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Abstract

This report presents a practical implementation of a nowelphase,
three-message strategy for half-duplex relaying, whiatsists of superpo-
sition coding and interference-aware cancellation dempdAs opposed to
past works, the channel model has a direct link between thees@nd the
destination, through which the source continuously senfdgsrnation to the
destination at a rate close to the capacity of that link. At game time
the source leverages the relay to convey extra informatidhe destination.
With the aim to bridge the gap between theory and practicesthdy derives
the block error rate with finite block-length and discretastellation signal-
ing and compares it to the theoretical performance of Ganssides with
asymptotically large block-lengths. The performance @@bn is carried
out on an LTE physical layer compliant simulation test benthe model
assumes a single-antenna source and relay, and multirentigrstination.
During each phase of the transmission, the modulation aditigscheme is
adapted to the channel link qualities and selected amorsg tthefined by the
3GPP LTE standard.

First the non-fading/static Gaussian additive noise chhisrconsidered.
For the case of all single-antenna nodes, the maximum gpefficiency gap
between theory and the proposed practical implementagiofi36 bits/dim
when the strengths of the source-destination and relayrdéisn links are
the same, and o¥.88 bits/dim when the relay-destination linkfiglB stronger
than the source-destination link. The performance of top@sed strategy is
also compared to a baseline scheme, where there is no physigeration
between the source and the relay. When the source-destiraiib relay-
destination links are of the same quality, the improvemest the baseline
scheme is 08.45 bits/dim for the single-antenna destination case, and of
3.39 bits/dim for the two-antenna destination case. The fadaggds then
considered and performance gaps computed as for the stac c

These results confirm once again that physical-layer cadiparand the
use of multiple antennas are of critical importance for genance enhance-
ment in broadband wireless systems. More importantly, gireyw that (i)
a practical implementation of high-performing half-duplelay techniques



for future heterogeneous network deployments is possikilethve modula-
tion and coding formats already specified by the 3GPP LTEdstiath and (ii)
that the gap between theory and practice is small. Optimittie physical-
layer parameters and benchmark its performance agairmtdgesder mod-
erate block-length capacity results could potentiallywstite actual optimal-
ity of the proposed two-phase three-message relayinggtrat



Contents

1

Introduction
1.1 ReportOverview . . .. .. .. . . i
1.2 Notation . . . . . . . .

System Model and Transmission Strategy
Simulation Test-bench Design

Perfor mance Evaluation
4.1 AWGN Channel Model Evaluation . . . . .. ... ... .....
4.2 LTE Channel Model Evaluation . . . ... ... .........

Conclusions



List of Figures

1  Two-phaserelay systemmodel. . . . . ... ... ... ...... 2
2 Overall simulation block diagram for the transmit and receive chains. 6
3 SISO BLER performances afy, w1 andw, at the destination ver-

sus different strengths of the direct source-destination link. . . . . 9
4 SIMO BLER performances afy, wy andws at the destination

versus different strengths of the direct source-destination link. . . 15

5 SIMO BLER performances afyy, wy andws at the destination

versus different strengths of the direct source-destination link for

the EPAchannelmodel. . . . . . ... .. ... ... ....... 19
6 SIMO BLER performances ofyy, w; andws at the destination

versus different strengths of the direct source-destination link for

the ETU channelmodel. . . . ... ... ... .......... 20

Vi



1 Introduction

The benefits of cooperative communications, as a means to enable single-
antenna terminals to cooperatively operate with efficiency and diversitg gau-
ally reserved to multi-antenna systems, have been extensively studiddhgldlif-
ferent cooperative communication techniques and relay strategies aaildabe
literature are largely based on the seminal information theoretic work byr@ode
El Gamal [2]. These advances have led to studies of practical relajtextures
by 3GPP for inclusion in the LTE Release 9 standard [3, 4].

In this report we provide a practical LTE-based implementation [5] of tivelno
three-message relay strategy proposed in [6] for the Gaussian Hpl&DRelay
Channel (HD-RC) that is known to be to within a constant gap of the cutyset
per bound on the capacity of the network. The two-phase scheme prbro5]
employs superposition of Gaussian codebooks at the source, Suedegsifer-
ence Cancellation (SIC) both at the relay and at the destination, and ®&acdd
Forward (DF) at the relay. The channel model has a direct link between th
source and the destination, through which the source continuously iséoiasa-
tion to the destination at a rate close to the capacity of that link. At the same time
the source leverages the relay to convey extra information to the destination a
rate that is, roughly speaking, the minimum capacity of the source-relayh@o
relay-listen phase) and relay-destination (for the relay-send phaksntimus the
capacity of the source-destination link. The relative duration of the fdedtgn and
relay-send phases is determined so that the amount of information deiodtied
former can be reliably conveyed in the latter. In this work, we first exterd th
model of [6] to the case of multi-antenna destination and then proposeticalac
implementation compliant with the LTE standard. A single- and a two-antenna
destination, as well as, the Additive White Gaussian Noise (AWGN) and tvio LT
frequency selective channel models are considered. We bridge thedipractice
by showing that low-implementation complexity and high-throughput HD relay
schemes are within practical reach for near-future high-spectraiesfty Hetero-
geneous Network (HetNet) deployments. Moreover, we once again tstabven-
abling physical-layer cooperation among nodes and using SIMO technislag
critical importance in today’s and future wireless networks.

1.1 Report Overview

The rest of the report is organized as follows. Section 2 introducesyie s
tem model and overviews the scheme proposed in [6], by adapting it to skee ca
when the destination is equipped with multiple antennas. Section 3 presents the
simulation test bench. Section 4 evaluates the BLER performance of thesgebp
scheme for different channel models (AWGN and frequency seléawavell as
for the case of single- and two-antenna destination. For all these grgr&ection
4 compares the achieved spectral efficiency with a baseline scheme ésahato
allow for direct link source-destination transmission. Both for the AWGNGCSIS
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Figure 1: Two-phase relay system model.

and SIMO scenarios, Section 4 also compares the achieved spectiaheffiwith
the theoretical one. Finally, Section 5 concludes the report.

1.2 Notation

In the rest of the report we use the following notation convention. \Mith:
no] we indicate the set of integers fram ton, > n;. Lower and upper case letters
indicate scalars, boldface lower case letters denote vectors (with thptiexcef
Y7, which denotes a vector of lengftwith componentgYi, ..., Y;)) and boldface
upper case letters indicate matrices. With we indicate the Hermitian transpose
of a, with a the transpose of and witha* the complex conjugate af. |a| is the
absolute value of, ||a|| is the norm of the vectas and|A | is the determinant of
the matrixA; I, is the identity matrix of dimensiop; we use[z]" := max{0,z}
for x € R. Logarithms are in bas&

2 System Model and Transmission Strategy

An HD-RC consists of three nodes: the source, the relay, and the distina
The source has a messagec [1 : 27| for the destination wher& denotes the
codeword length and the transmission rate. At timg: € [1: N], the source
maps its message into a channel input symboY ;(w) and the relay, if in trans-
mission mode of operation, maps its past channel observations into a timgute
symbol X, ;(Y;~1). Attime N, the destination makes an estimate of the message
w based on all its channel observatidi§ asw(Y;"). Arate R is said to bee-
achievable if, for some block lengfH, there exists a code such tiif#to # w] < e
for anye > 0. The capacityC is the largest nonnegative rate thatiachievable
foralle € (0,1).

