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25 0 0 0 0 0 0 0 0 22 222 | 234 | 281 | 124 0 194 6 58
0 121 | 276 | 220 [ 201 | 187 | 97 4 128 46 0 0 0 0 0 0 0 0
1 89 87 | 208 | 18 | 145 | 94 6 23 1 23 72 [ 172 1 205 | 279 4 27
3 84 0 30 | 165 | 166 | 49 33 | 1682 6 136 | 17 [ 295 | 166 0 255 | 74 | 141
4 20 | 275 | 197 5 108 | 279 | 113 | 220 25 7 116 | 383 [ 96 65 0 111 16 11
6 150 | 199 | 61 15 82 | 139 | 49 43 14 182 | 312 | 46 81 183 [ 54 28 | 181
7 131 | 153 [ 175 [ 142 [ 132 | 166 | 21 186 a7 0 0 0 0 0 0 0 0
8 243 | 56 79 16 [ 197 [ 91 6 96 0 195 | 71 [ 270 [ 107 0 35 [ A 163
10 136 | 132 | 281 | 34 41 | 106 | 151 1 2 243 | &1 110 | 176 0 326 [ 142 [ 13
11 86 | 305 | 303 [ 155 | 162 | 246 | 83 | 216 26 4 215 | 76 | M8 | 212 0 226 | 192 | 169

3 12 246 | 231 | 2563 | 213 | 57 | 345 | 154 | 22 15 61 | 136 | 67 | 127 | 277 | 99 | 197 | 98
13 219 | 341 | 164 | 147 | 36 | 269 | &7 24 48 0 0 0 0 0 0 0 0
14 211 | 212 | 53 69 | 115 | 185 5 167 1 25 | 194 | 210 [ 208 | 45 9 98 | 165
16 240 | 304 [ 44 96 [ 242 ] 249 92 [ 200 27 6 104 [ 194 [ 29 [ 141 [ 36 [ 326 [ 140 [ 232
17 76 | 300 | 28 74 | 165 | 215 [ 173 [ 32 8 194 | 101 [ 304 [ 174 | 72 | 268 | 22 9
18 244 | 211 | 77 99 0 143 | 120 | 235 49 0 0 0 0 0 0 0 0
20 144 | 39 [ 319 | 30 [ 113 | 121 2 172 0 128 | 222 | 11 | 146 | 275 | 102 4 32
2 12 | 357 | 68 | 158 | 108 | 121 | 142 | 219 4 165 | 19 [ 293 | 153 0 1 1 43
22 1 1 1 1 1 1 0 1 28 19 181 | 244 | 50 | 247 [ 155 | 40 40 | 200
25 0 0 0 0 0 0 0 0 21 63 [ 274 | 234 [ 114 [ 62 [ 167 [ 93 [ 205
0 157 | 332 | 233 [ 170 | 246 | 42 24 64 50 0 0 0 0 0 0 0 0

4 1 102 | 181 [ 205 | 10 [ 235 | 256 | 204 | 211 1 86 | 252 | 27 | 150 0 273 | 92 | 232
26 0 0 0 0 0 0 0 0 14 236 5 308 | 11 180 [ 104 | 136 | 32
0 205 | 195 | 83 | 164 | 261 | 219 | 185 2 29 18 84 | 147 | 117 | 53 0 243 | 106 | 118
1 236 | 14 [ 292 | 59 | 181 | 130 | 100 [ 171 25 6 78 29 68 42 | 107 6 103

5 3 194 | 115 [ 50 86 72 | 251 | 24 47 51 0 0 0 0 0 0 0 0
12 231 | 166 | 318 | &0 | 283 | 322 | €5 | 143 20 0 216 | 159 | 91 e 0 171 2 170
16 28 | 241 | 201 [ 182 | 254 | 295 | 207 | 210 10 73 1 229 | 23 [ 130 [ 90 16 88 | 199
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21 123 51 267 | 130 79 | 258 | 161 | 180 13 120 | 260 | 105 | 210 | 252 | 95 112 | 26
22 115 | 157 | 279 | 153 | 144 | 283 | 72 180 24 9 90 135 | 123 | 173 | 212 20 105
27 0 0 0 0 0 0 0 0 52 0 0 0 0 0 0 0 0
0 183 | 278 | 289 | 158 G0 | 294 6 199 1 95 100 | 222 | 175 | 144 | 104 4 73
3 22 257 | M 119 | 144 | 73 27 22 7 177 | 215 | 308 | 49 144 | 297 49 149
10 28 1 253 | 113 | 169 | 330 | 163 23 Eal 22 172 | 258 66 177 | 166 | 279 | 125 | 175
i 67 351 13 Fal a0 EE] 50 100 25 61 256 | 162 | 128 19 | 222 | 194 | 108

