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Executive Summary

In the second release of this deliverable [D232], we studied the suitability of “QAM symbol level” RBIR
and “GF coded symbol level” MMIB mutual information metrics for the PHY abstraction of DAVINCI
codes. The study concluded on favouring the RBIR-like metric mainly because the MMIB-like metric
was found quite challenging especially for the scenarios where (m; > 1) GF symbols map onto m, QAM
symbols. The RBIR-like metric was used in [D232] as the PHY abstraction metric at the system level for
performance evaluation and comparison between DAVINCI and WiMAX CTC codes.

This last release comes to verify and validate the RBIR-like metric for DAVINCI codes on the basis of
simulation results. This is done in both contexts of SISO and MIMO, anticipating future system level
performance evaluation and comparison of DAVINCI codes in the MIMO context, as these codes have
been recently found to have a great potential in the MIMO context [D223][D4.8].

The results shown in this deliverable suggest that the system level evaluation and comparison presented in
previous deliverable [D232] are quite valid for QPSK and 16QAM constellations, whereas for 64QAM
the results would be biased with 0.4 dB SNR in favor of CTC codes. Actual DAVINCI results could thus
be only slightly better with higher gains in 64QAM as compared to what has been shown in [D232].

Another important result shown in this deliverable suggests the need to enhance the reference RBIR
model inherited from IEEE 802.16m [EMD] with one parameter f, which can be tuned through extensive
link level simulations to achieve high accuracy for each given MCS scenario. The results could show
significant increase in accuracy particularly in the MIMO context with spatial multiplexing.

In summary, this last release provides the basis for further performance evaluation and comparison of
DAVINCI codes with high accuracy physical layer abstraction extended to the MIMO context.

Page 2 (29)



DAVINCI

D2.3.3v1.0

Authors

| Partner Name

Phone / Fax / e-mail

Samsung Electronics UK (SEUK)

Alain Mourad
Ismael Gutierrez

Ottavio Picchi

Phone :
Email :

Phone :
Email :

Phone:

Email

+44 1784 600 Ext 756
alain.mourad@samsung.com

+44 1784 600 Ext 780
i.gutierrez@samsung.com

+44 1784 600 Ext 783
: 0.picchi@partner.samsung.com

Page 3 (29)


mailto:alain.mourad@samsung.com

DAVINCI D2.3.3v1.0

Table of Contents

1. INTRODUCTION ...ttt ettt s et e e s sttt e s sttt e e s et e e e s st b e e s sbbaeessabeaessabaeessbensesasees 7
2. THE DAVINCI RBIR MODEL ....cctiiiiitiii ettt ettt sttt sata s s saaa e s s sbaee s enbae e anns 8
2.1 BRIEF OVERVIEW OF THE REFERENCE RBIR MODEL .....ccovviiiiitiic ettt 8
2.2 GENERALIZATION OF THE RBIR IMODEL ....couviiii ittt ettt ettt e st e s snven e svaee s 9
2.3 EXTENSION TO THE MIMO CONTEXT 1uvviiiiitiieeicttieeeetee e s stteesssibeesssteessssatesssssbaeessbassssssnesssssneneeas 9
2.3.1 First Case of MIMO LiNEAr RECEIVET .......cuveivuiiiiiiictee ettt sttt sre s svee s sbas s srae v 9
2.3.2 Second Case of MIMO SOft ML RECEIVET ......coveiiiiiiiie ettt 10

3. VERIFICATION AND VALIDATION ... ..ottt ettt et tae e st e e s etea e saane s 11
3.1 CONFIGURATION PARAMETERS ....tttiiiieiiiiitttiie s e e st e eibtbtes s e s s s e sabba st s e s e s s sabbaaasesessssabbbbaeaseessssbbaaneeas 11
3.2 VALIDATION OF THE REFERENCE MODEL.......uuutiiiieeiiiiiiiiiiieeessiisbieiesesssssssssssessssssssisssssssessssssssnes 12
3.2.1 ] 1O I o011 =) AT 12
3.2.2 LY LAY L@ R o0 ] (= SO 15
3.2.2.1  Link level performance with DAVINCI and CTC COUES .....ccervvverrrveirirnirieierenieisieesieneseeeeseseenees 15

3.2.2.2  Performance prediction with reference RBIR MOdel...........cccooviriieiiniiieiicee e 16

3.3 VALIDATION OF THE GENERALIZED MODEL ..uuuvuuuuuuurusssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 20
3.3.1 ] IS LO I o0 112 T 20
3.3.2 LY LAY L@ I o0 ] (= SRR 22

