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Executive Summary 

This deliverable presents the system level performance evaluation of DAVINCI codes and comparison 

with Convolutional Turbo Code (CTC) of WiMAX IEEE 802.16m. This is using WiMAX 16m compliant 

system level simulation platform. It then investigates the mutual information based physical layer 

abstraction for DAVINCI codes, with both QAM symbol level RBIR and GF coded symbol level MMIB. 

In term of system level performance, the gain of less than 0.5 dB achieved by DAVINCI codes at the link 

level is quantified to less than an average of 5% in term of scheduled average sector throughput, which in 

term of user average throughput becomes insignificant if several users are scheduled in the sector. This 

gain is shown to be higher for users closer to the cell centre, thanks to the higher percentage of selection 

of high order MCS wit DAVINCI codes compared to CTC codes. This makes DAVINCI codes more 

suitable to increase the peak throughput, rather than to significantly improve the average or cell edge 

throughputs. Taking the measured (perceived) average sector throughput, DAVINCI codes were shown to 

be more vulnerable to CQI prediction errors, as these errors have a stronger impact on the performance 

with high order MCS (the incurred throughput error is higher for higher order MCS). This incurred the 

reduction or even the loss in some cases of the gain observed in term of scheduled throughput. 

In term of physical layer abstraction, whilst no change is required for QAM symbol level RBIR 

abstraction, the GF code symbol level MMIB method needs to be tailored to DAVINCI non-binary codes. 

The latter was shown to be feasible for QPSK and 64QAM modulations where m1 = 1 GF symbol maps to 

m2 QAM symbols, but quite challenging for the scenarios where m1 > 1 GF map to m2 QAM symbols. 

Moreover, the fact that the equivalent channels over all GF LLR values enjoy nearly similar quality in the 

non-binary case, unlike in the binary case, makes the MMIB loose its main advantage compared to RBIR. 

This leads to the conclusion that the RBIR abstraction is more suitable for DAVINCI codes. 

For future work, some important topics are identified, mainly; i) the investigation of non-binary link level 

technologies from WP5 to enable higher aggregate gain for DAVINCI; ii) the mitigation of CQI 

prediction errors to preserve DAVINCI gain in term of measured throughput; and iii) the validation of 

RBIR abstraction for DAVINCI codes through link level simulations. 
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1. Introduction  

In the deliverable D2.3.1 [DAV-D2.3.1], the first results of performance evaluation were provided using 

WiMAX IEEE 802.16m compliant system level platform. The results were obtained using only 

Convolutional Turbo Code (CTC) of WiMAX 16m, as by the time D2.3.1 was due for delivery, not all 

DAVINCI parity check matrices necessary for system performance evaluation were available from WP4. 

Now the new DAVINCI parity check matrices have been provided by WP4, this deliverable D2.3.2 takes 

these inputs and conducts the system level performance evaluation for DAVINCI codes, in the same 

scenarios as in D2.3.1 for the sake of benchmarking. 

 

In addition to the system level performance evaluation with the new DAVINCI codes, this deliverable sets 

the framework for mutual-information based PHY layer abstraction in the context of DAVINCI non-

binary LDPC codes. Specifically, the suitability of RBIR metric and the challenges arising for deriving a 

metric similar to MMIB for the context of binary codes are investigated. 

 

This deliverable is structured as follows: Section 2 provides the system level results obtained with new 

DAVINCI codes for the specified simulation scenarios in D2.3.1. Section 3 investigates the mutual-

information based PHY abstraction for DAVINICI non-binary codes. Finally, section 4 draws conclusions 

and provides directions for future work. 
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2. System level evaluation with DAVINCI  codes 

2.1 LUT with new DAVINCI Codes 

As in [D2.3.1], we consider the MCS recalled in Table 2-1 below. We also consider codeword lengths up 

to 4 resource units (i.e. 408 QAM symbols) in order to limit the number of LUT needed. 

Table 2-1: Modulation and coding schemes. 

MCS Modulation  Coding Rate 

{1,2,3,4} QPSK {1/2,2/3,3/4,5/6} 

{5,6,7,8} 16QAM {1/2,2/3,3/4,5/6} 

{9,10,11,12} 64QAM {1/2,2/3,3/4,5/6} 

 

In the following, we present the configurations considered and corresponding LUT for DAVINCI codes. 