6 13 244 92 | 232 | 63 59 172 | 48 92 53 0 0 0 0 0 0 0 0
17 11 253 | 302 | M 177 | 160 | 24 | 207 0 221 | 102 | 210 | 192 0 351 [} 103
18 157 18 138 | 136 | 151 | 284 | 38 52 12 112 | 201 22 | 209 | 211 | 265 | 126 | 110
20 211 | 225 | 235 | 116 | 108 | 305 | 91 13 32 14 199 | 175 | 211 58 36 338 63 151
28 0 0 0 0 0 0 0 0 24 121 | 287 | 217 | 30 162 | 83 20 | 21
0 220 9 12 17 169 3 145 i 54 0 0 0 0 0 0 0 0
1 44 62 38 76 189 | 103 | 88 146 1 2 323 | 170 | 114 0 56 10 199
4 169 | 316 | 207 | 104 | 154 | 224 | 112 | 209 2 187 [i] 20 49 0 304 30 132
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29 0 0 0 0 0 0 0 0 0 127 | 230 | 187 | &2 197 | 60 4 161
0 112 | 307 | 285 | 33 54 | 348 | 172 | 181 7 167 | 148 | 296 | 186 0 320 | 153 | 237
1 4 179 | 133 | 95 0 75 2 105 34 15 164 | 202 5 68 108 | 112 | 197 | 142
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1 21 133 | 286 | 105 | 134 | 114 53 221 58 0 0 0 0 0 0 0 0
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3 0 0 0 0 0 0 0 0 0 167 | 185 | 151 | 123 | 150 | 164 91 121
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0 179 [ 72 0 200 | 42 86 43 29 2 29 67 0 90 | 142 [ 36 164 | 146
4 1 214 | 74 | 138 16 24 67 27 140 7 143 | 137 | 100 6 28 38 172 | 66
1 7 29 | 157 [ 101 51 83 | 117 | 180 26 12 160 | &5 13 | 221 | 100 | 53 49 [ 190
14 0 0 0 0 0 0 0 0 13 122 | &5 7 6 133 [ 145 [ 161 &b
0 231 10 0 185 [ 40 79 | 136 [ 121 36 0 0 0 0 0 0 0 0
1 M 44 | 131 [ 138 | 140 | &84 49 M 0 8 103 0 27 13 42 168 | 64
5 5 194 | 121 [ 142 | 170 | &4 35 36 169 27 6 151 50 32 118 | 10 | 104 | 193 | 181
7 159 | 80 [ 141 | 219 | 137 | 103 | 132 | 88 37 0 0 0 0 0 0 0 0
11 103 [ 48 64 [ 193 [ T1 60 62 | 207 1 98 70 0 216 | 106 | 64 14 7
15 0 0 0 0 0 0 0 0 28 2 101 ] M1 [ 126 | 212 | 77 24 | 186 | 144
0 155 | 129 0 123 [ 109 | 47 7 137 5 135 | 168 | 110 | 193 | 43 [ 149 | 46 16
5 228 | 92 | 124 | 55 87 | 154 | 34 72 38 0 0 0 0 0 0 0 0
6 7 45 100 | 99 Ell 107 | 10 | 198 | 172 0 18 110 0 108 | 133 | 139 | &0 25
9 28 49 45 [ 222 | 133 | 155 | 168 | 124 29 4 28 17 154 | 61 25 | 161 27 57
1 158 | 184 | 148 | 209 | 139 | 29 12 56 39 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 2 71 120 0 106 | &7 84 70 37
1 129 [ 80 0 103 [ 97 45 | 163 [ 86 5 240 | 154 35 44 56 | 173 17 | 139
5 147 | 186 [ 45 13 135 | 125 [ 78 186 30 7 9 52 51 185 | 104 | 93 50 | 221
7 7 140 16 | 148 | 105 [ 35 24 [ 143 | &7 9 84 56 134 1176 | 70 29 6 17
11 3 102 | 96 | 150 | 108 | 47 | 107 | 172 40 0 0 0 0 0 0 0 0
13 116 | 143 [ 78 | 181 65 55 58 154 1 106 3 0 147 ] 80 | 17 | 115 | 201
17 0 0 0 0 0 0 0 0 kil 13 1 170 20 182 | 139 | 148 | 189 | 46
0 142 | 118 0 147 [ 70 53 | 101 | 178 41 0 0 0 0 0 0 0 0
8 1 94 70 65 43 69 kXl 177 | 169 0 242 [ 84 0 108 | 32 | 116 | 110 | 179
12 230 | 152 | &7 [ 152 | &8 | 161 22 | 225 2 5 44 [ 20 21 89 73 0 14
18 0 0 0 0 0 0 0 0 12 166 | 17 122 110 ™ 142 [ 163 | 116
1 203 | 28 0 2 97 | 104 | 186 | 167 42 0 0 0 0 0 0 0 0
8 205 | 132 | 97 30 40 [ 142 | 27 | 238 2 132 | 165 0 Ikl 135 | 105 [ 163 | 46
9 10 61 185 | 51 184 [ 24 99 [ 205 [ 48 1 7 164 | 179 83 12 [ 137 | 173 2
11 247 | 178 | &5 &3 49 64 &1 65 10 235 | 124 13 109 2 29 179 | 106
19 0 0 0 0 0 0 0 0 43 0 0 0 0 0 0 0 0
0 11 59 0 174 | 46 | 111 | 125 | 38 0 147 | 173 0 29 37 11 197 | 184
1 185 | 104 | 17 | 150 | #1 25 60 [ 217 e 12 &5 177 19 | 201 25 4 191 | 135
10 6 0 22 | 156 8 101 [ 174 [ 177 | 208 13 36 12 78 69 | 114 | 162 | 193 | 141
7 117 [ 52 20 56 96 23 51 232 44 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 1 57 77 0 Ell 60 | 126 | 157 | &5
0 11 32 0 99 28 Ell 39 178 15 5 40 184 | 157 | 165 | 137 [ 152 | 167 | 225
7 236 | 92 7 138 | 30 [ 175 | 29 | 214 11 63 18 6 55 93 [ 172 [ 181 | 175
11 9 210 | 174 4 110 | 116 | 24 35 168 45 0 0 0 0 0 0 0 0
13 56 154 2 99 64 | 141 8 51 0 140 | 25 0 1 121 73 197 | 178
21 0 0 0 0 0 0 0 0 1 2 38 151 63 175 | 129 | 154 | 167 | 112
1 63 39 0 46 33 [ 122 | 18 124 7 154 | 170 82 83 26 | 129 [ 179 | 106
12 3 111 93 | M3 [ 247 [ 122 | 11 155 | 122 46 0 0 0 0 0 0 0 0
1 14 11 48 [ 109 [ 13 4 49 72 10 219 | 37 0 40 97 [ 167 [ 181 | 154
22 0 0 0 0 0 0 0 0 37 13 151 Ell 144 | 12 56 38 193 | 114
0 83 49 0 7 76 29 32 48 47 0 0 0 0 0 0 0 0
13 1 2 125 | 112 | 113 | 37 91 53 57 18 1 EXl 84 0 7 1 112 | 157 | 42
8 38 35 | 102 | 143 | 62 27 95 167 5 66 151 93 97 70 7 1731 4
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13 232 | 163 | 27 | 116 | 97 | 166 | 109 | 162 49 0 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0 0 2 0 103 0 98 6 160 | 193 78
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15 10 175 63 73 200 96 103 | 108 [ 217 13 120 | 163 | 143 36 102 82 179 | 180
11 213 | 81 99 [ 110 [ 128 [ 40 | 102 | 157 50 0 0 0 0 0 0 0 0
25 0 0 0 0 0 0 0 0 1 129 | 147 0 120 48 132 | 191 53
1 203 | &7 0 75 43 78 | 125 | 170 M 5 229 7 2 101 47 6 197 | 215
16 9 142 | 177 79 158 9 158 3 23 11 118 60 55 81 19 8 167 | 230
" 8 135 | 111 | 134 | 28 17 54 | 175 51 0 0 0 0 0 0 0 0
12 242 | 64 | 143 ] 97 8 165 | 176 | 202
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w(Q)