A, CONCLUSIONS . ...ttt et et e e e ettt e s e bt e e e st e e e s ettt e e s sbateesebbeeessabeeessraeeesanreas 25
5. ANNEX 1 -POST PROCESSING SINR FOR MIMO SCHEMES. .......c...ccoeviiiiiieeeeeeee e, 26

Page 4 (29)



DAVINCI

D2.3.3v1.0

List of Acronyms and Abbreviations

AMC
CDF

CcQl

cTC
DAVINCI

EMD
FEC
FP7
GF
IEEE
IMT
LDPC
MCS
MIMO
MMIB
OFDM
QAM
QPSK
RBIR
RU
SINR
SISO
SIMO
SLMI
SNR
TGm
WiMAX
WP

Adaptive Modulation and Coding
Cumulative Distribution Function
Channel Quality Indicator
Convolutional Turbo Code

Design And Versatile Implementation of Non-binary wireless Communications based

on Innovative LDPC Codes

Evaluation Methodology Document
Forward Error Correction

Seventh Framework Programme

Galois Field

Institute of Electrical and Electronics Engineers
International Mobile Telecommunications
Low-Density Parity Check

Modulation and Coding Scheme

Multiple Input Multiple Output

Mean Mutual Information Bit

Orthogonal Frequency Division Multiplex
Quadrature Amplitude Modulation
Quadrature Phase Shift Keying

Received Bit Information Rate

Resource Unit

Signal to Interference plus Noise Ratio
Single Input Single Output

Single Input Multiple Output

Symbol Level Mutual Information

Signal to Noise Ratio

Task Group m, also called IEEE 802.16m
Worldwide Interoperability for Microwave Access
Work Package

Page 5 (29)



DAVINCI D2.3.3v1.0

Notations

N; Number of information symbols at the input of the channel encoder

N, Number of GF coded symbols at the output of the channel encoder

N, Number of QAM symbols at the output of the QAM mapping

q Order of GF (default value for DAVINCI non-binary: q = 64)

M Order of the QAM constellation

m, Number of GF symbols per input block to QAM mapping

m, Number of QAM symbols per output block to QAM mapping

O Number of LLR values per GF symbol fed to the decoder (< < q)

S Index with range from 0 to g-1

n Index in the range from 0 to m,-1

k Index in the range from 0 to m,-1

Q Set of g GF symbols

A Set of M QAM constellation symbols

S Vector of N; information symbols € Q

u Vector of N, coded symbols € Q

X Vector of N, QAM symbols € A

p Vector of N, equalized channel coefficients (one per QAM symbol in s)

w Vector of N, complex-valued noise samples (one per QAM symbol in s)

y Vector of N, received QAM symbols € A

v Matrix of N, x (g-1) received GF symbol LLR values (assuming soft demapping,
where -1 LLR values are calculated per GF symbol)

§ Vector of N; received information symbols € Q
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1. Introduction

Accurate PHY layer abstraction for DAVINCI codes is required at the system level in order to ensure
accurate prediction of the link error performance. Two main approaches were analyzed in [D232] for the
PHY abstraction of DAVINCI codes, namely Received Bit Information Rate (RBIR), and Mean Mutual
Information per coded Bit (MMIB). The RBIR model measures the mutual information at the input of the
soft demapper at the receiver side, whereas the MMIB model measures the mutual information at the
output of the soft demapper in order to account for the presumably different “equivalent” channels in the
mapping between coded GF symbols and QAM symbols.

In [D232], the RBIR model was shown to be more suitable for DAVINCI NB-LDPC codes than MMIB.
Primarily thanks to its easier implementation compared to the quite challenging implementation of the
MMIB model (especially for the scenarios where (m; > 1) GF symbols map onto m, QAM symbols), but
also thanks to the fact that in the non-binary case RBIR does not loose in accuracy compared to MMIB
where all soft LLR symbols enjoy similar “equivalent” channels in the mapping between coded GF
symbols and QAM symbols. For the above reasons and since the RBIR model is selected in WiMAX
IEEE 802.16m Evaluation Methodology Document [EMD], this model has been our choice in the
previous releases for the system level performance evaluation and comparison of DAVINCI codes.

This deliverable comes to validate all the system level results presented in the previous release [D232] by
verifying the accuracy of the RBIR model on the basis of simulation results. The verification is extended
from the SISO context to the MIMO context where recent studies and results [D2.2.3][D4.8] showed a
great potential of NB-LDPC when combined with MIMO. This is to anticipate future system level
evaluation and comparison of DAVINCI codes in the MIMO context.

