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Introduction

Proposed text that describes the LDPC coding design can be found in the subsequent
sections of this contribution. This version of the text is based on the most recent working
document for the ‘Physical Layer for Ultra Mobile Broadband (UMB) Air Interface
Specifications’, 3GPP2 C. P0084 v1.098 [2].

Proposed Text Changes to IEEE 802.20 Draft D0.1m

5.1.7.3 Forward Error Correction

Table 119 Types of Forward Error Correction for the Reverse and Forward Link

Channels

Channel Type of Coding

Reverse Orthogonal Frequency Division Multiple | Rate-1/5 Turbo, LDPC

Access Data Channel or Rate-1/3 Convolutional

Rate-1/5 Turbo, LDPC
Forward Data Channel

or Rate-1/3 Convolutional

5.1.7.3.4 Low Density Parity Check (LDPC) Encoding

LDPC encoding shall be used to encode the CRC-padded subpackets of the Forward Data
Channel if the variable LDPCSupportedFL is set to 1°, and if the length of the packet
received from the FTC MAC Protocol, as described in Section 4, is greater than or equal
to MaxPacketSizeTurboSixInterlace or MaxPacketSizeTurboEightInterkace, for the case
when the input FTC MAC packet corresponds to a six or eight interlace transmission
respectively, where MaxPacketSizeSixInterlace or MaxPacketSizeEightInterlace are
configuration attributes of the FTC MAC Protocol [3]. No LDPC encoding shall be used
for interlacing structures involving extended transmissions. The FTC MAC Prococol

determines the interlacing structure being used for a given FTC MAC packet.

LDPC encoding shall also be used to encode the CRC-padded subpackets of the Reverse
Orthogonal Frequency Division Multiple Access Data Channel if the variable
LDPCSupportedRL is set to “1°, and if the length of the packet received from the RTC



MAC Protocol, as described in Section 4, is greater than or equal to
MaxRLPacketSizeTurbo, except if this packet corresponds to an interlacing structure
using extended transmissions. No LDPC encoding shall be used for interlacing structures
involving extended transmissions. The RTC MAC Protocol determines whether or not a

given packet is transmitted on an interlacing structure using extended transmissions.

5.1.7.3.4.1 Choice of Base Parity Check Matrix

The LDPC code to be used is specified in terms of a base parity check matrix
corresponding to different lifting orders. Different base parity check matrices G;j, 0 <1< 6,
are specified in 5.1.7.3.4.5.1. Note that these parity check matrices represent a lifted
LDPC code, i.e., the entries of the matrices are not binary numbers but rather positive
integers representing shift values. In addition, these base matrices contain “NULL
locations” which are denoted by solid bullets in 5.1.7.3.4.5.1. The interpretation of these
matrices as an LDPC code will be described in 5.1.7.3.4.2.

Each matrix Gjhas associated values kg, ng, sg and L,,x which are also specified in
5.1.7.3.4.5.1. Here, kg and ng determine the size of the matrix G, while L,.x denotes the
maximum lifting order. The number of columns and rows in G are given by ng and ng —
kg respectively. The matrix Gj has associated kg = 1+6. sg denotes the number of “state
columns” in the matrix Gj and is equal to 3 for each of the matrices shown. A state
column denotes elements of the codeword that are never transmitted. Each of the

specified matrices has a maximum lifting order L,,,x equal to 1024.

Given the CRC-padded input sub-packet of length k, the lifting value L is chosen as
log,LL = rlogz(k/l 1) |. Further, kg is chosen as [ k/L |. Note that kg is at least equal to 6
according to this procedure. Based on this, the matrix index 1 is chosen asi1i=kg — 6 =
[K/L1-6.

Henceforth, the index i will be dropped and the matrix G; is referred to only as G.

5.1.7.3.4.2 Generation of the Parity Check Matrix

The base matrix G chosen in the previous section shall be converted to a new base matrix
G’, corresponding to the actual lifting order L rather than the maximal lifting order L.x =
1024. The matrix G’ has the same size as G. An entry g’ in G’ shall be determined from
the entry g at the same location in G according to the formula g’ = LgL/LmaxJ. NULL
locations in G shall remain NULL locations in G’.



