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Abstract 
This paper mainly elaborates the studies of channel estimation and downlink 
data transmission in Massive MIMO. As there are different types of interfe-
rence in single-cell and multi-cell systems, this paper establishes different 
models for them separately. In terms of uplink training, for getting channel 
state information, we introduce LS and MMSE channel estimation algorithms 
and make a comparison between them. At the same time, the problem of pilot 
contamination is solved by cell classification and pilot identification. Next, 
this paper defines mathematical models for downlink data transmission. We 
use pre-coding methods (including Zero-forcing and Maximal Ratio Com-
bining schemes) and optimize power distribution to improve channel capaci-
ty and transmission rate. Furthermore, this paper provides numerical results 
to show the simulation performance in both single-cell and multi-cell systems 
and extends to prospects in the future. 
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1. Introduction 

MIMO (Multiple-Input Multiple-Output) refers to using of multiple transmitted 
and received antennas at the transmitted and received sides to transmit and re-
ceive signals. It can make full use of space resources, so the channel capacity and 
communication quality can be increased without increasing spectrum resources 
and antenna transmission power. Massive MIMO system is generally considered 
to be proposed by Marzetta T. L. of Bell Labs in 2010 [1]. It is the MIMO system 
whose number of antennas in the base station is order of magnitude larger than 
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the number of the users. By increasing the number of antennas at the base sta-
tion, we can average out the effects of fading, thermal noise, intra-cell interfe-
rence and improve the transmission rate. Therefore, the channel capacity will be 
larger and the quality of the channel will be greatly ameliorated. Mostly, Massive 
MIMO uses TDD technology rather than FDD [2]. It makes the uplink and 
downlink of the channel use the same frequency band but different time slots. 
Assuming channel reciprocity, the uplink and downlink channel matrix are the 
same. So it is easy to estimate the channel. 

Nowadays the MIMO technology has become one of the key technologies in 
the field of wireless communication [3]. Through continuous development in 
recent years, MIMO technology will be more and more widely applied to various 
wireless communication systems. In terms of wireless broadband mobile com-
munication systems, the 3rd Generation Partnership Project (3 GPP) has added 
MIMO technology-related content to the standards, and MIMO technology will 
also be applied to B3G and 4G systems. In wireless broadband access systems, 
standards such as 802.16e, 802.11n, and 802.20, which are under development, 
also employ MIMO technology. The Massive MIMO technology is not yet wide-
ly used today. However, in the field of 5G wireless communication, Massive 
MIMO wireless communication will utilize more antennas to transmit and re-
ceive information in the future [4]. The power utilization rate and system spec-
trum utilization rate will significantly improve. It will lay a solid foundation for 
5G to achieve faster and more stable targets. Because of these obvious advantages, 
the Massive MIMO is regarded as the key technology to 5G communication. 

1.1. Motivation 

Massive MIMO has been a hot topic in recent years, since it provides rich spatial 
freedom and more possible arrival path, which can improve the capacity and re-
liability of wireless systems. And some researchers also find that it significantly 
improves system spectral efficiency and energy efficiency [5]. The benefits of 
multiple antennas, especially at the base station, are not limited. 

When the base station has a large number of antennas, the phase of the 
transmitted signal can be adjusted to form superimposed signals at the receiving 
antenna, which make each transmitted antenna only needs to transmit signals 
with low power. By constructing different beams directed to multiple target us-
ers, interference between the beams can be effectively reduced. Moreover, based 
on channel reciprocity, the cost of pilot training is independent to the number of 
base station antennas but only related to the number of users per cell. So when 
the number of base station antennas tends to infinity, the feedback overhead of 
the system is not increased. Perfectly matched to Massive MIMO is millimeter 
wave which is another key technology of 5G [6]. Millimeter waves have a wide 
bandwidth, but the attenuation is strong. The beamforming of Massive MIMO 
just complements the short board. If the antenna size we use is fixed relative to 
the infinite wavelength, the increase in carrier frequency means that the antenna 

https://doi.org/10.4236/ijcns.2019.1210012


Y. J. Kang, T. Y. Lu 
 

 

DOI: 10.4236/ijcns.2019.1210012 172 Int. J. Communications, Network and System Sciences 
 

becomes smaller and smaller, that is, in the same space, we can plug in more an-
tennas. Based on this fact, we can compensate for high-frequency path loss by 
increasing the number of antennas without increasing the antenna size. 

