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ASSERTED CLAIM ACCUSED INSTRUMENTALITY AND HOw EACH ELEMENT IS MET BY ACCUSED
(PATENT L.R. 3-1(A)) INSTRUMENTALITY
(PATENT L.R. 3-1(B)-(D))

11. An apparatus for receiving data in a Apple’s 3G Products® include an apparatus for receiving data in a communication system. See,
communication system, comprising: e.g.:

Apple iPhone user guide re iOS 3.1: (iPhone 3G or later, p. 21):

3G 3G Shows that your carrier’s 3G network is available,
and iPhone can connect to the Internet over 3G.
Available on iPhone 3G or later. 5ee *How iPhone
Connects to the Internet” on page 40.

1 «Apple’s 3G Products” include iPhone 3G, iPhone 3GS, iPhone4, iPad 3G, iPad2 3G and any other products compliant with
3GPP UMTS standard.
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http://www.apple.com/iphone/specs.html (iPhone 4)

Cellular and wireless

® GSM model: UMTS (HSDPA HSUPA (550, 900,
1900, 2100 MHZ); GSM/EDGE {850, 900, 1800,
1900 MHZ)

m COMA model: COMA EV-DO Rew. A& (300, 1900
MHZ)

m G02.11bfgfn Wi-Fi (802.11n 2.4GHzZ onhy

m Bluetooth 2.1 + EDE wireless technology

Location

m Asgisted CPS
m [Digital compass
m i-Fi

m Cellular
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iPad iOS 3.2 user guide: (iPad)

Cellular Data

lock the micro-5IM card.

on or off.

Account,

Chapter 17 Settings

http://www.apple.com/ipad/specs/ (iPad 2)

Wireless and

= Wi-Fi (802.11a/b
Cellular i=Fi { afbigin)

= Bluetooth 2.1 + EDR technology

Carriers

Use Cellular Data settings (on iPad Wi-Fi 4+ 3G only) to turn Data Roaming on or off,
change your account information, or add a Personal Identification Number (PIN) to

Turn the cellular data network on or off: Choase Cellular Data, then turn Cellular Data

Turn data roaming on or off: Choose Data Roaming, then turn data roaming on or off.

View your account information: To see or change your account information, tap View

Wi-Fi + 3G model: UMTS/HSDPAHSURA
(850, 900, 1900, 2100 MHZ); GSM/EDGE
(850, 900, 1800, 1900 MHZ)

Wi-Fi + 3G forVerizon model: COMA EV-00
Rew. & (800, 1900 MHZ)

Data onlye

Wi-Fi (80201 a/b/gfn)

Eluetooth 2.1 + EDR.technology

Learn maore about Wi-Fi + 35 #

Sast  leien
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[a] a demodulator for demodulating a
received symbol into a plurality of
systematic bits and parity bits;

Apple’s 3G Products include a demodulator for demodulating a received symbol into a plurality of
systematic bits and parity bits. The 3GPP Technical Specification 25.212 v6.0.0 (“TS 25.212
v6.0.0”) describe a turbo encoder for coding data bits to generate systematic bits and parity bits.
The coded data bits are received by Apple’s 3G products and decoded. See, e.g.,

TS 25.212 v6.0.0 84.5:

Bt By By s, ¥
CRC attachmant
By B BB |
Bit Scrambling
L ] L
Code block segrmentation
[ . N ¥
Channed Coding
CniBafaeFe L
Phyysioal Layar Hybride R0
functionalfy
W N W L
Physical charnal
n
R T
HE-DECH
Imtertaaving
LR T l l
My Yo Consteilation
Fe-TAngamMant
Tor 16 DAM
| A A l l
Physical channel mapping
PhCH#M PhCHEP

Figure 16: Coding chain for HS-DSCH
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TS 25.212 v6.0.0. § 4.5.3:

453 Channel coding for HS-DSCH

Channel coding for the HS-DSCH transport channel shall be done with the general method described in 4.2.3 above
with the following specific parameters.

There will be a maximum of ene transport block, i=1. The rate 1/3 turbo coding shall be nsed.

TS 25.212 v6.0.0 8 4.5.7 and Figure 17:

First Rate Matching Virtual IR Buffer Second Rate Matching
Systematic o
bits Nor >~ RM_S I“'ﬁr
Parity 1
C i Nm N N . w
mp:l:ﬁﬂn B RMPL " > RM P12 u ooII:cI:t‘tInn EN -
e N N
L > RM_P2_1 i » RM_Pz2 [
Figure 17: HS-DSCH hybrid ARQ functionality
4541 HARQ bit separation

The HARQ bit separation function shall be performed in the same way as bit separation for turbo encoded TrCHs in
4.2.7.4 above.

