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Abstract

Since there are more demands for high data rates, the 3" Generation Partnership
Project (3GPP) has already published many researches and contributions about in-
creasing the spectral efficiency. We have seen a lot of studies on coordinated mul-
tipoint transmission and reception techniques for the LTE-A systems. The main
perspectives of these approaches aim at mitigating the inter-cell interference and also
increasing the system performance: Reeently, several coordinated multipoint (CoMP)
transmission techmiques have already been investigated. This thesis presents a joint
cooperation design based on CoMP operations: Our design will combine coopera-
tion between intra-site with remote radio head and inter-site with available backhaul.
The gaol of this thesis is to evaluate the improvement by a joint design method and
provide a better strategy when combining the cooperation of both sites. Since we
try to extend CoMP region from intra-site to inter-site, we have to exchange more
channel state information .and data between.devices. This will increase the feedback
time to complete reception.”We consider that the delay effect should be included and
evaluated. In addition, we will discuss the effects upon the system performance which
are caused by different cell architectures. Several CoMP transmission techniques are
operated in heterogeneous network. We use different ones in inter-site cooperation
to compare the system performance of spectrum efficiency. Compared with other
transmission schemes, the proposed scheme is a feasible method to enhance spectral

efficiency.
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CHAPTER 1

Introduction

In cellular systems, inter-cell interference is a serious issue, which degrades system
performance. When a user isdocated at the serving cell edge, it will suffer from the
inter-cell interference (ICI) caused by neighbering cell and has poor spectral efficiency.
In the Long Term Evolution-Advanced (LTE-A) system, base stations are connected
by a high speed backhaul (e.g.-optical fiber) and form a cooperative set. All the base
stations (BS) in. this set can-exchange information and share data with the backhaul.
Thus, BSs can jointly perform MIMO processing to serve users at the same time by
sharing channel state information and transmit data [1]. The network multiple-input
multiple-output (MIMO), also referred to as coordinated multi-point transmission
(CoMP) technique; becomes an important approach in.both industry and academia,
which aims to mitigate the ICI by coordinating transmission among different BSs [2].

For the target downlink peak spectral efficiency of 30 bps/Hz and uplink case of

ﬂ Macro-BS

%  Mobile User

«—— Backhaul

> Data from Macro-BS

Figure 1.1: The CoMP MIMO systems.



15 bps/Hz, CoMP techniques are regarded as the effective and efficient methods
in LTE-A. We categorize the CoMP schemes into the following different approaches,
such as joint processing (JP), and coordinated scheduling and beamforming (CS/CB)

transmission techniques [3].

1. Joint Processing: Data and channel state information (CSI) are available at a

cooperation set which comprises multiple macro-cells for resource blocks.

(a) Joint Transmission: A transmission scheme can provide simultaneous data
transmission from multiple cells to single or multiple users in a resource block.
All the data and CSI from multiple cells to multiple-user should be shared

among the coeperation set.

(b) Dynamic point selection/muting: Dynamic cell selection: Data transmission
could be transmitted-from the cell of a cooperation set. However, in each
subframe; the transmitting/muting cell can be changed and may be different

from dymamic selection/muting:

2. Coordinated Scheduling/Beamforming: The best example of conventional
is the Good/Bad reporting algorithm, which isapplied widely. This transmission
scheme is accomplished by-choosing a least interference precoding matrix indicator
(PMI) from a recommended set, which can be sent from the cooperation cells.
Every cell in this kind of cooperation needs to exchange and get the information
about channel state and interference from serving cell to each user. The size of

recommended set would be based on the tolerable interference level [4,5].

According to [3], four CoOMP scenarios are provided and discussed. BSs in each
scenario can be connected and serve their users collaboratively by different coopera-

tion techniques. We categorize the LTE-A environment in the following list.

1. Scenario 1: Homogeneous network with intra-site CoMP.






()
A High Transmit Power RRH

o—e Optical Fiber

Figure 1.3: Scenario 2 Homoegeneous network with high:transmit power RRHs with

intra CoMP.

2. Scenario 2: Homogeneous network with high transmit power remote radio heads

(RRHs) with intra CoMP.

3. Scenario 3: Heterogeneous network with low transmit power RRH within the
macro-cell coverage where transmission/reception points created by the RRHs

have different cell IDs from the macro=cell.

4. Scenario 4: Heterogeneous network with low transmit power RRH within the
macro-cell coverage where transmission/reception points created by the RRHs

have the same cell IDs as the macro-cell.

Briefly, scenarios 1 and 2 are homogeneous network, and scenarios 3 and 4 are het-

erogeneous network (HetNet) with RRH within macro-cell coverage.



Figure 1.4: Scenarios 3 and 4 et rith power RRHs within macro-BS

coverage.



1.1 Problem and Feasible Solution

According to the previous work, we adopt JP transmission schemes in intra site in
HetNet. The performance gain is limited since we do not consider the cooperation
among macro-cells. In [3], it is advised that the hybrid category of JP and CS/CB
may be possible. Therefore, we want to design a transmission approach which can
combine intra- and inter-site coordination in HetNet [6]. We propose to jointly design
a transmission scheme over scenarios 3 and 4. We proposed to further improve the
system performance of both cell average and cell-edge throughput. In this thesis, we
consider a joint transmission scheme of JP in/intra-site and CS/CB in inter-site. We
would like to examine whether the joint design of JP and CS/CB for HetNet is a
feasible way to further improve the system performarnce of cell average and cell-edge

throughput.