1.2. Aims 

Massive MIMO is recognized as one of the key technologies of 5G mobile com-
munication systems, which can meet the needs of high capacity, high spectral ef-
ficiency and high sum rates. There have been many studies on multi-user MIMO 
in recent years, but few perfect multi-cell systems with good solutions for both 
channel estimation and transmission contamination have been displayed. The 
literatures [7] and [8] introduce some methods for pilot contamination in the 
process of uplink training like shifting the location of pilots in time frames used 
in neighboring cells and using non-orthogonal training sequences. [9] and [10] 
propose some solutions to reduce downlink interference including using a special 
multi-cell MMSE-based precoding scheme and derive optimized pre-conditioning 
matrix. In our paper, we are committed to applying Massive MIMO to multi-cell 
cellular systems and make sure that each user in each cell can perform stable and 
fast wireless communication with the base station of the cell in which it is lo-
cated. We also compare the performances when using different training pilots 
and pre-coding schemes in both uplink and downlink transmission and propos-
es some new methods. As well as this, we focus on power distribution, which can 
be used to reduce the interference to some degrees. 

We aim to overcome the pilot contamination problem in uplink channel es-
timation and reduce the interference from other base stations when downlink 
data is transmitted to each user, so that this multi-cell communication system 
has great communication quality to satisfy enough users. 

1.3. Organization 

The rest of this paper is organized as follows. In Section 2, the problem state-
ment is displayed, which leads to description of the system model with some as-
sumptions and mathematical formulas. We present the analysis and approaches 
of the whole design process in Section 3, which includes methods and optimized 
designs for channel estimation and data phase completely. Then, we present si-
mulation results in Section 4 and mention important findings in Section 5. After 
that, we finally talk about the prospects of the future work and provide a conclu-
sion in Section 6, which is followed by an acknowledgement at last. 

2. Model Construction 
2.1. Problem Statement 

1) Pilot contamination in uplink training 
The good performance of Massive MIMO system depends on that the base 

station can estimate the channel state information (CSI), but the noise received 
by the antenna will affect the channel estimation. Because channel coherence in-
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terval is short, not all cell users can transmit mutually orthogonal pilot sequences. 
Therefore, pilots need to be multiplexed, which results in channel estimation 
being interfered by other cells using the same pilot. Pilot contamination serious-
ly restricts the performance of Massive MIMO multi-cell TDD systems and has 
become an urgent problem to be solved in communication systems. 

2) Common channel interference in downlink transmission 
In downlink transmission, the base stations send signals to multiple users at 

the same time. The user receives much interference from information to other 
users in addition to the signals that he wishes to receive. Therefore, in the down-
link of a multi-user MIMO system, it is necessary to eliminate such interference. 

2.2. System Model 
2.2.1. Assumption 
We aim to consider single-cell system model first, and adjust to multi-cell sys-
tem model with some methods which help us to reduce the inter-cell interfe-
rence. Some basic assumptions we make are shown below: 

1) Each cell covers a range of circle with a radius of 2000 meters; 
2) Users are distributed at various locations in each cell with the same proba-

bility; 
3) For each base station (user), we only consider the impact of information 

sent by users (base stations) within 10 km; 
4) The path loss (β) of the channel depends on the distance between the user 

and the base station, which is regarded as large scale attenuation and is known in 
the system; 

5) The small scale fading factor (h) is independent identically distributed: ze-
ro-mean, circularly-symmetric complex Gaussian (0, 1) random distribution. The 
system doesn’t know these factors, which means that the channel state informa-
tion (CSI) should be estimated at each base station; 

6) Some notations are shown in Figure 1. 

2.2.2. Single-Cell System Model 
The single-cell system model consists of a base station with M antennas and K 
single-antenna users ( M K ). 