These results are obtained with the new DAVINCI parity check matrices delivered by WP4, covering the 

scenarios of up to 4 RUs considered for evaluation in [D2.3.1]. We also depict the equivalent LUT for 

WiMAX CTC codes for performance comparison. The following illustration code is used below: 

¶ Line color Ą Modulation: Blue (QPSK), Red (16QAM), Magenta (64QAM) 

¶ Marker style Ą Coding Rate: Circle (1/2), Square (2/3), Triangle Up (3/4), Pentagram (5/6) 

¶ Line style Ą Coding Scheme: Solid (DAVINCI), Dotted (WiMAX CTC) 

 

Table 2-2: MCS parameters with 1 RU. 

 
 

 

Figure 2-1: SNR-to-CWER LUT for DAVINCI and CTC codes with 1 RU. 
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Table 2-3: MCS parameters with 2 RU. 

 
 

 

Figure 2-2: SNR-to-CWER LUT for DAVINCI and CTC codes with 2 RU. 

 

Table 2-4: MCS parameters with 3 RU. 
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Figure 2-3: SNR-to-CWER LUT for DAVINCI and CTC codes with 3 RU. 

 

Table 2-5: MCS parameters with 4 RU. 

 
 

 

Figure 2-4: SNR-to-CWER LUT for DAVINCI and CTC codes with 4 RU. 
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The above results are obtained from link level simulations. For each scenario, a limited range of SNR 

values is used in accordance with the corresponding CWER performance. The SNR maximum is limited 

by CWER performance at nearly 10
-4
. The distribution of SNR at the system level spans a much wider 

range (e.g. from -20 dB to 30 dB). It is therefore needed to extrapolate the above results especially for 

SNR values higher than the maximum set by link level simulations. Besides, it is easier and faster if the 

data obtained from link level simulations is not incorporated as such in the SLS but rather through an 

analytical model with few parameters to store for each scenario. For these reasons, we resort to curve 

fitting with a polynomial of degree equal to 3 for all above scenarios. This is shown in Figure 2-5 below 

for DAVINCI codes (in blue color with ñcircleò marker for measured data) and CTC codes (in red color 

with ñpentagramò marker for the measured data). Due to higher error floor, the polynomial approximation 

sometimes fails for CTC codes, whereas it always works for DAVINCI codes. The validity of this 

approximation is clear from Figure 2-5. We therefore store only four polynomial coefficients per scenario 

for DAVINCI codes and use these at the SLS instead of the limited range measured LUT. 

 

  

  

Figure 2-5: SNR-to-CWER LUT for DAVINCI and CTC codes with polynomial approximations. 
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Table 2-7: Main SLS configuration parameters. 

 

2.3 System level results 

In the following, we focus on the comparison between DAVINCI NB-LDPC (DAV) and WiMAX CTC 

(CTC) codes rather than the comparison of WiMAX 16m for different modes. The latter comparison was 
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bandwidth by exploiting the frequency diversity available. This is done through permutation 

(interleaving) at the sub-carrier level. 

The higher CQI variation in the CRU mode leads to the selection of higher order MCS, and hence higher 

peak user throughputs (for those closer to the cell centre). However, in the multi-user context, the nearly 
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fairness at the cell edge. Thus we expect higher average user throughput in DRU mode thanks to higher 

number of resources per scheduled user, but lower average number of scheduled users. This result is 

confirmed from Figure 2-7 (vertical comparison) and the distributions of average number of scheduled 

user and average number of resources allocated per user available in [D231]. 

 

Figure 2-6: CDF of CQI (dB) for CRU and DRU sub-channelization. 

 

Figure 2-7 depicts the percentage of MCS selection per distance for CRU and DRU modes with DAV and 

CTC codes. Here, we are most interested in comparing DAV to CTC. Thus, the comparison is done 

horizontally across Figure 2-7. We can clearly see that with DAV high order MCS are selected more than 

with CTC. The percentage gain of selection of high order MCS depends on the user location (the closer 

the user to the cell centre the higher the gain of DAV). Thus, DAV achieves higher gain for users in 

favourable reception conditions, which is confirmed by the link level results (cf. Figure 2-5) where DAV 

is found to achieve the highest gains with high order MCS. 