The matrix G’ shall further be converted to a matrix G’ with twice the number of rows
and columns as in G’. This shall be done by replacing each non-NULL entry g’ in G’ by a

2x2 matrix according to the following procedure:

e If g’ is even, replace g’ by a 2x2 matrix with first row being given by [g’/2,
“NULL”] and the second row being given by [“NULL”, g’/2].

e If g’ is odd, replace g’ by a 2x2 matrix with the first row being given by
[“NULL”, (g’+1)/2] and the second row being given by [(g’-1)/2, “NULL”].

NULL locations in G’ shall be replaced by a 2x2 matrix containing entirely of NULL
locations in G’’. The matrix G’’ is the base parity check matrix of size (2(ng-kg), 2ng)
with a lifting order of L/2.

The base matrix G’ shall be converted to a base matrix G’’’ by applying permutation P;
to the columns of G’ and permutation Q;to the rows of G’’, where the permutation P;
and Q; are described in Table 5.1.7.3.4.2-1. The subscript i in P; and Q; refers to the
subscript G; = G and thus takes values in 0, ..., 5. The numbers in the third column (Q;)
and fourth column (P;) of Table 5.1.7.3.4.2-1 indicate row index and column index of
G’’ corresponding to i.
The first (Ieftmost) 2kg columns of G’’’ correspond to the information bits V™ and (ksL-
k) zero-padded bits. The subsequent K; columns (K; depends on G;j) together with the first
K; rows form a lifted parity check matrix that consist of a degree-3 variable node (i.e., a
column with three non-NULL elements) followed by K; — 1 degree-2 variable nodes. The
degree-2 parity nodes form a dual-diagonal structure and the degree-3 variable node
closes the loop of the dual-diagonal structure. Each non-NULL entry of degree-2 variable
node in the dual diagonal structure has the lifting parameter zero, corresponding to
identity matrix, on both edges. The loop closing edges on the degree-3 node have the
same lifting value “a”. The non-loop edge of the degree-3 node has lifting parameter zero
corresponding to identity matrix so the lifting structure of this degree-3 node is “a-0-a”.
The remaining columns in G’’’ are degree-1 variable nodes. The base matrices G,
1=0,...,5 each contain, up to permutation, a dual diagonal structure, a loop closing degree-
3 encoding node and a loop closing degree-2 node (excluding any edges connected to
constraints that are in turn connected to degree-1 variable nodes). As the scaled base
graph G’ is transformed into the expanded graph G’’ and permuted into G’’’ each of the
degree-2 and degree-3 loop closing nodes of G’ generates an information node and an
encoding node of the same degree, such that the encoding node is part of the core

encoding structure of G’*” described above. The loop closing degree-2 variable node of



G;j has cyclic shift 0 and L,,,,-1. The corresponding loop-closing edges of the degree-3
variable node have cyclic shifts 3L,,,,/4 - 1 and 3L,,,,/4. The third non-loop edge of the
degree-3 node has cyclic shift 0. As the graph G; is scaled to generate the graph G’, with
values of L from 16 to 1024, the scaled base matrices G’ inherit the same structure on the
loop-closing degree-2 and degree-3 nodes, with L., replaced by L. This induces the
lifting value of 0 on the loop closing degree-2 information node in G’*’, and the “a-0-a”

lifting on the loop closing degree-3 encoding node of G’*’, where a = 3L/8.
An example for the generation of G’, G*’, G*”” is shown in 5.1.7.3.4.5.1.

The base matrix G’’’ shall be converted to a binary parity check matrix H*’’ by replacing
each non-NULL entry in G’”” by a L/2 x L/2 square matrix with binary entries. An entry
g’’’ in G””’ shall be replaced by a cyclic shift matrix with parameter g’’’. The cyclic shift
matrix with parameter g’’’ is defined as the matrix whose value in the location (i) is
given by ‘1’ if (i-)) mod L/2 = g’”’, and is given by ‘0’ otherwise. Here, the location (i,))
denotes the 1’th row and j’th column. NULL locations in G’’’ shall be replaced by an L/2
x L/2 all-zeros matrix.