The static/non-fading SIMO Gaussian HD-RC is shown in Fig. 1, where the
three nodes are the eNodeB (source), the relay, and the UE (destinatiich is
equipped witm,; = 2 antennas. The input/output relationship is

Y, =hsXs (1= S,)+ Z, € C, (1a)
yi=h, X, S, + h X, + z, € C, (1b)



where we lety; = [Yq, de}T, h, = [han hdr2]T, hy = [haa hdsQ]T

andzq = [Zg, ZdQ]T. The channel paramete(8,s,, har,, hrs),i € [1 @ 2]

are fixed for the whole transmission duration and assumed known to als node
(i.e., full Channel State Information (CSl)), the inputs are subject to ynitawer
constraints,S,. is the switch random binary variable which indicates the state of
the relay, i.e., whety, = 0 the relay is receiving while whefi, = 1 the relay is
transmitting, and the noises form independent white Gaussian noise ggevath
zero-mean and unit-variance. The model is without loss of generalityibecen-
unitary power constraints or noise variances can be incorporated inthdmmel
gains. Itis also worth noting that the scheme designed in this section as \sll as
derived performance guarantee hold for any value pf> 1. However, we will
here focus omy = 2 as this is the case considered in the practical implementation.
For the SIMO Gaussian HD-RC, the following is a generalization of [6, &sijon

5].

Proposition 1. For the static/non-fading SMO Gaussian HD-RC the following
rateis achievable

R=1log(1+ ||h ||2)+ a [ (2a)
’ a+ bt
[ |1 + |1y |2 hs 2 (1 = |v]?) hfh,
a:=log |1+ , 0= ———  (2b)
< 1+ ||h|]? (I} [ ]y |
s | ) ( [hy]|? >
bi=log [1+-——51 ) —log (14+——2 ). 2¢
b °g< T ) e T e (2¢)

Moreover, R in (2a)isto within 3.51 bits/dim from the cut-set upper bound to the
capacity, irrespectively of the number of antennas at the destination.

Proof. We give next a sketch of the proof of Proposition 1. The complete proof
can be derived by obvious modifications from the proof of [6, Propas8io

Codebooks We study a scheme with the following four Gaussian codebooks to
transmit three messages:

Car = { XN (wo) s wo € [1: Mo]}, Cag = {X22(wo) : wo € [1: Mpl},

Cp, = {Xévl(wl) Twy € [1 : Ml]}, C.= {XC]V2(U}2) Two € [1 : Mg]},
by which we aim to achieve a rate &f= % bits/dim The transmission
is divided into two phases: the first phase (i.e., relay receiving) Isistshannel
uses, and the second phase (i.e., relay transmitting) Msthannel uses. In the
following, in order to simplify the notation, we omit the length and V5 in the
superscript of the codewords.



Phasel During this phase the relay is listening, i.8,,= 0 (see Fig. 1(a)). The
source selects uniformly at random two messages [1 : My] (sent coopera-
tively with the relay to the destination) and, € [1 : M;] (sent directly to the
destination). The transmitted signals are

Xo[1] = V1 = 0Xp(w1) + VX a1 (wo), (3a)

X, [1] =0, (3b)
1

2 (3¢)

whered € [0, 1], which is the scaling parameter that allows for superposition cod-
ing, is set as in (3c) for a reason that will become clear in the error andiysis
signals treated as noise should be received at the level of the noise).

The relay applies successive decodingk@fw, ) followed by X1 (wg) from

Y [1] = hrsV1 = 6 X3 (w1) 4 hps VO X a1 (wo) + Z[1],

which is possible if

hoof?
Ry < 7108 (14 ) 7108 (14 |
( ) e

2 )
R, < ~log [14+—2rsl__) 4
—”°g< T+ [0 “)

wherey = NﬁlNQ. The destination, by using Maximal-Ratio Combining (MRC),

decodesX;(w ) by treatingX,; (wo) as noise from

ya[l] = hyv/1 — 6 X (w1) + hy V6 X1 (wo) + 24[1],

which is possible if

b 2 >

Ry < vlog (1 + ||hg|*) —~log (14 ——— ). 5
o < ylon (1 ?) = yog (14 el ©
In order to obtain,, in (5) we computedog (1 + (1 — §) h2 =7 'h,) whereX; €
C?*? is the covariance matrix of the equivalent noise

71 = hs\/gXal (wo) + Zd[l]

and where the final expression follows as an application of the “matrix Siover
lemma”. Notice that the same rate is obtained if the receiver computes the scalar

%yd[l] = ||hs||v1 = 0Xy(wy) + ||hs||V0Xa1(wo) + Z, Z ~ N(0,1) and
decodesX,. Finally, by assuming/hg||> < |h.s|? (we will see later that this

assumption is without loss of generality), Phase | is successful if (4 &nare
satisfied.

"Matrix inversion lemmaA + XBXT)"' = A7  — AT X (B + XTAT I X)) XT AL

4



Phasell During this phase the relay is transmitting, i.8.,= 1 (see Fig. 1(b)).

The source selects uniformly at random a message [1 : Ms] (sent directly to

the destination) and the relay forwards its estimation@from Phase |, indicated
aswy. The transmitted signals are

Xsm = Xe(ws),
X, [2] = X (W) .

The destination uses MRC and applies successive decoding based on
yd[Q] = thc(wg) + h,. X0 (@0) + Zd[Q].

In particular, it first decodesy, by using the received signal from both phases and
by assuming thatiy = wy; this is true given the rate constrains found for Phase I.
It then decodesX.(w3), after having subtracted the contribution of its estimated
wp. Successful decoding is possible if

b [* + [ By 1B 1 (1 = Jof?) b 2
R, <(1—7)log|1+ +ylog 1+ —F—5 ],
1+ [|hy|1? 1+ [[hy|?
(6)
R. < (1—7)log (1 + ||h5||2) ) ()

wherev is defined in (2b). In order to obtaif, in (6) we computedog (1 + hZ/ 3] 'h, ),
whereX,; € C?*2 js the covariance matrix of

Zo = h, X, (w2) + de]

and where the final expression follows as an application of the “matrix Sioer
lemma”. By imposing that the ratB, is the same in both phases, that is, that (4)
and (6) are equal, we get thashould be chosen equal 6

_a
a+b’

*

7= (8)
whereg andp are defined in (2b) and (2c), respectively. Note that by the assump-
tion ||h,||? < |hrs|?, SO we haveé > 0, i.e.,b = [b]T.

