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Requirements docomo

« Good performance for variable data size
— From small data to large data
— With wide variation of coding rate
— Support of IR as a baseline

« Low decoding latency/complexity
— Low complexity may lead to low energy consumption

« Support of ultra high reliability

— No error floor preferred for URLLC, if retransmission is not
allowed

= Combination of requirements needs to be considered
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Channel Code Candidates docomo

« Multiple codes may be needed for NR to support full
combinations of requirements
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Proposed Primary Study Points décomo

« The best code for large data with low latency/complexity
— LDPC vs. Polar vs. Turbo (as reference)

« The best code for small data with high reliability
— Polar vs. Conv. code with LIST decoding fierng/laQE

Relevant for eMBB
and URLLC

(can be used also for mMTQ)

Large data
performance

Small data
performance
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High reliability
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Example Combinations docomo

e LDPC (or Turbo) + Polar codes

— LDPC (or Turbo) for large data with low latency/complexity
— Polar for small data and/or high reliability

e LDPC (or Turbo) + Conv. codes

— LDPC (or Turbo) for large data with low latency/complexity
« With LIST decoding for high reliability???

— Conv. code for small packet with low latency/complexity
« With LIST decoding for high reliability

« Polar code only (if feasible...)

Two schemes at maximum should be supported in NR Phase |
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Preliminary Evaluation of Polar Code/TBCC
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PERFORMANCE
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Simulation Parameters docomo

 In this contribution, we follows the agreed simulation assumption for
URLCC and mMTC

Parameters Values or assumptions
Channel* AWGN

Modulation QPSK

Coding Convolution Polar
Scheme al codes

Code rate 1/12 1/3

Decoding List-X List-Y
algorithm Viterbi

Info. block 20, 40, 200, 600, 1000
length (bits

w/0o CRC)
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Convolutional Code docomo

 Tail-biting convolutional code employing generator polynomial of
— (133, 171, 165) for 1/3 (same as LTE)
— (133,171, 165, 117, 135, 157, 135, 123, 173, 135, 171, 135) for 1/12
« Based on R1-164356
« Rate matching also follows LTE

« 16 bits CRC (assumed to be ideally detected) is used for selecting the
code words

— Therefore, CRC insertion loss considered to calculate E,./N,
« The LVA selects the best-L surviving paths per STATE

« Listsize, L, is parameterized to obtain the performance for different
complexity
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Polar Code docomo

« Quasi-uniform puncturing is used to fit the code word size
— e.g., 60 bits code word size is generated by puncturing 4 bits from 64bits

« 16 bits CRC (assumed to be ideally detected) is used for selecting the
code words

— Therefore, CRC insertion loss considered to calculate E,/N,

« List size, L, is parameterized to obtain the performance for different
complexity
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k=20bits, n=60Dbits (R=1/3)
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k=40bits, n=120bits (R=1/3)
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Comparison in same number
of list size (L: List size)

Complexity comparison

Polar TBCC TBCC/Polar
1 1280 38463 30.0
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(detail is described in slide #20,#21)
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k=200bits, n=600bits (R=1/3)
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Co

Comparison in same number
of list size (L: List size)

Complexity comparison

Polar TBCC TBCC/Polar
1 13312 115903 8.7
2 30720, 218367 7.1
. 8| 155648 1089151 7.0
32| 753664| 5801087 7.7

(detail is described in slide #20,#21)
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Comparison in same number
of list size (L: List size)

Complexity comparison

Polar TBCC TBCC/Polar
1 28672 320703 11.2
2 65536 627967 9.6
. 8| 327680 3239551 9.9
32[ 1572864| 17372287 11.0

(detail is described in slide #20,#21)
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k=1000bits, n=3000bits (R=1/3)d
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Complexity comparison
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(detail is described in slide #20,#21)
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k=20bits, n=240bits (R=1/12)

docomo

BLER

10

104

Comparison in same number
of list size (L: List size)

Complexity comparison

Polar TBCC TBCC/Polar
1 2816 65343 23.2
2 6656 75647 11.4
. 8 34816/ 163071 4.7
32 172032 635647 3.7
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(detail is described in slide #20,#21)
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k=40bits, n=480bits (R=1/12)
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Comparison in same number
of list size (L: List size)

Complexity comparison

Polar TBCC TBCC/Polar
1 6144 130623 21.3
2 14336 151167 10.5
. 8 73728 325631 4.4
32 360448 1269247 3.5

(detail is described in slide #20,#21)
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k=200bits, n=2400bits (R=1/12)d
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Comparison in same number
of list size (L: List size)

Complexity comparison

Polar TBCC TBCC/Polar
1 61440 380863 6.2
2| 139264 483327 3.5
. 8| 688128 1354111 2.0
32[ 3276800f 6066047 1.9

(detail is described in slide #20,#21)

18



d

NTT

ocomo

COMPLEXITY
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Polar Code (SCLD)

NTT

Addition Comparison
(Subtraction)
f operation L(N/2)log,N
g operation L(N/2)log,N
Path Metric LN
calculation
Sort 2LN(log-(2L))
Total number | LN{(1/2)log,N | LN{(1/2)log,N
of operation +1} +2log,(2L)}

Cost of addition and comparison is assumed to be equal

N: Total number of coded bits (including puncturing)

L: List size
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TBCC docomo
Addition Comparison
(Subtraction)
Initial state | Branch metric 25(1/R-1)k,,
estimation calculation
Path metric 25k, Sk,
calculation
Sequence Branch metric 2S(1/R-1)k
estimation calculation
Path metric 2L Sk
calculation
Sort 2L Sk(log,(2L))
Find optimum path LS-1
Total number of operation 2S5{(1/R-1) Sk,+LS-1
(ky+K)+k,+Lk} | +2SLk(log,(2L)

k: Total number of information bits, k;: Total number of head bits

Cost of addition and comparison is assumed to be equal

S: Number of state, L: List size, R: Coding rate before rate matching (=1/3)
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