The CRC-padded input sub-packet of length k shall be extended to length kgL by
inserting in the packet zp = kgL - k zeros so that the resulting packet has length kgL.
Denote again the original CRC-padded input sub-packet by V™™ and denote the zero-
padded input by a column vector \Y4 (VIO, Vll,. o VIk’_l) where k>’ =kgL. The
locations of the zeros in V' are as follows. If V'is partitioned into 2kg blocks of size
L/2, then the zeros are inserted at the ends of blocks 2kg-4 and 2kg-3. Each block has
an equal number of zeros if zp is even and block 2kg-3 has one more zero than block
2kg-4 if zp is odd.

More precisely, define zp’ = sz/2J and zp”’ = rzp/2—|. Let the notation V' and V™; denote
the i’th element of V' and V™ respectively. The elements of the vector V' are given by:

o Vi=V" fori<(2kg-3)(L/2)-zp’.

o V=0 for (2kp-3)(L/2)-zp’ <i < (2ks-3)(L/2).

o Vi=V", for (2kg-3)(L/2) <i< (2kg-2)(L/2)-zp”".
o V=0 for (2kg-2)(L/2)-zp> <i< (2kg-2)(L/2).

o Vi=V"_, fori>(2ks-2)(L/2).

A vector V’”’ of length ngL shall be defined as the vector which satisfies the following
conditions:



H’>’V’>>’= 0, where the matrix multiplication H’’V’’’ is over the binary field.

The first kgL entries of V’** are the same as the entries of V..

The vector V’”’ is of length ngL and may therefore be viewed as the concatenation of 2ng

subsequences each of length L/2.

A binary sequence V'’ shall be obtained from V’’’ by permuting the order of sequences

of V’”” according to the inverse of the permutation P;.

A binary sequence V° of length ngL shall be obtained from V*’ by bit-wise interleaving

pairs of subsequences from V’’.

More specifically,

VOiLsj = V™7 L +w2)(’ mod 2) + L2
where j=0,1,...,np-1

andj’=0,1,...,L-1.

The LDPC output vector V" of length n = Lng — sgL — (kgL-k) shall be obtained as a

sequence of V° by deleting the zero padding and state variables from V°. The permutation

P; are such that the zero-padded bits appear contiguously in V° in positions k-L to (kg-

1)L-1 and the state variables appear as the first sgLL bits. Note that sg = 3 in all cases.

Thus

out
V i
out
V i

VO3 for 0 <=i<k-4L
VOiaLugp for k-4L <=1 < (ng-3)L- zp

Table 5.1.7.3.4.2-1 Permutation patterns for the construction of dual diagonal structure.

K

Qi

P;

012

115317
910420
638

012345678910121315211917411114201816402223
2425262728293031323334353637383942434445 4647
4849 50 51 5253 545556 57 58 59 60 61 62 63 64 65

711315
115936
0121410
482

012345678910111214151723512149194313162250
2048 184224252627 2829303132333435363738394041
44 4546 47 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69
707172737475

113113
9 5710
212 84
6

012345678910111213141617192523592141151824
225820402627 28293031323334353637383942434445
46 47 48 49 50 51 52 53 54 55 56 57 60 61 62 63 64 65 66 67 68 69
7071 7273747576 777879 80 81 82 83 84 85

1715139
115713

012345678910111213141516181921532751254723
43 172052265024 4622422829 30313233343536373839




1614128 | 4041 44 45 48 49 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69
104602 | 7071727374 7576 777879 80 81 82 83 84 85 86 87 88 89 90 91
92939495