03498.51845/4323110.2




TS 25.212v6.0.0 8 4.2.3:

423 Channel coding

Code blocks are delivered to the channel coding block. They are denoted by ©

irl?
TrCH number, 15 the code block number. and K 1s the number of bits in each code block. The number of code blocks
on TrCH 7 1s denoted by C;. After encoding the bits are denoted by )., V.5, Vi seers Vyp - Where I 1s the number of

ir3® < irk,

0,350 s Qg where 7 1s the

ri-

encodad bits. The relation between Oy and Vi and between K; and I; is dependent on the channel coding scheme.
The following channel coding schemes can be applied to TrCHs:
- convolutional coding;
- turbo coding.
Usage of coding scheme and coding rate for the different types of TrCH 1s shown in table 1.
The values of T in connection with each coding scheme:
- convolutional coding with rate 1/2: ¥; = 2*K; + 16; rate 1/3: ¥;=3*K; + 24
- turbo coding with rate 1/3: F;=3*K; + 12,

Table 1: Usage of channel coding scheme and coding rate

Type of TrCH Coding scheme Coding rate
BCH
PCH " - 12
RACH Convolutional coding
1/3, 112
CPCH, DCH, DSCH, FACH Turbo coding A
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TS 25.212 v6.0.0 § 4.2.3.2, Figure 4:

4232 Turbo coding

42321 Turbo coder

The scheme of Turbo coder 1s a Parallel Concatenated Convolutional Code (PCCC) with two 8-state constituent
encoders and one Turbo code internal interleaver. The coding rate of Turbo coder 1s 1/3.  The structure of Turbo
coder 15 1llustrated 1n figure 4.

The transfer function of the 8-state constituent code for PCCC 1s:

D)
"g0(D)

G(D) =

E

where
gD =1+D"+ D,
a@=1+D+D’.

The mitial value of the shift registers of the 8-state constituent encoders shall be all zeros when starting to encode the
input bits.
Output from the Turbo coder 1s

X1, 21, 21, X2, 72, 22, - X£. 2R 2K,

where xy, X3, ..., Xz are the bits mput to the Turbo coder 1.€. both first 8-state consirtuent encoder and Turbo code
internal interleaver, and X is the number of bits, and z,, z3, ., zx and =1, 2%, .__, 7'y are the bits output from first and
second 8-state constituent encoders, respectively.

The bits output from Turbo code internal mterleaver are denoted by x'y, x5, .., x'r, and these bits are to be mput to the
second 8-state constituent encoder.
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X+ = Systematic bits

T TN

Input

Input Output Parity bits
Turbo code /
internal interleaver A
Output 2nd constituent encoder 2%

gt

: X

e . . . e e e . o

Figure 4: Structure of rate 1/3 Turbo coder (dotted lines apply for trellis termination only)

[b] a first deinterleaver for writing the Apple’s 3G Products include a first deinterleaver for writing the plurality of systematic bits on a
plurality of systematic bits on a column by | column by column basis and performing inter-column permutation. See, e.g.,

column basis and performing inter-column
permutation;
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TS 25.212v6.0.0 § 4.5.4.4:

4544 HARQ bit collection

The HARQ bit collection is achieved using a rectangular interleaver of size N_ % N

o col -

The number of rows and columns are determined from:

N, =4 for16QAMand N, =2 for QPSK

Faw

N_ =N, IN

col daia row

where N, 15 used as defined in 4.5.4 3.

Data 1s wntten into the interleaver column by column, and read out of the mterleaver column by column starting from
the first columm.

N, ;s 1s the number of transmitted systematic bits. Intermediate values N, and N, are calculated using:

N,,.
N, =|=2| and N, =N, ,-N,'N,,.
N,

r ] r
col

If N~=0 and N> 0, the systematic bits are written mto rows 1.._N,.

Otherwise systematic bits are wrnitten into rows 1.._N,+7 m the first N, columns and, 1f N,.= 0, also mto rows 1.. N, m
the remaining N_,-N; columns.

The remaining space is filled with parity bits. The parity bits are written column wise into the remaining rows of the
respective columns. Panty 1 and 2 bits are written mn alternating order, starting with a parity 2 bat in the first available
column with the lowest index number.

In the case of 16QAM for each column the bits are read out of the nterleaver in the order row 1, row 2, row 3, row 4. In
the case of QPSK for each column the bits are read out of the interleaver in the order row1, row?2.

