBR is the target SNR for each sub channel transmitting Constant Bit
Rate traffic at a certain constant rate which might be smaller than the fixed
channel capacity. Let PA = PCBR =

∑
nt∈A

Pnt denote the total allocated power

to the sub channels for Constant Bit Rate traffics. If PCBR > PTotal
1+α , some

packets of Constant Bit Rate traffics cannot be delivered without errors. Thus
the probability of PCBR > PTotal

1+α is the outage probability for Constant Bit
Rate traffics. Once the powerPCBR is allocated to Constant Bit Rate traffics, the
rest of the power, PBE = max(PTotal − PCBR, 0) = max(PTotal − PA, 0) is
allocated to best-effort traffics with set of sub channels B = {1, 2, . . . Nt}/A.
Then given a power PBE , we need to distribute the power across all the sub
channels in B optimally. The power allocation problem to best-effort traffics
is given as follows.

By the same procedure as explained for CBR traffic, the power allocated
to the sub-channels of BE traffic should be less than or equal to the target SNR
of each BE channels in order to meet the Maximum throughput. Thus

Pntγnt = γBE , nt ∈ B (8)
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where γBE is the target SNR for each sub channel transmitting Best Effort
traffic at a certain constant rate which might be smaller than the fixed channel
capacity. Let PB = PBE =

∑
nt∈B

Pnt denote the total allocated power to the

sub channels for Constant Bit Rate traffics. If L denotes the number of the sub
channels for Constant Bit Rate traffics, then Nt −L sub channels are available
for Best Effort Traffic and in our proposed model the power allocated to BE
users is PBE = αPCBR and by making PBE will never greater than PCBR

by suitably adjusting the power allocation ratio α. If allocated power is not
sufficient for both PCBR and PBE , some users of both CBR and BE should
be in queue. However in practice the queue length is finite and there would
be loss. To decide the queue length with low loss, throughput of best-effort
traffics has to be known. The necessary closed form expressions are derived
in the following sections.

3 Outage Probability of CBR

In this section, the performance analysis of the power allocation method for
CBR is derived. The SNR of the each user is a chi-square random variable
and the importance performance metric for the Constant Bit Rate traffic is
the outage probability and hence PCBR = PTotal

1+α , and the remaining power
i.e. PCBR = PTotal − PBE which produces power allocation for best effort
traffics. As already said earlier, the Constant Bit Rate traffics have higher
priority than the best-effort traffics, the index set A for Constant Bit Rate
traffics can be determined first. Let γu(1) ≥ γu(2) ≥ . . . . . . ≥ γu(Nt) be their
ordered set of SNR of each layer after QR decomposition. From the ordered
set of SNR of received Nt channels, the outage probability and throughput
are calculated. For an exact performance analysis, order statistics of γn are
required. Using ordered γn of the channels, first the outage probability in the
absence of interference is derived.

3.1 In the Absence of Interference

To study the performance analysis of CBR users, we assume that the signals are
detected without interference by employing successive interference cancella-
tion (SIC). In SIC, the signals of lowest layer is detected and decoded and then
subsequently successive layers are detected and cancelled. The probability that
the power allocated to the CBR users when there are L channels available to
the CBR users is
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Pr(PCBR ≤ y) = Pr
(

PTotal

1 + α
≤ y

)
(9)

= Pr
(

(P1 + P2 + P3 + . . . + PL)
1 + α

≤ y

)
(10)

= Pr

⎛
⎝γCBR

(
1
γ1

+ 1
γ2

+ 1
γ3

+ . . . + 1
γL

)
1 + α

≤ y

⎞
⎠ (11)

= Pr
(

1
L(1 + α)

(
1
γ1

+
1
γ2

+
1
γ3

+ . . . +
1
γL

)
≤ y

LγCBR

)
(12)

= Pr
(

H ≥ L(1 + α)γCBR

y

)
(13)

where H−1 = 1
L

(
1
γ1

+ 1
γ2

+ 1
γ3

+ . . . + 1
γL

)
. By incorporating arithmetic

and harmonic mean inequality,

Pr(PCBR ≤ y) = Pr
(

γ1 + γ2 + . . . + γL ≥ L2 (1 + α)γCBR

y

)
(14)

where the sum γ1 + γ2 + . . . + γL is a chi-square random variable. From [7],
an approximation of Pr(PCBR ≤ y) of Equation (14) can be written as

Pr(PCBR ≤ y) = 1−
γ

(
v,

L2 (1 + α)γCBR

y

)
Γ(v)

