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4.2.7 Rate matching

Rate matching means that bits on a transport channel are repeated or punctured. Higher layers assign a rate-matching
attribute for each transport channel. This attribute is semi-static and can only be changed through higher layer
signalling. The rate-matching attribute is used when the number of bits to be repeated or punctured is calculated.

The number of bits on a transport channel can vary between different transmission time intervals. In the downlink the
transmission is interrupted if the number of bits is lower than maximum. When the number of bits between different
transmission time intervals in uplink is changed, bits are repeated or punctured to ensure that the total bit rate after
TrCH multiplexing is identical to the total channel bit rate of the allocated dedicated physical channels.

If no bits are input to the rate matching for all TrCHs within a CCTrCH, the rate matching shall output no bits for all
TrCHs within the CCTrCH and no uplink DPDCH will be selected in the case of uplink rate matching.

Notation used in section 4.2.7 and subsections:

N;: For uplink: Number of bits in a radio frame before rate matching on Tr@th transport format
combination .

For downlink : An intermediate calculation variable (not an integer but a multiple of 1/8).

N,™:  Number of bits in a transmission time interval before rate matching on Tn@H transport formak
Used in downlink only.

AN". : For uplink: If positive - number of bits that should be repeated in each radio frame o WitH

transport format combinatign

If negative - number of bits that should be punctured in each radio frame on Wi@tHtransport format
combination.

For downlink : An intermediate calculation variable (not an integer but a multiple of 1/8).

AN;™:  If positive - number of bits to be repeated in each transmission time interval ori Wi@Hransport
format;j.

If negative - number of bits to be punctured in each transmission time interval ori WiHransport formagt

Used in downlink only.

RM: Semi-static rate matching attribute for transport chanig@gnalled from higher layers.

PL: Puncturing limit for uplink. This value limits the amount of puncturing that can be applied in order to
avoid multicode or to enable the use of a higher spreading factor. Signalled from higher layers.

Nyata,j Total number of bits that are available for the CCTrCH in a radio frame with transport format
combination.

I: Number of TrCHs in the CCTrCH.

Z: Intermediate calculation variable.

Fi: Number of radio frames in the transmission time interval of TrCH

n;: Radio frame number in the transmission time interval of Tr@H< n < F)).

q: Average puncturing or repetition distance (normalised to only show the remaining rate matching on top of

an integer number of repetitions). Used in uplink only.

I£(n): The inverse interleaving function of th& ihterleaver (note that the inverse interleaving function is
identical to the interleaving function itself for th@imterleaver). Used in uplink only.

S(n): The shift of the puncturing or repetition pattern for radio framesed in uplink only.

TF():  Transport format of TrCHlfor the transport format combinatip.n
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TFS(i)) The set of transport format indeXef®r TrCHii.
TFCS  The set of transport format combination indejxes
€ni Initial value of variables in the rate matching pattern determination algorithm of section 4.2.7.5.
€plus Increment of variable in the rate matching pattern determination algorithm of section 4.2.7.5.
€minus Decrement of variable in the rate matching pattern determination algorithm of section 4.2.7.5.
b: Indicates systematic and parity bits

b=1: Systematic bitX(t) in section 4.2.3.2.1.

b=2: 1* parity bit (from the upper Turbo constituent encod¥é)in section 4.2.3.2.1.

b=3: 2 parity bit (from the lower Turbo constituent encod¥t}t) in section 4.2.3.2.1.

The * (star) notation is used to replace an indeshen the indexed variab}, does not depend on the indexn the
left wing of an assignment the meaning is thét=Y" is equivalent tofor all x do X, =Y ". In the right wing of an
assignment, the meaning is th&t=X. " is equivalent totake anyxand doY = X, "

The following relations, defined for all THC are used when calculating the rate matching parameters:

Z,, =0

i HB
RMmENm' a i
%“Zl H i foralli=1 .. | 1)

2T :
0 zRMmENmJ 0
g ™ H

AN; =2, =Z,; - N; forall=1..1

4.2.7.1 Determination of rate matching parameters in uplink
42711 Determination of SF and number of PhCHs needed

In uplink, puncturing can be applied to match the CCTrCH bit rate to the PhCH bit rate. The bit rate of the PhCH(s) is
limited by the UE capability and restrictions imposed by UTRAN, through limitations on the PhCH spreading factor.
The maximum amount of puncturing that can be applied is signalled from higher layers and deRatetheynumber

of available bits in the radio frames for all possible spreading factors is given in [2]. Denote these VidbggNby,

Nss Nao, Nig, Ng, andN,, where the index refers to the spreading factor. The possible valNgg.dfien arg Nosg, Niog,

Nsa, Naz, Nig, Ng, Ny, 2Ny, 3Ny, 4Ny, 5Ny, 6N;}.Depending on the UE capability and the restrictions from UTRAN, the
allowed set of Ny, denoted SETO, can be a subs€tMfse Niog, Nea, Naz, Nig, Ng, Na 2Ng, 3Ns, 4Ny, SNy, 6N} Nyaa, |

for the transport format combination j is determined by executing the following algorithm:

SET1 = {Ngawin SETO such tha{?;gl{RMy}mdata - Z RMxINy j is non negative }
-l x=1

If SET1 is not empty and the smallest element of SET1 requires just one PhCH then
Ndata,j =min SET1
else

SET2 = {Ngawin SETO such tha{inng{RMy}D\‘data -PL Dz RMXINy j is non negative }
0T x=1
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Sort SET2 in ascending order

Ngata= Min SET2

While Ny, is not the max of SET2 and the followerNgf,,requires no additional PhCH do
Nyaia= follower of Nyaa in SET2

End while

Ndata,j = Ndata

End if

42.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctufid], within one radio frame for each TrGHs calculated with equation

1 for all possible transport format combinatigremd selected every radio framM., jis given from section 4.2.7.1.1.