03498.51845/4323110.2
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TS 25.212v6.0.0 8§ 4.5.5:

455 Physical channel segmentation for HS-DSCH

‘When more than one HS-PDSCH 1s used, physical channel segmentation divides the bits among the different physical
channels. The bits input to the physical channel segmentation are denoted by wy, W2, W3,.. Wy, where R is the number of
bits mput to the physical channel segmentation block. The number of PhCHs 1s denoted by P.

The bits after physical channel segmentation are denoted Uy Uyl ygse Uy, where p 1s PhCH number and U 1s

UL
the number of bits in one radio sub-frame for each HS-PDSCH. 1.e. P The relation between Wi and Up k 1s given
below.
For all modes, some bits of the input flow are mapped to each code until the number of bits on the code is U.
Bits on first PhCH after physical channel segmentation:
upe=wy k=12, U
Bits on second PhCH after physical channel segmentation:

wpp=wpey k=12, U

Bits on the P" PhCH after physical channel segmentation:

Up e = Winp-pv k=12, .U

TS 25.212 v6.0.0 § 4.5.6, Figure 18:

456 Interleaving for HS-DSCH

The interleaving for FDD 1s done as shown in figure 18 below, separately for each physical channel The bits input to
the block mterleaver are denoted by Uy Ul where p 1s PhCH number and U 1s the number of bits in

one TTI for one PhCH. For QPSK U = 960 and for 16QAM U = 1920. The basic interleaver is as the 2™ interleaver
described in Section 4.2.11. The interleaver is of fixed size: R2=32 rows and C2=30 columns.

03498.51845/4323110.2
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Uy x {QPSK) Yok (QPSK)
’ - Interleaver *.__

Ugic Upyer (16QAM) e Vox Vot (1BQAM) First interleaver

Interleaver | -
o (32x 30)
Uy o Ug i (1T6QAM) Vorez Viogss (16QAM)

Figure 18: Interleaver structure for HS-DSCH

For 16QAM, there are two identical interleavers of the same fixed size R2XC2 = 32%30. The output bits from the
physical channel segmentation are divided two by two between the interleavers: bits 1, and upx+; go to the first
interleaver and bits #,3-7 and 1, 3+3 go to the second mterleaver. Bits are collected two by two from the nterleavers: bits
Vi and v, g-;jare obtamed from the first interleaver and bats vy 37 and v ;-5 are obtained from the second mterleaver,
where k mod 4=1.

TS 25.212 v6.0.0 84.2.11:

4211 2" interleaving

The 2™ interleaving is a block interleaver and consists of bits input to a matrix with padding, the inter-column

permutation for the matrix and bits output from the matrix with pruning. The bits input to the block interleaver are
denoted by U, .4, 5,...,4, ;. where p is PhCH number and U is the number of bits in one radio frame for one

PhCH. The output bit sequence from the block interleaver 1s derived as follows:

03498.51845/4323110.2
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(3) Wnite the input bit sequence w4, 3.8, 3,..8 5y mto the R2 % C2 matix row by row starting with bit

¥py mcolumn 0 of row 0:

Yei ¥pa Vs e Yoz
¥pqraan Yoic2:3) ¥picae3 e
Youraamczen Ypameamczeny  Ypumrz-pczen oo Ypireecn

whera Vou =M, for k=12, ... Uand if B2 » C2 = U, the dummy bits are padded such that You =0orl
foark=U+10U+2 . B2xC2 These dummy bits are pruned away from the output of the matrix after the
inter-column permutafnon.

(4} Perform the inter-column permutation for the matrix based on the pattem | P 2(_)" I:'ﬁ--ﬁ'- : ) that 1s shown

L2
table 7, where P2() 15 the onginal column position of the j-th permmted column. After permutaton of the
columns, the bits are denoted by ', .

. P ‘ i

-]'(I A -]' rARI+L) -]"’ pol IxR2=1) i -]'l PAlC Il 2 41)
K K ' P

Fpa F¥Vpmzen ¥pipmnun oo ¥ piciamenn

W v ,. r

Yoz Ypimrn ¥pmenn o0 ¥ pionen

{5} The cutput of the block interleaver is the bit sequence read out column by column from the inter-column
permuted B2 ® C2 matrex. The output 15 pruned by deleting dummy bits that were padded to the mput of the
matix before the inter-column permutation, 1e. bits ¥k that corresponds to bits ¥k with k=17 are
removed from the cutput. The bits after 2™ interleaving are denoted by VoisVoasea Vo where Vp
comesponds to the bit ' ; with smallest index k after pruning, Vp 1 to the bit with second smallest

index k after pruning, and so on.