101

30

229

Q
584
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369

588
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118
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379
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887

924

101
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653

636

764
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381

539
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648
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639
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102
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K,, = 8448 K, = 3840
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end
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/ K, K’and BG /

Z. = min(Z),
such that

K, *Z. > K’

Find iy in Table
5.3.2-1

end
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/ b, C, K, K’and L /

| CRC encoder | 1

]
| by(r, k) = py(r, b+ L- K" |

Yes 1
| k=k+1 |
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N = 66Z, N = 50Z, I
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/ BG, Z, and if¢ /

No
BG =1
Yes
rowH = 46 rowH = 42
colH = 68 colH = 52
Hpg; = Table Hgg = Table
53.2-2 5.3.2-3

| H = zeros(rowH, colH) |

R
Yes

) —" — | —
| H(Hpgli, 1), Hgcli, 2)) = mod(Hpgli, 2 +irs), Z,) | | i=i+1 |
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/ ¢y Z., Cand K / end

l No
[ ]
1 Yes
¥ r<cC
k=27,
1
r=r+1
Yes
Yes No
No
A
d(r, k-2Z) =c(r, K elr, k) =0
d,(r, k - 2Z,) = <NULL>
k=k+1
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&0l JOKk E 000l kN EOKE & NeeJ n%i0&N NI &
[ 1

~ o~ ~ o~

hnEEkgNUEBNKRT KNNT NT O. OkEce] O

43



( start )

A 4

/ ¢, Z,, C,Nand K / end

l No
r=0
r Yes
& r<C
k=K
r=r+1
v
LDPC encoder Yes No
d(r, k- 2Z.) = w(r, k - K)
k=k+1
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start
Irgrors TBSpprar, N
» Cand Rygpy

'

N, = floor(TBS; grar/(C* Rygrap)

Yes

y
I Ny=N | I Ny = min(¥, N,

end
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CBGTIgy, = ones(1, €)

!

CBGTI =11

CBGTIe ( CBGTI(CBGTI <€) + 1) =0

A 4

C’ = sum(CBGTIg,,)

end

K@ Arjdl1 T Kk RF EENKeé B¢ e o J Ok EN
K@BUOLmrEA | T ij N1 T kK R E E N KG8GT!)&I NFK&l enl EINO
KNy 97 nNiE XM R @ih gk B0 O INEKEBSET B JE IR €

~w A

NNEOI k n EPN'EIE R I ST Fe s O B S iNe

C. CBGTly,, C',
N a

G, N, and 0,

E,(r + 1) = N0, 7ceil(G/N,*@,,"C)

KS@jArjdli ¥ k RF EENKenl | Heé
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e, d, C, E, ky, Ny, BG and
"y

d (mod(ky + j, Nep) + 1)
= <NULL>
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Yes
/ ¢y Cand 0y, / 0
{
| Find E, | | rerd |
T No
r=0 Ye
]
| —— j=j+1
i=0 No

K BYOLMIE®| T ij
TAhINenT FrainEENEI

v
(2]
O
el
X
m
-
;l
-3\
Ex
=
=
| —

3BENKTI nl 6Kinj] ET Kk RFEKI AL

[

f, Cand K end
J No
r=0and k=0 |
I Yes r<C
L3
| Find E, |

| j=i+1 |
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GIFIT bl KqT n NEOFf Oh n EKIL h IE§H GOPG dates NDH

| KNEI T e] hel ] 05 0G| 1X oGkl | KEQIESne EENG LT hIBN

Gl 1J1edt]|6G_Krahskissiod A1 I ] nNEENKENnTI T A1 NKN
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4| «] Bitinterleaving M File
5 | CodeBlockConcatenation M File

| CRCEncoder0 M File
/ | CRCEncoder M File
l| | CRCEncoder? | M File
| encodelDPC5G M File
2| «] LDPCEncoding M File
| matrix5G M File
| matrix5GH M File
3| | RateMatching I M File
OI | Sementation I M File
| test_5G_Transmission M File
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[, BG] = CRCEncoderl(a,R):