The rate sent directly from the source to the destination, that is, the sush of (
and (7), is

[h,|? >
Ry + R, =log (1 + ||hs|]?) —v*log [ 14+ ——20 ). 9

€[0,1]

Therefore the total rate decoded at the destination through the two phdses
Ry + R. + R, as in (2a), which implies

b
C>Ry+ R+ R, 210g(1+|]h3||2)+agi+*b. (10)
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asin (2a). The rate expression fiin (2a), with [b]* rather tharb, holds since for
|Ihs||? > |h.s|? it reduces to a direct transmission from the source to the destina-
tion. Moreover, the scheme here presented for the ca®@nfennas at the desti-
nation, straightforwardly generalizes to the case when the destinationippedu
with a general numben; of antennas. It is shown that the proposed scheme is
optimal to within3.51 bits/dim, independently of the number of antennagsit the
destination. Note that the single-antenna result in [6, Proposition 5] is eltam

a special case of Proposition 1 by settilys, |* = S, |har,|> = I, |hs|* = C
and|hgs,|> = |har,|* = 0. O

Next we propose a practical LTE-based implementation to achieve the rate in
Proposition 1.

3 Simulation Test-bench Design

The scheme described in Proposition 1 uses four Gaussian code€beopks,
Cp andC. to transmit the three messageg, w; andw-. In a practical implemen-
tation, the codes would not be Gaussian, but be composed of symbols fimite a
constellation. Since SIC is employed in the decoding operations both at tlge rela
and at the destination, we need to understand the performance of tletegbr
codes both in Gaussian and non-Gaussian noise. In particular, atlaheveeneed
to understand the performance@fin non-Gaussian noise (first decoding step of
Phase ) and af,; in Gaussian noise (second decoding step of Phase I); at the des-
tination we have to understand the performana@,fC,. andC, in non-Gaussian
noise ( in the first decoding step in Phase | aiid, C,2 in the first decoding step
in Phase Il) and the performance of cagein Gaussian noise (second decoding
operation in Phase Il when no error propagation). In the decodingsiabere a
message is treated as noise, we develop a decoder that specially adoptimts
fact that the overall noise is non-Gaussian. We will consider diffesbaices for
the codebook$C,1,Ca2,Cs, C.); for each choice, we make sure that in all the de-



coding stages we have a BLER below a given threshold (here $6ttoin order

to have a probability of successful decodingdd9). This analysis will be con-
ducted both for the case of single-antenna destination and for the casetiad
destination is equipped with two antennas. The question we seek to answer in th
following is how close the spectral efficiency of practical codes is coetptar the
theoretical performance in Proposition 1.

We developed a simulation testbed using the OAI (a platform for wireless
communication experimentation) software libraries in order to evaluate the per-
formance of the aforementioned scheme with practical codes (see Fig.h2).
software platform is based on 3GPP’s evolving standard of LTE whiclsists
of the essential features of a practical radio communication system, whigdiyclo
align with the standards in commercially deployed networks. Fig. 2 shows the
key functional units of the simulation design. The simulations were carriedrout
the Downlink Shared Channel (DL-SCH), which is the primary chanmeiréms-
mitting user-data (or control information) from the eNB to the UE [7]. The data
messages are transported in units known as Transport Blocks (TBsjveycthe
messagesy, wi; andws. The TB Size (TBS) depends on the choice of the Mod-
ulation and Coding Scheme (MCS), which describes the modulation ordéh@and
coding rate of a particular transmission.

Processing The TBs undergo a series of processing stages prior to modulation
before the codeword can be mapped into the Resource Elements (REsPhytie

ical DL-SCH (PDSCH). Error detection at the receiver is enabled pgaging 24
Cyclic Redundancy Check (CRC) bits to the TB. The code block (comprizing
the TB and of the CRC bits) has a minimum and maximum size of 40 and 6144
bits, respectively, as required by the Turbo encoder. Filler bits aredkitithe code
block is too small in size and the code block is segmented into blocks of smaller
size if the maximum size is exceeded. The subsequent bit sequence isdhietof
the1/3 rate Turbo encoder.

Channel Coding The channel coding scheme comprises of a 1/3 rate Turbo en-
coder, which follows the structure of a parallel concatenated convoaltmode

with two 8-state constituent encoders, and one Turbo code internal avterlg3].

A single set of systematic bits and two sets of parity bits are produced attinet ou

of the encoder as detailed in [8].

Rate Matching The rate matching component ensures, through puncturing or
repetition of the bits, that the output bits from the Turbo encoder match thle ava
able physical resources using the MCS, the Redundancy VersioniiB&} and

the Physical Resource Blocks (PRBs). For the numerical evaluationsgaal
bandwidth allocation is chosen between the two phases of the relay stiategy,
the number of PRBs allocated in the first (relay listening) and second (relas-
mitting) phases is the same. In other words, with reference to (8), we=sdl.5,



which may not be the optimal choice. The messagetransmitted by the source
and the relay over the two phases, corresponds to two different RVsegiihl
resource allocations. The selection is made possible through punctunegesr
tition of the bits at the output of the encoder. The Circular Buffer (CB)egaies
puncturing patterns depending on the allocated resources, and théoskbnter-
leaver (which forms part of the CB) facilitates the puncturing of the threéputs
of the encoder [7]. Furthermore, the code block is concatenated if segtios
was required prior to channel coding.

Modulation and REs Mapping During this stage, complex-valued symbols are
generated according to the chosen modulation scheme, i.e., QBSKAM or
64-QAM, which are supported in LTE. In this study we will use QPSK as well
as higher-order modulations suchl@sQAM and 64-QAM. In particular, we will
employ the same modulation order at the source and at the relay. Suchna@esche
performs well when the channel quality between the relay and the destinsition
not much better than that of the source-destination link. However, wheneltdne
destination link is significantly stronger than the source-destination link, arbette
performance/higher spectral efficiency could be attained with higher mgatula
schemes at the relay.

Channel Compensation and MRC  The channel compensation block is respon-
sible for computing the Matched Filtered (MF) outputs and effective cHanag-
nitudes of the received signal. These parameters are required faftikesoding

of the desired message using the interference-aware demodulator. RGéck
utilizes the MF outputs to constructively add the two received signals to maximize
the post-processing SNR (notice that the MRC block is not needed in thevbas

the destination is equipped with a single-antenna).