o

Table 7 Inter-column permutation pattern for 2nd interleaving

MNumber of columns C2 Inter-column permutation pattern
< P2{0), P2{1), ..., P2{C2-1) =
=0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28,1, 11, 21,
g, 18, 26, 4, 14, 24,19, 8, 28,12, 2,7, 22, 27, 17>

i)
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[c] a second deinterleaver for writing the
plurality of parity bits on a column by
column basis and performing inter-column
permutation;

Apple’s 3G Products include a second deinterleaver for writing the plurality of parity bits on a

column-by-column basis, and performing inter-column permutation. See, e.g.,

TS 25.212v6.0.0 § 4.5.4.4:

4544 HARQ bit collection

The HARQ bit collection is achieved using a rectangular interleaver of size N x N

The number of rows and columns are determuned from:

N.,, =4 for16QAMand N _ =2 for QPSK

Firu

N =N

{ y
! ) id
e} © o odala PO

where Nz, 15 used as defined in 4.5.4 3.

03498.51845/4323110.2
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Data is written into the interleaver column by column, and read out of the interleaver column by column starting from
the first column.

N, 5 15 the number of transmitted systematic bits. Intermediate values N, and N, are calculated using:
Ni‘ PS5
N, =|—2%| ad N,=N,,,—N, N,
col
If N~0 and N, > 0, the systematic bits are wrnitten into rows 1. _N,.

Otherwise systematic bits are written mto rows 1. N,+/ m the first N, columns and, 1f N> 0, also mto rows 1. N, n
the remaimng N,-N; columns.

The remaimng space 1s filled with panty bits. The parity bits are wntten column wise into the remaining rows of the
respective columns. Panity 1 and 2 bits are written mn alternating order, starting with a parity 2 bt in the first available
column with the lowest index number.

In the case of 16QAM for each column the bits are read out of the imterleaver 1n the order row 1, row 2, row 3, row 4. In
the case of QPSK for each column the bits are read out of the interleaver in the order row], row2.

03498.51845/4323110.2
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TS 25.212v6.0.0 8§ 4.5.5:

455 Physical channel segmentation for HS-DSCH

‘When more than one HS-PDSCH is used, physical channel segmentation divides the bits among the different physical
channels. The bits imnput to the physical channel segmentation are denoted by wy, w2, Wi, wg, where R 1s the number of
bits mput to the physical channel segmentation block. The number of PhCHs 1s denoted by P.

The bits after physical channel segmentation are denoted Upps ol psse sl pr s where p 1s PhCH number and U is

==
the mumber of bits in one radio sub-frame for each HS-PDSCH, 1.e. P. The relation between wy and Up k 15 given
below.

For all modes, some bits of the input flow are mapped to each code until the number of bits on the code 1s U
Biis on first PhCH after physical channel segmentation:

upg=wy k=12, U
Biis on second PhCH after physical channel segmentation:

wp=weev k=12, ..U

Bits on the P PhCH after physical channel segmentation:

Up = Werp-pprr k=12, U
TS 25.212v6.0.0 § 4.5.6, Figure 18:

456 Interleaving for HS-DSCH

The interleaving for FDD 1s done as shown in figure 18 below, separately for each physical channel The bits input to
the block interleaver are denoted by U sl g sl gsenslly ;. where p 15 PhCH number and U/ 1s the number of bits 1n

one TTI for one PhCH. For QPSK U = 960 and for I6QAM U = 1920. The basic interleaver is as the 2™ interleaver
described 1n Section 4.2.11. The interleaver 1s of fixed size: R2=32 rows and C2=30 columns.

03498.51845/4323110.2
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u,, (QPSK) v, (QPSK)
- Interleaver
eaaw| G230
Unk Upget ( ) VoV 50q (16QAM)

—‘17 — Second interleaver
Interleaver

™ emany [ ™

Ug sz Up e (1BQAM) Voxez Vokea (16QAM)

Figure 18: Interleaver structure for HS-DSCH

For 16QAM. there are two identical interleavers of the same fixed size R2XC2 = 32X30. The output bits from the
physical channel segmentation are drvided two by two between the interleavers: bits 1, and ugx+1 go to the first
mterleaver and bits u, ¢+ and 2, 3.3 go to the second interleaver. Bits are collected two by two from the mterleavers: bits
Vp.t and vp3+;are obtamned from the first interleaver and bits v, ;.7 and v, -3 are obtained from the second interleaver,
where k mod 4=1.

