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Abstract—Massive MIMO and heterogeneous networks are
the two promising candidates for the future fifth generation
(5G) cellular systems. User association policy is one of the most
vital issues for the performance of this network. Therefore, this
paper proposes a novel user association technique for massive
MIMO based heterogeneous cellular networks with co-existing
delay tolerant user (DTU) and non-delay tolerant user (NDTU).
Proposed technique aims to improve the quality of service (QoS)
by accounting the signal quality, call blocking probability and
waiting time for associating the user equipment (UE) with
appropriate base stations (BSs). The system is modeled using
M/M/c/N queue. System performance is evaluated in terms of
performance metrics, namely, throughput, call blocking proba-
bility and waiting time. Impact of system parameters, such as
UE arrival rate, tolerable waiting time and number of antenna
are also investigated.

Index Terms—User association, massive MIMO, heterogeneous
network, DTU and NDTU traffic, QoS.

I. INTRODUCTION

Future wireless cellular networks will face thousand times
growth of mobile data traffic. A recent study investigated that
25 billion interconnected devices are anticipated within 2020
and 7 billion cumulative smartphones are projected between
2013-2017 [1]. At present and in the near future, to meet
this demand, we need more spectrum, more efficiency and
better quality of service (QoS). In light of this, several ap-
proaches have drawn considerable attention. Few of them are,
massive MIMO, heterogeneous network (HetNet), mmWave
network, energy harvesting network, device to device com-
munication (D2D), cloud radio access network (C-RAN) and
full duplex communication [2]-[6]. The focus of this paper
is massive MIMO enabled heterogeneous cellular network.
Massive MIMO is a system where number of antenna is
significantly greater than number of user [3], [7]. This can
support high spectral efficiency with simple linear transceivers
and is expected to provide high energy efficiency [6]. On the
other hand, heterogeneous network (HetNet) is to deploy small
cell access points (SCAs) in the coverage of a Macro BS [3].
Spatial reuse and coverage can be improved significantly by
deploying additional network nodes within the local area range
and bringing the network closer to end users [6].

For achieving the best performance from such networks,
efficient user association policy is required [2]. Therefore,
this area has drawn a considerable attention of the research
community [2], [8]-[13]. For user association in 5G networks,

different metrics have been adopted. Five common metrics
are: outage/coverage probability, spectral efficiency, energy
efficiency, quality of service (QoS) and fairness [2]. QoS can
be measured in terms of blocking probability, traffic delay and
throughput. Many researchers are looking forward to develop
an effective user association for future network. In [8], [9],
user association policy is adopted for heterogeneous network.
In paper [8], the authors designed user association scheme for
downlink heterogeneous network and opted to improve energy
efficiency. Whereas, the main goal of user association in [9]
is the maximization of the sum data rate of all users, under
users minimal rate constraint considering user fairness. This
paper adopted Hungarian algorithm to implement their user
association policy. On the other hand, authors in [10] designed
a resource efficient load balancing user association in massive
MIMO. They worked with two user centric schemes, namely,
max-rate association and load based association. In max-rate
association, user decides to associate in peak rate but in load
based scheme, user tries to selfishly associate to maximize
throughput by also considering load information. In [11]-
[13], user association scheme was investigated for massive
MIMO enabled HetNets. The objective of user association in
[11] was to maximize system capacity. They also considered
limited load capacity at each BS, without allowing fractional
user association. In [12], authors adopted a QoS aware user
association in a game theoretic way. Their main QoS parameter
was data rate. In addition to the improvement of data rate,
they also worked for antenna allocation for different class of
users. Moreover, authors in [13] proposed user association
policy to achieve energy efficiency for massive MIMO and
mmWave enabled heterogeneous networks. To acquire energy
efficient network, they also considered BSs with the capability
of harvesting renewable energy.

The increasing sum data rate in massive MIMO involves
increasing number of antenna. But the increased number of
antennas consume more power and need more radio resources.
In light of this issue, in [14], author proposed to restrict
antenna to user ratio below ten. The limited antenna and radio
resources also limit the number of user served at a time. In
the busy period, some users may have to be blocked from
getting service which affects QoS of the system. Moreover,
in practice there is a mix scenario where both DTU and
NDTU traffic co-exist. DTUs can delay before the starting
of their service. But the long waiting time to get the service



affects the QoS. Therefore, any efficient user association policy
should consider both DTU and NDTU traffic. To the best of
our knowledge, there is no such work of user association in
massive MIMO enabled HetNets which considers both DTU
and NDTU traffic. Furthermore, for future implementation, a
perfect user association policy needs to consider multiple QoS
parameters. But the papers discussed above considered only
throughput.