1.2 Thesis Outline

The next chapter is our background and wrelated work of this thesis. In Chapter
3, we model the received signal model and formulate the problem about ICI in our
signal model. In Chapter 4, a.joint cooperation design of intra-site and inter-site is
proposed, and the feedback requirement of different transmission schemes is analyzed.
We evaluate the system performance of this proposal and other transmission schemes
in Chapter 5. The final chapter is our conclusions about joint cooperation design,

which can mitigate ICI efficiently and further improve the system performance.



Inter-Site CoMP

oy (o
ﬂ Macro-Cell . ‘W/ Mobile-User é RRH +——o Backhual

— Data from The Macro-Cell —+—» Data from The RRH
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CHAPTER 2

Background

2.1 Literature Survey

The 3GPP has adopted orthogonal division'multiple access (OFDMA) for the down-
link transmission and single carrier frequency division multiple access (SC-FDMA)
for the uplink transmission for-LTE=A system. Furthermore, they conclude that co-
operation among several cells can bring enormous gain in the spectrum efficiency.
We investigate the transmission schemes operation in the dewnlink of LTE-A system.
In the downlink case, we adopt.-the detailed time-frequency resource used in LTE-A
systems. According to [7], we show the frame structure in Fig. 2.1.

CoMP transmission and reception is considered. for the LTE-A as a tool to
improve the coverage of high data rate, the-cell-edge throughput, and to increase
system throughput. We use CoMP techniques to mitigate the ICI and demonstrate
the spectral efficiency in heterogeneous networks. Many researchers have already
investigated different cooperative transmission schemes in four aforementioned sce-
narios. According to our previous work, we already operate the intra-site JP over
3GPP scenarios 3 and 4. We evaluate both cell average and cell-edge throughput. In
scenario 3, each BS and RRH has its own reference signal set and resource for control
signal channel for transmission and reception. With different cell IDs, they can assign

the orthogonal frequency resource to cells which have different reference signals. In
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Table 2.1: Comparison of our work and other literatures.
HomoNet HetNet JP CS/CB Feedback delay Joint Design Cell architecture

[ v x v v v x X
(10] v v v v X X X
Our Work X 4 v v 4 Vv Vv

scenario 3 with JP, the collision will occur when macro-BS using different reference
signal in a resource element. This will limit the provided gain. BS and RRHs have
the same cell ID in scenario 4. With the same cell ID, JP can easily be applied by
sharing transmission and reception ¢ontrol channel and reference signals. Since the
BSs can exchange the information about channel from different BSs to different user
equipments (UEs).through X2 interface.. We use the:cooperation between BSs in
HetNet and extend the cooperation range.

Since there are backhaul connections among collaberative macro-BSs, we can
extend the cooperative area from the intra-site to inter-site. On the other hand,
we design a joint cooperation transmit approach to further improve the system per-
formance. Because using three coordinated cells can outperform large number co-
ordinated cells [8], we. use three-cell coordinated metwork MIMO in the inter-site

cooperation. We compare our work items with'other existing work in Table 2.1.

2.2 LTE-A System-Level Simulator

From the previous work [11], we have already developed a LTE-A system-level simula-
tor. In step la (for wideband SINR) and 1c (for spectral efficiency) [12,13], our work
is consistent with other existing simulation calibration results. Thus, the simulator

is ready to simulate different advanced proposals.

10
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CHAPTER 3

System Model and Problem Formulation

3.1 Cell Structures and Cellular MIMO Systems

Fig. 3.1 is the three types of eellular architectures recommended by 3GPP group.

1. Diamond-shaped Wide-beam Tri-sector Cell : The diamond-shaped wide beam
tri-sector cell.is'a conventional eellular architecture with three 120° directional

antennas at.each base station. The 3 dB power attenuation angle is set to 70°.

2. Pentagonal Wide beam ‘Tri-sector Cell : The penfagonal wide beam tri-sector
cell architecture is defined in the 3GPP LTE-A standard body [1]. It uses the
120° directional antennas, with the 3 dB power attenuation angle set to 70°.
Compared with the diamond-shaped, the beam direction of pentagonal tri-sector

cell is revolved by an angle to further avoid interference from neighboring sectors.

3. Narrow Beam Tri-sector Cell : The narrow beam tri-sector cell is defined as the
coverage area of a base station with three directional antennas, each of which has a
60° beamwidth, and the 3 dB power attenuation angle is set to 30°. Compared with
the wide beam tri-sector cell, the narrow beam tri-sector cell has more potential

against 1CI.