TS 25.212v6.0.0 §4.2.11:

4211 2" interleaving

The 2™ interleaving is a block interleaver and consists of bits input to a matrix with padding, the inter-column

permutation for the matrix and bits output from the matrix with pruning. The bits input to the block interleaver are
denoted by .4, .U, 5,...., ¥, . where p 1s PhCH number and U 1s the number of bits in one radio frame for one

PhCH. The output bit sequence from the block interleaver is derived as follows:
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(3) Wnite the input bit sequence w4, 3.8, 3,..8 5y mto the R2 % C2 matix row by row starting with bit

¥py mcolumn 0 of row 0:

Yei ¥pa Vs e Yoz
¥pqraan Yoic2:3) ¥picae3 e
Youraamczen Ypameamczeny  Ypumrz-pczen oo Ypireecn

whera Vou =M, for k=12, ... Uand if B2 » C2 = U, the dummy bits are padded such that You =0orl
foark=U+10U+2 . B2xC2 These dummy bits are pruned away from the output of the matrix after the
inter-column permutafnon.

(4} Perform the inter-column permutation for the matrix based on the pattem | P 2(_)" I:'ﬁ--ﬁ'- : ) that 1s shown

L2
table 7, where P2() 15 the onginal column position of the j-th permmted column. After permutaton of the
columns, the bits are denoted by ', .

. P ‘ i

-]'(I A -]' rARI+L) -]"’ pol IxR2=1) i -]'l PAlC Il 2 41)
K K ' P

Fpa F¥Vpmzen ¥pipmnun oo ¥ piciamenn

W v ,. r

Yoz Ypimrn ¥pmenn o0 ¥ pionen

{5} The cutput of the block interleaver is the bit sequence read out column by column from the inter-column
permuted B2 ® C2 matrex. The output 15 pruned by deleting dummy bits that were padded to the mput of the
matix before the inter-column permutation, 1e. bits ¥k that corresponds to bits ¥k with k=17 are
removed from the cutput. The bits after 2™ interleaving are denoted by VoisVoasea Vo where Vp
comesponds to the bit ' ; with smallest index k after pruning, Vp 1 to the bit with second smallest

index k after pruning, and so on.

o

Table 7 Inter-column permutation pattern for 2nd interleaving

MNumber of columns C2 Inter-column permutation pattern
< P2{0), P2{1), ..., P2{C2-1) =
=0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28,1, 11, 21,
g, 18, 26, 4, 14, 24,19, 8, 28,12, 2,7, 22, 27, 17>

i)

03498.51845/4323110.2
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[d] a rate matcher for rate matching the
de-interleaved systematic bits and parity
bits; and

Apple’s 3G Products include a rate matcher for rate matching the de-interleaved systematic bits
and parity bits. See, e.g.,

TS 25.212 v6.0.0. § 4.5.4 and Figure 17:

454 Hybrid ARQ for HS-DSCH

The hybrid ARQ functionality matches the number of bats at the output of the channel coder to the total number of bits
of the HS-PDSCH set to which the HS-DSCH is mapped. The hybrid ARQ functionality is controlled by the
redundancy version (RV) parameters. The exact set of bits at the output of the hybrid ARQ functionality depends on the
number of mput bits, the number of output bats, and the RV parameters.

The hybrid ARQ functionality consists of two rate-matching stages and a virtual buffer as shown in the figure below.

The first rate matching stage matches the number of mput bits to the virtual IR buffer, information about which 1s
provided by higher layers. Note that, 1f the number of input bits does not exceed the virtual IR buffering capability, the
first rate-matching stage 1s transparent.

The second rate matching stage matches the number of bits after first rate matching stage to the number of physical
channel bits available in the HS-PDSCH set in the TTL

First Rate Matching Virtual IR Buffer Sacond Rate Mafching
Systematic "
Lo Non > RM_S o
Parity 1
C . NT N N . N w
bit bits il e bit ‘data
separation = RM_P1_1 > RMPL2 | collection [ -

bits N2 sz,

»  RM_P2_1 »  RM_P2_2 -

Figure 17: HS-DSCH hybrid ARQ functionality
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[e] a decoder for decoding the rate
matched systematic bits and parity bits,

Apple’s 3G Products include a decoder for decoding the rate matched systematic bits and parity
bits. TS 25.212 v6.0.0 discloses a turbo encoder for coding data bits to generate systematic bits

and parity bits. See, e.g.,
3GPP Technical Specification 25.212 v6.0.0 (“TS 25.212 v6.0.0”) 84.5:

Bart Bz B e, T
CAC attachmant
Byt Bz D e T
Bit Scrambling
LT ¥
Code blotk ssgmentation
Ot P B -l T
Channel Coding
L i

W N Wy M L

R T

Wos Mz Vogee Vi

Phymical channel mapping

Vo

PhCHE  PhCHEP

Figure 16: Ceding chain for HS-DSCH
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TS 25.212 v6.0.0. § 4.5.3:

453 Channel coding for HS-DSCH

Channel coding for the HS-DSCH transport channel shall be done with the general method described in 4 2.3 above
with the following specific parameters.