(15)

where γ(k, z) is the incomplete gamma function i.e. γ(k, z) =
∫ z
0 tk−1e−tdt

and Γ(v) is the gamma function and v =
L∑

n=1
(Nr−n+1). From Equation (15),

the approximated outage probability is

Prout = 1 − Pr(PCBR ≤ PTotal) =
γ

(
v,

L2(1 + α)γCBR

PTotal

)
Γ(v)

(16)

As stated already, after the assumption of sufficiently and statically random
channel matrix, the channel capacity of CBR becomes [24]

C = Nmin
1
2
log2

(
1 +

2γCBRNr

Nmin

)
(17)
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The signal to noise ratio from the above equation is obtained as

γCBR =
Nmin

2Nr
(2

2c
Nmin − 1) (18)

where Nmin is the minimum of number of transmitting and receiving antennas
in the system. The Equation (18) is substituted in Equation (16) and the
probability of outage is obtained as

Prout =

γ

⎛
⎜⎜⎜⎜⎜⎝v,

L2 (1 + α)
Nmin

2Nr
(2

2c

Nmin − 1)

PTotal

⎞
⎟⎟⎟⎟⎟⎠

Γ(v)
(19)

From (19) we can see that outage probability decreases if (i) the total
transmitted power increases; (ii) the number of channels L increases and;
(iii) target SNR increases. This is merely because of increase of L and target
SNR requires more power for a successful transmission when total power is
fixed.

3.2 In Interference

To satisfy the power requirement of CBR users in the presence of interference,
outage probability is derived with probability of user access. Each KA user
is assumed to encounter interference from remaining KA − 1 users. The
interference average power Ωi, fade of the desired user ΩD, the Doppler
frequency fm, probability that the signal falls below a predefined threshold
Po and average level crossing rate η is related by [20]

Po = 1 − 1(
1 +

γCBRΩi

ΩD

)KA−1 (20)

η =

√
2πfmΓ

(
KA − 1

2

)
Γ(KA − 1)

⎛
⎜⎜⎝ 1

1 +
γCBRΩi

ΩD

⎞
⎟⎟⎠

KA−1√
γCBRΩi

ΩD
(21)

In order to reduce the interference, the probability that the user access the
channel pi should be less. The average access time of the user is given by
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Ti = pi

Ri
where i = 0, 1, 2, . . . , L and Ri is the average access rate of the

user. Since this average access time should be greater than or equal to the time
the scheduler can wait till it schedule the user. Therefore the average access
time of the user should be greater than the sum of outage time To and queuing
time TQ i.e.

Ti ≥ TQ + To (22)

Substituting TQ and Tout in the above equations

pi

Ri
≥ 1

μAKA − λA
+

Po

η
(23)

pi ≥ Ri

(
1

μAKA − λA
+

Po

η

)
(24)

where μA and λA are average packet arrival and average service time of CBR
traffic. The closed form expression for Ri is given by (for Rayleigh fading
case) [19]

Ri = πfm(L − 1)
L−2∑
n=0

(
L − 2

n

)
(−1)n(n + 2)

−3
2 (25)

The value of Po
η × Ri is obtained as

Po

η
× Ri =

1 − 1(
1 +

γCBRΩi

ΩD

)KA−1

√
2πfmΓ(KA − 1

2)
Γ(KA − 1)

⎛
⎜⎜⎝ 1

1 +
γCBRΩi

ΩD

⎞
⎟⎟⎠

KA−1√
γCBRΩi

ΩD

× πfm(L − 1)
L−2∑
n=0

(
L − 2

n

)
(−1)n(n + 2)

−3
2 (26)

By applying Kershaw’s law of inequality for the gamma function i.e.
Γ(x+s)
Γ(x+1) < (x + s

2)s−1, for all x > 0, 0 < s < 1,
Γ(KA− 1

2 )
Γ(KA−1) in the denomi-

nator of the above equation is simplified as

Γ(KA − 1
2)

Γ(KA − 1)
<

(
KA − 5

4

) 1
2

(27)
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After applying the above inequality and using the basic property of (1+x)2n ≥
1 + 2nx for x ∈ R, n ∈ N , we can write the Equation (26) as

Po

η
× Ri =

(
(KA − 1)

√
γCBRΩi

ΩD

)
√

2π
(
KA − 5

4

) 1
2

× π(L − 1)
L−2∑
n=0

(
L − 2

n

)
(−1)n(n + 2)

−3
2 (28)

Substituting the above Equation (28) in Equation (24), the probability of user
access is reduced to

pi ≥

⎛
⎜⎜⎜⎝ fm

μAKA − λA
+

(
(KA − 1)