 

  

  

Figure 2-7: Percentage of MCS selection per distance. 
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Figure 2-8 shows the distributions of average sector throughput respectively for CRU and DRU with 

DAV and CTC codes. Both scheduled (as allocated by the scheduler) and measured (as perceived by the 

user) throughputs are depicted. The gap between scheduled and measured throughputs reflects the 

capability of tracking the channel quality (due to CQI variation) in the given scenario. From Figure 2-6, 

we can thus expect DRU to benefit from a much better tracking capability (thanks to lower CQI variation) 

compared to CRU. 

Looking first at the scheduled sector throughput (left of Figure 2-8), DAV is shown to clearly outperform 

CTC in both CRU and DRU modes. This is because with DAV the scheduler selects more high order 

MCS (cf. Figure 2-7). The gain varies over the range of average sector throughput, in average it is 

quantified to nearly 5%. Looking at the measured throughput (right of Figure 2-8), we can see that the 

gain of DAV nearly vanishes in CRU, whereas it is somewhat preserved in DRU. 

 

  

Figure 2-8: CDF of scheduled (left) and measured (right) average sector throughput for CRU and DRU 

sub-channelization modes. 
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mode. In this section, we compare the performance of DAV and CTC codes for SISO (1x1) and SIMO 

(1x2) modes, thus in scenarios A2 and B2 in Table 2-6. 

 

Figure 2-9: CDF of CQI (dB) for SISO and SIMO modes. 
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Figure 2-9 gives the distribution of the CQI in SISO and SIMO modes in ITU Pedestrian B channel. We 

can clearly appreciate the gain achieved using SIMO as compared to SISO. The gain is shown to increase 

with the CQI, reaching nearly 3 dB for high CQI values. This is justified by the fact that in DRU sub-

channelization, high CQI values correspond to when the system is noise limited, where SIMO (1x2) 

achieves its 3 dB gain over SISO (1x1). For low CQI values, however, the system is interference limited, 

with the dominant interferers also applying SIMO, which lowers the 3 dB gain of SIMO (1x2). 

 

Figure 2-10 depicts the percentage of MCS selection per distance for SISO and SIMO modes with DAV 

and CTC codes. Comparing horizontally across Figure 2-10, we can clearly see that with DAV high order 

MCS are selected more than with CTC similarly in both SISO and SIMO modes, thanks to DAV better 

link level performance (cf. Figure 2-5). The percentage gain of selection of high order MCS depends on 

the user location (the closer the user to the cell centre the higher the gain of DAV). 

 

  

  

Figure 2-10: Percentage of MCS selection per distance for SISO and SIMO modes. 
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Thanks to lower CQI variation (cf. Figure 2-9), SISO mode is shown to benefit from a better tracking 

capability (i.e. lower gap between scheduled and measured throughputs) compared to SIMO. 

Now comparing DAV and CTC, first at the scheduled sector throughput (left of Figure 2-11), DAV is 

shown to clearly outperform CTC in both SISO and SIMO modes similarly. This is thanks to higher 

percentage of selection of high order MCS in DAV (cf. Figure 2-10). The gain varies over the range of 

average sector throughput, in average it is quantified to nearly 5%. 

In term of measured throughput (right of Figure 2-11), DAV still outperforms CTC in SIMO but the gain 

is clearly smaller than in SISO. This is due to the capability of tracking in SISO and SIMO together with 

the percentage of use of high order MCS. Indeed, SIMO exhibits higher CQI variation, and therefore it 

suffers from higher probability of CQI prediction errors. The CQI prediction errors affect more higher 

order MCS as the corresponding absolute throughput errors are higher. In such a case, DAV codes will 

suffer more due to their higher percentage of selection of high order MCS. 
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Figure 2-11: CDF of scheduled (left) and measured (right) average sector throughput for SISO (1x1) and 

SIMO (1x2) modes. 

 

2.3.3 DAVINCI NB -LDPC vs. WiMAX CTC with mobility  

In this section, we compare the performance of DAV and CTC codes for ITU Pedestrian B (@3Kmh) and 

ITU Vehicular A (@30 Kmh) channels in SISO-DRU mode, thus scenarios A2 and C2 in Table 2-6.  

Figure 2-12 gives the distribution of the CQI in PedB and VehA channels. The higher time selectivity of 

the VehA channel compared to PedB channel yields a lower CQI and higher CQI variation. The gap 

decreases with the CQI, thus the gap is higher for lower CQI value (interference limited scenario). 