There will be a maximum of cne transport block. i=1. The rate 1/3 turbo coding shall be used.

TS 25.212 v6.0.0 8 4.5.7 and Figure 17:

! First Rate Matching Virual IR Buffer Second Rate Maiching
I Systematic N
bits Nos > RM_S | Mhag
Parity 1
c | N N N ) w
- “p:";ﬁnn |—bits | w  RM_P11 L »  RM_P12 o, ooII:::ltlnn | Nowa
Parity2
bits »  RM_P2_1 Nea »  RM_P2_2 | Mg,
Figure 17: HS-DSCH hybrid ARQ functionality
4541 HARQ bit separation

The HARQ bit separation function shall be performed in the same way as bit separation for turbo encoded TrCHs
4.2.7 4 above.
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TS 25.212v6.0.0 8 4.2.3:

423 Channel coding

Code blocks are delivered to the channel coding block. They are dencted by 0,,,.0,,.0
TrCH number, r is the code block number. and K 1s the number of bits in each code block. The number of code blocks

on TrCH 7 1s denoted by C;. After encoding the bits are denoted by V. Vs Viyaseeos ¥V

w20,y . Where i is the

¥y

iy, - where I} 1s the number of
encoded bits. The relation between O+ and Vi and between K; and 17 1s dependent on the channel coding scheme.
The following channel coding schemes can be applied to TrCHs:
- convolutional coding:
- turbo coding.
Usage of coding scheme and coding rate for the different tvpes of TrCH is shown in table 1.
The values of T’ in connection with each coding scheme:
- convolutional coding with rate 1/2: ¥, = 2*K, + 16: rate 1/3: J;=3*K, + 24;

- turbo coding with rate 1/3: };=3*K, + 12.

Table 1: Usage of channel coding scheme and coding rate

Type of TrCH Coding scheme Coding rate
BCH
PCH h . 12
RACH Convolutional coding
113,142
CPCH, DCH, DSCH, FACH Turbo coding 73

03498.51845/4323110.2
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TS 25.212 v6.0.0 § 4.2.3.2, Figure 4:

4232 Turbo coding

42321 Turbo coder

The scheme of Turbo coder 1s a Parallel Concatenated Convolutional Code (PCCC) with two 8-state constituent
encoders and one Turbo code internal interleaver. The coding rate of Turbo ceder1s 1/3.  The structure of Turbo
coder 1s illustrated in figure 4.

The transfer function of the 8-state constituent code for PCCC 1s:

g,(D)
£0(D)

GD)= |1,

2

where
2D)=1+D*+D°,
aD)=1+D+D".
The mitial value of the shift registers of the 8-state constituent encoders shall be all zeros when starting to encode the
input bits.
Output from the Turbo coder 1s
X1, 21, 2'). X2, 22, 29, - ... X, ZL 2L

where x,, x;, ..., Xz are the bits input to the Turbo coder 1.e. both first 8-state constituent encoder and Turbo code
internal interleaver, and X is the number of bats, and z;, zo, ..., zr and 2, 2'5, ..., Z'r are the bits output from first and
second 8-state constituent encoders, respectively.

The bits output from Turbo code mtemnal interleaver are denoted by x'1, x's, .., X'g, and these bits are to be input to the
second 8-state constituent encoder.
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Figure 4: Structure of rate 1/3 Turbo coder (dotted lines apply for trellis termination only)

[f] wherein a size of the first deinterleaver
is equal to a size of the second
deinterleaver.

Apple’s 3G Products include a first deinterleaver equal in size to the second deinterleaver. See,
e.g.,

TS 25.212 v6.0.0 §84.5.6, Figure 18:

456 Interleaving for HS-DSCH

The mterleaving for FDD 1s done as shown in figure 18 below, separately for each physical channel The bits mnput to
the block interleaver are denoted by Up Ul sty where p 15 PhCH number and U 1s the number of bits 1

one TTI for one PhCH. For QPSK U =960 and for 16QAM U = 1920. The basic interleaver is as the 2! interleaver
described in Section 4.2.11. The interleaver is of fixed size: R2=32 rows and C2=30 columns.
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> Interleaver
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Figure 18: Interleaver structure for HS-DSCH

For 16QAM., there are two i1dentical interleavers of the same fixed size R2XC2 = 32X%30. The output bits from the
physical channel segmentation are divided two by two between the mnterleavers: bits z, 4 and upx+ go to the first
interleaver and bits up 4+ and 2, 3+5 go to the second interleaver. Bits are collected two by two from the mterleavers: bits
Vpi and vy - jare obtamed from the first interleaver and bits v, 7 and v s+ are obtained from the second mterleaver,
where k mod 4=1.