We consider all three cell architectures with different CoMP techniques and compare

their results to investigate the effects of different system parameter. When only using
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Figure 3.1:Three types of cell architectures.

the intra-site cooperation, the cell structures differences would not significantly affect
the system performance. However, if we operate cooperation between BSs in inter-
site, the cell structures would bring up some effects which can not be ignored.
Consider the eellular system environment counsisting of 19 cells with hexagonal
grid and each cell is divided into three sectors. Each sector is equipped with directional
antenna, and there are N; transmit-antennas at each BS, NV, receive antennas at each
UE, and total N, UEs in each sector. In the wireless cellular environment, the UEs
served by the macro-cell would be interfered by the other cells in the systems. Inter
cell interference is a source of degradation to system performance and decrease the
SINR. We assume there are N; transmit antenna at BS and N, receive antenna at

UE. For the received signal and corresponding signal-to-interference-plus-noise ratio

12



(SINR) in a cellular system, we can formulate as equations below:

Rysu = Hys W suXpsu + E i H; 1:Wi 516Xk 10 s 0 (3.1)
NG J/
vV N V)

desired signal

~
inter —cell interference

HMb,s,qu,s,qu,s,uH2 : Pb,s,u

i 1My s Hi Wi il|* - Piji + 02

where Hy,, € CN*Nr as channel matrix from the o™ BS to the u* UE in the s

SINRy.. = (3.2)

sector. W, as corresponding weighting matrix for the u™ UE in the s sector of the
bth BS. M., as receiver matrix for the v UE in the s sector of the b BS. B, .,
as the received power from the b!"-BS to the u'* UE in the s sector. ny,, € CNVt*!
is additive white Gaussian noise- (AWGN). with o2 = —174%5™ power density. In a
cellular system, we can design the weighting matrix o mitigate ICI and increase the
system performance by CS/CB operation. For further suppressing ICI, we want to

min (My s o Hi j - Wijk)-

3.2 Heterogeneous Network Systems Signal Model

In this section, we arrange some RRHs within macro-cell coverage, and two different

types of RRH nodes are considered:

1. RRH nodes have the same cell 1D as-the corresponding macro-BS.

2. RRH nodes have different cell IDs from the corresponding macro-BS.

All the RRHs are connected to the macro-BS via a high speed backhaul (e.g. optical
fiber). CSI and data from macro-BS and RRHs can be exchanged and cooperation
between cells can be operated. When a macro-BS and RRHs operate JP-CoMP in
intra-site and serve the same user, the effective channel can be detected by the user

denotes as:

C,S,u C,S,u

N
HESL = M, + 3 HE (3.3)
=1

13



where H¢ff e CNexNe denotes effective channel. H, s, denotes channel from the

c,S,u

th

cth macro-cell’s the st sector to the u'® user. HEEH:

c,S,u

denotes channel from the it
RRH node within the ¢ macro-cell in the s sector to the u® user. Hence, we can

formulate the received signal of the u** user in the ¢* macro-cell’s the s sector as

N
Rc,s,u - Heff Wc,s,uSC,S,u + Z Heff VVi,j,kSi,j,k +nC,S:U (34)

Tesu 0,5,k
iF#cC
NS

desired signal _

Vo
inter—cell interference

where S, denotes the desired signal of the u'* user in the ¢ macro-cell’s the s
sector. W, denotes the corresponding weighting matrix of the u'" user in the
macro-cell’s the s sector. nsu € CV*uis additive white Gaussian noise (AWGN)
with 02 = —174952 power density.

In the HetNet systems. a macro-BS and RRHs within its coverage can serve
different users.. Thus, the macro-users and RRH-users can suffer extra intra-cell inter-
ference from each other. The macro-user and RRH-user are served by corresponding
BSs simultaneously, and the intrasuser interference will degrade both users’ spectrum
efficiency. We adopt the network MIMO-techniques. Since the macro-BS and RRHs
are connected via a -high speed backhaul, they can cooperate as a virtual MIMO sys-
tem to jointly serve both macro-user and RRH-user. We assume that the u'* user
is served by the c* macto/BS and the ¢"is served by the r** RRH. The u'* user

can detect the channel coming from the ¢ macro-BS as H,s,. Similarly, the tth

HRRH

user can detect the channel coming from the r* RRH as HHH.

We regard these
coordinated nodes as a virtual MIMO system, an effective combined channel matrix

of the co-scheduled users can be respectively written as H¢// and H, ef ft where:

Hfl, = | Ho.u HERH ] (3.5)
and
Hl = [ mm h,,, | (36)

14



Therefore, we rewrite the received signal of u* macro-user and t** RRH-user

as follows

Rcsu = Heff Wcqucsu+ HEfchstXCSt +ZHefvaJkX7']k+nCSU (37)

c,s,u c,8,t 1,5,k

des1red signal intra—user ulterference \ V)

Vv
inter—cell interference

where X ,f{;fu is the desired signal of the u'™ macro-user, W, is the correspond-
ing precoding matrix, and n., is the additive white Gaussian noise with o2 =
—174dBm/Hz power density.

Similarly, the received signal of the t* RRH-user can be formulated as:

RCSt HCEJ;];WCasthC,&E—}_Heff Wcqucsu-i'ZHeffW,j kXZ]k+nCSt (38)

c,s,u 1,5,k

Vo
desiredsignal intra— userlnterference _

Vo
inter —cellinterference

where X, is the desired signal of the t" RRH-user, W.s+is the corresponding pre-
coding matrixgand n. ,; is the additive white Gaussian noisewith 02 = —174dBm/Hz

power density.