[br,K prime,K,Z c,i L5,C,L] = Sementation(b,BG):

[c,Null] = CRCEncoder2 (br,C,K prime,L,K);

[d, N,Null d] = LDPCEncoding(c,BG,K,Z c,Null,i L5);

[e,E_r]= RateMatching(d,Z c,BG,C,N,Null d,I LBRM,TBS_ LBRM,rv_id,Om,N_L,G):

f = BitInterleaving(e,E r,Om,C):

g = CodeBlockConcatenation(f,G,E r,C);
K@|.TOIrmd ] nNEENKOJ Kn
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Columns 1 through 16

Columns 17 through 32
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Columns 33 through 48

Columns 49 through 60
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A0 I h OKEREKE&EE ©RKEKL 6L

Columns 1 through 13

Columns

Columns

Columns

Columns

Columns

Columns

Columns

Columns

Columns

Columns

1 0

0 1

1 1

0 0

[}
[}

41306 J ALDRCENK O & ONK T

1 through 26

57 through 64

85 through 112

0 0 0 0

113 through 140

0 1 1 1

141 through 168

1

1

1

0

14 through 26

=

27 through 39

]

40 through 52

53 through &0

]
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0

Column

Column

Columns

Columns

Column

Columns

Columns

Columns

Columns

O«
—_—

1 0 0 0 1 0 1 0 0 1 1 1 1 1 1 0 0 0 1 1 0 1 1 0 1 0
s 169 through 196
1 1 0 0 1 1 0 0 1 0 0 1 0 1 1 0 1 0 1 1 0 1 1 1 0 0
5 197 through 224
0 1 1 } 1 0 1 1 0 1 0 1 1 0 1 0 0 } 1 1 0 0 1 0 0 1
225 through 252
o 0 0 0 0 0 1 1 0 1 0 1 o o 0 0 0 1 1 0 0 0 0 0 0 0
253 through 280
1 1 1 1 0 0 1 0 0 1 0 1 0 1 0 0 0 0 1 0 1 0 0 0 0 1
5 281 through 300
0 0 0 1 1 0 0 0 1 1 0 0 0 0 1

iq | EL®PG KAl k nE& NEE
E DR NKEIK' Ok | n8ENET Ni El EnNNKooT 8 Eex
Daml IN@:h 661 EoT I Kgén KT

A _ - -
.h /vII |1/1
4.80 J OKENK]|] Kni Nl KNKI nlL
7 1 b T 1
1 through 28
0 1 1 1 0 1 0 1 0 1 0 1 0 1 1 1 0 1 0 1 0 1 1 1 1 1 0
29 through 56
0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
57 through 84
1 1 0 0 0 0 1 0 1 0 1 0 0 1 0 0 0 0 1 0 1 0 1 0 0 0 1
85 through 100
1 0 0 1 1 1 1 1 1 0 1 1 0

=
Columns 1 through 28
0 1 0 1 0 1 0 0 1 0 1 1 1 1 1 0 1 0 1 1 0 1 1 0 1 1 1 0
columns 29 through 5
0 0 1 0 1 0 1 1 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 1
colunns 57 through 84
1 0 0 1 1 0 1 1 1 0 0 1 0 0 1 1 1 0 0 1 0 0 0 0 1 0 1 0
Columns 85 through 100

1 Q06 I KAl Kk AEENEE
0 T || KEAN 1 kT nif@naNsbE EENGK O 1 KKa
JNE nOl T nEENR

-Z
A
r=
~
=
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Columns 1 through 28

0 1 0 1 0 1 0 0 1 0 1 1 1 1 1 0 1 0 1 1 0 1 1 0 1 1 1 0
Columns 2% through 56

0 0 1 0 1 0 1 1 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 1
Columns 57 through 84

1 0 0 1 1 0 1 1 1 0 0 1 0 0 1 1 1 0 0 1 0 0 0 0 1 0 1 0

Columns 85 through 100

0 0 0 0 1 0
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3 OIBrowfeiKOr I nET nrj Onél EG)
§ Dop.evel Entity Erditp N @Hd cdidbIfiDy, T © N
I3H.r O

Ok New Project Wizard x

Directory, Name, Top-Level Entity

What is the working directory for this project?

|C JUsers/map? D,fDESktDpj‘TEStZ‘ |

What is the name of this project?

|CRCEncoder‘I |

What is the name of the top-level design entity for this project? This name is case sensitive and must exactly match the entity name in the
design file.

|CRCEncoder‘I |

Use Existing Project Setfings...

< Back Finish Cancel Help

- . , X — o
ERNet N HEKOJ | n
Ok New Project Wizard x
Project Type
Select the type of project to create

@ Em pty project
Create new project by specifying project files and libraries, target device family and device, and EDA tool settings.
O Project template

Create a project from an existing design template. You can choose from design templates installed with the Quartus Prime software, or

download design templates from the Design Store.

Finish Cancel Help

K@OIT®EIN® nNELnl KATEnl T h|] KNS
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3 ' OBrowkeN i@ kKad, O 1 1T © E ENBYK AEEDR G N1
(O New Project Wizard *

Select the design files you want to include in the project. Click Add All to add all design files in the project directory to the project.