This deliverable is structured as follows: Section 2 presents the DAVINCI RBIR model and introduced a
generalized model intended to enhance the accuracy of the reference model used so far. Section 3
presents the numerical results for the verification and validation of the reference RBIR model and
generalized model for DAVINCI and CTC codes in both SISO and MIMO contexts. Section 4 finally
presents the conclusions of this work.
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2. The DAVINCI RBIR Model
2.1 Brief Overview of the Reference RBIR Model

The RBIR-like metric was presented in details in Chapter 3 in the previous release [D232] in the context
of linear receiver in the SISO context. The system model below was assumed (for the i-th QAM symbol):

Vi = p% + Wi Vi=02 Ny -1 (1)

For a given codeword, the RBIR metric is derived by averaging across the mutual information of all
QAM symbols in the codeword as given below:

N, -1

1 :
RBm:mZ'(Xivyi) @)

i=0

Where 1(x; ; yi) denotes the mutual information for the i-th couple of QAM symbols (x; ; yi). It is
expressed as a function of the post-processing SINR as shown below:

1(x:y;) = log,(M ) ﬁ MZlE[mgz(leexp(— SINR; Ugi(m +ay, — at\z - \9i(m)‘2]m ®)

m=0

With the post-processing SINR corresponding to the received i-th QAM symbol given by:

2
SINR; = @ Q)
Oi

And the variable 8™ below assumed to have its marginal PDF conditioned on x; = a,, following a
complex-valued Gaussian distribution with zero mean and variance equal to the inverse of SINRy:

Hi(m)zli_—am =(x —am)+li (5)
Pi Pi

In order to predict the link error performance with the RBIR model, the three steps below are required:

1. Step 1 (offline):

a. Set the desired MCS (Modulation order, Code type, Code rate, Codeword size).

b. Load the CWER-t0o-SNR LUT for the desired MCS on AWGN channel (from link level
simulations): This LUT is specific to the FEC scheme used (thus varies between
DAVINCI and CTC codes).

c. Load the SLMI-to-SNR LUT for the desired modulation scheme: This LUT is specific
to the modulation scheme only and thus remains invariant with respect to the FEC
scheme used (DAVINCI or CTC).

2. Step 2 (online):

a. Compute the post-processing SINR per QAM symbol and deduce its corresponding
SLMI using SLMI-to-SNR LUT.

b. Derive an effective SNR value using SLMI-to-SNR LUT from the obtained SLMI
values across the code word. This can be formulated as:

N1
SNR. = SLMI -{Ni D SLMI(SINR, )] (6)
S =0
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3. Step 3 (online):
a. Predict the CWER from the effective SINR using CWER-to-SNR LUT.

CWER peq = CWER 90 (SNR¢y; ) @)

In summary, the RBIR model will:

1) Determine the post-processing SINR values for the QAM symbols all across the codeword;
2) Derive the SLMI associated with each SINR value for each QAM symbol in the codeword;
3) Obtain the average SLMI across the codeword;

4) Derive an effective SNR corresponding to obtained average SLMI;

5) Predict the CWER associated with the derived effective SNR.

2.2 Generalization of the RBIR Model

Following the generalized approach for PHY abstraction metrics in [Thesis], we propose to generalize the
reference RBIR model described previously by adding two scaling parameters £, and 3, for the derivation
of the effective SNR in equation (6), as shown below:

N1
SNRyy = BiSLMI iZSLM{S'NRiJ (8)
Ns i=0 182

It is clear that setting £, = £, = 1, equation (8) simply gives the reference model used in previous releases
of this deliverable for the purpose of system performance evaluation.

Thus, the generalized model in (8) can only achieve better accuracy than the reference model by
adequately choosing optimal values of the scaling parameters S, and f,. These optimal values are
obtained by training the generalized model according to the Least Mean Square Error criterion between
the actual and predicted CWER as given in the equation below:

N, -1
(o) =19 r;i;{ Y lloglcwer'") )~ toglcwer((4,, 4, )))ZJ ©
11172 r=0

Where N, denotes the total number of realizations considered, CWERa‘” stands for the actual CWER (i.e.
CWER obtained from link level simulations implementing the FEC scheme) at r-th realization, and
CWERP“) stands for the predicted CWER at r-th realization using the values (5;,/%) in (8).

It is worth pointing out that considering the CWER values in (9) in the logarithm scale yields a better fit
over the entire CWER region, as compared to the linear scale which is more biased towards better fit at
high CWER values.

2.3 Extension to the MIMO Context

Recent studies in DAVINCI project [D223] [D4.8] showed potential advantages of DAVINCI NB-LDPC
codes when combined with MIMO. In order to enable quantification of these advantages at the system
level, an extension of the RBIR model to the MIMO context is therefore necessary. In the MIMO context,
two cases are distinguished depending on whether a linear receiver is used or not. These two cases are
detailed in Chapter 2 of deliverable [D223].