3.3 Codebook-based Precoder

In the LTE-A system, a user cannot feedback whole channel state to the mcaro-BS
because the feedback channel bandwidth is limited. Asthe LTE-A system, a codebook
based precoder is applied in our simulation. Each user in LTE-A MIMO system can
calculate the precoding matrix from the channel and feedback the index of codebook
as PMI to the macro-BS. Since the same codebook set is designed offline and known
at both the transmitter and receiver, users only feedback the PMI can reduce the

overhead load obviously. Table 3.1 lists the codebook sets for two antenna ports are

defined in [14].

15
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Table 3.2: Release 9 Four Antenna Ports Codebook

Index u, Rank-1 Rank-2
Co u0:[1 -1 -1 -1 ' W, Wit /2
C, w =1 —j 1 j_T Wi W' /V2
C, w=|11 -1 1_T W, WY/V2
Cs g S 17 Wi W3?/V2
Ci w=[0 (A1 ))/2 =i GoN] WL Wi
G w1 [E=VE Sl WL WiYVE
Co  wse | L (I FEH/VE (—1+j)/\/ﬂT Wi Wg'/V2
G w1 (LN N/ | = W W
Cs u = 4 <1 1 1]T Wi W' /V2
Cy ugz[l I —jf Wy Wyl /2
Cio mo=|1 11 —1] Wi, Wy/V2
Cn uj = _1 S— j- Wi, Vvi’lg/\/§
Cis we=|1 -1 -1 1] Wi, W3 /V2
Cus wa=|1 -1 1 1= | Wi, Wi /V2
Cuy wa=]11 -1 -1 Wi, Wi /V2
Cis u15=[1 11 1} Wi,  WiZ/V2

17



Because rank-1 and rank-2 transmission schemes can be adopted for two trans-
mission antenna, we take two types of codebook sets. For rank-1 and rank-2 trans-
mission, four code words, i.e., Cy,C1,...,Cs3, are listed in Table 3.1.

According to [15,16], we calculate the precoding matrix by using the dominant
eigen mode. In case of N, > N, , we need to decompose the channel H,.;, of the

b user in the ¢® macro-cell’s the s sector by using singular value decomposition

ut
(SVD). We regard the leftmost column V. g, as the full precoding matrix and this can
guarantee that we transmit our signal with better channel quality. For SU-MIMO
rank-1 and rank-2 transmission, wetake véw and [ Vpgu Vi, |asthe full precoding
matrix of rank-1 and rank-2 respectively;.i.e.; the full precoding matrix WQS,U. After
calculating the full precoding matrix, we map.it to the codebook set to search a most
suitable codeword [17] [18]:-Codeword can be chosen by the minimum angle between

candidate codeword and the full precoding matrix.

) (3.9)

ndex = argmaxtrace (’C’ZH Wes

where C; is from codebook set defined in the previous table. Index is the rank
indicator of the selected ‘codeword. By only feeding the index of the corresponding
codeword back, a few feedback bits need to be transmitted and the overhead load can

be reduced.

3.4 Receiver Structure and MIMO Switching

At receiver end, two types receiver structure are adopted for rank-1 and rank-2 trans-
mission,which are maximal ratio combining (MRC) and minimum mean square error
(MMSE) structures [1,19]. The MRC receiver can maximize the desired receive power
in the single-user multiple-input multiple-output (SU-MIMO) system for rank-1 trans-

mission. The MMSE receiver can be used for suppressing inter-stream and inter-user

18



interference for rank-2 transmission, where the former is caused by multi-stream in
SU-MIMO and the latter is caused by multi-user in MU-MIMO system. Assuming
the precoding vector W, = wés’u is selected form codebook set, and we formulate
the received signal as the following equation:

= H !

C»Svuwc,s,u

N
1 E
SC,S,U + Hl,],kWZ,],kS’L,],k +nC,S,’lL :
i#c

Re s (3.10)

N

~
desiredsignal _

vV
inter—cell interference

MY € CY*Nr for the u!" user in the ¢ macro-cell’s

c,S,u

The MRC receiver algorithm

the st" sector can be denoted as

1 1
M, C,8,U

c,S,u

- [Hc,s,uw ]H

(3.11)

We can use M}

C,8,U

to demodulate the received signal by multiplying it by R, and

get data symbol s

<,

s,u”

In rank-2' SU-MIMO systems, the data symbols can be written as S.5, =

1 82
c,s,u 2c,s,u

[s

}. Let the precoding«matrix be W,, =

L

2
[ wc,s,u

w

selected from codebook set.” We formulate the received signal as

Rc,s,u = Hc,s,u |:

We derive the MMSE receiver algorithm, and

wl

c,S,u

w2

c,8,u

1

c,s

I

U

82

C,S,U

C,S,u

] , which are

T
i| + : :Hl7.j7kWZ7]7kS7”]’k + nC,S,’U, :
i#c

Ml

c,s

e OVNr and M2

U

the ut" user in the ¢ macro-cell’s the st sector can be denoted as

1
c,S,u

and

2

c,S,u

where we can use M!

multiplying received signal R, s, by

((021) + Hep2.,,

<<O—ZI) + Hcvszuwi,s,u

,8,u and Mzm for demodulating data symbols s
M}, and M2, respectively.