Note: you can always add design files to the project later.

File name: | | Add
& K] [ adaau
FileName Type Library Design Entry/Synthesis Tool HDL Version T
up
Down
Properties
Specify the path names of any non-default libraries. |User Libraries..
< Back Finish Cancel Help

K GOTT iorN® n NeB- LEn6l | KKAGT 86ék N | E oeld k

4' Ol n ENKO Kk NI EFamiEIE XTRIOEYEIENS KIIE IEEC
Ok NEI 61 n EmMMEHLKEPNE NajRBERR®E0d o irr - QO
(O New Project Wizard be
Family, Device & Board Settings

Device Board

Select the family and device you want to target for compilation

You can install additional device support with the Install Devices command on the Tools menu.

To determine the version of the Quartus Prime software in which your target device is supported, refer to the Device Support List webpage.

Device family Show in *Available devices' list

Family: |Cyclone IV E h Package: Any -
Device: [All Pin count: Any T

Target device Core speed grade: | Any =

O Auto device selected by the Fitter Marmne filter:

® Specific device selected in ‘Available devices' list Show advanced devices

Other. nfa

Available devices:

Name Core Voltage Total 1/0s GP10s Memory Bits Embedded multiplier 9-| bi ™

EpacesE29c7 wm _

< Back Finish Cancel Help

KGO EINO nNELnl KAT 6k NFEIFNR]| E
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5 ' O MdsignrEhtry/ @EheSEvol e FORSto@k ©1 6 Kk N
Format(s) VROD® N Gmdlaide’ EGD3ok Na@hdhRdelSkiier® k ©1 6 k N
Formatis)VRIE N E FimdRh BR O] T nr O

(S New Project Wizard X

EDA Tool Settings

Specify the other EDA tools used with the Quartus Prime software to develop your project.

EDA tools
Tool Type Tool Name Format(s) Run Tool Automatically
Design Entry/Synth... Custom ¥ | VHDL = Run this tool automatically to synthesize the current design
Simulation ModelSim-Altera ~ | VHDL = [ Run gate-level simulation automatically after compilation
Board-Level Timing <None> =
Symbol <None» -
Signal Integrity <None> -
Boundary Scan <Mone= -
| < Back ‘ | Next > | | Finish | | Cancel ‘ ‘ Help |
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(]
r CRCEncader! - E TP PEESQADEG -
Heachy Q@8 x| & Compilation eport - CRCEncader o # Catalog Bex
E2 Flow Summary - ~ o instalied 1P
PR Flow serungs [rp— Successul - Mon bar 22 013429 2021 * Project iectory
EEE Flaw Non-Default Glabal Setiings || Quarus Prime Versian 17:1.0/Build 550 10/28/2017 51 Lite £dion
BB low Elapsed Time Revision tame: chcencodent v Ubrary
B Flow 05 Summary Togrieuel Entty Hame ChRCEncadert [
O fiow Message: Timing Models Firal Memry Interfaces and Cantrallers
O Flow Suppressed Messages Totallogic dlements 0 Frocessos and Peipharals
Total regi 20 Universaty Program
Total pns s @ Search for Partner
e :
= = Embedded Multipber 5-bit slements &
Tasks Compilation - LY Total PLLs o
P Analysis &
< El +
= 5
& A A Ll 88 rind 88 Find Next
2
12 s synthesis tool 1s specified . mapping File 1s not specified

A synthesis tool is specified
pecified

ecified
pecified

nt might be different

System  Pracessing (19)

7' 061 NDr oK
Ok ATLEmaation’ T eNT n

signments  Processing | Tools Window Help

CRCEncoder Run Simulation Tool b ’1:! RTL Simulation
R %.  Launch Simulation Library Compiler !:L’ Gate Level Simulation dert o
o St Flow swnmnary |
Entity:Instance Sakall] Ftow Summary
o TimeQuest Timing Analyzer ary & <<Fil
Advisors , hgs Flow Status Successful - M
Default Global Settings | | Quartus Prime Version 17.1.0 Build 59
o
%* Chip Planner ed Time Revision Name CRCEncoder1
4> Design Partition Planner ummary Top-level Entity Name CRCEncoder1
Netlist Viewers D Family Cyclone IV E
K@OINREK DT E5IT 061 Nr T nENKE&D
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A ModelSim - INTEL FPGA STARTER EDITION 1055

Fle Edl View Compile Seulste Add by Tools Laout Bockmarks Window Help
EEX s s w| || Coumnbarout [a11cotama o |2a-aa-93

H
e ttret) [stn [orow [oan

K G40 IniOroE] EREMEE Qdr | énk F Ej k T T ' T ©NT
[ /' Ol n E Bt In E 6 E & KhieERKESH 11 ENEr X E§ €
1} vibrary s H (<] 4
T|Name |T1,-'|:|E |F‘aﬂ'| il [l
Library ri_work
(@ croencoderl Entity C:/Usersjmap10,/Desktop/Proje
ih‘il ri_waork Library C:fUsers map10,/Desktop/Test]
ﬂ—ﬂl 220model Library EMODEL_TECH/. . falterafivhdl/2
1,—1_'1 220model_ver Library SMODEL_TECH/. . falterafverilog
K ®RIBtily ®RET J h Glotk] K6 & eij Nf &I 6
/0 'AdEENEOToWR@=E @liGtEnis @ régiod r | 61 Nr J L
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m - INTEL FPGA STARTER EDITION 10.5b

e i

¢

View Compile Simulate Add Structure Tools Layout Bookmarks Window Help
To Wave All items in region
To List 4 All items in region and below J i - m l_
To Log 2 All items in design J v wl
To Dataflow # !
To Watch - & x|
|Design unit |7 Categor
process creencoder... Process -
ard standard Padckage Padkage
textio Package Package o from_t g
gic_1164 std_logic_1... Package Package « BG Signal ©
gic arith std_logic_a... Package Package
nnnnnnnnnnn ok lmmis 11 Darl=ana Darlzma

K GeTairl N §EhtifHAE NSFkenWates &

-

+ -4

fercencoder 1jdk
Jercencoder 1frst
fercencoder 1fto_C... Add

Object Dedaration

B forcencoder 1ffrom_.. Edit
. forcencoder 1/BG e

UPF
Radix

Format
Cast to

Combine Signals. ..