2.3.1 First Case of MIMO Linear Receiver

Figure 2-1 illustrates the system model in the first case of a linear MIMO receiver [D223]. As shown in
Figure 2-1, the linear MIMO receiver simply splits the operations of linear MIMO equalization (e.g.
Zero-Forcing, MMSE) and the soft demapping responsible of deriving the GF symbol LLR values for
input to the DAVINCI decoder.

Thanks to this splitting, the post-processing SINR corresponding to a QAM symbol in the FEC codeword
is accessible for any MIMO scheme with the following general expression [D233]:
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diag[D : DT]Qv+p

SINRQV+p = (10)

. 1
dlag[ﬁ'GT G+ Iself ’ IseIfT]Qv+p

Where v denotes the index of the MIMO codeword (of Q QAM symbols) and p = 1...Q is the index of
QAM symbol in the v-th MIMO codeword. The matrices D and lg; are given by D = diag[G.H] and I
= G.H - D, where G is the linear equalizer matrix and H the equivalent channel matrix [D223]. SNR is
the average SNR value. For concrete examples, Annex A provides the post-processing SINR expressions
for two reference MIMO schemes, namely, uncoded spatial multiplexing and Alamouti space time coding,
with 2x2 antenna configurations.

Binary Encoder + Bit Interleaver

Bits TO GF64 . . .
BIT Info L DaVinci GF Symbol Binary Image | | Modulation QAM Symbol MIMO
Generator > Symbols ENCODER Interleaver of GF64 ] Mapper Interleaver Encoder
Converter
GF64 symbols - .
" [ p Davinci GF Symbol [ ] QAM Symbol MIMO Linear MIMO
Sink ] C-ch)v?e?;r DECODER De-Interleaver [+~ Soft Demapper De-Interleaver Equalizer Channel

Binary Decoder + Bit De-Interleaver

Figure 2-1. First case of linear MIMO receiver.

Thanks to the availability of the post-processing SINR per QAM symbol in the case of linear MIMO
receiver, the RBIR model then extends naturally to the MIMO context without particular changes. The
effect of MIMO will be mainly reflected within the distribution of the post-processing SINR values, and
therefore even in with the generalized RBIR model, we expect the same optimal values of (5y,5,) to still
apply to the MIMO context for a given MCS scheme.

2.3.2 Second Case of MIMO Soft ML Receiver

Figure 2-2 illustrates the system model in the second case of a MIMO Soft ML receiver in [D223]. Here
the receiver combines the two operations of MIMO equalization and LLR soft demapping into one joint
module aiming for a closer to optimal performance.

Binary Encoder + Bit Interleaver

Bits TO GF64 — . .
BITInfo | | Davinci GF Symbol Binary Image | | Modulation MIMO MIMO CW
Generator ™ ngrr:/l;?::r ENCODER Interleaver of GF64 ] Mapper Encoder Interleaver

GF64 symbols -
. [ | - Davinci GF Symbol [ | . P MIMO CW MIMO
Sink 7 C-lz—)gvzlrtlser DECODER De-Interleaver [* || SOft Maximum Likelihood Demapper De-Interleaver Channel

Binary Decoder + Bit De-Interleaver

Figure 2-2. Second case of Soft ML MIMO receiver.

The soft ML receiver performs first the computation of Euclidean distances as in a typical MIMO ML
detector but instead of using these to perform a typical ML exhaustive search across all possible
transmitted symbols to enable hard decisions on the QAM symbols, these distances are used instead to
directly obtain the LLR values at the GF symbol level. The shortcut created in this joint module disables
the access to post-processing SINR per QAM symbol, which is vital for the use of the RBIR model.

The RBIR model relying on the post-processing SINR is therefore not applicable as such, but it needs to
be extended properly with adequate metrics instead. This is left for future investigation.
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3. Verification and Validation

3.1 Configuration Parameters

For the purpose of verifying the accuracy of RBIR-model, we consider only a limited number of MCS
schemes from [D232]. The parameters for the scenarios considered are reported in Table 3-1 below.

Table 3-1: MCS schemes.

Information DAVINCI CTC
word length
(bits) R= 1/2 R= 3/4 R= 1/2 R= 3/4
1RU 4 RU 1RU 4 RU 1RU 4 RU 1RU 4 RU
QPSK 144 576 216 864 144 576 192 864
16QAM 216 864 324 1296 216 864 312 1248
64QAM 288 1152 432 1728 288 1152 432 1728

The SLMI-to-SNR LUT used for QPSK, 16QAM, and 64QAM modulation schemes are depicted in
Figure 3-1. The effective SINR resolution was set to 0.2 dB.

