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First,

The main flow of this talk

We investigate the FER of non-binary polar codes

with all the non-binary 2 X 2 kernels of type E (1)
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The main flow of this talk

We investigate the FER of non-binary polar codes

with all the non-binary 2 X 2 kernels of type E (1)

We propose non-binary 4 X 4 kernels with
the same complexity of encoding and SC decoding

but better FER performance
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Some frozen symbols are sent thru the channel
in which the reliability is lower;
and information symbols are sent thru the channels
in which the reliability is higher
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Simulation environment
* Non-binary symbols over GF(16)
* Code length : 64 symbols = 256 bits

* Coderate: 14 (32 frozen symbols and 32 data symbols)

e 2 X 2 kernels [117 (1)

* Channel : AWGN channel
* Modulation: 16 QAM (each symbol has 4-bit meaning)

* Decoding : Successive Cancelation (SC) decoding




ee Simulation result with 2 X 2 kernels
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Question

Can we improve the performance
using some 4 X 4 kernels
instead of 2 X 2 kernels,
while maintaining the complexity of
encoding/SC decoding ?




oo Proposed type of 4 X 4 kernel

"1 0 0 O] P D
r=|Y 1 0 0 % )
“16 0 1 0 o
yé6 o y 1. 5 t
1 0 1 0 P
ly 1]®[6 1] 1%
where

v, 6 € GF(2™),y,6 # 0

The same complexity of encoding/decoding

as those using 2 X 2 kernels [; (1)]



using the proposed 4 X 4 kernel
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Sub-kernels F,, and F 5 for y and 6
of the proposed 4 X 4 kernels

v e

The sub-kernels E, and Fs appear alternately
during the encoding and decoding process
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f =y or 6 depending on whether

s* Notation

P4, P,, Py, P, : a posteriori probability (APP) vectors
t, : symbol corresponding to the APP vector Pj

t,: symbol corresponding to the APP vector P,

kq, k, : decoding phase for 1 < k < n,

the current sub-kernel is E, or Fs

« Py =[P (0), P (a®),.., P (a?"7?)
* P, =[P,(0), P,(a?), ..., P,(a?"72)]
. Py =[P[(0), P{(a®), .., P{(a?"7?)
- Py =[P;(0), Py(a®), ..., P3(a?"2)
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1
Pi(u,) = m

Uk, € GF(2™)

1
PZI(ukz) = Z_mpl(uk1€B'8uk2)P2(uk2)

P,

Py (uk1 EB,BURZ)PZ (ukz)

In decoding phase k;,

PUki|Yn,Uki‘1 = [""PUki|Y",U"i‘1(u|yn'u L 1), ] , Whereu € GF(2™)

o ki—1
i, = argmax P n k._1(u|y” uti )
U, Y™ uki ’
L yecrem Ukl

by recursively updating the messages
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I Simulation environment

* Non-binary symbols over GF(16)
* Code length : 64 symbols = 256 bits
* Coderate: 14 (32 frozen symbols and 32 data symbols)

1 0

e 4 X 4 kernels v o1

0 O]
0 O

6o 0 1 0

yo o y 1.

* Channel : AWGN channel
* Modulation: 16 QAM (each symbol has 4-bit meaning)
* Decoding : Successive Cancelation (SC) decoding

-1y AJels 1
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oo Comparison of FER performance
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Comparison of FER performance
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Comparison of FER performance
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Conclusion

e We confirmed the existence of 4 X 4 kernels with better FER

performance than using the best 2 X 2 kernel of type E (1)

* This also has the advantage of having the same complexity of
encoding and SC decoding
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e We confirmed the existence of 4 X 4 kernels with better FER

performance than using the best 2 X 2 kernel of type E (1)

* This also has the advantage of having the same complexity of
encoding and SC decoding

*¢* Future research:

1. For 2 by 2 case, do we know some fundamental reason why one is better
than the other?

2. Isittrue that the best 4 by 4 is always better than the best 2 by 2 ? Why?
3. Can an 8 by 8 or larger size kernels improve more?




Any Questions or Comments?