Group...
Ungroup

Force...
MNoForce
Clock...

Properties...
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[ 2" Ol nENKT AREenOH n BGAKHET W E NI
M Define Clock x

Clock Mame

bim:fcrcencc:lerl,r‘clk

offset Duty
1] 1]
Period Cancel
100
Logic Values
High: |1 Low: |0
First Edge

* Rising  Falling

| Cancel |
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Ve
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E Rode n BLK C 1
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J Layout |Simalat

HADBEE Do tatitas
: Appeaaan
— # & x| |gm] Wave - Defauit
4 fercencoder1jdk _
Jercencoder 1frst
B—-‘ Jercencoder 1/to [ ————————— Object Dedaration

H—‘A Jercencoder 1/frcfen
“. Jercencoder 1/Bd) Edit

Wiew

UPF
Radix

Format
Cast to

Combine Signals. ..

Group...
Ungroup
Force...
NoForce
Clock...
Properties...

— H %

Order |Pare
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M Force Selected Signal >
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Signal Mame: [3im: /crocencoderl/rst

value: |of
Kind

{* Freeze § Drive { Deposit

Delay For: |0

Cancel After:
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gim:/ldpc_top/codeword @ 1189 ps
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-| CodeBlockSegmentation
-| CodedBitInterleaver

-| CRCAttachment

-| polarEncoder

-| PolarEncoding

-| PolarSequencing
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20

21 — channelFlag = 3;

22 — codewordLength = 72;

23 - rng(128);

24 — informationBits = ([1 110101 0]1)':

25 — rntiBits = zeros(le, 1);

26

27 = [segmentedBits] = CodeBlockSegmentation(channelFlag, informationBits, codewordLength);

28 — [infoCRCBits, infoCRCBitsWwoIntl, infoCRCBitsWoOScambling] = CRCAttachment (channelFlag, segmentedBits, rntiBits);
29 — [sourcewordBits, sourcewordBitsWOParity, subBlockInterleavingPattern, rateMatchingPattern, generatorMatrix, ...
30 frozenPositions] = PolarSequencing(channelFlag, infoCRCBits, codewordLength, length(informationBits)):;

3l |= [codewordBits, subBlockIntlcodewordBits, motherCodewordBits] = PolarEncoding(sourcewordBits, ...

32 subBlockInterleavingPattern, rateMatchingPattern, generatorMatrix);

3E)|= [concatenatedBits, intlCodewordBits] = CodedBitInterleaver (channelFlag, codewordBits);

34
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- b ¥ = Print ¥ \{ Find = Indent |&| #f ¢ v b Advance Time
MAVIGATE EDIT BREAKPOINTS RUMN &
= Script Ctri+N

» Program Files » Polyspace » R2020a » bin » pel

L]
J*| Function

Kl

Live Function
Class

System Object >
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4\ MATLAB R2020a

- O X
EDITOR PUBLISH N S I8N - ch Documentation P
L w [=]] L[dFind Files @ Insert (5, fx [g| v % = - L
F 3 @l =/ ol > L.(_’x 2] Run Section (P
- ' - o
New Open Save (! Compare ¥1GoTo Comment % g »J Breakpoints Run Run and & Advance Run and
- b ¥ = Print ¥ \{ Find = Indent |&| #f ¢ v b Advance Time
FILE MAVIGATE EDIT BREAKPOINTS RUMN &
«pHE » C: » Program Files » Polyspace » R2020a » bin ¥

Untitled* Untitled2* +

function [outputArgl,outputArgz] = untitled2 (inputArgl, inputArg2)

outputArgl = inputArgl:
outputArg2 = inputArg2;
end
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I 4\ Select File for Save As X l
JL T 3 » C: » Program Files » Polyspace »
‘A Editor - Untitled* 1) R2020a > bin O ea P x
Untitled* G 2
1 a=1; Organize ~ New folder - 0 v
2 b= 2; ]
3 c=a+b; & OneDrive
cutzdata
| This PC o
ma3iregistry
J 3D Objects
util
B Desktop win32
| Documents win64
& Downloads
d Music
S v < >

File name: | [STHES)

Save as type: MATLAB Code files (UTF-8) (*.m)

A Hide Folders Cancel
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4\ MATLAB R2020a O X

EDITOR PUBLISH v S S N o Documentat »«'

New Variable
! [ X i O
-] (IL+] U~ 4 Lg)Find Files ()
. -
New New New Open [-|compare !'mport Save Al CODE | SIMULINK | ENVIRONMENT =~ RESOURCES
Script Live Script  * - Data Workspace & Clear Workspace ¥
- - -
FILE ARIABLE
Ea| ,J » C: » Program Files » Polyspace » R2020a * bin ¥ v |