T T T
—P— BPSK (1D)
—&— QPSK (2D)
—&— 16QAM (2D)
5 64QAM (2D)

Symbol Level Mutual Information

e
-20 -15
SINR (dB)

Figure 3-1: SLMI vs. SNR for BPSK, QPSK, 16QAM, and 64QAM modulations.
For MIMO, 2x2 configuration is used with 2 transmit and 2 receive antennas. Two MIMO schemes are
considered, namely, Space-Time Alamouti code and uncoded spatial multiplexing. Details of these

reference MIMO schemes with their corresponding post-processing SINR are provided in Annex | in
chapter 5 of this deliverable.

It is noteworthy that MMSE linear equalizer is considered, and for the channel estimation, a perfect
knowledge of the channel is assumed.

An uncorrelated Rayleigh channel model is assumed.
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3.2 Validation of the reference model

The model is validated by running Monte-Carlo simulations where for each codeword the Effective SNR
is obtained according to the Reference RBIR model (5,=£,=1). The actual CWER corresponding to a
given effective SNR value is then computed from a large number of simulation runs varying the average
SNR and channel fading realizations. The validity of the model can then be appreciated by comparing the
measured CWER vs. effective SNR obtained from Monte-Carlo simulations and the predicted CWER vs.
effective SNR obtained from AWGN LUT link level simulations. A close match of the measured and
predicted results reflects a high accuracy of the RBIR model.

3.2.1 SISO context

Figure 3-2, Figure 3-3, and Figure 3-4 depict the measured and predicted results with DAVINCI codes
in the SISO context respectively for QPSK, 16QAM, and 64QAM constellations. We consider FEC
coding rates of 1/2 and 3/4 with codeword size corresponding to 1 RU and 4 RU. From these figures, we
can see that the level of accuracy measured by the SNR error margin in dB is found nearly -0.2 dB in
QPSK (underestimation), 0 dB in 16QAM (close match), and +0.2 dB in 64QAM (overestimation) (cf.
Table 3-2). This reflects somewhat good prediction accuracy.

1.00E-01 -
=== AWGN, CR=1/2, Kbin=144

== O== RBIR_based
== AWGN, CR=3/4, Kbin=216

CWER

1.00E-02 == [ RBIR_based

=== AWGN, CR=1/2, Kbin=864
==O= RBIR_based

1.00E-03 - === AWGN, CR=3/4, Kbin=1296
== [ RBIR_based

1.00E-04
0 1 2 3 4 5 6

SNR (dB)

Figure 3-2. CWER as a function of the ESINR in case of QPSK modulation using DAVINCI FEC.

1.00E-01
=== AWGN, CR=1/2, Kbin=216

== O== RBIR_based
== AWGN, CR=3/4, Kbin=324

1.00E-02 == == RBIR_based

CWER

=== AWGN, CR=1/2, Kbin=864
== (== RBIR_based

1.00E-03 === AWGN, CR=3/4, Kbin=1296
== [ RBIR_based

1.00E-04
5 6 7 8 9 10 11 12

SNR

Figure 3-3. CWER as a function of the ESINR in case of 16QAM modulation using DAVINCI FEC.
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1.00E-01

CWER

1.00E-03

1.00E-04

1.00E-02

SNR (dB)

=== AWGN, CR=1/2,Kbin=288
==O== RBIR_based

=== AWGN, CR=3/4, Kbin=432
=== RBIR_based

=== AWGN, CR=1/2, Kbin=1296
=== RBIR_based

=== AWGN, CR=3/4, Kbin=1944

=== RBIR_based

Figure 3-4. CWER as a function of the ESINR in case of 64QAM modulation using DAVINCI FEC.

Figure 3-5, Figure 3-6, and Figure 3-7 depict the measured and predicted results with CTC codes in the
SISO context respectively for QPSK, 16QAM, and 64QAM constellations. Here, we can observe an SNR
error margin in dB of nearly -0.2 dB in QPSK (underestimation), 0 dB in 16QAM (close match), and -0.2
dB in 64QAM (underestimation) (cf. Table 3-2). Similarly to DAVINCI, a good level of prediction
accuracy can also be appreciated with CTC codes.

0.1

CWER

0.001

0.0001

0.01

SNR (dB)

=== AWGN, CR=1/2, Kbin = 144
== O== RBIR_based
iz AWGN, CR=3/4, Kbin = 192
=== RBIR_based
=== AWGN, CR=1/2, Kbin = 576
=== RBIR_based

N === AWGN, CR=3/4, Kbin = 864

=== RBIR_based

Figure 3-5. CWER as a function of the ESINR in case of QPSK modulation using CTC FEC.
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1.00€-01

CWER

1.00€-02

1.00€-03

1.00€-04

=== AWGN, CR=1/2, Kbin = 216
== O== RBIR_based

i@ AWGN, CR=3/4, Kbin = 312
«= (== RBIR_based

=== AWGN, CR=1/2, Kbin = 864
==O== RBIR_based

=== AWGN, CR=3/4, Kbin = 1248
T === RBIR_based

SNR

11

12

Figure 3-6. CWER as a function of the ESINR in case of 16QAM modulation using CTC FEC.