1) Uplink training for channel estimation 
 

 
Figure 1. Notation. 
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As M K , smaller number of pilots are required in uplink channel estima-
tion. So in order to reduce the complexity of system, we ask users to send uplink 
training pilots and do the channel estimation at the base station. The received 
signal under noise can be expressed as: 

U UP T= +Y HX W  

2) Downlink data transmission 
We first consider about the received signal at user k without interference from 

other users. The path loss factor (β) and small scale fading factor (h) are de-
scribed above (Denote this channel coefficient (h) from the k-th user in the sin-
gle-cell system to the i-th antenna of the Base station as hki). We use pk to 
represent the downlink power from base station to user k. The equation is 
shown below: 

1

M

k k k ki k k
i

y P h x wβ
=

= ⋅ ⋅ ⋅ +∑  

Then, consider the situation that each signal from the base station can pass 
through the channel between base station and user k. We need pre-coding to re-
duce this kind of interference at base station. We use vk to denote the pre-coding 
vector for user k. The received signal yk can be represented as: 

[ ]1 2
1

K

k f k k k kM i i k
i

y P h h h v x wβ
=

= ⋅ ⋅ ⋅ ⋅ +∑   

2.2.3. Multi-Cell System Model 
The multi-cell system model consists of L cells. Each cell is made up of a base 
station with M antennas and K single-antenna users as discussed above. As shown 
in Figure 2 (2 cells system). 

1) Uplink training for channel estimation 
The pilot signal received by the base station in l cell is expressed as 

( )1 1 2 2l = + + +Y H X H X W  

We can find that it contains the pilot from users in other cells. As the same 
pilot is used in different cells, the contamination pilot cannot be avoided. We 
will give solutions to reduce pilot contamination impact in next section. 

2) Downlink data transmission 
In this case, we should consider about the interference from other cells. The 

signal received by k-th user in the l-th model can be represented as: 
 

 
Figure 2. 2 cells system model. 
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1 2
1 1

   
L K

lk f jlk j lk j lk jMlk ji ji lk
j i

y P h h h v x wβ
= =

 = ⋅ ⋅ ⋅ ⋅ + ∑∑   

3. Approach 
3.1. Channel Estimation 

Channel estimation is a very important part in wireless transmission, because 
the accuracy of the estimation will impact the reality and capacity of the data 
transmission. This part is about how to do the channel estimation and the way to 
deal with the pilot contamination. 

3.1.1. Downlink or Uplink 
Since the channel reciprocity, training pilots can be sent in downlink or uplink. 
However, in order to reduce the complexity of estimation, we must make a 
choice between them. If we do the estimation in downlink: 

*= +Y H X W                         (1) 

( ) 1* *−
=H XX XY                        (2) 

where DM TC ×∈X  is the matrix containing TD pilots transmitted from M an-
tennas and DK TC ×∈Y  is the received signal matrix on K Users. In order to 
make *XX  reversible, we must let  DT M≥ , so the pilots matrix will be very 
huge because of the large number of antennas on BS, this will cause a huge com-
plexity for calculating ( ) 1* −

XX . Because the estimation is done on users’ part, 
BS needs a feedback to get the channel. But, if we do the estimation in uplink: 

= +Y HX W                         (3) 

( ) 1* * −
=H YX XX                        (4) 

UK TC ×∈X  is the matrix containing TU pilots transmitted from K Users. 
UM TC ×∈Y  is the received signal matrix on BS antennas array.  

In order to make *XX  reversible, we must let  UT K≥ . This time, the size of 
pilot matrix only depends on the number of Users, so the calculation is much 
easier. And because the estimation is done on BS, it doesn’t need a feedback in 
the system. Obviously, doing the estimation in uplink is superior to do that in 
downlink. 

3.1.2. LS (Least Square) and MMSE (Minimum Mean Square Error) 
The channel estimation algorithms also have impact on the performance of 
channel estimation. LS and MMSE are two common algorithms used in estima-
tion, but the target of them are different. 