B Editor - Untitled*

Untitled* Untitled2* +*
inputArgl = 1;
inputArg2 = 2;

oW M e

[outputArgl, outputhrg2] = untitled2 (inputArgl, inputhrg2):
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informationBits =

concatenatedBits =
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infoCRCBits =

6 h ]/ KDl Ec@DImieK NI T NDIKEBSR TInkKeaND) A Kk n h AT 1
6Tl NDrF EGENRENKOI KELKAT
6104 K ENKT hkhhBEKBRFEENKGNH
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urcewordBits =

Columns 1 through 24

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Columns 25 through 48

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Columns 49 through 72

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Columns 73 through 96

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Columns 97 through 120

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Columns 121 through 144
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motherCodewordBits =
Columns 1 through 24
0 1 0 1 0 0 0 1 1 1 1 0 1 0 1 0 1 1 1 1 0 1 0 0
Columns 25 through 48
Columns 4% through 72
Columns 73 through 96

Columns S7 through 120

Columns 121 through 144

6 h J1K0l| M@ TR IOK aial (] mid W10y E n 1
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subBlockIntlcodewordBits =
Columns 1 through 24
0 1 0 1 0 0 0 1 1 1 1 0 1 0 1 0 1 1 1 1 0 1 0 0
Columns 25 through 48
Columns 49 through 72
Columns 73 through 96

Ccolumns 387 through 120

Columns 121 through 144
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6107 K ENKT h L KR EK KNENKL
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g
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gt

codewordBits =

Columns 1 through 24

0 1 0 1 0 0 0 1 1 1 1 0 1 0 1 0 1 1 1 1 0 1 0

o

Columns 25 through 48
Columns 49 through 72
Columns 73 through 96
Columns %7 through 120

0 0 0 0 0 0 1 0 0 1 1 1 0 1 0 1 0 1 0 1 1 0 0 0

Columns 121 through 144
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62 0 ,KOENKIT h L ICRO nEEENKKS| 8t &ENTKITNATLIO) T ¢
[ 11 .1 ... .1 .. ... 11/from.dl.Nh 33/4/C6.NTC

4 focfdk 1 |

& ferchst 1
B facfto_ac 11101010001000..
B farcfmi_bits
2. facffrom_cc 11101010001000... || 0DD000D0DO0O.... [11101010001000001110101000100000111000011001100010100100

K G |15 E NOK | h LORE N E GWOOEEBIRIK O n L O
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I
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62 Q KEDNKknbNi G EORNKBGNHAT NT j
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0, 1 Oceh © &dmNRolarSayiekcRidh OB 6 O KD f |

¢
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1@2 1

M Wave Examine X

sim:/polarsequencing/from PolarSequencing @ 1513 ps
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000010000010000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000100000000000000000000000000000000000000010000000000000000000000000001001100000000000000010
00001000111001000010001000000110001100010140100

K Q|@.m @@ RdlarSequencing

62 § , KENKT h tworérinééémléiel\m-rﬂhmc')ﬁ h
62 4beh ©6 I NT f@hm nPblarEh&olling6 G R H O NG A B K @)

o | uuu 10111101010111101] 0111110 11..

K @|Ql/«iE NOK | h LPbl& IN E & KddeRiteid 0n L O

M Wave Examine X

gim:/polarencoding/from PolarEncoding @ 163 ps

010100011110101011110100010000001010011111010000111111011000010100001011101100001010111000011
010000000100111010101011000001000001010111011101010000010110100000001011000110100000000001010
00010111110100101100000101000100011010121111101011101011010011100100000011000100010011011400011
110001100100101000001110011001110010010010011100001111100100111011101011000110001101110010110
101111101100100111010010011000111000100011000110101100011100001100010100100111000111011111000
11000101101011011001110101110011001010011101100

K @ | Qlam @@ RdarEncoding
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62 0,NENK] t T NT 40ndbeth @67 o il Qi @i g
from_SubBlockintedldawiiy O3 / ORINKMICH A BEK O] T nr O

. /subblockinterleavingffrom_SubBlockInterleaving ommﬂmumm uu [0 000000000 101 11010101111010001000C 10011111 0000

KO)[QI]mEI‘(DKI hLk ‘l\/ldeISkKe@eNEo[KO K :

M Wave Examine X

sim:/subblockinterleaving/from SubBlockInterleaving @ 355 ps
010100011110101011110100010000001010011111010000000010111011000011111101100001011010111000011
010000000100111010101011000001000001010111011101010011000100010011000001011010000001100011110
001100010110001101000010010100000111000000001010000101110011100100100111110100101100000011100
001111100010100010001101010011101110101101111110101110101001100011011100110100111001000000110
101111101100100111010010011000112000100011000110101100011100110001110111110000110001010010010
11000101101011011001110101110011001010011101100

K @ |@dan (Efr@m | SubBlockinterleaving

62 Q KENKTALFYIT E&EK] KAT F AT KNKT r’1
62 0, 4 Oceh © frdnRiEteNatapingSdiektiNim G & A @& IR  n

4 fratematchingbitselection/ck
4 fratematchingbitselection/rst
< fratematchingbitselection/to_RateMatchingBitSelection