Interference-Aware Demodulator The demodulator comprises of a discrete con-
stellation interference-aware receiver designed to be a low-complexijoneof

the max-log MAP detector. The main idea is to decouple the real and imaginary
components through a simplified bit-metric using the MF output and thus reduce
the search space by one complex dimension [9]. As a result, it is possibée to d
code the required codeword in the presence of an interfering codex/tite same

(or different) modulation scheme. Thereafter, it is possible to strip out ¢he d
coded signal from the received signal and then decode the remainimag Bican
interference-free channel in case of no error propagation. Thergted LLRs are
soft-combined in decodingy at the destination at the end of Phase I, i.6,;
(received in Phase ) andl,» (received in Phase Il) are combined to obtain the
messagev.
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4 Performance Evaluation

In this section we numerically evaluate the performance of the proposedd tran
mission strategy with different channel models. In particular, in Section 4.1 w
consider the static/no-fading AWGN channel model, and in Section 4.2 we con-
sider two frequency-selective fading models, i.e., the EPA and the ET Wlohitity
LTE multipath channel models, where the corresponding fading amplituées ar
characterized by a Rayleigh distribution. The transmission bandwidth of the simu
lated system is 5 MHz, corresponding to 25 PRBs.

41 AWGN Channel Model Evaluation

For the static channel model, in (1) we |82 = C, |hgs, |2 = |has,|* = S
(i.e., the two source-destination links are of the same strength))? = |har,|*> =
I (i.e., the two relay-destination links are of the same strength), and we set the
phase of the channel gains to some random value that is kept constizgf the
whole simulation. Perfect receive CSl is assumed at all nodes. Foroédhh
decoding operations during Phases | and I, the BLER performaridae aelay
and destination are validated for different value€ofat the relay) and evaluated
with respect t&5' (channel quality for the source-destination link). Furthermore, we
used = 1753 as the superposition parameter in the SIMO scenaridand 5 in
the SISO case, which we showed to be optimal to within a constant gap. Ah equ

bandwidth allocation between the two phases of the strategy is also assumed, i.e
v =0.5.

Decoding at therelay At the end of Phase I, the relay first decodes then it
strips it out from its received signal and finally decodgs The maximum source-
relay channel strength for which the messagecan be successfully decoded at

9
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different strengths of the direct source-destination link.

a BLER of5 x 10~* at the relay is denoted &Sy,. Thereafter, the message
is stripped out and the relay decodes the messggen an interference-free link.
Error propagation, which results from feeding back incorrectly dedsymbols,
is not considered here. The reason is that we consider a coded syile@RC,
which ensures near perfect decoding of the transmitted messagesatuaterror
at the output of the CRC occurs with a very low probability and thus we neglec
these errors here. The corresponding maximum quality channel strencgirc-
cessfully decoding message® is denoted a€'y,,. In order to have successful
decoding operations (of botly andw,) at the relay at the end of Phase I, we
require a value of” such that the BLERS (Pr[Xy] + Pr[Xa1]) < 1073, and that
is shown in the third column of Tables 1 (SISO) and 3 (SIMO) f¢6 = 0 dB
and Tables 2 (SISO) and 4 (SIMO) for ti¢S = 5 dB case. At the beginning of

Phase II, the messag® is re-encoded and forwarded by the relay to the destina-
tion.

Decoding at thedestination The SISO and SIMO BLER performancewf for
Phase I, are shown in Fig. 3(a) and Fig. 4(a), respectively, for MEDEes ranging
in the intervall0 : 20] to encompas$6-QAM and64-QAM transmissions with dif-
ferent code rates. Similarly for Phase Il, the BLER performancesafre shown
in Fig. 3(b) (SISO) and Fig. 4(b) (SIMO) far/S = 0 dB and in Fig. 3(c) (SISO)
and Fig. 4(c) (SIMO), forl/S = 5 dB. Finally, Fig. 3(d) (SISO) and Fig. 4(d)
(SIMO) show the BLER performances of the third transmitted messagat the
end of Phase Il, which is decoded after the perfect strippingyaince it has been
successfully decoded. It is worth noting that in our model, the relay-ceigtin
link is assumed to be stronger than the source-destination link so that using the
relay indeed boosts the rate performance with respect to direct trangmissio

10
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Table 1: MCS mapping for each decoding operation Wit = 0 dB for a SISO scheme.

Phasel - X Phasell - Phasell - Theory | Practical | Theory | Practical
(Xa1, Xa2) X, BS BS

MCS | Sk, C | TBS|MCS]| TBS| MCS| TBS Rate Rate Rate Rate

[dB] | [dB] | [bits] [bits] [bits] || [bits/dim]| [bits/dim]| [bits/dim]| [bits/dim]

0 |-022]1.25] 680 5 | 2216/ 6 | 2600 1.06 0.89 0.60 0.53
1 | -0.02|1.25| 904 5 | 2216/ 6 | 2600 1.09 0.93 0.63 0.53
2 0.39 | 1.25] 1096|| 5 | 2216] 7 2600 1.13 1.04 0.67 0.63
3 0.80 | 2.02| 1416]] 5 | 2216] 7 3112 1.23 1.10 0.71 0.63
4 1.15 | 2.02| 1800/| 6 | 2600] 7 3112 1.27 1.22 0.75 0.63
5 195 [ 351 2216|| 7 |[3112] 9 | 2216 1.50 1.52 0.84 0.80
6 2.66 | 4.17 ] 2600|f 8 | 3496/ 9 | 4008 1.63 1.64 0.92 0.80
7 3.43 | 4.83] 3112 9 | 4008| 10 | 4008 1.80 1.81 1.03 0.79
8 411 | 6.59] 3496|| 9 | 4008| 12 | 4968 2.05 2.02 1.12 0.98
9 5.13 | 6.59| 4008|| 10 | 4008| 13 | 5736 2.24 2.24 1.25 1.11
10 | 5.58 | 6.59 | 4008|| 11 | 4392|] 13 | 5736 2.30 2.30 1.33 1.11
11 | 6.13 | 8.64 | 4392|| 12 | 4968| 14 | 6456 2.60 2.57 1.41 1.25
12 | 7.40 | 9.54| 4968| 13 | 5736| 15 | 7224 2.92 2.92 1.56 1.37
13 | 8.41 | 11.11 5736|| 14 | 6456| 16 | 7736 3.26 3.24 1.75 1.46
14 | 9.01 | 13.40 6456| 15 | 7224| 17 | 7736 3.61 3.48 1.86 1.45
15 | 10.25] 13.4Q 7224|| 16 | 7736| 18 | 7992 3.88 3.73 2.02 1.49
16 | 10.45] 15.75 7736| 16 | 7736/ 19 | 9144 4.12 4.00 2.08 1.69
17f | 11.79] 15.75 7736]] 17 | 7736| 20 | 9912 4.447 4.13f 2.28 1.82
18 | 11.99] 15.75 7992|| 17 | 7736|[ 21 | 10680| 4.46 4.29 2.34 1.96
19 | 13.24] 16.67 9144 19 | 9144| 22 | 11448 4.84 4.84 2.52 2.08
20~ | 14.04| 18.2] 9912|] 19 | 9144|| 23 | 12576/ 5.16 5.14* 2.67 2.28*
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Table 2: MCS mapping for each decoding operation Wjth = 5 dB for a SISO scheme.

