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1. Introduction

One of the most important advantages of LDPC ikigher decoding efficiency compared to Turbo codes
Therefore, a high throughput link such as BS-RB$+RS could be achieved with lower hardware cost.
Unfortunately, current 802.16e LDPC is not rate patible and does not support 1/3 code rate. litiaddthe
current LDPC only support HARQ with chase combinng not incremental redundancy (IR).

1/3 code rate and IR HARQ are known to improveat®lity or robustness in links with hostile channel
conditions.

Improved robustness provided by
RC-LDPC low code rate and
HARQ IR especially for channels
with hostile conditions

@

traffic

Our Typical Model J Aggregation of

MS

AW Cost RS

Decoding efficiency greatly
improved by LDPC and making
high throughput and low cost
RS/BS possible for UL and DL

i)

<
wn

Figure 1: The merits of LDPC and RC-LDPC

We proposed an enhanced version of 802.16 LDP@ tisencurrent 802.16e LDPC as the baseline. Thasiced
LDPC shown in Figure 1, which we called rate corfgp@tRC-LDPC will support 1/3 rate code and alsovte
3
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the mean to support HARQ with incremental redungldagrovide the BS-RS and RS-RS links operating in
hostile channel condition, with high throughputpioved robustness and increased decoding efficiency

2. Summary of Proposal

We proposed the construction of an extended pahigek matrix of the RC (Rate-Compatible)-LDPC cddes
achieve good performance for wide range of codedwlength and code rate. The parity-check matrix
construction method can support code rates randgiom 1/3 to 4/5 and codeword lengths ranging froé8 2
bits to 2304bits. The RC-LDPC codes are construatgdg a code-rate 1/2 parity-check matrix for codge
greater than or equal to 1/2. For code rate smatlggin %2 an additional parity check matrix is beggended

to the %2 parity-check matrix.

The proposed RC-LDPC uses the current 802.16 LB#’tBe baseline matrix. It also uses the same four

sub-packets protocol for its HARQ operation. Thepoesal provide some small additions and requirehange to
the current 802.16e LDPC.

3. Performance Results

TC Complexity of LDPC
e Complexity of TC
Algorithm LBP IMax Log Map
IMin-Sum+Offset [+extrinsic scaling
Number 20 8
Iterations
Total cost  [38.5K x 20 = 770j171K x 8 = 1368#56%
(R=1/3)
Total cost 28.8Kx 20 = 576[171K x 8 = 1368H42%
(R=1/2)
Total cost  [20.6K x 20 = 412}171K x 8 = 1368#30%
I(R:3/4)

Table 1:Operations count comparison of sub-optoeabders LDPC and TC decoders
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4. Proposed Text Additions
6.3.2.3.43.7.9 MIMO Compact UL

Insert into Table 109a — MIMO Comapct UL-MAP IE format

Syntax Size Notes

If (HARQ Mode=CTC - HARQ Mode is specified in the
Incremental Redundany) { HARQ compact UL_MAP IE

If (HARQ Mode=LDPC format for Switch HARQ Mode hardware
Incremental Redundancy

6.3.2.3.43.7.10 SDMA Compact UL-MAP IE format
Insert into Table 109b — SDMA compact UL-MAP IE format

Syntax Size Notes

If (HARQ Mode=CTC - HARQ Mode is specified in the
Incremental Redundany) { HARQ compact UL_MAP IE format
If (HARQ Mode=LDPC for Switch HARQ Mode hardware
Incremental Redundancy

6.3.17 No change necessary
6.3.17.1 No change necessary
6.3.17.2 No change necessary

6.3.17.3 No change necessary

8.4.5.3.21 HARQ DL MAP |E

I nsert:
d) Incremental redundancy HARQ for LDPC (HARQ LDPC-IR)

Insert into Table 2861 — HARQ DL MAP IE format
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Syntax Size Notes

Mode 4 bits 0b0111=Incremental redundancy
HARQ for LDPC

8.4.5.4.24 HARQ UL MAP IE

Insert:
4, Incremental redundancy HARQ for LDPC (HARQ LDIRE

Insert into Table 302j - HARQ UL MAP IE

Syntax Size Notes

Mode 3bits Obl11=Incremental redundancy
HARQ for LDPC

8.4.9.2.5.1 Code description

Insert new text at end of the subsection.

We propose the parity check matrix for rate-conipati DPC(RC-LDPC) codes using the parity-check rdtr
rate-1/2 specified in the 802.16e as the followkngure 4.