(Hc,s,uw

(Hc,s,uw
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2

C,S,u

1

c,S,u

-1
H 1
) ) HC,S,Uwc,s,u

-1
H 2
) ) Hcvsyuwc,s,u

(3.12)

e ONr for

c,S,u

(3.13)

(3.14)

1 2
csu and s

c,S,u

by



In the rank-1 MU-MIMO system, a BS with N, = 2 can serve two users
simultaneously with N, = 2. These co-scheduled users can receive one data stream
respectively. Here, we assume two users are in the s sector and served by the c”

cell, which are the u'* and the t"* user. Let w!_, be the selected precoding vector

c,S,u

1

c,S,u

for the u' user and w; ,, is for the t"* user. And each data symbol, z,, is for the

u'™ user and z!_, is for the t"* user. We can rewrite the received signal equation as
follows
1 1 1 1
RC,SM = HC,S,U’wc,s,uxc,s,u + HC,S,twc,s,t:Uc,s,t + E :Hi7j,km/i,j,kXi,j,k (315)
RO ,
inter—user interference i#e
P
inter—cell interference
and
1 1 1 1
Rc,s,t = HC,S,th,s,txc,s,t -+ HC,S,Uwc,s,uxc,s,u e E :Hi,j,kWi,j,kXi,j,k : (316)
inter—userinterference \WAC _

v
inter—cellinterference

We use the MMSE algorithm to derive our receiver matrix M! € O™ and

C,S,U

M., € C™N for the u'™ user@and the # user as follows

H
o 21
M B ot (Hosl)) Hosit (3.17)
and
m\ ! "
M= | (A Honitd (st ) ) Hoal | (3.18)
where M}, , and M/ , are used to demodulate the data symbol z;,, and z;,, by

multiplying the received signal R, and R. ., respectively.

Transmission rank adaptation should be adopted to increase spectrum effi-
ciency of performance in the 3GPP LTE-A MIMO system [20,21]. In SU-MIMO
systems, we calculate both performance of rank-1 and rank-2 and choose one, which

can yield the better spectrum efficiency and adopt the transmission rank. Since the
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spatial multiplexing for higher rank can significantly improve performance, each user
are supposed to determine the transmission rank and feedback to BS.

MU-MIMO is an advanced technology to enhance the spectrum efficiency. A
BS here can serve multiple users (co-scheduled) in the same resource block by exploit-
ing degrees of freedom in the spatial domain, and this can depend on the number of
antennas at transmitter and receiver. Any users pair can not always be co-scheduled
perfectly because of the CSI. Namely, when users whose CSIs are sufficiently orthog-
onal to each other in the MU-MIMO system are suitable to be co-scheduled. To
enhance spectrum efficiency, a switehing mode between SU and MU-MIMO is prereq-
uisite [22-24]. In [22], itds shown that we can have approximate 21% performance gain
as compared with the SU-MIMO systems by.applying the SU/MU-MIMO switching
techniques. Thus, we adopt-the ideal SU/MU-MIMO switching techniques in our

simulation.

3.5 Proportional Fair Scheduling

We try to guarantee that users in the center or at the cell edge can be served more
fairly, we have to ensure that cell-edge users can‘also get the enough resources. Pro-
portional fair scheduling/can ensure the fairness of resources allocation and good
transmission rate of cells. By applying proportional fair scheduling, we can avoid
allocating resources always to the users who have the better transmission rate. The
users can be served when the current transmission rate is higher or the past aver-
age transmission rate is lower. We consider both the current and the past average

transmission rate of each users, and allocate resources as follows

RC
sth = arg max <%) ou=1,2...,N, (3.19)
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where Rf , . denotes the current transmission rate of the u/" user served by the 0" BS
in the 7' resource block (RB), T, zf . denotes the past average transmission rate of the
u'™ user served by the b BS before the r'* RB, and the s is the index denotes the
sth user is selected to be served by the b BS in the r** RB. By adopting proportional

fair scheduling, we can ensure that both cell-center and cell-edge users can have the

RBs to transmit.

3.6 Exponential Effective SINR Mapping (EESM)

Exponential Effective SINR Mapping is.a method to map the instantaneous SINR to
the corresponding block error rate (BLER) value. EESM can map the SINR of every
subcarrier to an effective SINR-by an equation below:

12"

Yers = EESM(v,8) = —f1n (E 2 e‘B) (3.20)
where «; is the:'SINR of i*" subcarrier and N, is the numberof subcarrier per subband.
Fifteen differentrmodulation and coding scheme (MCS) corresponding to fifteen dif-
ferent CQI are defined in. [25]. The effective SINR/ can:be mapped to an MCS by
SINR-BLER curve by link level simulator [26]s~ We ¢hoose the highest MCS with
BLER not exceeding 0.1.

