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Figure 1: A glimpse of post-Shannon history
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Figure 2: Channel capacity upper bound of HSDPA-style AQAM and fixed modulation
schemes over the COST 207 TU Rayleigh Fading channel for BER=1% and BER=0.01%.
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Averting the WWW: MIMOs, Cooperative
Communications and Transmit Preprocessing
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Capacity of MIMOs
C ~ min(M;N)

e The classic Shannon-Hartley law suggests that the achievable channel capacity
increases logarithmically with the transmit power.

e By contrast, the MIMO capacity increases linearly with the number of transmit
antennas, provided that the number of receive antennas is equal to the number of
transmit antennas. With the further proviso that the total transmit power is increased
proportionately to the number of transmit antennas, a linear capacity increase is
achieved upon increasing the transmit power, which justifies the spectacular success
of MIMOs...

e L. Hanzo, O. Alamri, M. El-Hajjar, N. Wu : Near-Capacity Multi-Functional MIMO
Systems; John Wiley and IEEE PRESS, 2009
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Capacity of MIMO Systems

Discrete-Input Continuous-Output Memoryless Channel (DCMC)
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Evolution of the Four MIMOs in Wireless
Communications

e Type I: Beamforming

e Type Il - SDMA: Spatial Division Multiple Access

e Type Ill - SDM: Spatial Division Multiplexing

e Type IV - Space-Time Coding: STTC, STBC and STS
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Type | MIMOs: Beamforming
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Multiple Antenna Aided Spatial Division Multiple Access
OFDM

Type Il MIMOs: SDMA
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Figure 3: Evolution from CDMA to SDMA: Four different channel impulse responses
(CIR) recorded at the two receiver antennas for the two users supported.
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Figure 4: Channel transfer functions (CTF) for the CIRs seen in Figure 3/ (a) CTF 1,
(b) CTF 2, (c) CTF 3, and (d) CTF 4.
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Type Il MIMOs: SDM ML Sphere-Detector for Rank-Deficient Sc  enarios

sdm-cmp-16gam : 27-Jun-2005
N T

SOPHIE —

107 | MMSE -----
Ll m=6,n= x |
16QAM 4 e |
| 640AM 6 | BN 1
10—6 I ] ]
0 5 10 15 20

E/N, [dB]

e The proposed SOPHIE SDM detection method exhibits near-optimum performance and relatively low

complexity in high-throughput scenarious such as 6x6 64QAM as well as rank-deficient 6x4 16QAM
MIMO-OFDM. The throughput is 36 and 24 bits/symbol, respectively.
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Channel Variation in Space-Time Coded OFDM:
Type IV MIMO
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Near-Instantaneously Adaptive Cooperative Uplink
Schemes Based on Space-Time Block Codes and
V-BLAST

Mohammed EI-HajjarT, Salam Zummo*, and Lajos Hanzo'

T School of ECS, University of Southampton, UK.
Email: {meh05r, | h}@cs. soton. ac. uk

ﬂ School of ECS, Univ. of Southampton, UK.  |http://www-mobile.ecs.soton.ac.uk [1] - [10] 15/137

Outline
[1 Overview of the State-of-the-art

[1 Cooperation Strategies
[] Adaptive System 1
[1 Adaptive System 2

[1 Conclusions and Future Work
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Multiple Input Multiple Output Systems
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Increase of capacity by a factor of min{M,N}

] How?

Mitigating multipath fading

[l Challenges
Channel estimation, synchronization, power control,
resource-allocation/relay-selection, multiplexing loss.
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Cooperation in Wireless Networks

Ao

[1 Transmit diversity requires more than one antennas at the transmitter.
[1 However, many wireless devices are limited by size, cost and hardware complexity.

[1 By using cooperative communications, several transmitters or receivers may share
their antennas to form a virtual or distributed multiple-antenna system.

[] Distributed nodes re-transmit the signal either in a regenerative or non-regenerative
fashion.
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Cooperation Strategies

U Virtual MIMO

[l Transmitting nodes have to dedicate resources to ex- Ui
change their data. What is the optimum split of: / \
e primary versus secondary signalling = /
2

e When also considering the detrimental effects of
extra interference.

[l Use space-time code for transmission.
[1 Relaying

1. Decode-and-Forward
2. Compress-and-Forward /‘ R
3. Amplify-and-Forward
Nodes can use orthogonal or non-orthogonal
channels.
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Relay Operation

[J Full Duplex

at time slot ¢;

[1 Half Duplex (simultaneous transmission and reception is unrealsitic)

at time slot ¢; at time slot ¢; + 1

D
ﬂ School of ECS, Univ. of Southampton, UK. http://www-mobile.ecs.soton.ac.uk [1] - [10] 21/137

Virtual MIMO

Tﬂfl O >

ORQfl

Txy O > ORZCQ

[l Tx and T X exchange data for cooperation (virtual STC or SDM).
[J Tx and T % broadcast data.

[1 Txq and T X cooperation as well as R¥ and RX cooperation form a virtual MIMO
system.

D
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System 1

((é))
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System 1 Exploit users’ or MSs’antennas for diversity.

[

N N O Y O B B

MS 1 broadcasts its data in time slot 1.

MS 2 broadcasts its data in time slot 2.

MS 3 broadcasts its data in time slot 3.

MS 4 broadcasts its data in time slot 4.

Four users transmit in a G4-like STBC configuration.
total number of time slots for transmission is 12.

Can save one time slot if the BS can receive the users’ data while the cooperating
users are exchanging their data.
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In order to increase the bandwidth efficiency of the system, Adaptive Quadrature
Amplitude Modulation (AQAM) can be combined together with the proposed
cooperative scheme.

The adaptation is carried out according to the following table, while maintaining a
target BER of 103,

No. of users per cluster 4
No. of Rx Antennas 1
Mode 1 G4 STBC, BPSK

BE= 0.364 bits/sec/Hz

Mode 2 G4 STBC, QPSK

BE=0.727 bits/sec/Hz

Mode 3 G4 STBC, 16-QAM

BE=1.454 bits/sec/Hz

Mode 4 G4 STBC, 64-QAM

BE=2.18 bits/sec/Hz
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System 1 Benchmarker Scheme

[1 Diversity order of 4. [1 Diversity order of 1.
(] Transmit four users data in 11 [1 Transmit four MSs’ data in 4 time slots.
time slots.

Thus, the proposed Scheme has a higher diversity than a non-cooperative system and
hence reaches the target BER at SNR of 7.5 dB as compared to SNR of 23 dB for the
non-cooperative system.

This is achieved at the expense of a throughput reduction in the proposed scheme as seen
in the figures.
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System 2

((é))
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System 2 Exploit the users’ or MSs’ antennas for Multiplexing.

[] Four users transmit in a four-layer V-BLAST-like transmission configuration.

[l Adaptation is carried out according to the following table; (BE: Bandwidth Efficiency)

Bit Error Ratio

No. of users per cluster 4
No. of Rx Antennas 4
Mode 1 one user
BE=2 bits/sec/Hz
Mode 2 Two users
BE=4 bits/sec/Hz
Mode 3 Three users
BE=6 bits/sec/Hz
Mode 4 Four users
BE=8 bits/sec/Hz
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Conclusions

[0 We proposed two adaptive systems, which amalgamate the advantages of cooperative diversity, distributed
STBC as well as V-BLAST, while near-instantaneously adapting the system configuration for the sake of
achieving the highest possible throughput, while maintaining a given target BER of 103

[0 System 1 benefits from a higher diversity gain with the aid of STBC while varying the BE by adapting the
modulation scheme employed. System 1 is capable of maintaining a BE between 0.364 bits/sec/Hz and
2.18 bits/sec/Hz.