√
γCBRΩi

ΩD

)
√

2π(KA − 5
4)

1
2

⎞
⎟⎟⎟⎠

× π(L − 1)
L−2∑
n=0

(
L − 2

n

)
(−1)n(n + 2)

−3
2 (29)

In the interference system, if the normalized SNR is greater than or equal
to the target SNR, the access probability is related with the number of
channels as

pi = pr(Piγi ≥ γCBR) =
1
L

(30)

Substituting the above Equation (30) in Equation (19) and calculating using
minimum probability of access, the probability of outage is expressed as

Prout =

γ

⎛
⎜⎜⎜⎜⎜⎝v,

Nmin

2Nr
(1 + α)(2

2c

Nmin − 1)

(pi)
2PTotal

⎞
⎟⎟⎟⎟⎟⎠

Γ(v)
(31)

From the above Equation (31), the outage probability is a function of power
allocation ratio α and probability of user access. If the probability of user
access increases, it is expected that the outage probability decreases. The
change in outage probability is demonstrated in results and discussion section.
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4 Throughput Analysis for Best-Effort Traffics

Throughput which is the average capacity of the remainingNt−L sub channels
with optimum power allocation. First the throughput of the BE traffic in the
absence of interference is derived. If L = 0, the throughput is identical to
the Ergodic capacity and optimum power allocation is known at transmitter.
The conditional throughput for best-effort traffics is given by [7]

TBE = E

⎡
⎢⎢⎣ max

Nt∑

l=L+1
PBE

Nt∑
l=L+1

log2(1 + Plγl)

⎤
⎥⎥⎦ (32)

The throughput is expectation of TBE over Power allocated to best-effort
traffics and is given as

TBE ≤ E

⎡
⎢⎢⎣ max

Nt∑

l=L+1

Pl≤PBE
Pl≥0

Nt∑
l=L+1

log2(1 + Plγl)

⎤
⎥⎥⎦ (33)

= E

[
Nt∑

l=L+1

log2(1 + Plγl)

]
(34)

By using the fact that the optimum power according to water filling theorem

is given in [23] as Pl =
(
β − 1

γl

)+
, l = L + 1, L + 2, . . . . . . Nt and the

expression inside the log function becomes

log2(1 + Pl γl) = log2(1 + β γl) (35)

where β is the Lagrangian multiplier. By utilizing the Lagrangian multiplier,
the throughput becomes

TBE =
Nt∑

l=L+1

E[log2 β + log2 γl] (36)

In the proposed power allocation of best effort traffic, the total power allocated
to the Best Effort traffic is the sum of all Pl and the sum is

PBE =
Nt∑

l=L+1

Pl =
Nt∑

l=L+1

(
β − 1

γl

)+

(37)
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If Pl > 0, for l = L + 1, L + 2, . . . . . . K, β becomes

β � 1
Nt − L

(
PBE +

Nt∑
l=L+1

1
γl

)
(38)

From the Equation (38), the Lagrangian parameter for the power allocation to
the best effort traffic can be calculated.

The Channel condition(CSI) of the Best Effort user is utmost important,
since the Best Effort Traffic users have less priority compared to the CBR users
and also the channels allocated to the BE users is the remaining channels after
allocating to the CBR users. If there is any degradation in CSI at the transmitter,
some of the BE users may not be scheduled at all. In our proposed method,
the power allocation and scheduling of users when operated in best effort
traffic depend on the channel condition of the MIMO at either the transmitter
or receiver. Thus Channel information knowledge of the MIMO system will
affect the power allocation strategy.

Assume that the channel is estimated and the feedback is given through the
feedback link and the channel estimation error results in an SNR loss factor.
The SNR loss factor which is related with channel estimation mean square
error σ2

E is obtained as [13]

δ =

(
1 − σ2

E

)((
1 + σ2

EPTotal

)) (39)

From above equation, the total power in terms of channel estimation error is

PTotal =

((
1 − σ2

E

)
δ

− 1

)
∗
(

1
σ2

E

)
(40)

Substituting the above Equation (40) in the Equation (6) and solving for PBE ,
the power allocated to BE traffic is reduced to

PBE =

([
α

1 + α

((
1 − σ2

E

)
δ

− 1

)
∗
(

1
σ2

E

)])
(41)

From the above equation, the power allocated to the Best effort traffic is
calculated and the value of PBE should be less than or equal toPTotal −PCBR.
The value of PBE is substituted in the Equation (38) and subsequently the
Lagrangian multiplier is calculated for the best effort traffic as
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β =
1