In light of these, this paper proposes a novel user association
mechanism considering both DTU and NDTU traffic. The
proposed policy jointly considers multiple QoS parameters,
namely, blocking probability, waiting time and throughput.
Our simulation results show throughput, waiting time and
blocking probability with varying arrival rate and different traf-
fic scenarios. Moreover, impact of system parameters is also
demonstrated through simulation of our algorithm. This paper
also compares performance of the proposed user association
scheme with that of only SINR based scheme demonstrating
the superiority of the proposed algorithm.

The remainder of this paper is organized as follows: Section
II presents system model, section III formulates the problem
and describes the algorithm, in section IV numerical results
and analysis are given and section V concludes our work
summarizing the key findings.

II. SYSTEM MODEL
A. Network Model

In this paper, we consider the downlink of a Massive MIMO
enabled heterogeneous cellular network. This system consists
of one macro BS and several micro BS randomly distributed
inside it. All BSs are equipped with large number of antennas
for enabling massive MIMO communication. The antennas
in the BS are employed linearly having no correlation and
mutual coupling between transmitter and receiver antennas
[15]. User equipment (UE) are assumed to be uniformly
distributed throughout the network area. Two types of UE are
considered, namely, delay tolerant user (DTU) and non-delay
tolerant user (NDTU). DTUs accept to delay their service in
case all the servers are busy. NDTUs are not willing to wait
under any circumstances. Transmission of users from all BSs
are served at the same time occupying the same bandwidth
(BW). We assume perfect CSI acquisition. Network model of
the system is illustrated in Fig. 1.

B. Link Model

In this paper, we consider Rayleigh channel model [15].
The K x M channel matrix of j** BS can be modeled as

H; =G;*I; (1)

where G is diag[fj.1, 55,2, -coveeveennn Bj.x) where 5 and I;
(K x M) matrix can be expressed as

Bik = 9j.t95rd; 1 ik (2)
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Fig. 1. Network model

where I ;. vector can be expressed as

Lk =Lk, Diezs oo L] (4)

here g;; and g;, are transmitter and receiver antenna gain
respectively, d; . is the distance between BS j and user k
and « is the path loss component, f;; and I, models the
shadow fading and Rayleigh fading respectively. K is the total
user and M is the total number of antenna. Channel matrix of
the 5" BS can be given as

Hj = [Hj717Hj72, ........... ,Hng] (5)

Signal-to-interference-plus-noise-ratio (SINR) from BS j to
user k can be expressed as

Prec,j,k
Iinter,k + Iintra,k + Pn
where P ;. is the received signal power to user k from

jth BS, I;pier, ks is the interchannel interference, I;y,4yq,k is the
intrachannel interference and P, is the noise power.

SINR; ;. = (©)

C. Proposed User Association Algorithm

In our algorithm, we propose sequential consideration of
blocking probability, waiting time and SINR respectively. To
maintain communication, a threshold SINR, S; is taken. BSs
that provide SINR greater than or equal to .S; are considered
primary candidate BSs for associating a UE. In our pro-
posed scheme, firstly, the primary candidate BSs are selected.
Secondly, server of the primary candidate BSs are checked.
Among the primary candidate BSs which have free server are
selected as secondary candidate BSs for associating a UE.
At last, the BS which provides maximum SINR among the
secondary candidate BSs will be selected for associating a
UE. If every server of all BSs is found busy, NDTU will be
blocked. However, DTU will not be blocked as they can be
assigned in the queue of a BS.

In case of a DTU, when all server is found busy, waiting
time of the DTU in every BS is calculated. Among the primary
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Fig. 2. Flow chart of the proposed user association algorithm

candidate BSs, those provides waiting time less than W,
are selected for secondary candidate BSs. Then BS which
provides maximum SINR among the secondary candidate BSs
is assigned for the DTU.

Furthermore, if all server of every BS are busy and every
BS provides waiting time greater than W;, there will be no
secondary candidate BS. In this case, the queue of all BSs is
checked. After that, among the primary candidate BSs which
provides minimum waiting time with available queue will be
assigned to DTU. At last, if there is no available queue, no
available server, DTU will be blocked.