1.00E+00 P-DED BB

1.00E-01 -

CWER

1.00E-03

1.00E-04

1.00E-02

=== AWGN, CR=1/2, Kbin = 288
«==O== RBIR_based

=== AWGN, CR=3/4, Kbin = 432
=== RBIR_based

=== AWGN, CR=1/2, Kbin = 1152
=== RBIR_based

=== AWGN, CR=3/4, Kbin = 1728

=== RBIR_based

10 11

12 13

14 15

SNR (dB)

16

17

Figure 3-7. CWER as a function of the ESINR in case of 64QAM modulation using CTC FEC.

Table 3-2 summarizes the error margins measured in terms of SNR gap in dB for DAVINCI and CTC
codes in the SISO context. The results show almost the same error margin of -0.2 dB (QPSK) and 0 dB
(16QAM) could be observed with both. This perfectly validates the conclusions in [D232] of system level
evaluation and comparison of DAVINCI and CTC codes for QPSK and 16QAM MCS. For 64QAM
however, we could observe an overestimation (+0.2 dB) in DAVINCI as opposed to an underestimation (-
0.2 dB) in CTC, which when comparing both results into a total prediction error margin of +0.4 dB,
which yields biased conclusions in favor of CTC codes. Thus, in actual system, the system level results of
DAVINCI codes compared to CTC codes could only be better with higher gains in 64QAM as compared
to what is shown in [D232].

Table 3-2: Prediction error of the reference RBIR model in the SISO context.

Constellation | FEC rate DAV CTC DAV-CTC
Asvr (dB) | Agwr (dB) | Agyg (dB)
QPSK 1/2 -0.2 -0.2 0
3/4 -0.2 -0.3 0.1
16QAM 1/2 +0.05 -0.05 0.1
3/4 +0.05 -0.1 0.15
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64QAM

1/2

+0.2

-0.2

0.4

3/4

+0.2

-0.2

0.4

3.2.2 MIMO context

3.2.2.1 Link level performance with DAVINCI and CTC codes

In this section, we present the link level performance obtained with DAVINCI and CTC codes in the
MIMO context with Alamouti 2x2 and uncoded spatial multiplexing. This is for the purpose of
confirming that DAVINCI codes are outperforming CTC codes. However, what we consider in this
deliverable is how accurate the RBIR model is for the prediction of the actual DAVINCI and CTC results,
which is presented in the following sections.

Figure 3-8, Figure 3-9, and Figure 3-10, show the link level results with 2x2 MIMO using Alamouti and
uncoded SM, for QPSK, 16QAM, and 64QAM constellations respectively. As we can observe in these
figures, the DAVINCI results (solid line) are always outperforming CTC results (dashed line).
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Figure 3-8. Link level performance with QPSK in the MIMO context.
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Figure 3-9. Link level performance with 16QAM in the MIMO context.
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Figure 3-10. Link level performance with 64QAM in the MIMO context.

3.2.2.2 Performance prediction with reference RBIR model

Figure 3-11, Figure 3-12, and Figure 3-13, show the prediction results using RBIR reference model for
DAVINCI codes in the MIMO context, with QPSK, 16QAM, and 64QAM constellations, respectively.
These figures show the same trends as in the SISO context (cf. section 3.2.1), where the RBIR model
moves from an underestimation of the actual performance with QPSK, passing by a close match with
16QAM, to an overestimation with 64QAM. The error margin is found quite low in Alamouti with less
than |0.1] dB, whereas in uncoded SM it is a bit high with up to |0.5| dB (cf. Table 3-3). The levels of
accuracy achieved for the scenarios with uncoded SM suggest the need to improve the RBIR model for
reliable results at the system level.
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Figure 3-11. Reference RBIR model for DAVINCI-MIMO with QPSK.
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Figure 3-12. Evaluation Reference RBIR model for DAVINCI-MIMO with 16QAM.
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Figure 3-13. Reference RBIR model for DAVINCI-MIMO with 64QAM.