3.7 Hybrid Automatic Repeat Request (HARQ)

Since we provide a system level simulator, we did not include the link level behavior
in our simulation. Thus, we model the transmission error by introducing a random

variable with probability mass function (PMF) [11]:

0.1,z=0
P(X) = (3.21)
09,z=1
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where x = 0 denotes as the current transmission error, and x = 1 denotes as the
successful transmission. If error occurs, we will retransmit again in the next trans-
mission time interval (TTI). Suppose that we have a throughput 7' before considering
transmission error. We formulate the relation between UE’s throughput Ty g and re-
transmission time N, as

T

Typ = E) (3.22)

where 0 < N, < 3. When transmission error occurs too many times, the throughput

will be lower. If the transmission time is longer than three, the data will be discarded
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CHAPTER 4

Joint Cooperation Design in Both Intra-

and Inter-Site CoMP

4.1 Coherent Intra-Site Joint Transmission

According to our previous work, we only use cooperation among macro-cells and
RRHs with CoMP-JP in intra-site. In [3], we can further improve the performance
by coherent JP. Coherent JP can compensate the RRH’s channel by more information
components about the channel. We use inter-point phase information to compensate
the channel from RRH to the served-UE.and make the RRHs channel combined with
macro-cells moreprecisely. As shown in Fig. 4.1, a user is served by a macro-BS and

RRH at the same time. The overall channel matrix is as follow
H:OJ;'Zl = macro n Z thRRHGJ Omacro—0i) (41)

where H,/ el . 1s the effective channel matrix from the macro-cell combined with RRH’s

to the UE. H,,40r0 is the channel matrix from macro-cell. H;in gy is the channel ma-
trix from the i'® RRH. N is the number of cooperative RRHs. Because the channel’s
phase is compensated by the feedback component of phase information, we can use

coherent intra-site JP, and the performance is better than non-coherent JP.



(i) 2

ﬂ Maero-Cell RRH Y MobileUser =~ e—e Backhual

— Data from The Macro-Cell =--9 Data from The RRH

Figure 4.1: Coherent JP with phase compensation.
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8
ﬂ Maero-cell RRH ¥ Mobile-User
= [Data from Macro-cell =9 Datafrom RRH

== Interference from neighboring cell

Figure 4.2:<Two macro-cells wireless environment.

4.2 Inter-site Coordination Beamforming

Intra-site JP in can increase the received signal power. However, CoMP-CS/CB can
effectively mitigate ICI. Through X2 interface, macro-cell cooperation can exchange
the PMI. CS/CB techniques are accomplished by using the least interference PMI. An
example of two cells environment is shown in Fig. 4.2 for CoMP-CS/CB in inter-site.

We assume that there are NV, transmit antenna at BS and N, receive antenna
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at UE and formulate the received signal as follows

Rl = H1W151 + HQWQS2 +nq (42)
S~—— S——
desiredsignal  inter—cellinterference

where H;; € CN*Nr is the channel matrix form the i’* BS to the j" user. H; =
Hpaero + Hpri. Hy = Hpaero2 + Hrrie. W is weighting matrix of the 5t user. M;
is receiver matrix of the j user. Pj; is the received power from the i BS to the 5
user. n; € CN*1is additive white gaussian noise (AWGN) with 02 = —174‘1}%I power
density. Here, we try to make HyW5 = 0. If the ICI can be completely mitigated, the
only interference left will be the AWGN. We will have the maximum received SINR.

For the two cells case; the SINR can be formulated as the following equation:

(4.3)

M, H 2L P
SINRlzmax< [LEEINGY L )

[V HoW5 2 - Py t02
However, no existing matrix W5 can be multiplied by H, is exactly zero. We choose
the weighting matrix which can make the interference besoerthogonal to the desired
signal. When the received signal is multiplied by the receive matrix, we can mitigate
the ICI. We choose a codeword from the codebook seti W,; , and the SU-MIMO can

use multiple rank transmission by calculating the equation below:
W2 = min <‘H1W1(H2VV])H‘) 7VVVJ € W’rankl—set (44)

W = min (tr (lel(HQWj)H)) W € Whanko—set (4.5)

ICT component can be mitigated with multiplying the received signal with
MMSE receive matrix, which is derived by selected precoding weighting matrix. Be-
cause the inter-cell interference is orthogonal to the desired signal, we can maximize
the received SINR, which is represented by

| M H W2 - Py

SINR, = . |
| My HoWal|™ - Py + o

(4.6)
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. Macro-Cell

O RRH D Cooperative region

Architecture

CoMP Region in Both Sites

Figure 4.3:-CoMP region over intra and-inter-site.

We only need to exchange the index of orthogonal PMI among cooperation
macro-BSs. Moreover, choosing the UEs served by BS2 in the cooperative area by
proportional fair scheduling can maintain the cell average and cell-edge throughput.
If the cooperation set is larger, we can calculate the coordinating precoding matrix

by the same steps. We use three cells as a coordinated set in our simulations.

4.3 Joint Cooperation Design of Inter- and Intra-
Site

We propose to combine the intra and inter-site CoMP and extend the CoMP region
in Fig. 4.3. We present the joint cooperation design and a flow chart of this proposal
in Fig. 4.4 as the following steps.

