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Interference is the limiting factor in cellular communications and smart coordination
of transmission can lead to significant improvements in quality of service. This book
provides a strong outline and lays out some of the fundamental assumptions and theo-
retical models to treat the subject and supports the theory with results from system-level
test benches and field measurements. I recommend this book to everyone interested in
the topic.

Siavash M. Alamouti, Vodafone Group R&D Director
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List of Abbreviations

ACK acknowledgement

ADC analog to digital conversion

AGC automatic gain control

aGW advanced gateway

ANR automatic neighbor relation

AoA angle of arrival

AWGN additive white Gaussian noise

bpcu bits per channel use

BC broadcast channel

BER bit error rate

BF beamforming

BLER block error rate

BPSK binary phase shift keying

BS base station

CAZAC constant amplitude zero autocorrelation codes

CB coordinated beamforming

CCU CoMP central unit

CD Cholesky decomposition

CDF cumulative distribution function

CDI channel direction indicator

CDM code division multiplex

CDMA code division multiple access

CFO carrier frequency offset

CGI cell global identifier

CIF compressed interference forwarding

CIR channel impulse response

CoMP coordinated multi-point

CP cyclic prefix

CPRI common public radio interface

CQI channel quality indicator

CRC cyclic redundancy check

CRLB Cramér-Rao lower bound

CRS common reference signal

CS coordinated scheduling
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List of Abbreviations xix

CS/CB coordinated scheduling / coordinated beamforming

CSG closed subscriber group

CSI channel state information

CSIR channel state information at the receiver

CSI RS CSI reference signal

CSIT channel state information at the transmitter

CSU central scheduling unit

CT conventional transmission

CTF channel transfer function

CU central unit

CVQ channel vector quantization

DAS distributed antenna system

DBA dynamic bandwidth assignment

DF decode-and-forward

DFT discrete Fourier transform

DIS distributed interference subtraction

DL downlink

DM device manager

DPC dirty paper coding

DRS demodulation reference signal

DSL digital subscriber line

DSLAM DSL access multiplexer

DSP digital signal processor

EASY-C Enables of Ambient Services and Systems - Part C

eNB enhanced Node B

EOC eigenmode-aware optimum combiner

ERC eigenmode-aware receive combining

EPON Ethernet PON

E-UTRAN enhanced UMTS terrestrial radio access network

EVD eigenvalue decomposition

EvDO evolution data optimized

FDD frequency division duplex

FDM frequency division multiplex

FEC forward error correction

FFT fast Fourier transform

FIR finite impulse response

FPGA field programmable gate array

FTP file transfer protocol

g.d.o.f. generalized degrees of freedom

GF geometry factor

GSM global system for mobile communications

GPON Gigabit-capable PON

GPRS general packet radio service
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xx List of Abbreviations

GTC GPON transmission convergence

GPS global positioning system

GTP-U GTP user plane

HARQ hybrid automatic repeat request

H-BLAST Horizontal Bell Laboratories Layered Space-Time Architecture

HK Han-Kobayashi

HPBW half-power beamwidth

HSPA high-speed packet access

IAP interference-aware precoding

IC interference channel

ICI inter-carrier interference

ICIN inter-cell interference nulling

IDFT inverse discrete Fourier transform

IF intermediate frequency

i.i.d. independently and identically distributed

IEEE Institute of Electrical and Electronics Engineers

IFFT inverse fast Fourier transform

INR interference-to-noise ratio

IP Internet protocol

IRC interference rejection combining

ISD inter-site distance

ISI inter-symbol interference

JD joint detection

JT joint transmission

LAN local area network

LDC linear deterministic channel

LLR log-likelihood ratio

LMMSE linear minimum mean square error

LO local oscillator

LOS line-of-sight

LSP large-scale parameters

LSU LTE signal processing unit

LTE Long Term Evolution

LTE-A Long Term Evolution – Advanced

MAC multiple access channel

MAN metropolitan area network

MCS modulation and coding scheme

MET maximum Eigenvalue transmission

MIESM mutual information equivalent SINR mapping

MIMO multiple-input multiple-output

MISO multiple-input single-output

MF matched filter

ML maximum likelihood

MLE maximum likelihood estimator
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List of Abbreviations xxi

MME mobility management entity

MMSE minimum mean square error

MPC multi-path component

MRC maximum ratio combining

MRM measurement report message

MRT maximum ratio transmission

MS multiple stream

MSE mean square error

MUI multi-user interference

MU-MIMO multi-user MIMO

NGMN next generation mobile networks

NLOS non line-of-sight

NMEA National Marine Electronics Association

NR neighbor relation

NRT neighbor relation table

NTP network time protocol

OAM operation and maintenance

OC optimum combining

OCXO oven-controlled crystal oscillator

ODN optical distribution network

OFDM orthogonal frequency division multiplex

OFDMA orthogonal frequency division multiple access

OLT optical line termination

ONU optical network unit

PA power amplifier

PAPR peak-to-average power ratio

PCI physical cell identifier

PDF probability distribution function

PDH plesiochronous digital hierarchy

PDCCH physical downlink control channel

PDSCH physical downlink shared channel

PDP power delay profile

PIC parallel interference cancelation

PLL phase-locked loop

PMI precoding matrix indicator

ppb parts per billion

ppm parts per million

PPS pulses per second

PON passive optical network

POTS plain old telephone service

PRB physical resource block

PRS positioning reference signal

PTP precision time protocol

PUCCH physical uplink control channel
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xxii List of Abbreviations