Figure 3-14, Figure 3-15, and Figure 3-16, show the prediction results using RBIR reference model for
CTC codes in the MIMO context, with QPSK, 16QAM, and 64QAM constellations, respectively.
Similarly to the trends observed in the SISO context (cf. section 3.2.1), the RBIR model keeps
underestimating the actual performance, with a negative error margin that gets lower (in absolute value)
when the constellation order increases from QPSK to 64QAM. The level of accuracy with QPSK is the
lowest with |0.3| dB and |0.6] dB in Alamouti and uncoded SM, respectively.
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Figure 3-14. Reference RBIR model for CTC-MIMO with QPSK.
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Figure 3-15. Reference RBIR model for CTC-MIMO with 16QAM.
1.00E+00 OE T T T oo~ T T T
@@ -=¢= CTC,
% AWGN,CR=1/2,
Kbin = 288
1.00E-01 -
== == RBIR_based,
% Us
% ==O== RBIR_based,
% 1.00E-02 - §> Alamouti
=
@)
%} -=X= CTC,
AWGN,CR=3/4,
8 Kbin = 432
1.00E-03 -
% == X== RBIR_based,
usm
%‘ ‘)< = >~ RBIR_based,
1.00E-04 Alamouti
10 11 12 13 14 15 16 17 18
ESINR(dB)

Figure 3-16. Reference RBIR model for CTC-MIMO with 64QAM.

Table 3-3 summarizes the error margins measured in terms of SNR gap in dB for DAVINCI and CTC
codes in the MIMO context in all the above presented scenarios. The results show that with Alamouti, a
pretty fair comparison can be obtained using the RBIR reference model for performance prediction (with
the results of CTC being slightly underestimated of up to 0.3 dB compared to DAV results). With
uncoded SM, this gap increases up to 0.4 dB. So, in conclusions, the use of the RBIR model for the
system level comparison between DAVINCI and CTC codes would lead to biased results (with up to 0.4

dB bias in favour of CTC). Enhancement of the model is therefore required.

Page 19 (29)



DAVINCI D2.3.3v1.0

Table 3-3: Prediction error of the reference RBIR model in the MIMO context.

Constellation MIMO FEC rate DAV CTC DAV-CTC
Agnr (dB) Agnr (dB) Agnr (dB)
QPSK Alamouti 1/2 -0.05 -0.2 +0.15
3/4 -0.1 -0.4 +0.3
Uncoded SM 1/2 -0.2 -0.3 +0.1
3/4 -0.4 -0.6 +0.2
16QAM Alamouti 1/2 +0.1 0 +0.1
3/4 +0.1 -0.1 +0.2
Uncoded SM 1/2 +0.1 0 +0.1
3/4 +0.1 -0.2 +0.3
64QAM Alamouti 1/2 -0.05 -0.05 0
3/4 -0.05 -0.05 0
Uncoded SM 1/2 +0.4 0.05 +0.4
3/4 +0.3 0.05 +0.3

3.3 Validation of the generalized model

The Generalized RBIR model introduces two tuning parameters named £; and f. In this section we study
the impact of these on the accuracy of the RBIR model when DAVINCI FEC scheme is used. An
exhaustive search over different combinations of £, and £, values is carried out for three constellations:
QPSK, 16QAM and 64QAM.

3.3.1 SISO context

Figure 3-17, Figure 3-18, and Figure 3-19 depict the prediction results obtained with the generalized
model with optimized values of £, and g, for QPSK, 16QAM, and 64QAM constellations, respectively.
Only the code rate 1/2 is considered and the codeword length is obtained such that one resource unit is
occupied by a single FEC block. As shown in these figures, the minimum values of LMSE are obtained
when both 3, and 3, are nearly equal, suggesting that only one tuning parameter is enough (8,=£,=/).
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—+—B,=1.1,B,=1.1

10 L
0 0.5

i .
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Figure 3-17. Evaluation of the Generalized RBIR model for DAVINCI with QPSK.
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Figure 3-18. Evaluation of the Generalized RBIR model for DAVINCI with 16QAM.
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Figure 3-19. Evaluation of the Generalized RBIR model for DAVINCI with 64QAM.

In addition to the LMSE, both the measured and predicted CWER are depicted as a function of the
effective SNR. We can clearly appreciate from the above figures a high accuracy of the generalized
model with optimal (5,=4,=/) as compared to the reference model where (5,=£,=1).

In order to quantify the enhancement of prediction accuracy of the generalized model, we provide the
prediction error margin measured in term of the effective SNR gap (A4syg) between predicted and
measured CWER results at CWER < 10,
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Table 3-4 summarizes the error margins measured in terms of SNR gap in dB for the reference and
generalized RBIR models with DAVINCI codes in the SISO context. It can be clearly appreciated that the
generalized model drops the prediction error down to 0.05 dB, resulting in higher accuracy.

Table 3-4: Prediction error of the generalized RBIR model with DAVINCI in the SISO context.