[0 System 2 benefits from the higher multiplexing gain of V-BLAST and thus has an effective BE varying
between 2 bits/sec/Hz and 8 bits/sec/Hz.

D
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Future Work

[0 Mathematical performance analysis of the two proposed systems.

[l Design of an optimised adaptive scheme, where adaptation will be based on the reliable channel quality
metric of the estimated BER value of the received frames’, rather than on the less reliable channel-SINR

metric.
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A Detailed Design Example
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Questions concerning the design of MIMO systems:

e (Q1) How can we achieve the maximum diversity gain, while maintaining a high
throughput?

e (Q2) How can we contrive practical near-capacity schemes for arbitrary MIMO
configurations for operating right across a wide SNR region, rather than at a single
SNR value?

ﬁ School of ECS, Univ. of Southampton, UK.  http://www-mobile.ecs.soton.ac.uk [1] - [10] 36/[I37


http://www-mobile.ecs.soton.ac.uk
http://www-mobile.ecs.soton.ac.uk

Orthogonal Approach for Diversity-Oriented
STBCs

Alamouti’s scheme:

ST
S S

Gy =

Go is an orthogonal/unitary matrix.

Simple single-symbol decoding.

Orthogonality can be relaxed to create Quasi-Orthogonal STBCs (QO-STBCs).

Can we view G differently?
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Layered Approach

The Alamouti scheme:
o (B =
_$ E)l

Two layers, each layer encoded using repetition coding.
Orthogonality enables the separation of the layers.
How many layers can a STBC codeword accommodate?

How to design better encoding method within each layer?
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Linear Dispersion Codes

A A

M
S:ZS:IAQ%Z spatial {i i
dimensions |-

c

T temporal dimensions

LDC(MNT Q), with arbitrary modulation schemes.

Q non-separable layers.

Optimization of X.

A single Dispersion Character Matrix (DCM) X.
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The Burden of Channel Estimation

e Complexity and power consumption.

e Channel estimation errors degrade the attainable performance.
Hence, two questions are asked.

1. How to dispense with the pilot-based channel estimation?

3. At the same time, maintain the general framework of LDCs?
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Unified Framework of DLDCs

: leferentlal Encoder

Sn—l

Delay

PAM Space-Time Cayley Space—Timai

* Mapper | Coding | Transform Mapper \17
w= [ 5] X, x, 5 M

—
@Q symbols

PAM Space-Time ML |y
- - e Yy

Demappe Decoding Detector \F

K, X, N

e Differential encoder: S, = Sp_1 - X;; imposes the unitary constraint.
e Linear structure: Xp = quzlAqsq.

e The Cayley transform: unique mapping between )N(n and Xh.
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Cooperative STBCs

Relays
Penetration into inside room

Coverage extesnsion at cell ec

Underground

e In cellular networks.

e |In wireless sensor networks, ad-hoc networks.
D e
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Schematic of the CLDCs

[ Twin-Layer CLDC(MNTQ) }

Base Station having
N receive antennas

\

T = Broadc;;t Interval (1) + Coopera;ifon Interval (Ty)
e Two phases of transmission.
e Parameter(MNTQ), T =Ty + To.
e How to design S1 and S»?
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Dispersion Matrices of CLDCs

The 1st Relay
2
£
= T + +
7,
IR, = 0] 7‘} rf B 7‘{‘ T
z{
Sy = :
zy,
By
The M-th Relay
Zi‘\]
21
T T, + +
Zy
eR;\[ = 0] I"}Uv 7‘%,[ - - - 17‘-} T
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Linking LDCs, DLDCs and CLDCs

DSTBC STBC Relay Protocpl

Unitary constraint ' Twin-layer structurv=

DLDC |«— |DC |— CLDC

3

X X {xxa)

-

s ( Cooperative MIMO Syste
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Existing Knowledge

MIMO channel’s capacity.

Serial Concatenated Codes (SCCs), which are capable of achieving an infinitesimally

low BER.

SCCs can be analyzed and designed using EXIT charts.

Irregular design principle, using Irregular Convolutional Codes (IRCCs).

Improving the flexibility using irregular inner codes.

<3
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Schematic of the Irregular Scheme

S IRCC Encoder : IR-PLDC Encoder

Cc2 usz
A 3 :
o ! Y

: ci up :
ur Irregular |7y ' p : 7 Irregular | ) 2 ST 'S
7| Partitioner oo Hl .| Partitioner PO Mapper Y

v : : : M
: : v

IR-PLDC Decoder

IRCC Decoder

3 f b i ;

. Precoder Decocfer ‘% l MMSE Decode’r—f

f : T2 g :

! ! Y

-~ P~ Irregular il Irregular A P A Irregular Y
: out . v Partitioner . | Partitioner Lo Partitioner Y :

* : :

N .

: e s :
v : 1 V
. . * ey
Conv. Decoder| : . Precoder Decoder = MMSE Decode;
[onv. Decoder] | | L1 e e
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Operational SNR Region

4 T T
—*— MIMO, CCMC capacity
—— IRCC-coded IR-PLDC

C(bits/sym/Hz)
N

SNR (dB)

® F)m and Pout = 6.

e The recorded throughput values were achieved by changing Yout and Ajp.

e Operational SNR region can be extended.
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Small-Scale Fading with Perfect CSI

T T T T T T T
—6— LDC(323Q)
12k — + — DLDC(323Q) | 1
—w— CLDC(323Q)
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T 1t ]
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2 o4} §
©
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0.2 ]
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15 20 25
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Throughput comparison for the LDCs, the DLDCs and the CLDCs recorded at
BER=10"%.
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Small-Scale Fading with Imperfect CSI

—6— LDC(323Q), w = -10dB
1.2} : —— LDC(323Q), w=-9dB |
— + — DLDC(323Q)

~
< ]
g 1r
>
v
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S o.8f .
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S oe6f i
e
ES]
<5}
= 04f .
[S]
(8]
=
|

0.2f .

O Il Il Il Il Il Il Il
0 5 10 15 20 25 30 35 40

SNR (dB)

Throughput comparison for the LDCs, the DLDCs and the CLDCs recorded at
BER=10"* and the imperfect CSI governed by w (dB).
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Large-Scale Shadowing with Perfect CSI

—©6— LDC(323Q), shadowing with Q=6dB
1.2F — + — DLDC(323Q), shadowing with Q=6dB |
—W%— CLDC(323Q), no shadow fading

[y
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o
[0}
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o
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Effective throughput (bits/sym/Hz)

o
N
T
i

(6] é 1‘0 15 20 25 3‘0 3‘5 40
SNR or Pre (dB)
Throughput comparison for the LDCs, the DLDCs and the CLDCs recorded at

BER=10"%.
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Implementational

complexity
Channel Coding/interleaving
characteristics delay
Coding/ Bit
System . It error
bandwidth Modulation rate
Effective : _
throughput Coding gain

Coding rate

Figure 5: Factors affecting the design of MIMO-aided wireless communications
schemes (©)John Wiley, Hanzo, Liew, Yeap: Turbo coding, turbo equalization and space-
time coding, Wiley & IEEE Press 2002
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Qutline
[] Motivation & Contributions

[1 The principle of Multiple-Symbol Differential Sphere De-
tection (MSDSD)

[1 MSDSD Designed for the Amplify-and-Forward Coopera-
tive Uplink

[1 Results and Discussions

[ ] Conclusions
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Motivation
[1 Background

[ Itis widely recognized that the Differential Amplify-and-Forward (DAF) transmission scheme
Is capable of providing a superior performance compared to classic direct transmissions
employing differential detection in slow-fading channels.