Step 1 : Estimate the combined channel from macro-cell and RRH : H; =
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Hipacro + Hrri -
Step 2 : Estimate the interference channel : Hy = H,40r02 + Hrruo-
Step 3 : Calculate the precoding matrix W; based on H;.(used by eNB)
Step 4 : Calculate the coordinated precoding matrix W5 for minimizing the

inter-cell interference.(used by eN Bs)

WQ—Tankl = min <(H1W1)HH2W]> 7VWj € Wrcmkl—set

(4.7)
W ranke = Mmin (tr ((H1W1)HH2Wj>) YW € Whanka—set

CoMP-JP in both the intra and inter-site needs to share all data and CSls
to multiple cells. It will take more time to exchange all the information. Compared
with CoMP-JP in both intra and inter-site, our approach only needs to feedback

information of orthogonal PMI in inter-site to the collaborative cells.

4.4 Impact of Feedback Requirement and Delay

When we operate CoMP-JP<in intra-site, we need more feedback components to
use coherent CoMP-JP, such as inter-point phase information and aggregated CSI.
Compared with the-MIMO systems, the feedback components are more in CoMP
systems. Fig. 4.5 shows the feedback-components differences between SU-MIMO
transmission and coherent CoMP-JP. Since more components need to be measured,
it will take more time to complete the feedback information reception, which leads to
channel state changes.

Under our consideration, we use CoMP-JP in intra-site and CS/CB in inter-site
to further improve the spectrum efficiency. We list the necessary feedback components
of different CoMP schemes in Fig. 4.5. By our approach, we need the index of PMI
to coordinated sectors as coordinated PMI (C-PMI) and delta-CQI when neighboring
cells use C-PMIs. The aggregated RI, PMI, and CQI are measured for CoMP-JP in
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Data from eNBland RRH
to UE2

Figure 4.4: Flowchart of joint cooperation design.
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CHAPTER 5

Numerical Results and Discussion

5.1 Parameters Setting of LTE-A System

In this section, we evaluate performance of'several CoMP transmission schemes and
compare their results. Fig. 5.1 shows a flow chart of our simulation procedures.

Our simulation environment is based on 3GPP. standard [1], where the center
frequency is 2:/GHz; inter site distance (ISD) is 500 meters; downlink bandwidth is
10 MHz; penetration loss is 20 dB; and user speed is 3 km/hr. There are nineteen
cell sites with the hexagonal grid in this cellular system, and each cell in this cellular
system is divided into three sectors. All the cell sites work on the same frequency
band, and frequengy division duplex transmission mode is adopted. Channel model is
urban-macro spatial channel.model with high“spread, and maximum retransmission
times is four. The simulation parameters for MIMO system are listed as Table 5.1.

Since our simulation is over heterogeneous networks, we add four RRHs in
every sector. Each RRH has two transmit antenna and transmit power is 30 dBm,;
omni-antennas are used; moreover, pathloss model is 128.1 + 37.6 log,, (d), where d
is in kilometers. The proportional fair scheduling and rank adaptation technique are
also adopted in the simulation. The minimum distance is restricted as Fig. 5.2, which

is applicable to all channel models.



5.2 Joint Cooperation Design Simulation Results
Analysis

Simulation results of different CoMP schemes in both the intra and inter-site are
provided in this section. The average throughput of SU-MIMO in the entire cell and
at the cell edge is 2.39 (bps/Hz/cell) and 0.0791 (bps/Hz/user), respectively. We
regard the performance of SU-MIMO as a baseline and compare it with different
CoMP schemes in Figs. 5.3 and 5.4. When adopting JP in the intra-site technique
with RRH location in 0.6R (R is the cell.radius), spectrum efficiency improve 23%.
The proposed scheme intra-JP and inter-CS/CB scheme can further improve spectrum
efficiency by 41.7% at the cell edge and 15% in the entire cell. Thus, the proposed
joint design of CoMP transmission scheme can effectively mitigate the ICI on average.

According to our previous work, we provide the performance of MU-MIMO in
cell edge and cell average, which are 0.086 bps/Hz/user and 2.62 bps/Hz/cell. In Figs.
5.5 and 5.6, the SU/MU-MIMO switching techniques are adopted. Since the serving
cell can connect multiple users-in-the same resource block by exploiting the degrees
of freedom in the spatial domain, MU-MIMO can achieve higher throughput than
only adopting SU-MIMO. ‘As shown in Figs. 55 -@and 5.6, the proposed scheme can
achieve additional gain of 54.65%and.19:32% in cell edge and cell average compared
to the inter-JP CoMP. As compared with SU-MIMO, the proposed joint design, we
can have relative gain of 100.63% and 61.24%, which is very significant.

We consider the effect of cell architectures on SU-MIMO and CoMP schemes.
Figs. 5.7 and 5.8 show that the narrow-beam tri-sector architecture is the most
suitable scheme for CoMP intra-JP plus inter-CS/CB scheme. Since the narrow
beam tri-sector cell has more potential against ICI, the narrow-beam tri-sector can
provide the users better performance than others. When users are located at cell edge

and the angle is over 3 dB power attenuation angle, the cell-edge users can still be
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served by macro-cell and RRHs. Compared with pentagonal, the proposed scheme
has performance gain of 8% and 3.32% in cell edge and cell average, respectively.