Phasel - X Phasell - Phasell - Theory | Practical | Theory | Practical
(Xa1, Xa2) X BS BS
MCS | Sy, C | TBS|| MCS | TBS || MCS | TBS Rate Rate Rate Rate

[dB] | [dB] | [bits] [bits] [bits] || [bits/dim]| [bits/dim]| [bits/dim]| [bits/dim]
0 -0.22 | 6.01 | 680 5 2600 6 2600 1.49 1.03 0.79 0.90
1 -0.02 | 6.01 | 904 5 2600 6 2600 151 1.07 0.91 1.04
2 0.39 | 6.01| 1096|| 5 2600( 7 3112 1.55 1.19 0.91 1.04
3 0.80 | 8.08 | 1416\ 6 3112\ 7 3112 1.82 1.30 0.91 1.17
4 1.15 | 8.08 | 1800| 6 | 3112| 7 3112 1.85 1.37 1.02 1.17
5 195 | 8.08| 2216| 7 | 3496| 9 4008 1.96 1.66 1.02 1.30
6 2.66 | 9.20 | 2600|| 8 | 3496| 9 4008 2.15 1.73 1.15 1.39
71 | 3.43 [ 11.22 3112 9 | 4008 10 | 4008 | 249 1.817 1.23 1.39
8 4.11 | 11.22 3496|| 10 | 4008| 12 | 4968 2.58 2.09 1.23 1.63
9 5.13 | 11.22 4008|| 11 | 4392|| 13 | 5736 2.72 2.39 1.45 1.63
10 558 | 11.22 4008| 12 | 5736| 13 5736 2.78 251 1.45 1.76
11 6.13 | 13.70 4392|| 12 | 4968| 14 | 6456 3.12 2.69 1.57 1.88
12 7.40 | 13.7Q 4968|| 13 | 5736|| 15 | 7224 3.38 3.03 1.70 2.21
13 | 8.41 | 13.7Q 5736|| 14 | 6456 16 | 7736 3.55 3.36 2.00 2.21
14 | 9.01 | 15.34 6456|| 15 | 7224| 17 | 7736 3.85 3.48 2.00 2.19
15 | 10.25]| 16.6Q 7224|| 16 | 7736| 18 | 7992 4.26 3.73 2.00 2.19
16 | 10.34| 18.2Q 7736|| 16 | 7736| 19 | 9144 4.51 4.00 2.00 2.34
17 | 11.79| 18.2Q 7736| 17 | 7992|| 20 9912 4.74 413 2.15 2.34
18 | 11.99]| 18.2Q 7992|| 17 | 7992| 21 | 10680| 4.76 4.17 2.15 2.34
19 | 13.24| 18.2Q 9144 19 | 9144| 22 | 11448 5.02 4.96 2.15 2.34
20 | 14.04| 21.0Q 9912|| 19 | 9912|| 23 | 12576|| 5.52 5.39* 2.42 2.63*
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Table 3: MCS mapping for each decoding operation Wit = 0 dB for a SIMO scheme.

Phasel - X, Phasell - Phasell - Theory | Practical | Theory | Practical
(Xa1, Xa2) X, BS BS
MCS S C | TBS|| MCS| TBS || MCS | TBS Rate Rate Rate Rate

[dB] | [dB] | [bits] [bits] [bits] || [bits/dim]| [bits/dim]| [bits/dim]| [bits/dim]
0 -1.26 | 3.56 | 680 8 3112| 8 3496 1.46 1.19 0.75 0.70
1 -1.18 | 3.56 | 904 7 3112 9 4008 1.46 1.30 0.75 0.70
2 -0.93 | 4.15| 1096| 7 3112\ 9 4008 1.53 1.34 0.79 0.80
3 -0.81 | 4.15| 1416| 7 3112\ 9 4008 1.55 1.39 0.80 0.80
4 -0.69 | 4.82 | 1800| 7 3112\ 9 4008 1.63 1.45 0.83 0.80
5 -0.25 | 5.88 | 2216/ 8 3496\ 9 4008 1.78 1.58 0.92 0.80
6/ | 0.43 [ 7.02| 2600|| 8 |[3496| 11 | 4392 | 1.98 1.717 1.02 0.80
7 0.86 | 7.02 | 3112|| 9 4008| 11 | 4392 2.05 1.87 1.06 0.86
8 1.27 | 7.93 | 3496|| 10 | 4008|f 12 | 4968 2.20 2.15 1.13 0.97
9 1.89 | 9.54 | 4008|] 11 | 4968| 13 5736 2.44 2.26 1.01 1.12
10 3.01 | 9.54 | 4008| 13 | 5736| 14 6456 2.64 2.63 1.37 1.24
11 3.45 | 9.54| 4392|| 13 | 5736| 14 | 6456 2.71 2.70 141 1.24
12 4.33 | 11.59 4968| 14 | 6456| 15 | 7224 3.07 3.03 1.60 1.38
13 5.02 | 12.10 5736|| 14 | 6456| 16 | 7736 3.25 3.24 1.69 1.45
14 5.84 | 12.1Q0 6456| 14 | 6456|| 17 7736 341 3.36 1.56 1.46
15 6.64 | 14.00 7224|| 15 | 7224\ 18 | 7992 3.76 3.65 1.96 1.49
16 7.00 | 15.58 7736| 15 | 7224|| 19 | 9144 3.96 3.92 2.08 1.49
17 8.60 | 16.2Q 7736|| 19 | 9144| 20 | 9912 4.38 4.36 2.29 1.68
18 8.96 | 18.2Q 7992| 19 | 9144| 21 | 10680 4.61 4.52 2.43 1.68
19 | 10.10| 18.2Q0 9144|| 20 | 9912|| 21 | 10680| 4.89 4.84 2.56 1.94
20 | 11.02| 18.2Q 9912|| 20 | 9912|| 22 | 11448|| 5.10 5.09* 2.36 1.93*
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Table 4: MCS mapping for each decoding operation Wit = 5 dB for a SIMO scheme.