4118 15171511[012345678910111213 14151617 182021 2353294927
139371 | 47254519225228 482646 24443031 3233343536373839
4161410 | 40414243 5051 54 555657 58 59 60 61 62 63 64 65 66 67 68 69
128260 | 7071727374 75767778 79 80 81 82 83 84 85 86 87 88 89 90 91
9293949596 979899 100 101 102 103

501811191715(01234567891011121314151617 1819 202223255531
713513 |53295127412124543052285026403233343536373839
1081614 | 4243444546 47 48 49 56 57 58 59 60 61 62 63 64 65 66 67 68 69
612402 |70717273747576 777879 80 81 82 83 84 85 86 87 88 89 90 91
9293949596 9798 99 100 101 102 103 104 105 106 107 108 109
110111 112113 114 115

5.1.7.3.4.3 Encoding

In this section an efficient encoding method is presented according to which the sequence
V>’ as defined in Section 5.1.7.3.4.2, is computed from V', The method will describe a
procedure to generate the sequence V’’’. Recall that in Section 5.1.7.3.4.2 it was
described how to produce the matrix G’*’ from the matrix G (which is also G;j). Efficient

encoding of V' to a sequence V*’” satisfying H’*’V*"=0 is described.

The computation of V*>> given V' is particularly simple due to the structure H**” inherits
from G’>’.  The parity check matrix H*”’ lifted from G’’’ takes the form

M, 0
HHV:
M, |

A BT
E} is a (L/2)K; x (L/2) (2kg+K;) matrix where T is lower

where M1={C 5

B T
triangular, {D E} is invertible and D is L/2 x L/2. The encoding procedure is

composed of two stages. Let c=(s, p,, p,, p;) be a codeword where s denotes
systematic part, p,,p, and p; are parity parts. In the first stage, a part of codeword

p,p, isobtained using M, depending on the systematic informations . In the second




stage, the remaining part of the codeword p; is obtained by simple single parity-check

coding using [M, 1]. The whole procedure for encoding is as follows.

B T B T
1) Obtain {¢ O} from Gaussian elimination on[D E} ,where ¢=ET 'B+D=1.

2) compute As' and Cs'.

3) compute y=T 'As’

4) compute p, =Ey+Cs'.

5) compute p; usingp, =T (AsT + BplT)

6) compute p; by single parity-check coding using [M, 1].

out :

A sequence V'’ satisfying H*”’V’”’=0 is obtained from 1 to 6. The sequence V" is then

obtained from V’’’ by permutation as described in Section 5.1.7.3.4.2.

5.1.7.3.4.4 Truncation
For the Forward Data Channel and Forward Superposed Data Channel packets, the

truncation operation shall be carried out as described below:

The truncation operation depends on the packet size Npacker sirs of the packet
received from the FTC MAC Protocol, and the variables

MaxRateOneFifthPacketSize, MaxRateOneThirdPacketSize and
MaxRateOneHalfPacketSize. MaxRateOneFifthPacketSize is equal to one of the
parameters MaxRateOneFifthPacketSizeEightInterlaceLDPC or

MaxRateOneFifthPacketSizeSixInterlaceLDPC, depending on whether the
Forward Data Channel packet or the Forward Superposed Data Channel is
transmitted using an eight interlace HARQ structure or a six interlace HARQ
structure. MaxRateOneThirdPacketSize is equal to one of the parameters
MaxRateOneThirdPacketSizeEightInterlaceLDPC or
MaxRateOneThirdPacketSizeSixInterlaceLDPC, depending on whether the
Forward Data Channel packet or the Forward Superposed Data Channel is
transmitted using an eight interlace HARQ structure or a six interlace HARQ
structure. MaxRateOneHalfPacketSize is equal to one of the parameters
MaxRateOneHalfPacketSizeEightInterlaceLDPC or
MaxRateOneHalfPacketSizeSixInterlaceLDPC, depending on whether the
Forward Data Channel packet or the Forward Superposed Data Channel is



transmitted using an eight interlace HARQ structure or a six interlace HARQ
structure. The FTC MAC Protocol determines which HARQ interlacing structure
is used for transmitting the Forward Data Channel packet or the Forward
Superposed Data Channel.