In Figs. 5.9 and 5.10, phase compensation techniques can further enhance
the performance of three different CoMP schemes, especially for inter-JP plus intra-
JP transmission scheme. Compared to SU-MIMO, the proposed CoMP joint design
technique improves performance of 71.6% and 49% in the cell edge and cell average,
respectively. We listed the performance of three different CoMP schemes in Table
5.11. Based on [3], the feedback delay of 20 msec will degrade the system performance
by 5% and 10% in cell average and eell edge, respectively. As shown in Table 5.11,
our results can match the results provided by the 3GPP standard.

We use different transmission schemes in this chapter to show that the joint
cooperation design can outperform other existing methods. In this section, we com-
pare the performance of intra-site JP combined with inter-site CS/CB and inter and
intra-site JP. The former transmission scheme is more efficient than the latter. We
suggest that when operating CoMP techniques in both sites, the best combination
method is the intra-site JP and the inter-site €S/CB. 3GPP recommends three types
of cell architectures. We investigate the effects of differences between architectures

upon our approach and other CoMP techniques:
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v
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Y

Spectrum Efficiency
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Figure 5.1: Flow chart for the physical layer simulator.
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Table 5.1: Simulation parameters for MIMO systems.

Parameter Value
Duplex Method FDD
DL Transmission Scheme OFDMA
Subcarrier Number 600
Downlink Transmit 2 and 4
Antenna Number
Downlink Receive 2
Antenna Number
ISD 500 meters
Macro-cell Number 19
Number of Users per-Sector 10
User Speed 3km /hr
Network Synchronization synchronization

Downlink Scheduler

propertional fair scheduling

in time and frequency

Downlink ARQ

a‘maximum of four transmission times

Downlink Receiver Type MMSE
BS Transmit Power 46 dBm
Noise Power Density —174/dBm/Hz

Antenna Configuration

at Receiver

0.5 wavelength separation

Antenna Configuration

at Transmitter

10 wavelength separation

Minimum Distance between

user and macro-cell

35 meters

Channel Model

SCM urban macro

Antenna Pattern

Ap(¢) = —min {12 (&) ’AWJ
¢34 = 70°, A, = 25dB

Penetration Loss

20 dB

Pathloss Model

128.1 4+ 37.6 logyq (d), d in km

Shadowing Model

lognormal with zero mean and

8 dB standard deviation




Figure 5.2: Minimum distance between devices.
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Figure 5.3: Comparisons of different CoMP schemes at the cell edge.
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Figure 5.4: Comparisons of cell average performance for different CoMP schemes.
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MIMO switching.
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Figure 5.9: Effects of phase compensation for different CoMP schemes at the cell

edge.
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Figure 5.10: Effects of CoMP schemes performance.on the cell average.

Cell Avg. Cell Edge

bps/Hz/Cell  Performance . bps/Hz/User  Performance

Gain Gain

SU-MIMO 2:29 0% 0.0791 0%
Intra JP 2.8267 23.43% 0.0973 23.0%
Intra JP (phase compensation) 3.0931 35.07% 0.1219 54.11%
Intra, Inter JP 3.0366 32.60% 0.1223 54.61%
Intra, Inter JP 3.4940 52.58% 0.1396 76.49%

(phase compensation)

Intra JP, Inter CS/CB 3.1618 38.07% 0.1303 64.73%
Intra JP, Inter CS/CB 3.4128 49.03% 0.1357 71.55%

(phase compensation)

Figure 5.11: CoMP schemes performance gain with and without phase compensation.
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CHAPTER 6

Conclusions

6.1 Summary

We operate coherent JP in heterogeneous networks based on 3GPP LTE standard
[3] and obtain a better performance than non-coherent JP. However, it needs more
information about.channel state and-leads to larger overhead. Now we consider delay
effect with over.two_frames of delay time, which degrades performance significant.
Based on the ICI mitigation beamforming design, we present a joint cooperation
design of CoMP techniques in both the intra- and inter-site;.and it is a feasible method
to further improve the system performance. When we try to extend the cooperative
range from the intra-site to inter-site, we find that the CS/CB transmission techniques
in the inter-site is more effective and efficient-than JP. Since this approach provides
more relative gain and needs less backhaul requirement, we suggest that the joint
cooperation design can be JP in intra-site and CS/CB in inter-site. The narrow-beam
tri-sector architecture is the most suitable cell architecture for the inter-CS/CB plus
intra-JP CoMP scheme. Our proposed scheme needs less feedback information and

can further enhance the spectrum efficiency.



6.2 Future Research

The following issues are worth-while for further investigating:

1. Feedback Design Issues: Although we use CoMP schemes to further enhance the
system performance, different schemes will need their corresponding CSI, which
leads to feedback delay. Thus, it is important to discussion about which feedback
components are necessary. There is a tradeoff between the amount of feedback
information and the performance gain. We are supposed to suppress the feedback

overhead of different CoMP schemes and control the feedback delay effect.

2. Scheduling in Cooperation Set Issues: Since'we have proposed an inter-site CB
design, we will need a master scheduler when the cooperation set is larger. A
master scheduler can manage all coordinated PMI in the cooperation set and
make cells use certain PMIs to make sure that the entire system throughput is
maximum. This can be easily operated when three cells‘are coordinated. However,
as the number of cooperation cells increases, deciding which users are served and

which PMIs are used becomes a complicated issue.
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