Phasel - X Phasell - Phasell - Theory | Practical | Theory | Practical
(Xa1, Xa2) X, BS BS
MCS| S C |TBS| MCS| TBS| MCS| TBS Rate Rate Rate Rate

[dB] | [dB] | [bits] [bits] [bits] || [bits/dim]| [bits/dim]| [bits/dim]| [bits/dim]
0 | -1.26] 7.93| 680 9 |4008] 8 | 349 1.88 1.33 1.34 1.17
1 | -1.18 | 9.54| 904 9 | 4008 9 | 4008 2.03 1.45 1.44 1.17
2 | -1.06|9.54| 1096/ 9 |4008] 9 | 4008 2.06 1.48 1.46 1.17
3 [ -0.81]954]1416|| 9 | 4008[ 9 | 4008 2.08 1.53 1.47 1.30
4 | -069]954]1800| 9 |4008] 9 | 4008 2.10 1.60 1.48 1.30
5 | -0.25|11.59 2216|| 9 | 4008[ 9 | 4008 2.32 1.66 1.64 1.30
6 0.43 | 11.59 2600|] 10 | 4008|| 11 | 4392 2.43 1.79 1.70 1.39
77 0.86 | 12.10 3112|[ 10 | 4008|| 11 | 4392 2.547 1.877 1.77 1.39
8 1.27 | 13.40 3496| 11 | 4392| 12 | 4968 2.70 2.21 1.89 1.39
9 1.89 | 14.00 4008| 12 | 4968| 13 | 5736 2.86 2.40 1.98 1.42
10 | 3.01 | 14.00 4008|| 13 | 5736| 14 | 6456 3.08 2.51 2.09 1.42
11 | 3.45 | 14.00 4392|| 13 | 5736| 14 | 6456 3.17 2.57 2.13 1.62
12 | 4.33 | 16.209 4968| 13 | 5736| 15 | 7224 3.51 3.03 2.36 1.62
13 | 5.02 | 18.24 5736|| 14 | 6456| 16 | 7736 3.79 3.24 2.55 1.88
14 | 5.84 | 18.20 6456| 15 | 7224| 17 | 7736 3.98 3.48 2.64 2.00
15 | 6.64 | 18.29 7224 15 | 7224| 18 | 7992 4.17 3.65 2.72 2.00
16 | 7.00 | 18.20 7736|| 16 | 7736| 19 | 9144 4.25 4.00 2.75 2.20
17 | 8.60 | 18.20 7736|| 19 | 9144] 20 | 9912 4.63 4.36 2.90 2.35
18 | 8.96 | 18.20 7992|| 19 | 9144| 21 | 10680| 4.70 4.53 2.93 2.45
19 | 10.10] 18.20 9144|| 20 | 9912| 22 | 11448 4.95 4.96 3.03 2.64
20~ | 11.01| 21.00 9912|] 21 | 106800 23 | 12576/ 5.42 5.39* 3.32 2.73*




The results in Fig. 3, Fig. 4, Tables 1 and 3§ = 0 dB) and Tables 2
and 4 (/S = 5 dB) were generated as follows. From Fig. 3(a) and Fig. 4(a) we
considered a decoding probability of BLER3 x 10~3 and, for each value of the
MCS of X, (first column of Tables 1, 2, 3 and 4), we selected the corresponding
value of S (second column of Tables 1, 2, 3 and 4), in order to correspond to
a BLER < (Pr[Xyp] + Pr[Xa1, Xao] + Pr[X¢]) < 1072.. Thereafter, for each
value of the ratia/ /S, we selected the MCS dfX,1, X,2) which, for each value
of S (second column of Tables 1, 2, 3 and 4), allowed to achieve a BKER
3 x 1073. These MCS values are reported in the sixth column of Tables 1, 2, 3 and
4. Similarly, we proceeded in selecting the MCSXof (eighth column of Tables
1, 2, 3 and 4). The TBSs of each MCS (at the source and at the raetaggfined
by the 3GPP in the LTE standard [10], are also reported in Tables 1,2l 8.a

Comparison with theoretical performance One of our major goals in this work

is to compare the theoretical and practical spectral efficiency perfoeranthe
proposed strategy. To this end, in the ninth column of Tables 1, 2, 3 an& 4, th
theoretical rate is shown and computed as follows. For the SISO caserstve fi
computed the “theoretical” value @f by inverting [6, eq.(42)] withy = 0.5 (in
order to account for the fact that the duration of the two phases is eapthen we
used the values dfS, I, C') to compute [6, eq.(37)]. Similarly, for the SIMO case
we inverted (8) in order to obtain the “theoretical” valuelbaind then we used the
values of(S, I, C') to compute (2). The spectral efficiency of our practical scheme
(tenth column of Tables 1, 2, 3 and 4) was determined by using the ratio oBtBe T
(useful message length) with respect to the number of soft-Gitsodeword size)
together with the modulation order, which does not include the overheadibhis s
as the cyclic prefix, pilots and control channel information (PDCCH symbubis
particular,

R= TBS(Xb) +TBS (Xab Xa2) + TBS(XC)
N G G
(Qmoldl + Qmde)

whereG; is the number of soft-bits used to decod€,, X,;) and G, to decode
(Xa2, X.), andQuoq1 andQ0q2 are the corresponding modulation ordérs.

bits/dim (11)

Simulation results 3 For the SISO case, from Tables 1 and 2, the maximum dif-
ference between the theoretical rate in [6, €g.(37)] and the achieteedyahe
proposed scheme (highlighted in boldface) i$&6 bits/dim whenl /S = 0 dB
and of0.83 bits/dim whenl /S = 5 dB. Similarly, from Tables 3 and 4, the maxi-
mum difference between the theoretical rate and the achieved rate (difightied

in boldface) by the proposed scheme i$)af9 bits/dim when/ /S = 0 dB and of

2TBS is the number of information bit€} is the number of coded bits a@l = log M whereM
is the modulation order.

%In Tables 1-4 with af we indicate the MCS at which the maximum difference between the
theoretical and the practical rates occurs.
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0.79 bits/dim when/ /S = 5 dB. These rate gaps between theory and practice can
be mostly attributed to two key factors: (i) the TBs used are of finite lengtlereliff
ently from the theoretical assumption of infinite block length and (ii) the cHanne
inputs are drawn from a discrete constellation, rather than from Gausstms
books as assumed in the theoretical analysis. Furthermore, the factetiutffein-
ence is higher wheii/S = 5 dB than when//S = 0 dB is due to the fact that
when the ratia/ /S increases it becomes more critical to choose higher MCS val-
ues for the relay in order to fully exploit the strength of the relay-destinatién lin
Adapting the modulation order and the number of PRBs across differantiso
may reduce the theoretical and practical performance gap. Morewsealso re-
mark that the difference between theoretical and practical rates miglecbeasded

by performing an optimization of the parametérgsuperposition factor) and
(fraction of time the relay listens to the channel) in the intefal], instead of
considering them as fixed values (which has been deemed out of the aicthyis
study).