Our algorithm is illustrated in the flow chart in Fig. 2. Pseu-
docode of the proposed algorithm is also shown in Algorithm
1. In Algortihm. 1 PC' is denoted as primary candidate BS,
SC' is secondary candidate BS, @ is the number of UE in
queue, S is the number of busy server and (), is the threshold
number of UE in queue.
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Fig. 3. Markov chain for each BS

Algorithm 1 Pseudocode of the proposed algorithm
1: initialize PC, SC, S;, @, S and Q
2. if k" UE requests service then
33 forj=1:Jdo

Compute SINR of k" user
end for
for j=1:J do

if SI]\/vRL]C > St then
Select j** BS as PC

end if

10 end for

11:  Compute S of PC BSs

12z for All PC BSs do

D A A

13: if The BS has free server then
14: Select the BSs as SC
15: end if

16:  end for
17:  if There is atleast one SC BS then

18: Associate k** UE to BS with max SINR among SC

19:  else

20: if k" UE is NDTU then

21 k" UE will be blocked

22: else

23: Compute Q of PC' BSs

24: for ALL PC BSs do

25: if Q < Q; then

26: Select j** BS as SC

27: end if

28: end for

29: if There is atleast one SC BS then

30: Associate k' UE to BS with max SINR among
SC

31: else if There is no free queue in any BS then

32: DTU will be blocked

33: else

34; Associate k" UE to BS with min @ among PC

35: end if

36: end if

37:  end if

38:  Update all S,Q, PC,SC according to BS selected
39: end if

D. Queue Model

To model the proposed algorithm, we adopt queue theory
based approach. Here, M/M/c/N queue model of system length
N with ¢ number of server and N — ¢ queue length has been
applied. Queue theory has been adopted for DTU traffic and
for NDTU traffic, N is equal to ¢ and there is no queueing
option for this case. The method of service is First Input First
Output (FIFO) with considering priority of NDTU over DTU.
Markov Chain for the queue model for each BS is shown in
Fig. 3.

For the queue model, following three situations can arise.

Situation 1 (Available server, available queue): When
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Fig. 4. Massive MIMO transmitter configuration

a server becomes free and DTUs are waiting in the queue,
according to FIFO method, in this situation, UE which has
come first among the DTUs waiting, will get the srrvice first.
But at this time, if a NDTU comes, as NDTU has more priority
over DTU, it will get service before any user waiting in the
queue.

Situation 2 (Full server, available queue): In this case,
DTUs will enter the queue and wait until any server gets free.
On the other hand, NDTUs will be blocked instantly.

Situation 3 (Full server, full queue): In this case, any user
coming will be blocked.

III. PERFORMANCE METRICS

This section defines the performance metrics used in this
paper.

A. Blocking Probability

Blocking probability is given the highest priority among all
the metrics. For achieving better performance of any system,
it is necessary to decrease the blocking probability as much
as possible. Blocking probability P, can be given as

K
Py= 22 )

where K3 is the number of user blocked and K is the total
number of arrived user.

B. Waiting Time

Waiting time is another important QoS parameter for DTUs.
Though DTU can wait to get the service, it cannot afford
long waiting time. More waiting time for DTU in queue
deteriorates the system overall QoS. In light of the fact, this
paper considers threshold waiting time, W;. Average waiting
time W, and threshold waiting time W; can be expressed as

— Lq

Wy =5t ®)
_ @

Wy = N €))

where L, is the average queue length, (); is the threshold
number of user in the queue and )\, is the arrival rate of DTU.

C. Throughput

Transmitter configuration with massive MIMO is shown in
Fig. 4 where q; is the vector of input data stream from BS j
given by

q_] = [qjlaqua ........... ,q]K] (10)

Then ¢;, is input data from BS j of user k.

This data stream passes through the precoding matrix and
produces transmit antenna output vector of 5" BS Xj. X; can
be expressed as

X; = q;W;" (11)

where W; (K x M) is the precoding matrix of BS j and W j;,
is the precoding vector of BS j for user k.
Signal for user k& from BS j can be expressed as

Yj,k = \/TPJ.HMX + Iinter,k + 1k

where kis 1, 2, 3, ........ , K active users, n;j, is the thermal
noise and « is a normalization constant [4].
Now, Y ;. can then be written as

(12)

K;
Yik = VaPH; W, kas s+ /Py Y H W, g
E #k

;K
+ Z Z O‘Pj’Hj’ij’k'q]",kf +njk
35k #k

Here, Interference experienced by user k are

13)

;K
Tingere = Y, Y \/aPyHy Wopqie (14)
§'#5 K #k

K
Iintra,k’ =/ apj E Hj,kwj,]g’ q;.%
k' #k

5)

Therefore, SINR of k** user from j*» BS can then be
expressed as
SINR; ), =

aPj|H; W7, |?