After choosing to do the estimation in uplink, we have the received uplink 
signal under noise: 

U UP T= +Y HX W                     (5) 

As for LS, it wants to minimize the squared error 
2

U UP T−Y HX , and we 
can solve this problem by: 
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( ) 1* *
LS U UP T

−
=H YX XX                      (6) 

The channel estimation algorithm based on the LS criterion has a simple 
structure, and the calculation complexity is small only by performing one divi-
sion operation [11]. However, the influence of noise is neglected, but the chan-
nel estimation is sensitive to the noise influence. So when the channel noise is 
large, the accuracy will greatly reduce. 

For MMSE, it wants to find a G  that make ( ){ }* 0U UE P T− =Y YG H , in 
order to minimize the mean square error, so we have: 

( ) 1* 2 *
MMSE  U U w U UP T P Tσ

−
= +H Y X DX I X D              (7) 

MMSE considers the influence of noise when performing the optimization 
solution, so the mean square error of the channel estimation is small. However, 
since we have to calculate the inverse operation of the matrix when using MMSE 
channel estimation, when the number of users K increases, the calculation will 
also have a high complexity. 

3.1.3. Pilot Contamination 
In only one cell, the error of estimation comes from the added noise of interfe-
rences among users can be solved by orthogonal pilots. Increasing the uplink 
power is a way to deal with the noise, however, there is usually a power limit in 
the transmission, and we cannot initially increase the power. So under the power 
limit, we choose to increase the length of pilot TU. It is a way that sacrificing time 
in exchange for accuracy, when the pilot is designed longer, it will have more 
power which reduce the affection of noise. 

But in multi-cell model, the BS will receive pilots from the users in other cells. 
When pilots are multiplexed in all cells, BS can’t discriminate these pilots, so 
there will be a very serious Users interference (see from Figure 3). 

Now we have the received uplink signal under noise: 

( )1 1 2 2= + + +Y H X H X W                     (8) 

We can know from the system model that the fading parameter β rapidly de-
creases as the spatial distance increases. Therefore, the most serious contamina-
tion always comes from neighboring cell of the target cell. If their pilot emissions 
can be staggered from each other, it is possible to improve the performance of 
the entire system. Reference proposes a method of aligning cell pilot transmis-
sion time slots to data transmission time slots of other cells in order to reduce 
pilot contamination of the entire system. But in a large-scale multi-cell system, it 
is obviously too ideal to make the pilot transmission time slots of the target cell 
always align to the data transmission time slots of other cells [12] [13]. So we 
think of dividing the cells into three types and design different pilots for them. 
As shown in Figure 4. 

In method one, other two types of cells will keep silent when one type of cells 
are sending pilots (See from Figure 5).  
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In method two, three kinds of pilot are orthogonal to each other (see from 
Figure 6). 

Now, when BS is receiving pilots, it will only be interfered by cells in same 
type. Since the cells in same type are far away from each other, the interference is 
much lower. 

 

 
Figure 3. Multi-cell model (1). 

 

 
Figure 4. Multi-cell model (2). 

 

 
Figure 5. Method 1. 

 

 
Figure 6. Method 2. 
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3.2. Downlink Data Transmission 

After estimating the channel at the base station, each component in the cell 
knows the channel condition. Basically, the channels are full duplex so that there 
are both uplink and downlink transmission in the system. As for uplink data 
transmission, we can do some useful processes and combining at the base station 
to separate information from different users reliably and accurately. While for 
downlink data transmission, we cannot require users to reduce the interference 
any more. Hence it’s more complicated to have good performance at downlink 
transmission and that is what we focus on in this paper. 

3.2.1. Problem Review 
Like what we mention in Section 3 and Section 4, there will be intra-cell interfe-
rence in the system, which means that a specific user will receive a mixed signal 
consisted of information components for all the other users in his cell. As well as 
this, inter-cell interference from other cells will also have influences in multi-cell 
system. 

3.2.2. Mathematical Representation 
In this part, we use mathematical equation to represent the signals a particular 
user receives. 