[J In reality the channels connecting the multiple nodes of a cooperative system typically
become time-selective due to the relative mobility of the cooperating terminals.

[1 Problem To Be Solved:

[1 The performance gain achieved by the DAF-aided cooperative system may erode as the
environment becomes more time-selective.

[1 How to mitigate the performance degradation induced by the relative mobility of the
cooperating terminals?

I
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Contributions

[1 Based on the principle of the single-path Maximum-Likelihood Multiple-Symbol
Differential Detection (ML-MSDD) contrived for conventional direct transmission
systems, a multi-path ML-MSDD scheme was specifically designed for mitigating the
error floor encountered by the DAF-aided user-cooperation assisted system in

time-selective channels.

[1 Sphere Detection (SD) is employed to reduce the complexity imposed by the
ML-MSDD, resulting in Mutliple-Symbol Differential Sphere Detection (MSDSD), which
is invoked for our DAF-aided cooperative system.

I
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Classification of the Differential Detection

Differential Detectior

—

Conventional Multiple-Symbol
Differential Detection | Differential Detectior

T

Optimum Suboptimum
MSDD MSDD

N N

ML-MSDD 'MSDSD Decision—Feedbacl
Differential Detectiol

-
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Effects of Doppler Frequency on Conventional Differential Detection (CDD)

10°

o fd:0'03

BER

I I I I I I I
0 5 10 15 20 25 30 35 40

SNR (dB)
(&) Magnitude of temporal correlation (b) BER of CDD

function of Rayleigh fading channels

e The Rayleigh channel’'s temporal autocorrelation function £ {h¢hj, } = 20%Jo(2MmBy Tk).
e 3dB loss in comparison to the coherent detection aided systems in a slow-fading scenario.

e Time-variant channel (fast fading) significantly degrades the CDD’s performance, since the observation window size is only

Nwind = 2.
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Principle of the ML-MSDD for Direct Transmission
[l Basic Ideas:
0 Insimple terms, the MSDD is a de-
tector that makes a decision about
a block of (Nying — 1) consecutive
PSK symbols based on Nying re-
ceived samples.

(1 This enables the detector to exploit
the correlation between the phase
distortions experienced by the con-
secutive transmitted PSK symbols.

O ML Metric:

BER

SuL =arg maxP(r|s)
secN

_ _exp(—Tr{rHw-1r})
—arg i S Ge)

=arg minTr{r"w-1r}
secN

5 20 25 30 35 40
PIN; (dB)

where the vectors s and I contain Performance Improved by the ML-MSDD.
the consecutively transmitted and re-

ceived symbols, respectively, and WY =
£{rrH|s}.

D
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Single-Symbol System Model for the DAF-Aided Cooperative S ystem

Yn:S1Hn+Wn7 (1)
by where S, Hn and W, respectively, are given as follows:
oty Sy = diagSlnl. -+ Saln]} = cliag(e?™,... &MV .
T~ Llpyd N N— ———
S AN

destinatior U elements U elements

A

source

Hn= |:\/P78hsd[n]7 \/P_SfAMrl hsr1 [n]hrld[n+ 1'|—f]7

T
Ly V PSfAMrU,]_hsrufl[n]hrufld[n+(U71)'Lf] 5 (2)
TDMA-Based User-Cooperation Aided System.
e Frame length: L.
e Power Constraint: 28;11 Py = 1—Ps where Wi = |:W$d[n]a fAMrl Wsry [n]hrld[n+ 1-Ly]
Ps and P, represent the power transmitted by
the source node and the uth relay node, re- +Wrpa[n+ 1Ll fam Wery g [Ny g
spectively. T
e The gain factor employed by the uth relay X[+ U —=1)-Le]+Wey 4aln+U—-1)-Le]| @)
_ Pru
node famy, = P02y, N

D
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Multiple-Symbol System Model for the
DAF-Aided Cooperative System

e Then, based on the single-symbol model of Eq. (1), we can construct the equivalent
multiple-symbol system model as:

Y =SH+W, (4)

where the block matrix Y of the received signal contains Nying user-cooperation based
received symbols corresponding to Nying consecutively transmitted differentially encoded
symbols Ssg[n], (N=10,1,--- ,Nying — 1) of the source node.

o Explicitly: Y =Y Y[ 4 --- Y], 1", and the channel's block matrix H as well as
the AWGN block matrix W are defined likewise as H = [H H],; -+ H;I1—+Nwind—l]T’ and
W = [Wg Wi - Wi 4]T, respectively.

e Moreover, the diagonal block matrix of the transmitted signal is constructed as

% — dla‘g{sﬂa S(H-17 T, S’H—Nwind—]_}.
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ML Metric for the MSDSD Designed for the DAF-Aided Cooperati  ve System

[0 Tree Search within a Confined Hyper-Sphere:  Since we
have an upper-triangular block matrix U, a tree search can
be carried out from the (N = Nying — 1)th element of s down-
wards to the (n = 1)th element, making sure that the accu-
mulated Partial Euclidean Distance (PED) does not exceeds

SuL = arg min Tr{XHE’li}, (5) the introduced search radius R.

secMaind [0 Search Radius Update: The search radius R is updated by
calculating the Euclidean distance between the newly ob-
tained signal point § and the origin. Then a new search is

Y =S(E{HH"} + 2 {ww"HsH = 54Cs4"  (6) carried out with the undated search radius.
X —_ e = == New Radius
Received Symbol  gptained after

Point Second Search

0 ML-MSDD Metric: Based on the multiple-symbol system
model of Eq. (4), the decision metric of the ML-MSDD
can be expressed as:

where the conditional autocorrelation matrix is:

[0 Transformation to MSDSD Metric: ~ Then, by further
constructing a (UNying X U?Nying)-element upper-
triangular block matrix U as:

Initial Search
Radiue

New Radius
Obtained after

U = (FTd (X))*a (7) First Search

where the (UNyind X UNying)-element upper-triangular
matrix F, which satisfies F'F = C~1 with the aid of
Cholesky factorization, we finally arrive at:

Sw=arg min [Us]?<R (8)e o o
s—Secwind

ML Solution
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MSDSD Tree Search Example (DBPSK, Nyingd =5)

Initially, R=5

Figure 6: lllustration of the MSDSD algorithm with the aid of the classic tree searching:
The figure in () indicates the PED of a specific node for the trial point in the modulated
constellation; while the number outside represents the order in which the points are visited.
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BER Performance

5 fd:0.03

Two-User
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o fd=0.001
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Complexity Reduction Achieved by the MSDSD in Two-User Coop  eration Scenario black