Constellation | FEC rate REF GEN
Agyr (dB) | Agyg (dB)

QPSK 1/2 -0.2 +0.05

16QAM 1/2 +0.05 +0.05

64QAM 1/2 +0.2 + 0.05

3.3.2 MIMO context

Here, we only consider the DAVINCI FEC scheme in the scenario of uncoded SM, where the accuracy of
the reference RBIR model needs improvement. Figure 3-20, Figure 3-21, and Figure 3-22 show the
prediction results obtained with the generalized model for QPSK, 16QAM, and 64QAM. A summary of
the results is presented in Table 3-5. We can clearly appreciate a significant increase in the accuracy
thanks to optimized S, and S, in the generalized model. The error margins for all three constellations drop
down to £0.05. Similar to the SISO context, the optimal values of S;and £, are found equal in almost all
cases, which means only one tuning parameter ;== can be used in the generalized model.

Table 3-5: Prediction error of the generalized RBIR model with DAVINCI in the MIMO context.

Constellation | FEC rate REF GEN
Asng (dB) | Agyr (dB)

QPSK 1/2 -0.2 +0.05

3/4 -0.4 +0.05

16QAM 1/2 +0.1 +0.05

3/4 +0.1 +0.05

64QAM 1/2 +0.4 +0.05

3/4 +0.3 +0.05
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Figure 3-20: Evaluation of the Generalized RBIR model for DAVINCI with QPSK.
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Figure 3-21: Evaluation of the Generalized RBIR model for DAVINCI with 16QAM.
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Figure 3-22: Evaluation of the Generalized RBIR model for DAVINCI with 64QAM.
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4. Conclusions

This final deliverable of the “System Level Evaluation” task focused on the validation and verification of
the RBIR-based link to system level interface model used for performance evaluation of DAVINCI codes
and comparison to WiMAX CTC codes at the system level. Although the system level evaluation and
comparison has been conducted so far in the SISO context, this deliverable anticipates future evaluation
of DAVINCI codes in the MIMO context as DAVINCI codes have been shown recently to offer greater
potential with spatial multiplexing MIMO schemes.

In the SISO context, the results showed good accuracy of the RBIR model for both DAVINCI and CTC
codes with QPSK, 16QAM, and 64QAM constellations. An error margin of less than 0.2 dB (in absolute
value) could be appreciated. For QPSK and 16QAM, the reference RBIR model was found to
underestimate the actual performance of both DAVINCI and CTC codes, whereas for 64QAM it
underestimated the actual performance of CTC codes but overestimated that of DAVINCI codes. This
yielded to the conclusion that the system level results presented in previous deliverable are quite valid for
QPSK and 16QAM constellations, whereas for 64QAM the results would be biased with 0.4 dB SNR in
favor of CTC codes. Thus DAVINCI results could only be slightly better with higher gains in 64QAM as
compared to what has been shown in [D232].

In the MIMO context, the results showed that with Alamouti, the reference model is pretty accurate for
both DAVINCI and CTC codes suggesting the possibility of using it as it is for performance comparison.
With uncoded spatial multiplexing however, an error margin up to 0.4 dB was observed reflecting the
need to enhance the prediction accuracy for reliable results at the system level.

In order to enhance the prediction accuracy, a generalized model of the RBIR was introduced with tuning
parameters £; and 3,. This model was shown to lower the prediction errors down to 0.05 dB instead of 0.2
dB and 0.4 dB by the reference model in the SISO and MIMO contexts respectively. The optimal values
of pand 3, were found equal in almost all scenarios, suggesting the need of only one tuning parameter g
in the generalized model. It is therefore recommended to use this generalized model with tuning
parameter S in future system level evaluation and comparison of DAVINCI codes in both SISO and
MIMO contexts.
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5. Annex 1 —Post Processing SINR for MIMO schemes

1) MIMO 2x2 STBC (matrix A) - MRC

Diversity order = 4

Matrix A (SF/TBC coding rate = 1):

Post-processing
Received symbol:

Where:

We can further write:

Equalizer:
G{gg@ o) ol gsz}m{hﬂ
ot off off off hy'

Equalized symbols:

10

}:G-r:H*TH s+HTw

Post-processing SINR
Power terms:

Pu(0)

o

Pu(t)=|(h,.h; )
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I:)si

Post-processing SINR:

&NR(m):%

2) MIMO 2x2 SM (matrix B) - MMSE

Matrix B (SF/TBC coding rate = 2):

Post-processing

Received symbol:

Where:

Equalizer:

Equalized symbols:

§=[§1(0)}=G-r=@-(l—l-s+6-w
8(2) M
Post-processing SINR
Power terms:
Pu(0)=[M@[
; Pu(t)=[MA2f
. Psi(0) =M@
) Psi(1) =[M“)
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Post-processing SINR:

SINR(m)Z%
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