K, 7 K,
abPj > |Hj>ij,k/|2 + > 2 an/|Hj’,ij/,k’|2 + Nk
K #k §#ik #k
(16)
where precoding matrix is used according to zero force beam-
forming (ZFBF) precoding code [4], [16] and can be expressed
as

W = H;* (H " H*) ! (17)

It has following property [15], [16]
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MHj,kak = IBj,Ic (18)
1 T
Mvaij,k' =0 (19)
1 T
M j’ij/,k/ - O (20)
Then downlink system capacity can be written as
K
C=> logy(1+ SINRy) (21)
k=1

and with perfect CSI, ZFBF precoding matrix downlink system
capacity can also be expressed as

K
P:
C=> log,(1+M ?5’“

k=1 ik

) (22)

IV. NUMERICAL RESULT AND ANALYSIS
A. Simulation Setup

In this section, performance of the proposed algorithm
through MATLAB based simulation is presented. The sys-
tem is simulated with one macro BS and two micro BSs.
Simulation is conducted for 2000 calls and the UE positions
are generated uniformly distributed in space. Inter-arrival time
and call duration are modeled with exponential distribution.
Mean inter- arrival time is taken inverse of mean arrival rate.
Mean call duration is taken 60 seconds. Number of NDTU is
considered one third of total UEs. Antenna number to total
server ratio is considered eight and () is taken five unless
otherwise specified. Moreover, results comparing proposed
user association scheme with that of only SINR based policy
are presented. The results presented in this section are the
average of 20 iterations. Other simulation parameters are given
in Table L.

TABLE I

SIMULATION PARAMETER
parameter value
Bandwidth of Macro BS (MHz) 5
Bandwidth of Micro BS (MHz) 1.4
Transmit Power of Macro BS (dBm) 46
Transmit Power of Micro BS (dBm) 30
Standard Deviation of Shadowing Effect (dB) | 8
Cell Radius of Macro BS (m) 500
Cell Radius of Micro BS (m) 50
Thermal Noise Power kTB
Temperature (Kelvin) 300
Path loss exponent 3.7
Transmitter Antenna Gain 1
Receiver Antenna Gain 1
Call Duration (i) (seconds) 60
Macro BS Server 25
Micro BS Server 10
Macro BS buffer length 10
Micro BS buffer length 10
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Fig. 5. Throughput of the system with different antenna to user ratio

B. Throughput

The impact of increasing number of antenna to user ratio
on throughput of the system is presented in Fig. 5. This part
of the simulation is conducted with the arrival rate of 0.7 user
per second. With the increase of ratio, throughput increases,
but the increasing trend is lower with the increase of antenna
number. This is because, throughput is logarithmic with an-
tenna number as seen in (22). This figure also demonstrates the
comparison of SINR based scheme with the proposed scheme
on throughput. It is evident that the throughput of the two
schemes are very close to each other.

C. Blocking Probability
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Fig. 7. Blocking probability comparison with proposed user association and
SINR based association

In Fig. 6, call blocking probability under the proposed
user association scheme is presented. This is investigated for
three different traffic scenarios, namely, DTU, NDTU and mix



scenerio of DTU and NDTU. With the increase of arrival rate,
the blocking probability increases. It can be seen that the rate
of increase in call blocking is the highest for NDTU only and
the lowest for DTU only. But in real life, DTU and NDTU
traffic co-exist.

We also compare blocking probability of SINR based user
association scheme with the proposed scheme. Fig. 7 presents
the comparison. The blocking probability is significantly lower
in case of the proposed user association scheme. Our proposed
scheme deploys queue to hold the DTU before getting service.
Furthermore, even in case all the servers are busy and waiting
time is more than threshold, our proposed scheme does not
block any UE till the queue becomes full. For this reasons,
our proposed scheme improves blocking probability.

D. Waiting Time
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Fig. 9. Comparison of waiting time of proposed scheme with SINR based
scheme

Fig. 8 shows the waiting time for the three scenarios with
arrival rate. As NDTU does not wait in the queue, the waiting
time for NDTUs only scenario is zero. For other two scenarios,
waiting time increases with the increase of arrival rate. The
increasing trend is more for the DTU only scenario.

Fig. 9 demonstrates the comparison of waiting time of the
proposed policy with that of only SINR based. In SINR based
policy, a UE is assigned in the BS which provides the best
SINR. This policy may lead the UE to get the BS where it
has to wait long time to get the service. This deteriorates QoS
of the system. In our proposed policy, a UE is assigned to
the BS where it needs to wait less, while gets a fair SINR.
For this reason, this figure shows that waiting time in our

proposed user association is better than that of SINR based.
This figure also shows that with the decrease of @), waiting
time decreases.

V. CONCLUSION

In this paper, we have proposed a novel user association
scheme for massive MIMO enabled heterogeneous cellular
network. We have focused on the traffic scenario where both
DTU and NDTU co-exist. Blocking probability, waiting time
for DTU and throughput are critical QoS parameters of a
cellular communication system. Conventional SINR based
user association scheme considers only throughput. But in
our proposed scheme, other two QoS parameters also have
been taken into consideration. Simulation results demonstrate
the improved blocking probability and waiting time without
compromising throughput.
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