10000

9000} 1
O A potentially excessive-complexity search is
likely to be encountered when ML-MSDD is _ 8000} " " " B - - - 1
o —- —
employed, depending on the size of the con- 2 000l —a— MSDSD (N, ;,4=11. 1;=0.03)
stellation M. and the observation window @ —e— MSDSD (N, =11, 7;=0.01)
size Nyind, Which prevents the application of g 60oor —%— ML-MSDSD (N, ,=11)
the full-search-based ML-MSDD detectors in g 5000} —»— ML=MSDSD (N . .=2)
most practical cases. <
2 4000 1
O For example, in the scenario of using o
. . 3000} 1
DQPSK (M = 4) and an observation window @ DQPSK
size of Nying = 11, the number of PED eval- w5 2000F .
)  mNwind—) *
uations per symbol block is: —¢5—— = 1000 .
10 Nwind
4 o = g
H . 4
0 5 10 15 20 25 30 35 40
SNR (dB)
D
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Conclusions

[0 A MSDSD scheme was proposed for mitigating the error floor encountered by the DAF-aided
user-cooperation aided system in time-selective channels, leading to a significant performance gain over the
system using the CDD at a relatively low complexity.

0 For example, given a target BER of 1023, a performance gain of about 10 dB can be attained by the
proposed MSDSD employing Ncang = 11 for a DQPSK modulated cooperative two-user system in a
relatively fast-fading channel having a normalized Doppler frequency of 0.03.
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Introduction and Motivation

[

[

[

Cooperative Diversity Scheme [1,2]

[l small mobile unit: correlation of signals in MIMO.
[l User cooperation: independent fading.

[1 Decode-And-Forward: error propagation.

[l Amplify-And-Forward: noise enhancement.

Self-Concatenated Convolutional Codes with Iterative Dec oding (SECCC-ID)
[l Low complexity scheme invoking a single encoder and decoder [3,4].

[0 EXIT chart analysis gives insight into decoding convergence behaviour [5].

Distributed Turbo Coding Scheme [6]
[l Power efficient.

[0 Assumming a perfect source-relay link.
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Non-binary SECCC-ID
[0 An SECCC-ID scheme was designed using Trellis Coded MoidulgT CM) as con-

stituent codes [3].

[0 The proposed design was symbol-based, therefore it hadieeent problem of ex-
hibiting a mismatch between the EXIT curve and the bit-ltydiecoding trajectory.

[J The studies published in the literature of SECCC-ID schemaat aim for finding
good codes in terms of decoding convergence.

[0 An EXIT chart based analysis of the iterative decoder presidn insight into its de-
coding convergence behaviour and hence it is helpful foirfopthe best constituent
codes for SECCC-ID without time-consuming bit-by-bit siation of the actual sys-
tem.

[0 The SNR value, where the turbo-cliff in the BER curve of a @ianated code appears
can be successfully predicted with the aid of EXIT charts.

[0 However, the EXIT chart computation assumes the employwieamsufficiently long
interleaver, so that the LLRs may be rendered Gaussiambditd.

ﬂ School of ECS, Univ. of Southampton, UK. http://www-mobile.ecs.soton.ac.uk [1] - [10]

71037

Non Binary SECCC-ID Analysis Using EXIT charts

2.0

Parity Gen Poly [77 2 1@Q] O Oiteration
1.8 Estimated /N, = 3.02dB * 4 iteration
——EXIT curve » = 10 iteration
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Fig 1. EXIT chart and two snapshot decoding trajectories Fig 2. Simulations results for half-rate non binary

for half-rate 4PSK-assisted non binary SECCC-ID using SECCC-ID Code when communicating over uncorrelated

a block length ofL0* symbols at E/Ny = 3.02dB. Rayleigh fading channels.
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Binary SECCC-ID
[0 The bit-based design eliminates the mismatch inheritechbysymbol-based design

[4].

[0 RSC encoder using the generator polynomials G=[13 W&h a rate ofR; =1/2 and
memoryv = 3. Then there is an interleaver followed by a rRe= % puncturer. The

_ R 12 1
overall code rate becom&s= 57 = 5377 = 3-
. SECCCEncodef W o SECCC Decoder|
i . P RSC Puncturer%%g ¢ Yy ;’; 3 Depuncturer=| 7= ) i
1 S/ En%(’,)lderé Ry 3 L | te | P SISO LU(bzi - |
b b, ' Mapper Demapper MAP 3
| ! | L(by) Decoder Le(by) !
R ) Lo(b1> — : };
””””””””””””””””””” Le(by 3 ! 1
T
i P ;
[ ]
,,,,,,,,,,,,,,,,,,, e O
Fig 3. The block diagram of binary SECCC-ID System.
B e
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[1 Self-concatenated Decoder

[0 The received signal is passed through a soft demapper tolagthe conditional
probability density function (PDF) of receiving whenx(™ was transmitted:
2
(m) ‘y—h%“’
P(y[x™) = ™o exp TN | 9

wherex(™ is the hypothetically transmitted QPSK symbol foe {0,1,2, 3}.

[0 These probabilities are passed to a soft-value depungcwinerh converts them to
bit-based Log-Likelihood Ratios (LLRs) and inserts zerdslat the punctured
bit positions. These are then deinterleaved and fed to thdigmut Soft-Output
(SISO)Maximum A Posteriori ProbabilityMAP) decoder.

[0 The decoder calculates the extrinsic LLR of the informabds, namelyL®(b;)

andL®(by). They are appropriately interleaved to yield thpriori LLRs of the
information bits, namely.?(b;) andL?(b,), as shown in Fig. 3.

[1 Self-concatenated decoding proceeds, for a fixed numbégrations.
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[J Distributed Binary Self-Concatenated Coding scheme usargtive Decoding
(DSECCC-ID) for cooperative communications is analyzetihwhe aid of EXIT
charts.

[0 The realistic condition of having an imperfect sourceyyalammunication link is
considered.

Source Destinatior

Xr = {mrd,(kJrNs)}

Relay

Fig 4. Schematic of a two-hop relay-aided system.

D
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[0 DSECCC-ID Encoder
0 The source node transmits SECCC symbols to both the relathardkstination nodes
during the first transmission period.
0 The relay performs SECCC-ID decoding. It then re-encodestiormation bits using a
Recursive Systematic Convolutional (RSC) code during éoesd transmission period
[0 The resultant symbols transmitted from the source and reddgs can be viewed as the
coded symbols of a three-component parallel-concater@E€HCC-1D encoder.