=N

M Wave Examine X

gim:/ratematchingbitselection/from RateMatchingBitSelection @ 184 ps

0101000111101010112201000200000010100112211012000000001011212011000011111101100001011010111000011
010000000100121010101012000001000001010211012201020011000100020011000001011010000001100011110
001100010110001101000010010100000111000000001010000101110011100100100111110100101100000011100
001111100010100010001101020011102110101210111121101012110102001100011011100110100111001000000110
1011111011001001110200100220001220001000110001101011000121001100011101111100001100010100120010
1100010110101101100111010121001120010100211011000101000111101010111102000100000010100111110100
000000101110120000121111022000010110102210000210200000001001110101010110000010000010101110111
01010011000100010022000002011012000000120001122000120001011000122010000100101000001120000000010
10000101110012110010010011221010020110000001122000012111000101000100011010100111011101011011111
101011101010011000110111001

K @ | Ql4m @r@h RadeMatchingSelection
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12V DC Power
Supply Connector

Power ON/OFF Switch

Altera USB Blaster
Controller chipset

USB Host/Slave
Controller

Altera EPCS64
Configuration Device

LCD 16x2 Module

7-segment Displays

Programming
Mode Switch

e NERD)UIMELO | 1
] KNEI T 1
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T NKBBHREIOMNT N erPEAAHBIBREK NE | T 1

EBQI A hT NI @)hE KGRSO
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Audio TV Decoder 28MHz
CODEC (NTSC/PAL) Oscillator

Ethernet Ethernet
use USB USB Mic Line Line Video VGA 10/100/1000M 10/100/1000M RS-232
Blaster Port Device Host In In Out Out Out Port 0 Port 1 Port

S H byt H
|8

i = PS/2 Port

= VGA 24-bit DAC
g Gigabit Ethernet PHY

Expansion Header (J15)
(with Protection Diodes)

.......

HSMC Connector

Altera 60-nm Cyclone IV E
FPGA with 115K LEs

50MHz Oscillator

SMA Ext Clock Out

SMA Ext Clock In
SMA Ext Clock In

18 Red LEDs 18 Slide Switches 64MB 2MB 4 Push-button 8MB 8 Green

SDRAM x2 SRAM FLASH LEDs

K Apd é K Bl KFeadilEiBENS K alh O

FPGK BAHetaOBED G K@ e L J T
ArdnenGi T 7T FKAQhOLhERAET
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(i 1] KNET

enHLIT AT N

Cyclone IV EP4CE115

€014,480 logic elements (LES)
€3,888 Embedded memory (Kbit
€66 Embedded 18 x 18 multipli
9 Geneparpose PLLS
528User I/0s

Configuration DeviceBlast&rS
Circuit

B PCS64 serial configuration de
©Oroard USIBster circuitry
©TAG and ASomwiipuration

Memory

€028MB (32Mx32bit) SDRAM
©MB (1Mx16) SRAM

BMB (4Mx16) Fladitwiihde
£32Kbit EEPROM

Switches and Indicators - 18 switches and-dupiasis
-18 red and 9 green LEDs
-Eightségment displays

Audio - 24bitencoder/decoder (CODEC]
linan, lineut, and microphgaeks

Display -16x2LCD module

OrBoard Clocking Circuitry

-Three 50MHz oscillator clock in
-SMA connectors (external clocl
input/output)

SD Card Socket

-Provides SPHan8@ode for SD
access

Two Gigabit Ethernet Ports

-Integrated 10/100/1000 Gigabit
-Supports Industrial Ethernet IP

173in High Speed Mezzaning

- Configurable I/O standards (vol

Card (HSMC)

levels: 3.3/2.5/1.8/1.5V

TWnConnector

TV decoder (NTSC/PAL/SECAN
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CRCEncoater0 0 & @RIKA riL®)
CRCEnNchder 58 GREDMILAK Ok Neé
CRCEnchder 5 & © KRCIKARLI CE K T A

éenNi NKNJNOST I KA
encodeLDRE5G |0 € @Dl n L O

LDPC cod LDPCEncoding |0 & @DPGK RIE ®T | Heé n
matrix5® I K © NHE d EOKI NI ERG O[]
matrix5G@n I K © NHe d58OKi NI ErGr afl
RateMatching OKNIETNITOGI Dr L
Sementation OinEéeol JOJ Ok
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CRCAttachment |E K N 103l &l @A\NKK | nd@exKN
Ol KERCKk AT O

polarEncater ek qQgnheénlAar Eq
§JhOKNUDPEEQ§NAI

PolarEnconing EKNIT ENKOJ 08 NKKH L1
jnt] OOKNENK]| KA

PolarSequenting [EKNT I T ENKknhAn
enl I HY NT 1 NKNT i
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KI'ALgn g N VHDEelJ T ONT AT
con_mixdighdl |1 n 1 kkR InB & @l NI6CK
concat_mindl
copy mixbghall [éenhkl Egnhi NI
copy_mvkdl
crc_af bodtad 0 & EREIT ATLKOR I E &
crc_ahdl
crc_be bgdal 0 e @€@R&I nlL O
crc_bembd|

LDPC codeq inter_mix_hghdll |O1 KIEK kK@ NIEE @ IF
inter_mikdl
ldpc_mix_bghall |6 &€ @DPENI AT ORI E &
bg2_ mikdl
mix_bg it ek gKI Jél E elJX
mix_bgadl
rate mix_bghdll [] KAT F AT KNKI Al
rate_mikdl
seg_mix_hghdll |OT nEé 6 J Ok o] H
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Kl nLlgn g N VHDE!d T ONT fr
seg_mikdl
crc 0eé @R&I nL o
crc_interleaver |Ol KERCK AT O
downlink DO OKKIOGnHT 6 E|

Polar codes| polar_encoder 0 ONKI AL6I KNE
rate_matcher ] KAT I AT KNKT AL
sub_block interleg Ol KELKAT T K RIE
top_downlink ek gKI Jél E elJX
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