 

Figure 2-12: CDF of CQI (dB) for PedB and VehA channels. 

 

Figure 2-13 depicts the percentage of MCS selection per distance for PedB and VehA channels with DAV 

and CTC codes. Comparing vertically, we can clearly see lower selection of high order modulations in 

VehA channel for both CTC and DAV due to the lower CQI as compared to PedB (cf. Figure 2-12). 

Comparing horizontally, we can see again DAV to enable higher percentage of high order MCS thanks to 

its better link level performance (cf. Figure 2-5). 
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Figure 2-13: Percentage of MCS selection per distance for PedB and VehA channels. 

 

Figure 2-14 shows the distributions of average sector throughput respectively for PedB and VehA 

channels with DAV and CTC codes. Both scheduled (as allocated by the scheduler) and measured (as 

perceived by the user) throughputs are depicted. 

 

  

Figure 2-14: CDF of scheduled (left) and measured (right) average sector throughput for PedB and VehA 

channels. 
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percentage of use of high order MCS with DAV codes which renders DAV codes more vulnerable to CQI 

prediction errors and thus results in a higher gap between scheduled and measured throughputs. 

2.4 Conclusions and Perspectives 

This chapter presented the system level evaluation of DAVINCI codes and comparison to WiMAX IEEE 

802.16m CTC codes using IEEE 802.16m system level simulator. The latest DAVINCI codes obtained 

from WP4 are used. Moreover, the same configurations as in [D231] are considered for the sake of 

benchmarking. The difference between DAVINCI codes and CTC codes is reflected through the LUT 

mapping the CWER to SNR on AWGN channels for the different MCS used. The DAVINCI gain is 

quantified to less than 0.5 dB all MCS schemes included. The gain is higher for higher order MCS. 

This gain of less than 0.5 dB at the link level converts into less than 5% (in average) in term of scheduled 

average sector throughput, thus almost insignificant in term of average user throughput when several 

users are scheduled. However, this gain is not constant across the user distance from the cell centre; it is 

higher for users closer to the cell center where the percentage of use of high order MCS is higher with 

DAVINCI codes as compared to CTC codes. This leads to the conclusion that DAVINCI codes are 

suitable to increase the peak throughput, rather than average or cell edge throughputs. 

The gain was also quantified in term of measured (perceived) average sector throughput. The difference 

between scheduled and measured throughput reflects the capability of tracking of the channel in the given 

scenario. Three different scenarios were compared: CRU vs. DRU sub-channelization, SISO (1x1) vs. 

SIMO (1x2) modes, Pedestrian B (3Kmh) and Vehicular A (30 Kmh) channels. The higher CQI variation 

of a given scenario, (thus CRU compared to DRU, SIMO compared to SISO, and Vehicular A compared 

to Pedestrian B), resulted in a lower gain of DAVINCI codes than the gain observed in term of scheduled 

throughput, sometimes to the extent that the gain completely vanished. This is due to the incurred higher 

CQI prediction errors which impact more the performance with high order MCS. This renders DAVINCI 

codes more vulnerable to CQI prediction errors than CTC codes. 

In order to preserve the gain of DAVINCI codes, some mechanisms are then needed to mitigate the CQI 

prediction errors. Moreover, in order to enable a significant gain at the system level, outperforming non-

binary link level technologies (from WP5) are required. These are left for future investigation in the final 

deliverable D2.3.3 ñSystem Level Evaluation, Issue 3ò. 
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3. Mutual -Information based PHY abstraction for DAVINCI codes 

3.1 System model 

Figure 3-1 illustrates the system model considered for PHY layer abstraction. In particular, the operating 

levels are shown for the main two mutual-information based PHY abstraction metrics, namely, RBIR 

metric at the QAM symbol level, and MMIB metric at the soft LLR symbol level.  

 

 

Figure 3-1: System model for PHY abstraction. 

 

The following notations are made in the sequel: 

Table 3-1: Notations for PHY abstraction analysis. 