1) Received signal at k-th user in a single cell (with intra-cell interference): 

[ ]1 2
1

 
K

k f k k k kM i i k
i

y P h h h v x wβ
=

= ⋅ ⋅ ⋅ ⋅ +∑               (9) 

2) Received signal at k-th user in l-th cell (with intra-cell interference and in-
ter-cell interference): 

1 2
1 1

   
L K

k f jlk j lk j lk jMlk ji ji lk
j i

y P h h h v x wβ
= =

 = ⋅ ⋅ ⋅ ⋅ + ∑∑          (10) 

here, we can clearly see that we consider the influence from signals sent from all 
base stations to all the users. 

So, in order to make the system have a better performance, we should try to 
do something to improve the SINR. Two methods are provided in the paper and 
we are going to discuss pre-coding schemes and power distribution separately in 
detail. 

3.2.3. Pre-Coding Schemes 
Here, we give two pre-coding schemes for downlink transmission (Zero-forcing 
and Maximal Ratio Combining). Comparing the different goals, zero-forcing [14] 
aims to cancel inter-user interference while MRC helps to maximize the gain 
toward the specific user [9]. 

Scheme 1: Zero-forcing 
Subject to the conditions below: 

2*Maximum k kh v⋅                       (11) 

* 0, & 1j k kh v j k v= ≠ =⋅                    (12) 
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In order to represent it clearly, we define matrix G : 

( ) 1* −
=G H H H                         (13) 

Hence, pre-coding vector v can be written as form: 

:,

:,

k
k

k

G
v

G
=                           (14) 

In this case, SINR for UE-k is 
2*

2

k k k

w

P h v

σ

⋅
                         (15) 

Scheme 2: Maximal ratio combining 
Subject to the conditions below: 

2*Maximum k kh v⋅                      (16) 

also 1kv =                         (17) 

Hence, pre-coding vector v can be written as form: 

k
k

k

h
v

h
=                          (18) 

The basic idea of this method is to maximize the gain of the wanted signal 
without taking care of the inter-user interference, which can be found in the eq-
uation of SINR. As shown below (SINR at UE-k): 

( )
2

* * 2
1,

k k
K

k i i i k wi i k

P h

h P v v h σ
= ≠

⋅ +

⋅

⋅∑
                (19) 

3.2.4. Power Distribution 
The second method for improving the sum rate of the system is power distribu-
tion. We will ignore the bandwidth in the equation because all the base station 
use the same bandwidth in our system, and it doesn’t matter when we are look-
ing for the better data rate by changing power distribution. In this case, we focus 
on transmission with zero-forcing pre-coding. 

We represent the sum rate as form: 
2*

2 2
1
log 1

K n n n
sum

n w

P h v
C

σ=

 ∗ = + 
 

⋅
∑              (20) 

And the system has a power limitation: 

1
 

K

n sum
n

P P
=

=∑                      (21) 

Here, we use Lagrange Multiplier Method to find the Optimum condition: 

( )
2*

1 2 2 2
1 1

  , , , , log 1
K Kn n n

K n sum
n nw

P h v
L P P P P Pλ λ

σ= =

 ∗   = + + −     
 

⋅
∑ ∑

  (22) 
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Therefore, we have: 

( )
2

2*

11,2, ,
ln 2

w
n

n n

P n K
h v

σ
λ

+
 
 = = −  ⋅ 

               (23) 

Substituting (23) in (21), we get: 
2

21 *
1
ln 2

K w
sum n

n n

P
h v

K

σ

µ
λ

=
⋅

+

= =

∑
                (24) 

According to Equations (23) and (24), we can find that some users cannot get 
impact information due to the unbalanced power distribution. In order to han-
dle this problem, we set a power threshold to make sure that the amount of 
power allocated to each user is enough. We have: 

sum
th

P
P

K
<                          (25) 

We design the algorithm for the system. As shown below (Consider about the 
power for UE-k): 

2

2*

1If
ln 2

,w
th k th

k k

P P P
h v

σ
λ

+
 
 
 



<


=
⋅

−                (26) 

2

2*

1Else
ln 2

w
k

k k

P
h v

σ
λ

+
 
 = −  
 ⋅

                  (27) 

Then, we have a new system model without UE-k and do the similar inductive 
recursion again: 

( )
2

2*

11,2, , ,
ln 2

w
n

new n n

P n K n k
h v

σ
λ

+
 
 = ≠ = −  
 ⋅

           (28) 

By using this algorithm, we can have such a more balanced system without 
increasing the total power. 