Nt − L

(([
α

1 + α

((
1 − σ2

E

)
δ

− 1

)
∗
(

1
σ2

E

)])
+

Nt∑
l=L+1

1
γl

)
(42)

Substituting the above Equation (42) in Equation (36) and using the upper
bound from [16], the expected value i.e. E[log2 γl] = (log2 e) ϕ(Nr − l+1),
the throughput reduces to

TBE = log2

[
1

Nt − L

((([
α

1 + α

((
1 − σ2

E

)
δ

− 1

)
∗
(

1
σ2

E

)]))

+
Nt∑

l=L+1

1
γl

)]
+

Nt∑
l=L+1

(log2 e)ϕ(Nr − l + 1) (43)

where ϕ(Nr − l + 1) is digamma function. The throughput is a function of
Nt, Nr, the number of channels L, and the SNR loss factor δ, the power
allocation ratio α. The variations of throughput with respect different antenna
combinations are demonstrated in the results and discussion Section 5.

4.1 In Interference

In this section the throughput of the Best effort traffic is derived when
the system is affected by the strong interference. From Equation (29), the
probability of access of best effort users is written as

pi ≥

⎛
⎜⎜⎜⎝ fm

μBKB − λB
+

(
(KB − 1)

√
γCBRΩi

ΩD

)
√

2π(KB − 5
4)

1
2

⎞
⎟⎟⎟⎠

× π(L − 1)
L−2∑
n=0

(
L − 2

n

)
(−1)n(n + 2)

−3
2 (44)

In the interference system, if the normalized SNR is greater than or equal to
the target SNR, the access probability of the best effort users is related with
the number of channels as

pi(BE) = pr(Piγi ≥ γBE) =
1

Nt − L
(45)
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Substituting the above equation in Equation (43), the throughput of the
best effort traffic is written as

TBE = log2

[
1

pi(BE)

((([
α

1 + α

((
1 − σ2

E

)
δ

− 1

)
∗
(

1
σ2

E

)]))

+
Nt∑

l=L+1

1
Nr − L

)]
+

Nt∑
l=L+1

(log2 e)ϕ(Nr − l + 1) (46)

and we used the fact E( 1
γl

) = 1
Nr−L in the above equation. From the above

equation, the throughput for best effort traffic is studied for various values
of channel estimation error and the effect of interference on throughput from
(46) is demonstrated in the results and discussion section.

5 Results and Discussion

The simulations are carried out for different MIMO systems. The numerical
simulation consists of 1000 independent channel realizations of channel
vectors and user distributions. Since in this proposed model, the transmitter
is power constrained, the channel estimation error in this simulation is a

decreasing function of signal to noise ratio [13] i.e. σ2
E ≤ σ2

u + σ2
n

γBE
.

From the initial population of K users, at any given time, a maximum of
KA = 8 and KB = 8 users are considered. In performing simulation for
interference scenarios, the simulation considered the worst case setting by
considering the users are mutually interfering. The ratio of interference power
to user fading power Ωi

ΩD
averaged over the channel realizations is 0.2 and

the transmission rate c is set at minimum of 2 bits/Hz. The performance of
proposed power allocation is demonstrated for various number of receive
and transmit antennas combinations (Nr × Nt). The important simulation
parameters are shown in the Table 1.

In the Figure 2, the outage probability is compared for various values of
total power. As the total power increases, we observe the following: (1) The
outage probability decreases; (ii) The total available power can be allocated
to the given number of channels and thus the users allocated to the channel
will experience low outage; (iii) If α decreases, the total power allocated to
the CBR users increases, and it results in lower outage probability there by
providing higher QoS; (iv) If number of receiving antennas Nr increases,
the lower will be outage probability. These observations indicate that the
proposed system reduces outage probability and also allocating the un-utilized
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Table 1 Simulation parameters

Variable Parameter Sim. Value

γCBR CBR Target Signal to Noise Ratio 6 dB

γBE BE Target Signal to Noise Ratio 6 dB

α Power Allocation Ratio 0.1 and 0.9

δ SNR Loss Factor 0.1 dB to 0.5 dB

σ2
u Prediction Error 0.03

σ2
n Measurement Error Caused by Noise 0.05 and 0.1

L Number of Channels 1 to 8

PTotal Total Transmit Power 1 dB to 20 dB

TQ Maximum Queuing Delay 10−3 Sec.

fm Doppler Frequency 40 Hz

K Total Number of Users 20

Figure 2 Outage probability against total power when L = 2.

power to the other traffic users for given total power budget. In the Figure 3,
the outage probability is higher for given allocated total power because
of strong interference. The outage probability in interference (Figure 3) is
higher compared to without interference case (Figure 2) for the same system
configuration i.e. one can make interesting observation by comparing Figure 2
and Figure 3, is that to serve the user with guaranteed QoS in interference,
the total allocated power needs to be considerably increased compared to the
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Figure 3 Outage probability against PTotal in interference when L = 2.

without interference case. Generally it is required that the outage probability
should be smaller than or equal to certain threshold value according to given
QoS, any further decrease would not make significant impact.