PUSCH physical uplink shared channel

QAM quadrature amplitude modulation

QoE quality of experience

QoS quality of service

QPSK quadrature phase shift keying

RAN radio access network

RAP radio access point

RB resource block

RE resource element

RF radio frequency

RI rank indicator

RHS right-hand side

RMS root mean square

RN relay node

RNTI radio network temporary identifier

RoF radio over fibre

RRH remote radio head

RRM radio resource management

RS reference signal

RSS received signal strength

RSRP reference signal received power

RTOA round-trip time of arrival

RTT round-trip time

SC sub-carrier

SC-FDMA single carrier frequency domain multiple access

SCM spatial channel model

SCME spatial channel model extended

SCTP stream control transmission protocol

SDH synchronous digital hierarchy

SDMA spatial division multiple access

SDIV spatial diversity

S-GW serving gateway

SIC successive interference cancelation

SINR signal-to-interference-and-noise ratio

SIR signal-to-interference ratio

SISO single-input single-output

SMUX spatial multiplexing

SON self-organizing network

SONET synchronous optical network

SS single stream

SSB single side band

SSP smale-scale parameters

SNR signal-to-noise ratio

SU-MIMO single-user MIMO

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-00411-5 - Coordinated Multi-Point in Mobile Communications: From Theory to Practice
Edited by Patrick Marsch and Gerhard P. Fettweis
Frontmatter
More information

http://www.cambridge.org/9781107004115
http://www.cambridge.org
http://www.cambridge.org


List of Abbreviations xxiii

SVD singular value decomposition

SynchE synchronous Ethernet

TB transport block

TCI target cell identifier

TDD time division duplex

TDM time division multiplex

TDMA time division multiple access

TDOA time delay of arrival

THP Tomlinson-Harashima precoding

TOA time of arrival

TTI transmit time interval

UDP user datagram protocol

UCA uniform circular array

UE user equipment

UL uplink

ULA uniform linear array

UMTS universal mobile telecommunications standard

UTRAN universal terrestrial RAN

VDSL very-high-speed digital subscriber line

VID VLAN identifier

VLAN virtual local area network

VoIP voice over IP

WAN wide area network

WCDMA wideband code division multiple access

WCI worst companion indicator

WiMAX Worldwide Interoperability for Microwave Access

WF Wiener filter

WINNER Wireless World Initiative New Radio

WSSUS wide sense stationary uncorrelated scattering

XGPON 10-Gigabit-capable PON

ZF zero-forcing
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Nomenclature and Notation

Nomenclature

In this book, we generally consider the setup and involved nomenclature depicted

in Fig. 3.1 on page 13. Please note that we assume a site to consist of three sectors,

which are equivalent to cells. Each sector or cell is assumed to be served by one

dedicated base station (BS), even though in practice multiple such BSs may be

integrated into one physical device.

CoMP Scheme Classification

Throughout the book, CoMP schemes are classified on one hand according to

the extent of cooperation between BSs. We here distinguish between

• interference-aware transmission and detection (possibly with estimation of

interference, but without explicit BS cooperation)

• interference coordination (e.g. joint multi-cell scheduling, coordinated beam-

forming etc.)

• multi-cell joint signal processing (e.g. joint detection or joint transmission)

We further distinguish between decentralized and centralized CoMP schemes,

depending on where the subject of cooperation takes place. This classification is

applied to various schemes observed in this book in Table 1.

Notation

Unless stated otherwise, the following holds throughout most parts of the book:

• Calligraphic letters (e.g., M) represent sets

• Capital, italic letters, (e.g. Pmax) denote constants

• Bold-face, capital letters (e.g. H) represent matrices

• Bold-face, lowercase letters (e.g. h) represent vectors

• Lowercase, italic letters represent scalars.

• Variables with a hat on top (e.g. Ĥ) denote estimates

• Variables with a bar on top (e.g. H̄) denote an effective expression

• Variables with a tilde on top (e.g. H̃ denote expressions in time domain,

whereas other expressions are usually in frequency domain, see Section 8.2).
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Nomenclature and Notation xxv

Table 1. Classification of CoMP schemes.

Decentralized Centralized

Interference- → DL multi-user

aware beamforming with IRC

transmission/ (Sections 5.1, 13.3)

detection → IRC (Section 10.2)

Interference → UL cooperative interf. → UL joint scheduling

coordination prediction (Sections 5.2.2, 14.3) (Sections 5.2.1, 14.3)

→ DL coordinated → DL centralized

sched. / beamforming (CS/CB) joint scheduling

(Sections 5.3, 14.4.3) (Section 11.1)

Multi-cell → UL decentralized → UL centralized

joint signal joint detection joint detection

processing (Sections 6.2, 13.1, 14.3) (Sections 6.1, 13.2)

→ UL distr. interference → DL centralized

subtraction (Sections 4.3.1, 13.2) joint transmission

→ DL distributed (Sections 6.3,13.3)

joint transmission

(Sections 6.3, 13.3, 13.4)

The following variables are frequently used throughout the book:

• H, h, or h denote (matrices or vectors of) channel coefficients

• x or x are signals to be transmitted, before precoding

• s or s are signals to be transmitted, after precoding

• y or y are received signals

• W or w are transmit/receive filters used at the BS side

• G or g are transmit/receive filters used at the UE side

• c typically denotes a cluster index

• k and j typically denote user indices

• m typically denotes a base station index

• t, τ and i denote time indices, where t and τ are time-continuous, and i is a

discrete sample index

• f and q denote frequency indices, where f is frequency-continuous, and q is a

discrete sub-carrier index

• o denotes an OFDM symbol index

As in most publications, (·)H denotes Hermitian matrix transpose, tr{·}
denotes the trace of a matrix, | · | denotes set size when applied to a set, or

determinant when applied to a matrix. E{·} denotes expectation value. I is an

identity matrix.
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