e MaxRateOneFifthPacketSizeEightInterlaceLDPC,
MaxRateOneFifthPacketSizeSixInterlaceLDPC,
MaxRateOneThirdPacketSizeEightInterlaceLDPC,
MaxRateOneThirdPacketSizeSixInterlace LDPC,

MaxRateOneHalfPacketSizeEightInterlaceLDPC, and
MaxRateOneHalfPacketSizeSixInterlaceLDPC are configuration attributes of the
FTC MAC protocol.

e If Npacker mits < MaxRateOneFifthPacketSize, the sequence V"' is not truncated.

e If MaxRateOneFifthPacketSize < Npacker pirs < MaxRateOneThirdPacketSize,
the sequence V°" is truncated to length 3k, i.e., all elements with indices greater

than or equal to 3k are deleted.

e [If MaxRateOneThirdPacketSize < Npacker pirs < MaxRateOneHalfPacketSize,
the sequence V°" is truncated to length 2L, i.e., all elements with indices greater
than or equal to 2L are deleted.

e If MaxRateOneHalfPacketSize < Npacker mits, the sequence VO is truncated to
length 3k/2, i.e., all elements with indices greater than or equal to 2k are deleted.

e The output of the truncation operation is denoted by V"

For Reverse OFDMA Data Channel packets, the output V" of the truncation operation
shall be equal to V"'

The sequence V" is a truncated version of the permuted sequence V°* and is in the order
of bit transmission, i.e., the different HARQ transmissions of this packet are generated in
the order specified by V".



5.1.7.3.4.5 Parity Check Matrices for the LDPC Code

5.1.7.3.4.5.1 Base Parity Check Matrices

The different base parity check matrices Gj are as shown below.

G()Z kB = 6, ng= 33, SB = 3, Lmax =1024.

Gy consists of 4 parts: (1) left-top, (2) right-top, (3) left-bottom, and (4) right-bottom
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(3) left-bottom of Gy
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5

G consists of 4 parts: (1) left-top, (2) right-top, (3) left-bottom, and (4) right-bottom

Gll kB = 7, ng= 38, SB — 3, Lmax = 1024.
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(2) right-top of Gg4
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(3) left-bottom of G4
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(4) right-bottom of G4
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Gs:kg=11,n5=38, sg =3, L. = 1024.
G5 consists of 4 parts: (1) left-top, (2) right-top, (3) left-bottom, and (4) right-bottom
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(2) right-top of Gs
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(3) left-bottom of Gs
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(4) right-bottom of Gs
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The following example shows how the matrix Gy gets converted to matrices Gy’, Go’” and

GO”’

Gy consists of 4 parts: (1) left-top, (2) right-top, (3) left-bottom, and (4) right-bottom

5.1.7.3.4.5.1 Generation of the Matrices G;’, G;”’, G;i*”’
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(2) right-top of Gy
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(4) right-bottom of Gy
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Gy’ 1s a matrix with a lifting size of 512. Gy’ consists of 4 parts: (1) left-top, (2) right-top,

(3) left-bottom, and (4) right-bottom
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(2) right-top of Gy’
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(4) right-bottom of Gy’
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(1) left-top, (2) right-top, (3) left-bottom, and (4) right-bottom.
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Gy’’ consists of 4 parts
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(1) left-top of Go™’
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(2) right-Top of G¢™’
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(3) left-bottom of Gy
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(4) right-bottom of Gy’
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(1) left-top, (2) right-top, (3) left-bottom, and (4) right-bottom

Gy’’’ consists of 4 parts
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(1) left-top of G’
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(2) right-top of Gy’
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5.1.7.4 Channel Interleaving

Channel interleaving follows the convolutional or turbo encoding, and consists of a bit-
demultiplexing operation followed by a bit permuting operation. Channel interleaving
shall not be performed after LDPC encoding, i.e., in this case the encoding operation

shall be followed by the sequence repetition operation.
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