Extend for Code Rate=1/3
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Figure 4 Parityeck matrix for rate compatible LDPC codes

Letu andr be information bits asi=(u, u, --- u.) and parity bits ag =(r, r, - r,), respectively.
And Letv be a systematic codeword such that:
vi=(u u, - ug r, r, - r,) satisfyingH, V" =0.

The RC-LDPC encoder consists of a common LDPC emcaad a puncturing device. The decoder for RC-
LDPC codes is the same as an ordinary LDPC decodiggrithm with received LLR=0 for puncturing bits.

A set of code rates and un-puncturing bitsisdébr RC-LDPC codes can be represented by:

For the number of un-puncturing bites M /2), T ={ﬁ}
q={q, :84627351};

X=0,,Y=0;
Forl=1toi
Ifx<M /2 thenf, =r,,x=x+8,;
Elsex=q,, y=y+1;
Endif
End for

For the number of un-puncturing bite> M /2), ={r|}, forM/2<]<i.

8.4.9.2.5.2 Code rate and block size adjustment
The LDPC code flexibly supports different blockesZor each code rate through the use of an exgafestor.

Each base model matrix has=24 columns, and the expansion factor (z factoepisal ton/24 for code lengtin.
In each case, the number of information bits isaétuthe code rate times the coded length
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Insert into Table 33a — RC-LDPC block Sizes and code rates

IEEE C802.06j183r1

n n Z k(bytes) Number of subchannels
(bits) (bytes) | faster R=1/3 R=1/2 R=2/3 R=3/4 R=5/6 QPSK 16QANM4QAM
576 72 =24 24 36 48 54 60 6 3 2
672 84 =28 28 42 56 63 70 7 - -
768 96 =32 32 48 64 72 80 8 4 -
864 108 =36 36 54 72 81 90 9 - 3
960 120 =40 40 60 80 90 100 10 5 -
1056 132 =44 44 66 88 99 110 11 - -
1152 144 =48 48 72 96 108 120 12 6 4
1248 156 =52 52 78 104 117 130 13 - -
1344 168 =56 56 84 112 126 140 14 7 -
1440 180 =60 60 90 120 135 150 15 - 5
1536 192 =64 64 96 128 144 160 16 8 -
1632 204 =68 68 102 136 153 170 17 - -
1728 216 =£2 72 108 144 162 180 18 9 6
1824 228 =#6 76 114 152 171 190 19 - -
1920 240 =80 80 120 160 180 200 20 10 -
2016 252 =84 84 126 168 189 210 21 - 7
2112 264 =88 88 132 176 198 220 22 11 -
2208 276 =92 92 138 184 207 230 23 - -
2304 288 =096 96 144 192 216 240 24 12 8

8.4.9.2.5.3.1 Packet encoding for HARQ
Insert.

The reordered codeword for RC-LDPC codes are defsneh as

v::(\_ll \72 VK+M):(ul u, -+ U I:\1 F2 fM)'

I nsert this subclause

8.4.9.2.5.4 Subpacket generation for LDPC

9
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Proposed FEC structure punctures the reordered wadd to generate a subpacket with various codingsa
The subpacket is also used as HARQ packet transmisd-igure 5 shows a block diagram of subpacket
generation. 1/3 LDPC encoded codeword punctursngdarformed. The puncturing is performed to sdleet
consecutive bit sequence that starts at any pdithh@whole reordered codeword. For the first samssion,
the subpacket is generated to select the consechitvsequence that starts from the first bit @& fystematic
part of the reordered codeword. The length of shbpacket is chosen according to the needed cadieg
reflecting the channel condition. The first subgetccan also be used as a codeword with the needldidg

rate for a burst where HARQ is not applied.

LDPC encoder(1/3)

A\ 4

Symbol selection
(same as 8.4.9.2.3.4.4)

l

Figure 5: Block diagram of subpacket generation

| nsert this subclause

8.4.9.2.5.4.1 Symbol separation

Insert.

All of the encoded symbols shall be demultiplex#d three subblocks denoted A, Y, and W as shawfigure 6.

A, Y, and W subblocks are defined as

A::(ul u, --- uK),Y::

The encoder output symbols shall be sequentiadfyiduted into 3 subblocks with the first encodetpaot
symbols going to the A subblock, the second encodgiut going to the Y subblock and the third te Y

subblock, etc.