D
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DSECCC-ID Encoder
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bl I S :

|
| by RSC Puncturer, (1)
| Encoder | = e
! R=R,/(2R !
‘:::::::::::::14(:::2)::::::::::I Bengl)
: Relay Transeivgr
I 61 I y(TI)

| ST
l i, SECCC-ID Decode#- BT (1)
| b I rd rd
| 0 [
| ! (T2)
I C ! 1.1 Ty i/ \L Yrd

|
: ' Mapper
: RSC Puncturer .
| Encoder .
L |

Fig 5. DSECCC-ID Encoder.
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[0 DSECCC-ID Decoder

[0 There are two inputs to the RSC MAP decoder block, in Fig. 6.
[0 The first is the extrinsic information of bitt; provided by the SECCC-ID decoder,
which is obtained from the addition &f(b;) and the deinterleaved versionldf(by).
The resultant.§(by) stream is interleaved by to generaté.2(bg).
[0 The second input of the RSC MAP decoder is the interleavedlapdnctured version
of the soft information provided by the QPSK demapper dahat®(yq [Xq)-
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DSECCC-ID Decoder T T T T T T T T T T T T L et e
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Fig 6. DSECCC-ID Decoder.
D
ﬂ School of ECS, Univ. of Southampton, UK. |http://www-mobile.ecs.soton.ac.uk [1] - [10] 79/ 137

[1 DSECCC-ID Decoder

[0 The RSC decoder then provides the improved extrinsic LLRefdata bibtyg
namelyL®(bo) as its output, which is deinterleaved tiy* to yield L3(b;). The
LLR L3(b1) can be further interleaved usimg to generaté-3(b,).

[0 Thesea priori LLRs output by the RSC can be added to the SECCC-ID
decoder’sa priori LLRs of b; andb,, thus completing the iteration between the
RSC and SECCC-ID decoders.

(7] d: P(ysd‘x.sd) La((:) :

B iy Al

I

| DemapperDepuncturer SISO
I

7777777777777777777777777777777777777

| RSC Decodey, L(by)
[

L°(bo) LB(bO)m }} L3 | 4 3La(bl)

I d
rRsc| *h- Ll +
rd ! | ’

R
Decode o e |
@ i ne) " 1
‘ h La(by) [ i ( |
I ’—‘ i + 1 !
I a\ 7T + P ’Trl I

Fig 6. DSECCC-ID Decoder.
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Binary SECCC-ID Analysis Using EXIT charts

1.0
[ R1=1/2 andR>=3/4, QPSK-assisted ;4!

SECCC-IDy =3,n=0.67 bit/s/Hz  os}
achieves decoding convergence at*’|
received SNR (SNR = -0.15 dB mgi
for transmission over an uncorre- ,| } ,
lated Rayleigh fading channel. 0.3 R=112, R = 304,123

0.2 SNR =-0.15dB

. . LT — EXIT Curve

[ Using SNR at the relay determine =/ | trajectory snapshot 1
) —— trajectory snapshot 6

the equivalent SNR at the sourcego - | . v —
0.001020304050607080910

node (SNR): |a

SNRf — SNF‘)€+ 10 lOglO(GSF) [dB] (;:8)7 EXIT chart and 'snap-shot’ decoding trajectories

] ForGe — 4 SN%— 35dB of binary SECCC-ID System.
Sr — ™ — —9O. .
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DSECCC-ID Analysis Using EXIT charts

[J Self-concatenated iterations at thelo "=
“
source-destination link usdsy = 2 EZ /
and source-relay link usés = 8. 0:77
0 The number of iterations between %6
the SECCC-ID and RSC at the des- gi

tination node idsqrq = 12. 0.3+ ,
- 0.2 -A—SECCC-ID EXIT Curve, SD link
0 At the DSECCC-ID decoder we ol . RSC EXIT Curve, RD ik, G~ 4
havel DSCC= ISd X |5d’rd = 24 decod- 0.0 —Trajectory, SNR=-3.5dB ‘
"0.0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0

ing iterations. Iy

[0 This makes the total decoding iter-
ations in the overall system eqlfé@l 8. EXIT charts and a 'snap-shot’ decoding trajectory
to Isr+ IDSCC: 32 as Compared t@f DSECCC-ID scheme for SR —3.5 dB both at the
a non-cooperative SECCC-ID em- source as well as at the relay nodes.

ploying | = 40 iterations..
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[0 Our prediction is verified by computing the correspondingmiéeCarlo simulation-
related decoding trajectory for the DSECCC-ID scheme foamé length of 12M00
bits.

[0 Thus the DSECCC-ID outperforms the SECCC-ID scheme by &h86tdB in SNR
terms.

£31-SECCC-ID, R=1/2,R=3/4,=3
©--DSECCC-ID, perfect relay
1 -A--DSECCC-ID, realistic relay

10 1 ﬁ@ & m.v.,ﬂﬂ

Tog

il
A
10 4 BB

5 4 3 2 -1 0 1 2
SNR.(dB)
Fig 9. BER versus SNRperformance of SECCC-ID and DSECCC-ID schemes.
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Conclusions

0 A power and bandwidth efficient DSECCC-ID scheme has beepogexd for cooperative
communications based on three-component concatenatigphdes

[0 To exploit the low complexity offered by SECCC-ID codes welexed their application in
distributed cooperative communications.

[0 Once the received SNR at the relay node exceeds the ersodéading threshold, the
SECCC-ID decoder employed at the relay node becomes capfaigliably decoding the
source signals.

[0 The EXIT chart of the three-component DSECCC-ID decoden se€ig. 8 reveals that a
beneficial combination of the equivalent SNR of the sourakthe relay nodes results in a low
BER at the destination, despite considering a potentiatiyrgorone reception at the relay.

[0 Thus we reduced the total power required by the overall syste compared to an SECCC-ID
system. The overall complexity of this distributed coopgeacommunication system is less
than a non-cooperative SECCC-ID system.
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Future Work

[0 Near-capacity non-coherently detected DSECCC-ID coaperachemes.

[0 Performance for different relay location scenarios andgraptimisation in
DSECCC-ID.

[0 Performance Analysis of Hard Versus Soft Relaying in DSEGDC

I
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A Cooperative Communication Framework
Why Cooperation?

Aims: improving ...

Ideal: beneficial multiple-antenna technique — MIMO@#
Reality: diversity gain is limited by the size of MT

Solution: virtual MIMO - relay-assisted user cooperation, BS cooperation

amultiple—input multiple-output
|
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Why SC-FDMA? - A PAPR-aware Transmitter

e Single-carrier vs. multi-carrier modulation?3

— a PAPRR issue
— OFDM§
F-domain : T-domain
e 1+ 1z "] Pulse | s(¢)
—1 BICM DET s 'ncssrt ! shaping
L __ 1 sp LIV | s W(t)
— SC-FDE]
T-domain
1wt [ sert Pulse | s(t)
— BICM —— cp »{ shaping
L w(t)
acyclic prefix(CP) insertionforward error correction(FEC) enabled bpit-interleaved coded modulatiqBICM)
bpeatk—to—average power ratio
;’orthogonal frequency-division multiplexing

frequency-domain equalisation

3
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Why SC-FDMA? - Complexity aware receiver
design

e Frequency-selective fading — multi-path CIR#

e Conventional time-domain (TD) multi-tap equalisation

T—-domain
b 1 g 1 20 1 yt[i] y(t)[Matched
B_I|%M Equz;{llser< /}/ filter
o w Sampling L¢*(=t)| r(?)

high complexity

e Frequency-domain (FD) single-tap equalisation

T-domain | F-domain . T-domain
ho C trs fr; £ 7 t
b giemn 21 [iorr] 21 equatisen? ! | oeT] #'1), [Remoje Y1) [Matched
-~ ~“ o S - -~ filter
' aops LEN w Fx | sip [_CP | sampling L (=t)] (1)

low complexity

a .
channel impulse response

<3
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Dynamic Resource Allocation for Opportunistic
Relaying

Rationale: limited performance due to first-hop quality
Purpose: exploring extra selection diversity
Aspects: first-hop quality awareness