12. The apparatus of claim 11, See claim 11.

wherein if a number of the systematic bits | Apple’s 3G Products include part of the parity bits written next to the systematic bits in the first
is less than a number of the parity bits, deinterleaver if a number of the systematic bits is less than a number of the parity bits. See, e.g.,
part of the parity bits is written next to

systematic bits in the first deinterleaver.
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TS 25.212v6.0.0 § 4.5.4.4:

4544 HARQ bit collection

The HARQ bit collection is achieved using a rectangular interleaver of size N x N

FoW col -

The number of rows and columns are determuned from:

N, =4 for16QAMand N =2 forQPSK

Fiw

/N

data ' * 7 row

N, =N

[ae]

where Ny 15 used as defined in 4.5.4.3.
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Data 1s written into the interleaver column by column, and read out of the interleaver column by column starting from
the first column

N, 5 1s the number of transmitted systematic bits. Intermediate values N, and N, are calculated using:

we—N, N,
col

N
N, '\h;’lys} and N, =N,

If N~=0 and N, > 0, the systematic bits are wnitten into rows 1.._N,.

Otherwise systematic bits are written into rows 1.. N+ in the first N, columns and, if N,.>= 0, also into rows 1.. N, in
the remaining N_,-N; columns.

The remaimng space 1s filled with panty bits. The panty bits are wnitten column wise into the remaming rows of the
respective columns. Panty 1 and 2 bits are written in alternating order, starting with a parity 2 bit in the first available
column with the lowest index number.

In the case of 16QAM for each column the bits are read out of the interleaver in the order row 1, row 2, row 3, row 4. In
the case of QPSK for each column the bits are read out of the mnterleaver mn the order row], row?2.
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TS 25.212v6.0.0 8§ 4.5.5:

455 Physical channel segmentation for HS-DSCH

‘When more than one HS-PDSCH is used, physical channel segmentation divides the bits among the different physical
channels. The bits input to the physical channel segmentation are denoted by wi, W2, Ws,.. . wg, where R is the number of
bits mput to the physical channel segmentation block. The number of PhCHs 1s denoted by P.

The bits after physical channel segmentation are denoted UpisUpys¥paseensllyp . where p 1s PhCH number and U 1s
R
U=
the number of bits in one radio sub-frame for each HS-PDSCH, 1.e. P. The relation between w and Up, i 1s given

below.
For all modes, some bits of the input flow are mapped to each code until the number of bits on the code 15 U.
Bits on first PhCH afier physical channel segmentation:

w=wy E=12, U

Bits on second PhCH after physical channel segmentation:

Bits on the P* PhCH after physical channel segmentation:

Upp = Wep k=12...U

TS 25.212 v6.0.0 § 4.5.6, Figure 18:

456 Interleaving for HS-DSCH

The interleaving for FDD 1s done as shown in figure 18 below, separately for each physical channel The bits input to
the block interleaver are denoted by Uy Uy Uy gses Uy where p 1s PhCH number and U7 1s the number of bits in

one TTI for one PhCH. For QPSK U = 960 and for 16QAM U = 1920. The basic interleaver is as the 2™ interleaver
described in Section 4.2.11. The interleaver 1s of fixed size: R2=32 rows and C2=30 columns.
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Figure 18: Interleaver structure for HS-DSCH

For 16QAM., there are two 1dentical interleavers of the same fixed size R2XC2 = 32%30. The output bits from the
physical channel segmentation are divided two by two between the interleavers: bits 2, and ug 1 go to the first
mterleaver and bits 4, 4+ and 2, 3+3 go to the second interleaver. Bits are collected two by two from the interleavers: bits
Vp.i and v, yjare obtamed from the first interleaver and bits v, . and v, 3+ 5 are obtaimned from the second mterleaver,
where k mod 4=1.

13. The apparatus of claim 11,

See claim 11.

wherein if a number of the systematic bits
is greater than a number of the parity bits,
part of the systematic bits is written prior
to the parity bits in the second
deinterleaver.

Apple’s 3G Products include part of the systematic bits written prior to the parity bits in the second
deinterleaver if a number of the systematic bits is greater than a number of the parity bits. See,

e.g.,
TS 25.212v6.0.0 84.5.4.4:
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4544 HARQ bit collection

The HARQ bit collection is achieved using a rectangular interleaver of size N x N

Fow col -

The number of rows and columns are determuned from:

N, =4 for16QAMand N, =72 for QPSK

Firw

I'N

r AT
N =N data ' row

col

where Ny 15 used as defined in 4.5.4 3.