The practical rates of the SIMO scheme outperform those of the SIS&ns;h
exploiting the benefits of the beamforming gain arising from the use of two an-
tennas at the destination. Consider the case when the strengths of the-sour
destination and relay-destination links are the same $nd= 9 dB: the SISO
UE operates at an MCS of 14 (16-QAM), while for the approximate samevalu
of S the SIMO operates at an MCS of 18 (64-QAM), thus taking advantage of a
higher modulation scheme while beih@4 bits/dim more spectrally efficient than
the SISO scheme.

Basdline relay scheme For comparisons with existing relay structures, we also
considered a Baseline Scheme (BS), which mimics the relay structure ofsoday
LTE networks, where the UE does not have a direct connection with tBe ied\,

the source-destination link is absent and the eNB can only communicate with the
UE through the relay. For both the SISO case (last two columns of Taki®gs 1-
and the SIMO scenario (last two columns of Tables 3-4), the BS practitesd are
compared to the theoretical orfesThe theoretical capacity is given by:

RTheorfBS = min{’y log(l + C)v (1 - 7) 10g<1 + aI)}?

with o = 1 in the SISO case, while = 2 in the SIMO case(’ is the “theoretical”
value of the strength of the source-relay link (i.e., the one previously ctdpu
when the source-destination link is not absent by reversing [6, eff@2)he
SISO case and (8) for the SIMO case with= 0.5); the optimal theoretical is
obtained by equating the two terms within thén, i.e.,

B log (1 + o)
~log(1+al)+log(1+C)

Y

4In Tables 1-4 with a we indicate the MCS at which the maximum difference between the rates
of the practical and baseline schemes occurs.

16



Table 5: LTE delay spread profile.

Extended Pedestrian A I Extended Typical Urban |
Excess Tap Relative Excess Tap Relative
Delay [ns] Power Delay [ns] Power

[dB] [dB]
1 0 0.0 1 0 -1.0
2 30 -1.0 || 2 50 -1.0
3 70 -20 | 3 120 -1.0
4 90 -3.0 || 4 200 0.0
5 110 -80 | 5 230 0.0
6 190 -17.2 || 6 500 0.0
7 410 -20.8 || 7 1600 -3.0
- - - 8 2300 -5.0
- - - 9 5000 -7.0

In the SISO case, from Tables 1 and 2, we also notice that the maximunediffer
(indicated in boldface) between the practical rates and the practicaltBSiseof
2.87 bits/dim (factor 0f2.58) and of2.76 bits/dim (factor 0f2.22), respectively. In
the SIMO case, as seen in Tables 3 and 4, the maximum difference (indicated
boldface) in spectral efficiency between the practical strategy and$heatas is

of 3.15 bits/dim (factor of 2.79) fod /S = 0 dB, and 0f2.67 bits/dim (factor of
2.14) forI/S = 5 dB, which is a significant improvement in spectral efficiency of
the cooperative relay strategy over the basic scheme. The fact théffénerdte is
higher when/ /S = 0 dB than when/ /S = 5 dB is due to the fact that when the
ratio /S is small, the presence of the source-destination link plays a significant
role in the rate performance.

4.2 LTE Channd Model Evaluation

The AWGN channel modeling of the proposed relay strategy represeits-a
alistic scenario. In an effort to model a practical scenario, we evaluatgpictral
efficiency of the strategy using two well-known low mobility frequency-selecti
channel models defined by the 3GPP, i.e., the EPA model and the ETU model.
In particular, we focus on the scenario where the destination is equipjted w
two antennas (SIMO). Table 5 shows the power delay profile of the twao-cha
nel models where the relative amplitude and delay of each multipath component
are given [11]. The EPA and ETU models consist of seven and ninestisaul-
tipath components, each with a coherence bandwidth of 2.43 MHz and 0.2 MHz
respectively. The amplitude distribution for each tap in the EPA and ETU models
is described by a Rayleigh fading process. The complex channelaieet§ for
both the source-destinatioh;, andhgs,) and relay-destinatiomf,., andhg,.,)
links are generated according to the generalized channel transtdiofuiin the
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Figure 5: SIMO BI_(I)ER performances afy, w; andw, at the destination versus

different strengths of the direct source-destination link for the EPAcblamodel.
frequency domain)

L
hi = Z o) exp (—jzﬂ'Tlnfsub) ) (12)
=1

wherei = [1 : 300] represents the subcarrier index for a bandwidth of 5 Mijz,
represents the complex path amplitublis, the path indexs; is the path delay and
fsup represents the periodic subcarrier spacing of 15 kHz (as defined ip[E].E
We further assume a zero doppler shift for both channel models in line wéth th
low mobility assumption of the destination (UE). An analytical analysis of the pro-
posed scheme on a fading channel, would involve an evaluation of thevallsie
rate under a given information outage probability, which would hold for the in
finite block length and block-fading channel case. This would be peddrby
extending (2a)-(2c) to a vector channel with channel coefficienterged by the
statistics of the EPA and ETU models and evaluating the achievable rates ht whic
we obtain the desired outage probability. The latter could be used as a ¢sonpar
for what is achievable with the proposed coding schemes with finite lengthsbloc
We leave this analysis for future work and proceed here by comparingthef
the proposed scheme with the BS. The point of this comparison is to showt¢he ra
advantage of our scheme in realistic channel models.

The analysis is as for the AWGN case, except for the following. Due to the
poor BLER performance of the LTE channel model$@t? during Phase |, it was
a challenge to achieve the target BLER at reasonable SNR values fer M@ Ss,
with an interfering codeword from the same discrete constellation. Henaasit
decided to relax the BLER constrainti®3 x 10~2 (and compute the correspond-
ing spectral efficiency) such that BLER (Pr[Xy] + Pr[Xa1, Xa2] + Pr[X]) <
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SIMO Destination BLER Performance of Message w, - First Phase (ETU Channel Model) SIMO Destination BLER Performance of Message w;- Second Phase (ETU Channel Model) (1/S)=0 dB
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Figure 6: SIMO BLER performances afy, w; andw, at the destination versus
different strengths of the direct source-destination link for the ETUobhA
model.

10~ focusing on MCS values frorfi to 9 (QPSK), as H-ARQ procedures are
enabled at this particular target BLER in LTE.

The results in Fig. 5 and Tables 6 antshow the results of the relay strat-
egy using the EPA channel model. The performance of the ETU chanrdgimo
(presented in Fig. 6 and Tables 8 and 9) has also been investigated. dasthe
of the EPA channel, from Tables 6 and 7, we observe that the maximunn-diffe
ence between the practical strategy and the BS rates (highlighted in ke)ldfad
2.20 bits/dim forI/S = 0 dB and of1.71 bits/dim for//S = 5 dB. In the case
of the ETU channel model, as seen in Tables 8 and 9, the maximum diffarence
spectral efficiency between the practical strategy and the BS ratedighigl in
boldface) isl.50 bits/dim for//S = 0 dB and1.29 bits/dim for//S = 5 dB. The
difference in spectral efficiency for the practical LTE channel modebticeably
less than the AWGN SIMO case, highlighting degrading effects of the multipath
on the proposed relay strategy. Nonetheless, even for these two aligcttevant
LTE channel models, the proposed strategy still provides remarkablesmpents
in spectral efficiency over the basic BS.