Ni Number of information symbols at the input of the channel encoder 

Nc Number of GF coded symbols at the output of the channel encoder 

Ns 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 

m1 Number of GF symbols per input block to QAM mapping 

m2 Number of QAM symbols per output block to QAM mapping 

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

s Index with range from 0 to q-1 

n Index in the range from 0 to m1-1 

k Index in the range from 0 to m2-1 

ɋ
 

Set of q GF symbols 

A
 

Set of M QAM constellation symbols 

s
 

Vector of Ni information symbols Í ɋ 
 

u Vector of Nc coded symbols Í ɋ 

x Vector of Ns QAM symbols Í A 

r Vector of Ns equalized channel coefficients (one per QAM symbol in s) 

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

y Vector of Ns received QAM symbols Í A 

v 
Matrix of Nc x (q-1) received GF symbol LLR values (assuming soft demapping, 

where q-1 LLR values are calculated per GF symbol) 

Ȅ
 

Vector of Ni received information symbols Í ɋ 
 

 

FEC + 
QAM 

mapping

s QAM 

demapping
+ FEC

-1
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channel
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The signal s of Ni GF information symbolsÍ ɋ is encoded and interleaved using DAVINCI encoder. The 

outcome is the vector u of Nc GF coded symbols Í ɋ. The vector u is then mapped to the vector x of Ns 

QAM symbols Í A, the latter then modulated for transmission according to the characteristics of the 

transmission system in use. 

 

It is noteworthy that the GF and QAM orders, q and M respectively, are not necessarily equal. Thus, a 

unique one GF symbol to one QAM symbol mapping does not generally exist. Instead, a unique mapping 

is defined between a block of m1 GF symbols and a block of m2 QAM symbols, where m1 and m2 are 

chosen with the minimum values fulfilling the equation [D2.2.1]: 

21 mm
Mq =  (1) 

The typical values of m1 and m2 are given in the table below, assuming GF order q = 64 [D2.2.1]. 

Table 3-2: Values of m1 and m2 for different QAM orders and GF order q = 64. 

GF q =  64 BPSK QPSK 16QAM 64QAM 256QAM 

(m1, m2) (1, 6) (1, 3) (2, 3) (1, 1) (4, 3) 

 

The GF to QAM mapping in DAVINCI is formulated herein with: 
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In DAVINCI , a straightforward mapping is chosen based on equal binary representations of the GF and 

QAM mapping blocks u
(?) and x

(?), respectively. Other mapping strategies might perform better, but this is 

left out of scope of this deliverable. 

 

After passing the equivalent channel, assuming a linear receiver, the i-th QAM symbol writes as: 

10; -="+= siiii Niwxy 2r  (3) 

With the assumption that the interference plus noise term wi is complex-valued Gaussian of zero mean 

and variance equal si
2
, the marginal PDF of the received QAM symbol yi conditioned on the transmitted 

QAM symbol xi = am writes as: 
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We define the post-processing SINR corresponding to i-th QAM received symbol as: 

2

2

i

i
iSINR
s

r
=  (5) 

Next the QAM demapping determines the soft LLR values associated with each GF symbol transmitted. 

For GF of order q > 2, there are q-1 > 1 LLR values per GF encoded symbol, unlike the binary case (q = 2) 

where there is one LLR value per encoded bit. In order to limit the complexity for the DAVINCI non-

binary case with q = 64, DAVINCI proposed to use sub-optimum decoders operating with a limited 

number qm << q of LLR values per GF symbol. 

 

In the sequel, we omit the index ? for the sake of simplicity. The qm LLR values at the input of the 

decoder are given below for the n-th GF symbol un in the group u of m1 GF symbols (n = 0 é m1-1) 

mapped to the group x of m2 QAM symbols: 
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Where the s-th LLR value (s = 0 é q-1) for the n-th GF symbol (n = 0 é m1-1) is defined as: 
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Where An
(s)

 represents the set of configurations of the block x of m2 QAM symbols, which map to the 

block u of m1 GF symbols where the n-th symbol un is equal to Ŭs. The cardinality of An
(s)

 is equal to q
m1-1

. 

 

The s-th LLR expression in (2) reduces to the following for QPSK, 16QAM, and 64QAM [D2.2.1], where 

index n is omitted for m1 = 1 (QPSK and 64QAM), and k (k = 0 é m2-1) for m2 = 1 (64QAM). 

 

Eq. (8) LLR expression 
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The decoder finally performs the decoding using the EMS algorithm on all qm LLR inputs per GF symbol 

in the GF codeword u to recover the transmitted GF information word s. 