3.2.5. Analysis for Multi-Cell System 
As for multi-cell model, if we do not perform additional operations at the base 
stations, the performance of this system may be poor [1]. In order to reduce the 
inter-cell interference, base stations need to share information of each user and 
channel characteristics for joint pre-coding. 

This kind of pre-coding process is more complicated than that in the sin-
gle-cell system and that is the reason we try to use a base station controller to 
help complete it. 

In this model, the base station controller provides the target base station with 
the information about channels in closed cells. And the target base station can 
do the pre-coding according to this information and make vectors orthogonal. 
Of course the complexity is much higher than the previous case, and in the fu-
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ture, we will try to figure out if this idea really works. 

4. Results and Analysis 
4.1. Performance Comparison between LS and MMSE 

We can see from Figure 7 that LS and MMSE performances are better when the 
uplink power increase. When the uplink power is the same, the estimation error 
of the MMSE algorithm is smaller than the LS algorithm. The MMSE algorithm 
improves the system performance better than the LS algorithm. In the low up-
link power situation, the difference between LS and MMSE is huge, but when the 
uplink power is high, their performances are similar. It is because LS algorithm 
ignores the noise influences when MMSE algorithm reduces the influence. 

4.2. Performance of Increasing Pilot Length 

Figure 8 tells us that the longer pilot performs better than the shorter one, it is 
because that it has more power to reduce the impact of noise. We can see that in 
the low power situation, there is an obvious difference between them, but when 
the power get higher which means the impact of noise is lower, the performance 
of them are similar. 

4.3. Performance of Pilot Contamination Solving 

In the multi-cell situation, the estimation error is described by Figure 9. When 
the uplink power gets higher, the interferences even become more serious. It is 
because when the pilot we want has more power, the pilot from other cells will 
also be stronger which leads to a serious pilot contamination. However, when we 
design different pilots for different cells, the contamination only comes from the 
cells using same pilot which are far away from the target cell. So this method ob-
viously reduces the estimation error. 

From Figure 10 we know that Method 2 even works better than Method 1. It 
is because Method 1 only use 1/3 time of the pilot and keep silence for the other 
time. However, the pilot in Method 2 sends signal all the time, so it has more 
power compared to Method 1. In low uplink power situation, this extra power is 
very important for reducing the influence of noise, so Method 2 has a much bet-
ter performance. But when the uplink power gets higher, the performance of 
these two methods will be similar. 

4.4. Performance Comparison between ZF and MRC 

Figure 11 shows the results when using perfect and estimated channels with 
these two pre-coding methods (Zero-forcing Maximal Ratio Combining). We 
can find that the curve of estimated channel is closed to that of the perfect 
channel under the same circumstance, while there is a big difference between 
using two pre-coding methods. Zero-forcing performs better than Maximal Ra-
tio Combining. It makes sense because the complexity of Zero-forcing is much 
higher than that of Maximal Ratio Combining. 
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We use only the perfect channel to check what happens as the number of an-
tennas increases. As shown in Figure 12, we can find that more antennas result 
in better SINR as expected and Zero-forcing still performs better than Maximal 
Ratio Combining. 

 

 
Figure 7. Performance of LS and MMSE. 

 

 
Figure 8. Performance of increasing pilot length. 

 

 
Figure 9. Performance of Method 1. 
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Figure 10. Comparison between Method 1 and Method 2. 

 

 
Figure 11. Using different channels with two pre-coding 
schemes (ZF and MRC).  