Objective: evaluate the advantages of joint design of
e dynamic relay selection (DRS)

e dynamic subband allocation (DSA)
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Scope and Assumptions - Opportunistic
Relay-aided Multi-user SC-FDMA Uplink

Direct link is unavailable

Relays geographically localised in a cluster at midway

Cooperating relays are capable of exchanging CQI#

e BS’s receiver employs multiple antennas

. J—1
| first-hop dsz = 0.5 | second-hopixp = 0.5 |

achannel quality information
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Source/Relay Model - Multi-user Version

T—domain : . F-domain : T—domain
b T gt 2! [i[ Subband 7 [i] # ] Pulse
| k BICM: k DFT k= map)per k= IDI;{T ﬁ, | Insert ~shaping
- 2 Fu | ps [LCP () | si(t)
source transmitter subband-based AF relay transmitter

e K-user uplink, N subbands per user, U subbands in system
e N-point DFT-spreading ¥ n, U-point IDFT-modulation 9'5'
e bandwidth expansion factor M — full-load K = M
e Channel coded version: using bit-interleaved coded modulation (BICM)
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Source/Relay Model - Multi-user Version
T—-domain : F-domain : T—-domain
| / xli; OH i}c,o 1]
t f [ ]
xy o] Ty olt , N
kao_’ k,O—> Subband .I'i, 1[ ] x}c,l[z]
xj, 1 [1] xfc 1 [7]
2t : | DFT | £, ~| mapper IDFT 3
—={sip| | . P, PISI —=
frame rame
rarn I ' fN 1 ‘ U — MN .7:5
Lk, (N-1 [2] (N 1)[21 -
~ . Nt .
\'xkng—lz[Zl] xk, U—l![Z]
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SC-FDMA Signalling - Symbol-to-subband
Mapping
e Localised FDMA
— block duration Ty, symbol duration Ts, chip duration T
— user-specific symbol-to-subband mapping QE for source or :PE for relay
e cyclic prefix (CP) insertion

TD signal waveform

_ E.g. userk=0, for N =4,
SC-FDMA BPSK TD signal waveformN=4, M=4, U=16,k=0)

M=4U=16

Lor 1 FD subband mapping
= : k-th user's .
8 05r . '
= R RV RV K DFT-spread OFDM |
£ T T I N=4 subbandl signal '
o 00F 8 ittt e
el
£ L L
=
5.0,5, l 4 4ol oy oy oy 1y 1y 1y 1 3

m=0 | m=1 | m=2 | m =3
10+
U = NM = 16 subbands
* SC-FDE
15 O TFD LFDMA

L L L L L L L L L L L L
1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
TD chip index:u’
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Relay/BS Receiver Model - Multi-user Version of
SC-FDE Recelver

| T-domain : F-domain | T-domain
By T 2] [Ampiifier 9Ll Subbana]#'li §'[i] y(t) ™
i : Remove atched !
i<—:BICM ID';T <«——/equaliser = demappef= DFT - cp - filter H

- | . . *(_ !
| L0l sl EN | [Blor W (PT Fu_|sp samplingl " (D] r(1)
BS receiver subband-based AF relay receiver |

e subband demapping f_PE at the relay or rPE at the BS
e relay: subband-based amplify-and-forward (AF) BL
e BS: single-tap FDE W} — diverse criteriafi

e residual inter-symbol interference (1SI)

amat(:hed-filterionF), zero-forcing(ZF) or minimum mean-square-errgMMSE)
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Relay/BS Receiver Model - Multi-user Version

T—domain | F-domain | T-domain
| '
! Equaliser _—] 25 0 gg ]
Eltc,O[i] EIE,OM o glfcl[z] . ¢
e ~ el T Copand Al U
21 [1] 21 1] n |4k 1] - -
2t T IDFT|[~ Wipq [ demapper DFT gt
frame [ Fn [ [ ] k : FH 1 frame
t . f ST | £ AU = MN| 1
ij(Nfl)[Z] ik,(Nfl)[ZJ wl gkz,(Nfl)[Z]
k(N|-1) \ ng—l) [i] QU—U [i]
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Dynamic Resource Allocation for Opportunistic
Relaying
e Relay selection
— random relay selection (RRS)

— dynamic relay selection (DRS)

e Subband allocation
— static subband allocation (SSA)

— dynamic subband allocation (DSA)

e Dynamic resource allocation (DRA) for OR
— conventional DRS combined with DSA (DRS-DSA)
— first-hop-quality-aware joint DRA (FHQA JDRA)
JDRA-1: dominated by the second-hop quality
JDRA-2: dominated by the first-hop quality
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Dynamic Resource Allocation - Comparisons

e Applied scenarios

Mode Channel dependence Relay strategy | Controller
DRS-SSA R-D, low | Distributed non-coop. BS
DRS-DSA R-D, high Localised non-coop. BS
JDRA-1 S-R & R-D, high Localised coop. RCH?
JDRA-2 S-R & R-D, high Localised coop. RCH

e CQI exchange

Mode Strategy Context

JDRA-1 MWRP | S-R CQI order, and R-D CQI
JDRA-2 MWR S-R CQIl and R-D CQl
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Dynamic Resource Allocation - Channel and
Frame-structure

e Example of dynamic subband allocation for two users

‘\

NN MWR Y

~ 7
-~ _ ~ P <

ST -~
~” Head

»

-<—— Multiple-access phase -« - -  Broadcast pha
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Dynamic Resource Allocation - Channel and

Frame-structure

e Frame structure — resource vector (RV) and resource block (RB)

Nv (Nrb — Nv/er)
A\

4} FD

1 frame= N, RVs= N,;, RBs

= J subbands

g
-

Y

1 time slot I Pilot RV Data RV D RB
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first-hop g% second-hop ¢}'>
m=0m=1m=2m=3 m=0m=1m=2m=3
Y Y
L 2TD ,2TD
k=2 k=2 DRS-SSA
’ FD ’ FD
1. 2nd-hop DRS
FD FD
2. 2nd-hop SSA
V2 FD (TD FD .
7 TD 7
e — o\ = 1\ e — o = 1\ 3. user assignment
’ FD ’ FD
FD FD
first-hop g% second-hop gD
m=0m=1m=2m=3 m=0m=1m=2m=3
/’(TD /’(TD DRS'DSA
k=2 k=2
//TD ‘ FD o ‘ FO 1. 2nd-hop DRS
k=0 .’ k=0
z D - b 2. 2nd-hop DSA
v FD P Fp 3. user assignment
A\ A\
— — randoml
’ FD ’ FD ( y)
FD FD
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DRA - FHQA JDRA Schemes

Select the relays having the highpst
R-D channel gains at each subbpnd R-D DRS

groups as RBs

A

y

Order the selected RBs having ttje

highest channel

gains at all subbpnd R-D DSA

groups of the selected relays

awar

First—=hop

eness 2

Select the relays having the high
S-R channel gains of each user

\ 4

Order the users having the highe|

S-R channel gains via their best
relay

st
S-R DRS
5t
i First-hop
awareness

\ 4

Order the RBs having the highes

channel gains at all subband gro§ips

of each selected relay

R-D DSA

\ 4

Yes l
Order the users having the higheft Assign thg
S-R channel gains at all subban RBs to users
groups at each relay randomly
\ 4 DSA-DRS

Assign the best

RBs at the

corresponding relays to fhe Joint DRA-1

ordered users

3

<3

Scho

School of ECS, Univ. of Southampton, UK.