3.2 RBIR model for DAVINCI  

The RBIR model operates at the QAM symbol level at the input of the QAM demapping. The average 

mutual information between transmitted and received QAM symbols is defined as: 

( ) ( )ä
-

=

=

1

02

2

;
1

;

m

k

kk yxI
m

I yx  (9) 

The above equation holds assuming the symbols { xk} are independent, and the channel between x and y is 

memoryless (i.e. joint PDF of y conditioned on x is equal to the product of the joint PDF of yk
 
conditioned 

on xk). 

The mutual information for the k-th couple of QAM symbols (xk ; yk) can then be derived as: 
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With an equal a-priori probability for all QAM symbols in the alphabet A, the SLMI simplifies to: 
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Defining the variable qk
(m)

 below, its marginal PDF conditioned on xk = am follows a complex-valued 

Gaussian distribution with zero mean and variance equal to the inverse of SINRk: 
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The SLMI can then be obtained from the post-processing SINR through the following LUT: 
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The RBIR metric can then be obtained as: 
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As presented above, the RBIR metric is inherently invariant with respect to the QAM mapping and 

channel coding scheme used. Thus, it does apply without adaptation to DAVINCI non-binary codes. The 

specificity of the QAM mapping and channel coding is only reflected through the LUT mapping the 

CWER to SNR on an AWGN channel. 

3.3 MMIB model for DAVINCI  

Contrary to RBIR, MMIB operates at the GF symbol level at the output of the QAM demapping. The 

original motivation stems from the fact that in the binary case, each bit location in the modulated symbol 

experiences a different ñequivalentò bit channel, which then has to be reflected in the PHY abstraction 

metric (not only through the CWER-to-SNR LUT on AWGN channel). In the general case, this ensures a 

more accurate way to account for the impact of the QAM mapping on the decoder performance 

particularly in the case of asymmetry of the mapping between coded GF symbols and QAM symbols. 

 

The average mutual information between transmitted and received GF symbols is defined as: 
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The above equality holds assuming the symbols {un} are independent, and the channel between u and v is 

memoryless (i.e. joint PDF of v conditioned on u is equal to the product of the joint PDF of vn 

conditioned on un). The inequality I(u;v) ¢ I(x;y) holds by virtue of the data processing theorem.
 

 

In (15), the mutual information needs to be determined for the n-th GF symbol un with its corresponding 

LLR vector vn. The problem that arises at this stage is that the LLR components {vn
(s)

} are dependent and 

the joint PDF of vector vn conditioned on un is not equal to the product of the joint PDF of each 

component vn
(s)

 conditioned on un. It is therefore difficult to determine exactly I(un; vn). Instead, we 

consider the average across the mutual information of all LLR components {vn
(s)

} , which is justified by 

the low selectivity of the mutual information across the LLR components (cf. section 3.4): 
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The problem reduces then to determine the component-wise mutual information I(un; vn
(s)

), which 

similarly to (11) can be derived as follows: 
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In order to determine (17), we need the marginal PDF of vn
(s)

 conditioned on un. In the following, we 

distinguish the two cases m1 = 1 (QPSK, 64QAM), and m1  ̧1 (16QAM). 

 

The MMIB  metric can then be obtained as: 
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3.3.1 Case (m1 = 1): QPSK and 64QAM 

As given in (8), the LLR expression simplifies to: 
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Where index n (n = 0 é m1-1) is omitted for sake of clarity. 

 

The LLR conditioned on i-th GF symbol Ŭi can then be derived as: 
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(20) 

From (20), it appears that the conditional LLR is Gaussian distributed with mean and variance below: 
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By re-writing (21) into vector form: 
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The 3-D matrices B and C, with B(k,i,s) = bk
(is)

 and C(k,i,s) = ck
(is)

 are only specific to the GF to QAM 

mapping used, and therefore they can be determined offline. 

 

Thus, for a given realization of the post-processing SINR (i.e. configuration of SINR vector), the mutual 

information in (17) can be determined numerically, considering Gaussian distributions of the conditional 

LLR with means and variances determined from SINR and pre-computed matrices B and C. It is possible 

to determine offline the mapping between SINR vector and mutual information, but this will require (m2 x 

1) LUT with m2 inputs and 1 output (if we consider the average over all component-wise as in (16)). For 

the particular case of m2 = 1 (64QAM), this reduces to 1x1 LUT, thus similar to RBIR model. 