 

 
Figure 12. Using the perfect channel with two pre-coding 
schemes (ZF and MRC) when increasing number of antennas. 
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4.5. Performance of Power Distribution Schemes 

Figure 13 shows the performance of average SINR among all the users in the 
single cell. We can find that the average SINR increases when distributing power 
in the optimized way. This result is consistent with what we derive from the 
mathematical equations in Section 5. 

4.6. Impacts on Sum Rate by Changing Numbers of Antennas and  
Users 

From Figure 14, the data rate increases as the number of antenna increases and 
that is what massive MIMO aims to do. We should pay attention to the limita-
tion that the growth rate of this curve becomes slower when there are enough 
antennas in the area. In other word, it’s impossible for the system to achieve an 
infinite data rate under limited power supply. 

 

 
Figure 13. Comparison between two power distribution schemes 
(average and optimized power distribution). 

 

 
Figure 14. Changing the number of antennas and users. 
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Similarly, we find that the sum data rate increases when there are more users 
in the system. At the meantime, the data rate for each is low if the cell contains 
too many users. 

4.7. Performances under Multi-Cell System 

As for multi-cell system, we run the simulation by only using the simple Ze-
ro-forcing pre-coding method of the single-cell system. In Figure 15, we can 
find that the system has a poor performance in multi-cell model so that we need 
additional complex methods to reduce the interference. This is consistent with 
what we analyze in last section. 

5. Discussions 

1) MMSE algorithm reduces the noise influence which are ignored in LS algo-
rithm, so when the uplink power is low, we prefer to choose MMSE algorithm 
for channel estimation. 

2) Longer pilot can send more power to reduce the influence of noise. So it 
can perform better than the short one in low uplink power situation. 

3) In single-cell system, higher uplink power can reduce the influence of the 
noise which results in better channel estimation performance. However, in mul-
ti-cell system, it will aggravate pilot contamination from other cells so that the 
estimation of channel gets worse instead. We use two kinds of method to solve 
the problem. The second method performs better than the first because the first 
one only uses 1/3 time of the pilot length and the second one can use all of it 
which could send more useful signal power. It can reduce the influence of noise 
as mentioned above. 

4) As for pre-coding method, Zero-forcing provides better SINR than Maxim-
al Ratio Combining does in the same situation. Therefore, we should make a 
trade-off between the system performance and the complexity in reality. 

 

 
Figure 15. Downlink data transmission in multi-cell system 
with simple Zero-forcing pre-coding. 
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5) Optimizing power distribution can improve the sum rate and the spectrum 
efficiency of the system. As well as this, increasing the number of antennas and 
users brings about similar influences. Though, like what we analyze in the pre-
vious section, it’s impossible to achieve the infinite transmission rate by only 
changing these factors with limited power supply, we can still have these kinds of 
positive responses within a certain range. 

6. Conclusions and Future Work 

In this paper, we have an overview about single-cell and multi-cell massive 
MIMO system model, and provide some methods for channel estimation and 
data transmission, which overcome the pilot contamination and intra-cell inter-
ference problems. By taking in some existing methods, we develop new design 
for pilots and optimize algorithms for power distribution. We also find some li-
mitations on the system capacity and propose new ideas about the prospects of 
this project. The performance of single-cell system is pretty good while we still 
need a more advanced model for multi-cell cases. 

In multi-cell system, we still have some problems to solve. In channel estima-
tion part, we only eliminate the contamination from the cells that have different 
types with the target cell; there is also a contamination from the same part. So we 
may consider a solution that if the BS have a receive power threshold Ts and the 
BS will only receive the signals with power exceeds the threshold. And we design 
a power control factor γ that makes the power of signals from other cells γTk 
poorer than the threshold but make sure that the power of signals from target 
cell γTU stronger than the threshold. In this way, the BS will only receive the 
signal from target cell. 

In downlink data transmission part, we usually do the pre-coding at BS in 
target cell to reduce the interference, but sometimes the complexity is very 
high to do that. So now we consider a new way that each BS in the system will 
do the pre-coding itself in advance in order to reduce the interference to other 
cells. This way will largely reduce the complexity of pre-coding, but we still have 
a long way to prove it. 
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