~

A

(rAl rAz r|\/|/2)’andvv::('¢|\/|/2+1 /242

A subblock

Y subblock

W subblock

Figure 6: Subblocks for RC-LDPC codes

10
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I nsert this subclause

8.4.9.25.42 Symbol selection

Lastly, symbol selection is performed to generatesubpacket. The puncturing block is referregyasabols
selection in the viewpoint of subpacket generation.

The reordered code is transmitted with one of thiepackets. The symbols in a subpacket are formged b
selecting specific sequences of symbols from thed.Bncoder output sequence. The resulting subpacke
sequence is a binary sequence of symbols for tliellator.

Let

k be the subpacket index when HARQ is enabled é=thé first transmission and increases by one for
the next subpacket. k=0 when HARQ is not used

Nep  be the number of bits in the encoder packet (eedoicoding)

NSCHk be the number of subchannel(s) allocatethiok-th subpacket

m be the modulation order for the kth subpacket@for QPSK , 4 for 16-QAM, and 6 for 64-QAM)
Sk be the subpacket ID for the k-th subpacket,tfferfirst subpacket, SPIR=0)

Also, let the scrambled and selected symbols béered from zero with thé"Gsymbole being the first symbok
in the sequence. Then, the index of the i-th siyoflibe kth subpacket shall be:

Ski = (F k+i)mod(3 . Nip)
where

T=0....Lk1,

Lk = 48.NschikM,
Fi=(Spipk.Ly)mod(3.Np)

The Np, Nschk M, and $p values are determined by the BS and can be irfelose the SS through the
allocation size in the DL-MAP and UL-MAP. The absymbol selection makes the following possible:

1. The first transmission includes the systematict pf the reordered code. Thus it can be usedhas
codeword for a burst where the HARQ is not applied.

2. The location of the subpacket can be determimedhe SPID itself without the knowledge of presiou
subpacket. It is very important property for HAREransmission.

8.4.9.7 Multiple HARQ (optional)

Insert into Table 333c — HARQ Modes definition

11
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HARQ Mode Definition

3 LDPC Incremental Redundancy

Insert this subclause.

8.4.9.2.5.5 Optional H-ARQ Optional IR HARQ

The procedure of HARQ LDPC subpacket generatiomsi$ollows: Padding, CRC addition, Fragmentation,
Randomization and LDPC encoding. HARQ implemeorias optional.

11.8.3.7.19 HARQ buffer capability

Insert.

Downlink/Uplink HARQ buffering capability indicatése maximal number of data bits the SS is ablstdce

for downlink/uplink HARQ. The buffering capabilisyseparately indicated for NEP/HSCH based incretiale
redundancy used for CTC and LDPC, and for DIUC/dmra based HARQ methods (Chase combining and
CC-IR) and separately for uplink and downlink tramssions.

- For incremental redundancy LDPC (NEP based): Namaf bits is indicated by NEP code, according to
Table 330

The IR-CTC and IR-LDPC HARQ buffer capability steflo be applied to bursts for which ACK chansel i
not allocated (ACK disable is set).

11.8.3.7.19.1 HARQ incremental redundancy buffeatality

Insert into Table:

Type Length Value Scope
162 2 Bits #0-3;Mp value indicating downlink SBC-REQ?
HARQ SBC-RSP?
buffering capability for incremental
redandancr
LDPC.

Bits #4;Aggregation Flag for DL
Bits #5-7;Reserved

Bits #8-11;Np value indicating uplink
HARQ
buffering
capability for incremental redandancr
LDPC.

Bits #12;Aggregation Flag for UL
Bits #13-15;Reserved

12
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8.4.15 Optional HARQ support

Insert.
Incremental redundancy for LDPC codes — specifeskiction 6.3.17 and in 8.4.9.2.3.5

8.4.15.2.2 Optional IRHARQ for LDPC
Insert.

The following optional modes exist for HARQ.
Incremental redundancy for LDPC codes —specifiesktion 8.4.9.2.5.4

13
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5. Conclusions

LDPC support high throughput with less hardware glexity and lower cost compared to Turbo Codesr RD-
LDPC is an enhanced version of the current 802LT#eC. It uses the 802.16e LDPC as a baseline.LBEC is
rate compatible and can provide 1/3 code rate ayimtit ARQ with incremental redundancy. For openatio
very hostile channel conditions as shown in Figursuch as those encountered by mobile RS or ndd{ix@d
RS and nomadic RS, RC-LDPC would be able to provigeoved robustness to the BS-RS or RS-RS links.

Throug%ut

RC-LDPC
with IR for
channel wit
hostile
conditions

CNR

Figure 7: RC-LDPC is best for hostile channel ctnds
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