3.3.2 Case (m1  ̧1): 16QAM 

From (8), the LLR expression here is given by: 



DAVINCI   D2.3.2 v1.0 

 Page 23 (29) 

()

() ()

()

() ()

()

ö
ö
ö

÷

õ

æ
æ
æ

ç

å
-

--
ö
ö
ö

÷

õ

æ
æ
æ

ç

å
-

-= ää
-

=AÍ

-

=AÍ

1

0
2

2
0
,

1

0
2

2

,
2

00

2

jaclogjaclog

m

k k

knkk
m

k k

s
knkks

n

ayay

nn
s

n
s

n
s

r

s

r
l

aa

 (23) 

The PDF of the LLR conditioned on i-th GF symbol Ŭi can be found as: 
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The PDF in (24) writes therefore as the summation of PDF. It is not straightforward to approximate 

accurately each PDF in the summation of PDF in (24). 

Numerical evaluation in section 3.4 shows the PDF in (24) to write as the summation of Gaussian PDF: 
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The maximum number of PDF seems to be limited by log2(M) = 4, and the PDFs are often disjoint.  

 

In order to determine the mutual information in (17), there is a need to characterize the following number 

of unknowns (means and variances) as a function of the vector of SINR: 
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This is obviously not a practical solution, which leads to the conclusion that the MMIB model is not 

suitable for the GF to QAM mapping with m1  ̧1. 

3.4 Numerical Results 

Figure 3-2 shows the mapping between QAM symbol level mutual information and SINR for BPSK, 

QPSK, 16QAM, and 64QAM modulations. The mapping is one-to-one with 1 input equal to scalar SINR 

per QAM symbol and 1 output equal to the corresponding symbol level mutual information. 

 

Figure 3-2: QAM SLMI  vs. SINR for different constellations. 

 

Figure 3-3, Figure 3-4, and Figure 3-5 illustrate the PDF of the 4
th
 LLR (Ŭs = 4) conditioned on 39

th
 GF 

symbol (Ŭi = 39) in QPSK, 16QAM, and 64QAM, respectively. We assume equal SINR values over the 

m2 components of vector SINR. Figure 3-3 and Figure 3-5 show perfect match of the Gaussian PDF and 
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measured PDF for QPSK and 64QAM respectively, which validates the analytical study in section 3.3.1. 

On the other hand, Figure 3-4 shows a PDF equal to the sum of 2 Gaussian PDFs as presented in the 

analysis in section 3.3.2. 

 

 

Figure 3-3: Conditional LLR PDF in QPSK for Ŭs =  4 and Ŭi =  39. 

 

 

Figure 3-4: Conditional LLR PDF in 16QAM for Ŭs =  4 and Ŭi =  39. 

 

 

Figure 3-5: Conditional LLR PDF in 64QAM for Ŭs =  4 and Ŭi =  39. 

 

Figure 3-9, Figure 3-7 and Figure 3-8 show the GF symbol level mutual information as a function of the 

LLR index, respectively for QPSK, 16QAM, and 64QAM constellations. From these figures, we can 

observe the GF symbol level mutual information to keep constant for SINR up to 0 dB in QPSK, 10dB in 

16QAM, and 20 dB in 64QAM. From the perspective of SNR vs. CWER, these SINR thresholds 
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represent somehow the regions of operations of the modulations. For higher SINR values, the GF SLMI 

starts exhibiting some variation, but this is limited to very few LLR indexes, where the majority of LLR 

indexes keep nearly similar GF SLMI values. This leads to the conclusion that GF SLMI per LLR index 

is nearly constant, and therefore all soft LLR values exhibit nearly the same ñequivalentò channel. 

 

 

Figure 3-6: GF SLMI  vs. LLR index for QPSK. 

 

 

Figure 3-7: GF SLMI vs. LLR index for 16QAM. 

 

 

Figure 3-8: GF SLMI  vs. LLR index for 64QAM. 

 

Since the GF SLMI is nearly flat over the range of LLR index, the use of an abstraction metric of the GF 

SLMI equal to the average over all LLR indexes is justified, as assumed in (16). Figure 3-9 shows the GF 

SLMI vs. SINR, where equal SINR values are assumed for all the m2 components of vector SINR. For 

QPSK and 64QAM, we use both measured PDF and Gaussian PDF for conditional LLR. 
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