Assign the selected RBs at the

corresponding relays to the ordefed Joint DRA-2

users
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Parameters

S-D fading

no S-D link

S-R, R-D fading

frequency-selective Rayleigh

Power delay spread

uniform

Shadowing absent (og =0dB)
Path-loss Gsgr = Grp =0.54
Modulation 4-QAM (set-partitioning)
FEC coding Non or RSC (2,1,3), R, =1/2

Channel model

uncorrelated

Relaying protocol

amplify-and-forward (AF)

Relay selection

static or dynamic

Subband mapping

localised

Subband allocation

static or dynamic

Number of subbands per user N=12
Bandwidth expansion factor M=6
Total number of subbands Uu=72
Number of source users K=6
Number of paths L=4
Transmit power Pe =P =05
Number of BS receiver antennas N, =18

ol of ECS, Univ. of Southampton, UK.

http://www-mobile.ecs.soton.ac.uk [1] - [10]

103/ 137

104/ 137


http://www-mobile.ecs.soton.ac.uk
http://www-mobile.ecs.soton.ac.uk

BER vs. E,/Ng
Uncoded OR SC-FDMA using MMSE FD-LE

SC-FDMA AF OR (N=12,M=K=J=6, L=4)

Non-FEC, 4-QAM (Gray), MMSE FD-LE | Rayleigh:
||||||||| DT’ Nr:]_
DT, N,=8
T OR,N,=1
~1 — OR,N=8

=
(@)

BER
5
N AN O GN O RPN OB N RN

10° E =

* RRS-SSA ; : N
10| +DRS-SSAL. .\ % % K B

X DRS-DSA N N

A JDRA-1 B NG

< JDRA-2 A Q*Ai
10 ' '

-10 -5 0 5 10 15 20 25

Ey/Np (dB)
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BER vs. E,/Ng
Uncoded OR SC-FDMA using MMSE-SIC FD-DFE

SC-FDMA AF OR (N=12,M=K=J=6, L=4)

2
1 | Non-FEC, 4-QAM (Gray), MS-MMSE FD-DFE (SIC) Rayleigh:
5 ||||||||| DT1 Nr::l_
_____ ‘ AWGN DT ‘ ‘ DT, N,=8
2R | | S OR,N;=1
10‘1 - ‘ .l,':."k L7 O SO SOOI SO [ OR, Nr:8
5 X
2
10? =
I
o)
2
10° =
5
2 ‘ |
10‘4 = RRS-SSA| . =
5 | X DRS-DSA A \
A JDRA-1
21 & JDRA-2
10° S— :
-10 -5 0 5 10 15 20 25

Ey/No (dB)

ﬁ School of ECS, Univ. of Southampton, UK. |http://www-mobile.ecs.soton.ac.uk [1] - [10] 106/ 137



http://www-mobile.ecs.soton.ac.uk
http://www-mobile.ecs.soton.ac.uk

BER vs. E,/No
BICM OR SC-FDMA using MMSE FD-LE

SC-FDMA AF OR (N=12,M=K=J=6, L=4)

2 T T
1| CONV(2,1,3), 4-QAM (SP)R=0.5, MMSE FD-LE iter(0)| |
5 » RRS-SSA
2 X DRS-DSA
10t | A JDRA-1
5 <& JDRA-2
2
10° 3
G
m
2
10° 3
5 o
2 Rayleigh:
10—4 |||||||||||| DT, Nr=1
5 DT, N,=8
......... OR,Nr=l
2 — OR,N,=8
10—5 L . A 1 1
-10 -5 0 5 10 15 20 25
Ey/No (dB)

3
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BER vs. the number of users K
Uncoded OR SC-FDMA using MMSE-SIC FD-DFE
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2 .
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BER vs. the number of relays J
Uncoded OR SC-FDMA using MMSE-SIC FD-DFE

SC-FDMA AF OR (N;=1,N=12,M=K=6, L=4)

2
" | Non-FEC, 4-QAM (Gray), MS-MMSE FD-FDE (SIC) | * RRS-SSA
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— EJN=12dB|
10-5 1 1 1 | 1
0 5 10 15 20 35
Number of Relays]
ﬂ School of ECS, Univ. of Southampton, UK. http://www-mobile.ecs.soton.ac.uk [1] - [10] 109/[137

DRA-aided OR-based SC-FDMA Uplink vs. DT
Benchmark

e Transmitted power reduction ybA per bit may be achieved.

e The schemes are listed in descending order of complexity.

V5 (dB) Non-FEC BICM

\\® 1 8 1 8
JDRA-2 | AF || 115 1|95 2
JDRA-1 AF || 115 -11] 95 -1
DRS-DSA | AF 85 -14 |75 -35
RRS-SSA | AF 6.5 -14 5 -35
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Conclusions

e We have: assumed that there are a number of inactive MTs acting as potential relays,
which are geographically co-located in a cell;

e focused on the optimum exploitation of the relay selection and subband allocation for
the two-hop transmissions;

e proposed two types of first-hop-quality-aware joint dynamic resource allocation
schemes designed for the SC-FDMA uplink.

As a result, the reliability and of our proposed systems was significantly
improved.
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Future Work

In order to mitigate the inter-cell interference (ICI) and reduce the energy per bit in the
multi-user multi-cell scenario, a trade-off has to be struck between the
and spectrum-efficiency at a system level.

e Relay-assisted multi-cell resource allocation

e Link-quality-aware relay-assisted network optimisation
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Motivation
[l High Frequency Reuse (FR)

Factor:

tier two

e low spectral efficiency but high
SINR at the cell-edge

[] Received signal and SINR 4

Yj = ho jX;j + Z@hi’m +nj
ic
_ [ho,j|*
‘nj|2+2ie]ﬂé|hi,j

e B={B;,ic8,10,,18}

Yj >

FR transmission
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[1 Unity Frequency Reuse (UFR)
e high spectral efficiency but low

SINR at the cell-edge

[1 Received signal and SINR

Yi =hoiXj+ > hijx+n;
i€Bg
[ho,j|®

Y =
PN 2+ S, i j[2

e Bo={Bi,ic12-,18}

tier two

tier one

UFR transmission
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[l Fractional Frequency Reuse
(FFR)

e high SINR at the cell-edge but
reduced spectral efficiency

[1 Received signal and SINR at
cell-edge is the same as that of
FR transmission

[1 Received signal and SINR at
cell-centre is the same as that of
UFR transmission

tier two

. tier one

FFR transmission

ﬂ School of ECS, Univ. of Southampton, UK.  http://www-mobile.ecs.soton.ac.uk [1] - [10] 118/[I37


http://www-mobile.ecs.soton.ac.uk
http://www-mobile.ecs.soton.ac.uk

[] Distributed Antenna System (DAS)
aided FFR Transmission

e spatial diversity gain, mitigates the —  gmapA T T
pathloss and large-scale fading

tier two
. tier one

e high SINR and high spectral effi-
ciency

[1 Received signal and SINR at the

cell-edge h
Na
- —_— - - - - - . *
yi=hijxj+ > hijx+n
i=17|7éj
12
Vi = ;i
*|2 Na |2
LHEESNTFIINIC i
° nT _ nj + zieB hi,in denotes the FFR-DAS transmission
AWGN and the CCI from tire-two
cells.
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tier two

"~ tier one

3

NonCoMP-aided FFR-DAS transmission
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Non-Cooperative DAS-aided FFR DL transmission?