To examine the behaviour of outage probability with channels, we evaluate
the outage probability for Nr ∈ {3, 4} and α ∈ {0.1, 0.9}. The results are
shown in Figure 4. The outage probability reduces as the number of chan-
nels increases. Moreover, we infer from the plot that if Nr decreases and
the value of α is maintained at the same value, the outage probability
increases. This is because the allocated power can be used to increase the
target SNR. The 3 × 5 system outage probability is higher compared to

Figure 4 Outage probability against L when PTotal = 20 dB.
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the 4 × 5 system outage probability. Consequently, as L tends to increase,
better outage probability of CBR is observed compared to the uniform power
allocation.

The Figure 5 is the plot of outage probability with number of CBR users.
Here if the number of user increases, the outage probability increases but
at the same time, if the allocated power PCBR and Nr increases, the outage
probability decreases with number of users. It is interesting to notice that the
outage probability is more a function of α than that of the number of receiving
antennas. The Figure 6 demonstrates that (i) For higher PTotal and Nr, the
system produces higher throughput; (ii) If α is higher, the higher is the power
allocated to the BE traffic and thus the throughput of the system will also
increases.

Usually less power will be allocated to best-effort traffic and the impact
of channel estimation is very important parameter to study the throughput in
Best effort traffic. The throughput for best effort Traffic is analysed in Figure 7
for various values of variance obtained from the channel estimation error. It is
clear from the Figure 7 that the throughput decreases as the predicted loss in
SNR increases. It is inferred that if the value of σ2

E increases i.e. from σ2
E =

0.04 to σ2
E = 0.05, and simultaneously increasing the SNR loss factor, the

proposed power allocation less likely to allocate more power to the best effort
traffic users. Thus automatically, the throughput for the best effort traffic users
decreases because required target SNR cannot be met in the presence of σ2

E and
low α. The decrease in throughput is clearly illustrated with SNR loss factor for
different antenna combinations (Nr × Nt), power allocation ratio α, and σ2

E .

Figure 5 Outage probability versus number of CBR users KA.
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Figure 6 Throughput (Bits/sec/Hz) vs. PTotal when number L = 2.

Figure 7 Throughput (Bits/sec/Hz) vs. SNR loss factor for different values of σ2
E .

The Figure 8 demonstrates that the number of user increases, the through-
put decreases and mainly the reduction in throughput is due the fact that the
total power is fixed. This observation indicates that (i) Only less number
of channels are available for the given total power to meet the growing
number of users; (ii) As expected if σ2

E increases, the throughput decreases
and it can easily be verified in the plot by comparing σ2

E = 0.04 and
σ2

E = 0.05. Finally to investigate how the channel access is affected when the
number of users increases, the probability of access is plotted with respect to
threshold SNR in Figure 9. As the threshold SNR is increased, as expected the
probability of access is decreasing. It is also clear from the graph (Figure 9)
that the access probability is higher if more users trying to access the channel
simultaneously.
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Figure 8 Throughput (Bits/sec/Hz) vs. no. of users when PTotal = 20 dB.

Figure 9 Probability of access to the SNR threshold for various K.

By evaluating the outage probability and throughput of service differenti-
ated multiuser MIMO system, it is proved that our proposed method efficiently
allocate power between CBR and BE users in order to guarantee the required
QoS in interference as well as in without interference scenarios.

6 Conclusions

The multi-input multi-output system transmits traffics from different source
nodes. Thus Power allocation is significant measure of quality and it is proved
that it significantly affects the throughput and reduces the outage probability
across sub channels of MIMO systems for QoS requirement. Closed form
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expressions are derived for optimal power utilization and to analyze the
performance indices in both interference and non-interference regimes with
probability access as one of the constraint.

The proposed Methodology can also be easily extended to heterogeneous
MIMO networks and it will be interesting to study the power allocation by
incorporating limited feedback delay.
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