5 Conclusions

In this report, we designed a practical transmission strategy for the @auss
half-duplex relay channel by using codes as in the LTE standard amdirby
ning simulations on an LTE test bench. The scheme uses superpositiairgnco
decode-and-forward relaying and sequential interference catiaelia order to

5In Tables 6-9 with a we indicate the MCS at which the maximum difference between the rates
of the practical and baseline schemes occurs.
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Table 6: MCS mapping for each decoding operation Wit§ = 0 dB for the EPA

model.
Phasel - X, Phasell - Phasell - Practical | Practical
(Xa1, Xa2) X BS
MCS| S[dB] | TBS || MCS | TBS || MCS | TBS Rate Rate
[bits] [bits] [bits] | [bits/dim] | [bits/dim]
0 4.60 680 1 904 7 3112 0.76 0.49
1 5.56 904 1 904 7 3112 0.80 0.49
2 8.50 1096| 4 1800|| 12 | 4968 1.29 0.79
3 9.12 1416| 4 1800|| 12 | 4968 1.33 0.79
4 9.55 1800 5 2216|| 13 | 5736 1.59 0.91
5 10.93 | 2216( 7 3112|| 14 | 6456 1.92 1.02
6 14.20 | 2600{| 10 | 4008| 17 | 7736 2.33 1.23
7 18.93 | 3112|| 14 | 6456| 23 | 12576 3.60 2.00
8 21.22 | 3496|| 16 | 7736|| 24 | 13536 4.03 2.15
9* 24.02 4008| 19 | 9144| 26 15264 4.62* 2.42*

Table 7: MCS mapping for each decoding operation Wit = 5 dB for the EPA

model.
Phasel - X, Phasell - Phasell - Practical | Practical
(Xala Xa2) Xc BS
MCS | S [dB] TBS || MCS | TBS || MCS | TBS Rate Rate
[bits] [bits] [bits] || [bits/dim] | [bits/dim]
0 4.60 680 5 2216| 7 3112 0.97 0.91
1 5.56 904 6 2600| 7 3112 1.08 1.02
2 8.50 1096( 9 4008|| 12 | 4968 1.64 1.23
3 9.12 1416| 9 4008|| 12 | 4968 1.69 1.23
4 9.55 1800(| 10 | 4008| 13 | 5736 1.88 1.27
5 10.93 | 2216|| 10 | 4008|| 14 | 6456 2.06 1.45
6 14.20 | 2600| 13 | 5736|| 17 | 7736 2.61 2.00
7 18.93 | 3112|| 15 | 7224| 23 | 12576 3.73 2.42
8 21.22 | 3496| 17 | 7736|| 24 | 13536 4.03 2.51
9* 24.02 | 4008| 19 | 9144| 26 | 15264 4.62* 2.91*

20




Table 8: MCS mapping for each decoding operation witli = 0 dB for the

ETU model.
Phasel - X, Phasell - Phasell - Practical | Practical
(Xa1, Xa2) BS
MCS| S[dB] | TBS || MCS | TBS || MCS | TBS Rate Rate
[bits] [bits] [bits] | [bits/dim] | [bits/dim]
0 0 680 0 680 5 2216/ 0.58 0.35
1 0.25 904 0 680 6 2600, 0.68 0.41
2 2.73 1096| 1 904 8 3496/ 0.89 0.55
3 3.85 1416| 2 1096/ 9 4008 1.06 0.64
4 4.51 1800( 2 1096|| 9 4008 1.19 0.70
5 4.94 2216|| 3 1416|| 11 | 4392 1.30 0.70
6 7.40 2600 5 2216|| 14 | 6456 1.83 1.02
7 9.19 3112 7 3112|| 15 | 7224 2.19 1.15
8 11.72 | 3496| 9 4008| 19 |9144| 271 1.45
o 14.05 | 4008|| 12 | 4968| 21 | 10680 3.20* 1.67*

Table 9: MCS mapping for each decoding operation Wijt§ = 5 dB for the

ETU model.
Phasel - X, Phasell - Phasell - Practical | Practical
(Xala Xa2) BS
MCS | S [dB] TBS || MCS | TBS || MCS | TBS Rate Rate
[bits] [bits] [bits] | [bits/dim] | [bits/dim]
0 0 680 5 2216|| 5 2216 0.83 0.70
1 0.25 904 5 2216|| 6 2600 0.93 0.79
2 2.73 1096| 7 3112| 8 3496 1.25 1.02
3 3.85 1416| 8 3496| 9 4008 1.45 1.15
4 451 1800| 9 4008|| 11 | 4392 1.66 1.15
5 4.94 2216|| 9 4008|| 11 | 4392 1.73 1.23
6 7.40 2600|| 10 | 4008| 14 | 6456 2.12 1.45
7 9.19 3112|| 11 | 4392|| 15 | 7224 2.40 1.82
8 11.72 | 3496| 13 | 5736|| 19 | 9144 2.99 2.00
9* 14.05 | 4008| 14 | 6456| 21 | 10680 3.43* 2.15*
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send three messages in two time slots from a source to a destination with the help
of a relay (which forwards one of the three messages). Comparistmsdrethe
theoretical achievable rate with (point-to-point capacity achieving) Gaussdes

and the rate achieved in a practical scenario were provided for a BEAR 3

for both the single-antenna and two-antenna cases at the destinationsd lo¢
multiple antennas at the destination also highlighted the spectral efficiency gain
that can be achieved. Furthermore, a baseline scheme was also cesh§idgrer-
formance comparisons. The rate performance of this scheme, which mimics the
topology of existing relay networks in today’s wireless networks, wasato be
inferior to that of the proposed scheme, implying that physical layer catipa
brings about throughput gains. Finally, the half-duplex relay strategg/proven

to provide robust spectral efficiency gains over the proposed bassiimeme in

two well-known LTE channel models, namely the EPA and ETU models. This
work shows strong promise to be deployed in upcoming release stand&ris o

as well as 5G systems with respect to advanced relay architecturese Rk
would include the investigation of resource allocation strategies for dynaamit-b
width assignment. In this work we considered equal duration of the twaeplzasd

a fixed value for the superposition factor; for inclusion in real-time systémse
parameters have to be adaptive. More general dimensioning of resozan be
made over H-ARQ rounds. Higher-order MIMO configurations candresicered

at the relay and source as well.
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