[l FFR-DAS transmission is capa-
ble of providing

e Nj hot spots around the Ny DAs

e Path loss gain

e Spatial diversity gain

Throughput of DAS-aided FFR transmission without CoMP
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Throughput of FFR-DAS transmission without CoMP
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Why cooperative?
[] Reason

e Strong CCI for users roaming near the angle halfway between the adjacent DAs for the
Non-CoMP aided FFR-DAS.

[1 Benefits of CoMP
e Increasing system throughput
e Extending cellular coverage
e Supports multiple users

[1 Requirement

e full Channel State Information (CSI) at all BSs
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CoMP-aided FFR-DAS DL transmission
[1 Configure
e 6 DAs act as a distributed BS
e Supports Ny = 6 users simulta-

neously

[1 Received signal and corre-
sponding SINR

Ny
i=11#]j
i - [hjtj >
= — NG
M2+ 3y iz itil?
e tj - precoding vector for MS ] fibre hnk Wire]ess hnk

employed at transmitter.
CoMP-aided FFR-DAS
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Assumptions
[1 MS located at the angle halfway between DAs.
[1 The DL signal destined for the MSs is perfectly received from the BS at the DAs.
[0 Complex-valued additive white Gaussian noise (AWGN) ¢ A’ (0,Np) at the MS
[l Single receive antenna at each MS.

[l Single DL transmit antennas at both the BS and the DAs.
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Signal-to-Interference-Leakage-plus-Noise-Ratio (SIL NR) DL
Precoding

[1 Aims for
e Maximising the SILNR for the intended MS.

e Minimising the leakage interference imposed on other MSs
[1 SILNR expresion

2

i jti j
ZEil,k;éj [hixti,j|%+No/P,

e hj j —channel vector between the DA i and the MS j

Ni,j =

e tj j — Precoding vector at DA i for transmitting the jth MS'’s signal.

e B j — Transmission power at DA i for MS j.
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Signal-to-Interference-Leakage-plus-Noise-Ratio (SIL  NR) DL
Precoding

[1 Proportional power allocation strategy

P
Ll — =N '
Yikealhixl?
e B j — power allocated for the jth MS at DA
e P — available power at DA i
[1 Solution
AT 1,H
ti,j = max. eigv[(No/P j + hikhik)~"hi’jhij]
k=1k#]

e tj j is multiplied by the allocated power P, ;.

D
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CSI Imperfection: Estimation errors
[J Channel at MS j with CSI estimation errors
hj = F]j +€j

e € - Additive Gaussian noise at the jth MS having variance of 03,

° ﬁj - The estimated channel at the jth MS with variance of 1 — og.

[J The model is also suitable for other CSI errors, such as the CSI feedback delay.

D
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A
_ ’z» CSI Estimation

A hj=hjte Lo ‘
hj = ||hllh; |
Network !
MIMO | & h; |
\F 7 Precoding ] CSI Quantisation :
l RVQ l
| A r; = min;0,0 = L(hj, ;) |
: Index CQI 1
: I€j H hj H :

virtual stable link

CSI feedback model
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CSI Imperfection: Quantisation

[l Quantisation channel model
hj = [1Ay]|-;
e ||hj|| - Channel Quality Information (CQI).
° ﬁj - Channel Direction Information (CDI).
[1 Assumption

e C={cy,Cp, -+ ,Cx} - Codebook having 2° entries is pre-designed and it is available to both
the MS and the BS.

e CQI ||Flj | and quantisation index K j are perfectly fed back to the BS.

[ Random Vector Quantisation (RVQ)
e Codebook element ¢j is a randomly generated zero-mean, unity-norm Gaussian vector.

e The quantisation index Kj = maxj_j 5_... o0 C0OSB,6 = /(hj,q).
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Synchronisation errors

e Time offset: The Inter-Symbol-Interference (ISI) imposed by the time offset is treated
as additive noise ng with a variance of

2= 5 (e P2~ ()

e Frequency offset (= . Similar to the time-offset errors, the FD cross talk (ICI) is

A
1/Ty
also treated as additive noise Ng having a variance of

na
2
OQN_S(pZ

e Both the time offset as well as the frequency offset errors will degrade the received
SINR at the MS.
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Worst-Case-Angle Results & Discussions
[l Achievable SINR as a

function of Tx SNR with 10

imperfect CSI | P abts f
e Highest SINR s ol A & |
achieved by FFR = IR -

4t TN
transmission at high % ogeegd8ess
2 2 PO AR A
Tx SNR. N - s
o
e SINR of CoMP trans- £ ° KT ITTT TS ¢
(9p] .
mission under perfect g 2f 6 bits -
CSI outperforms the 3 -4 i
UFR and FFR bench- o} B4 —~— UFR |
A —A—FFR
markers. —%— Non-CoMP

—6— CoMP-perfect CSI[]|

— © — CoMP

_10 Il Il Il Il Il
0 5 10 15 20 25 30

degrades at low Tx SNR (dB)

e CoMP transmission

guantisation quality.
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[l SINR of CoMP-FFR un- 5
der both imperfect CSI as

well as a synchronisation
error of 0.2 x CP=0.2 x
72

e Achievable SINR
becomes worse than
that of NonCoMP
transmission at low

Average SINR per user (dB)

—v— UFR
—A— FFR
—*— Non-CoMP
—o6— CoMP-perfect CSI
— < — CoMP
-10 ! ! ! 1 1

0 5 10 15 20 25 30

Tx SNR (dB)

SNR, when synchro-

nisation errors and

CDlI guantisation

errors coexists.
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10

—v— UFR

N
. A
[1 SINR loss at different o +:EE—COMP
i CoMP—perfect CSI
time offsets (CP:72) sl jgngMP perfect 7

e Highest SINR loss for
FFR transmission

e Similar SINR loss for

X

idealised and practi-

SINR Loss per user (dB)

cal CoMP transmis-
sion.

e Small SINR loss for
Non-CoMP and UFR

20 4 60 80 100
Time offset (ns)
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16

T T
—v— UFR
—A— FFR
14| —— Non-CoMP
—©6— CoMP-perfect CSI
— © — CoMP

[J SINR loss for different fre-
guency offsets

—_
N
T

—_
o
T

e Similar trends to
those of time offsets

e But more sensitive to

SINR Loss per user (dB)
oo

frequency errors than
to time offsets.
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Frequency offset (A f)
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Conclusions
[J CoMP-aided FFR-DAS was studied for imperfect CSI and synchronisation errors,
when the MS is located at half the angle between the DAs
e SILNR precoding technique was employed.
e Practical CSl errors as well as synchronisation errors were considered.

e Higher SINR for CoMP transmission for both imperfect CSI as well as for synchronisation
errors.

e More sensitive to frequency offsets than that to time offsets.
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Future Research

Near-capacity multi-functional MIMO arrays supporting diverse non-coherent detection
aided asynchronously detected wireless tranceivers.

Cross-layer designed assisted 'green’ wireless systems

Thank You

B
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