Data is wnitten into the interleaver column by column, and read out of the mnterleaver column by column starting from
the first column.

N, 5 1s the number of transmitted systematic bits. Intermediate values N, and N, are calculated using:

w—N, N,
col

N
M-Hﬁ%mm=m

If N=0 and N;-= 0, the systematic bits are written into rows 1.._N,.

Otherwise systematic bits are wniten into rows 1. _N,+/ i the first N, columns and, if N,.> 0, also mto rows 1_._N, in
the remaining N_,~-N; columns.

The remaiming space 1s filled with panity bits. The panty bits are written column wise mnto the remaining rows of the
respective columns. Panty 1 and 2 bits are written i altemating order, starting with a panity 2 bit i the first available
column with the lowest index number.

In the case of 16QAM for each column the bits are read out of the interleaver mn the order row 1, row 2, row 3, row 4. In
the case of QPSK for each column the bits are read out of the interleaver in the order row1, row?2.
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TS 25.212v6.0.0 8§ 4.5.5:

45.5 Physical channel segmentation for HS-DSCH

‘When more than one HS-PDSCH 1s used, physical channel segmentation divides the bits among the different physical
channels. The bits input to the physical channel segmentation are denoted by wi, w2z, ws,...wg, where R 1s the number of
bats mput to the physical channel segmentation block. The number of PhCHs 1s denoted by P.

The bats after physical channel segmentation are denoted Uy oMo U pysesostppr . where p 1s PhCH number and U 1s
R
U=
the number of bits in one radio sub-frame for each HS-PDSCH, 1.e. P. The relation between wi and Up k is given

below.
For all modes, some bits of the input flow are mapped to each code until the number of bits on the code 1s U
Bits on first PhCH after physical channel segmentation:
upp=wy k=12, U
Bits on second PhCH after physical channel segmentation:
uzp=wrey k=12,..U0

Bits on the P" PhCH after physical channel segmentation:

Upy = WirpUr k=12, U
TS 25.212 v6.0.0 § 4.5.6, Figure 18:

456 Interleaving for HS-DSCH

The interleaving for FDD 1s done as shown in figure 18 below, separately for each physical channel The bits input to
the block interleaver are denoted by Up Uyl sl gy where p 15 PhCH number and U7 1s the number of bits in

one TTI for one PhCH. For QPSK U/ = 960 and for 16QAM U = 1920. The basic interleaver is as the 2™ interleaver
described in Section 4.2.11. The interleaver 1s of fixed size: R?=32 rows and C2=30 columns.
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Interleaver
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Figure 18: Interleaver structure for HS-DSCH

For 16QAM., there are two identical interleavers of the same fixed size R2%C2 = 32%30. The output bits from the
physical channel segmentation are divided two by two between the interleavers: bits uy; and up x4 go to the first
interleaver and bits 24, 4+ and i 3+ go to the second interleaver. Bits are collected two by two from the interleavers: bits
Vpi and vy ¢+ jare obtamed from the first mterleaver and bits v, j+7 and vy -3 are obtained from the second mterleaver,

where k mod 4=1.
14. A method for receiving data in a See claim 11. Apple infringes this claim because it has performed each and every step of this
communication system, comprising: claim, including but not limited to through testing and use by its employees. Apple also infringes

this claim by selling Apple's 3G Products to customers and encouraging those customers to use the
products in a manner that meets each and every step of this claim.

demodulating a received symbol into a See claim 11[a].
plurality of systematic bits and parity bits;

writing the plurality of systematic bits on | See claim 11[b] and 11[c].
a column by column basis in a first
deinterleaver and performing inter-column
permutation, and writing the plurality of
parity bits on a column by column basis in
a second deinterleaver and performing
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inter-column permutation;

rate marching the de-interleaved
systematic bits and parity bits; and

See claim 11[d].

decoding the rate matched systematic bits
and parity bits,

See claim 11][e].

wherein a size of the first deinterleaver is

equal to a size of the second deinterleaver.

See claim 11[f].

15. The method of claim 14, See claim 14.
wherein if a number of the systematic bits | See claim 12.
is less than a number of the parity bits,

part of the parity bits is written next to the

systematic bits in the first deinterleaver.

16. The method of claim 14, See claim 14.
wherein if a number of the systematic bits | See claim 13.

is greater than a number of the parity bits,
part of the systematic bits is written prior
to the parity bits in the second
deinterleaver.
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