In compressed mod® ., ; is replaced biNgy, ; in Equation 1.NG. . is given from the following relation:

Ngg;aj =2N a0 ; = 2Ny, for compressed mode by spreading factor reduction
Néata; = Nyaa; — Nygy . for compressed mode by higher layer scheduling
[ TGL _
1—5 Ndata,j , if Nist + TGL< 15
15-N;
Nrg, = < 1—5f"5t Nyara - in first frame ifNg + TGL > 15
TGL- (15_ N first)
Nyaa i » in second frame s + TGL > 15
K 15 data, j

Nist andTGL are defined in section 4.4.

If AN; = 0 then the output data of the rate matching is the same as the input data and the rate matching algorithm of
section 4.2.7.5 does not need to be executed.

If AN; # 0 the parameters listed in sections 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for detegmnépiRoandeninus
(regardless if the radio frame is compressed or not).

427121 Uncoded and convolutionally encoded TrCHs
R=AN; mod N -- note: in this contexfiN; mod N; is in the range o to N;-1 i.e. -1 mod 10 = 9.
if Rz Oand2R< N

then g =0N; / RO
else

q=0N; / (R-N)O
endif
-- note:q is a signed quantity.
if g is even

then g' = g + gedfit) R)/F -- where gcd@l) F) means greatest common divisorfgfland F

-- note thafy' is not an integer, but a multiple of 1/8
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else
qa=q
endif
forx =0to i1
S(Ir (Ox*q'0 Omod F)) = (O*q'D Odiv F)
end for
AN; = AN;;
a=2

For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5, where :
Xi =N,;., and
€ni = (a@3(n)JAN;| + 1) mod (&N;).
€oius = abj
Eminus= alJAN;|

puncturing forAN<O, repetition otherwise.

427.1.2.2 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHsANg; >0, the parameters in section 4.2.7.1.2.1 are used.

If puncturing is to be performed, the parameters below shall be usedblislaged to indicate systematis=(), 1*
parity (0=2), and 2 parity bit p=3).

a=2 whenb=2
a=1 whenb=3

N = o3
i
X; = IN;; /30,
q =X;/|]aAN;| O
if(q<2)
for x=0 toF;-1
S[IE[(3x+b-1) mod K] = x mod 2;
end for
else
if gis even

then q' =q—gcd(q,F)/ F; -- wheregcd (g, F) means greatest common divisomaindF;
-- note thafy' is not an integer, but a multiple of 1/8

else g =q
endif

for x=0 toF; -1
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r = [Ox*q’ Omod F;
S[I[(3r+b-1) mod H] = Ox*q’ Odiv F;
endfor

endif
For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5, where:
X; is as above,
&ni = (aS(n)IAN;| +X) mod (aX)), if en =0 then g; = aX;.
€oius = X

Eminus= allAN; [

4.2.7.2 Determination of rate matching parameters in downlink

For downlinkNyaisj does not depend on the transport format combinftigy. - is given by the channelization code(s)
assigned by higher layers.

42.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

First an intermediate calculation variadé « Is calculated for all transport channetlsy the following formula:

The computation of thé&NiT,T' parameters is then performed in for all TrC&hd all TH by the following formula,

where AN, . is derived fromN,; . by the formula given at section 4.2.7:
AN, .. = F [AN,.

If AN, =0 then, for TrCHi, the output data of the rate matching is the same as the input data and the rate matching
algorithm of section 4.2.7.5 does not need to be executed. In this case we have :

O OTFS(i)ANT" =0

If AN, . # O the parameters listed in sections 4.2.7.2.1.1 and 4.2.7.2.1.2 shall be used for detepmagirgand
€minus

42.7.2.1.1 Uncoded and convolutionally encoded TrCHs
AN, =AN_ .,
a=2
N = maxN "
max ores() !

For each transmission time interval of TrCiith TF I, the rate-matching pattern is calculated with the algorithm in
section 4.2.7.5. The following parameters are used as input:

)(i = Ni'll'Tl

Qni =1
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eplus =a |:Nmax

eminus = al:lei|

TTI

Puncturing if AN, <O, repetition otherwise. The values AN“ may be computed by counting repetitions or

puncturing when the algorithm of section 4.2.7.5 is run.

427.2.1.2 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHsAN, .. >0, the parameters in section 4.2.7.2.1.1 are
used.

If puncturing is to be performed, the parameters below shall be usedblislaged to indicate systematis=(), 1™
parity (0=2), and 2 parity bit (=3).

a=2 whenb=2
a=1 whenb=3
The bits indicated bb=1 shall not be punctured.

N =
an, = BNnw/200 =2
N,./20 b=3

N_..= max(N,/ " /3)

maxorrs(i)

For each transmission time interval of TrCiith TFI, the rate-matching pattern is calculated with the algorithm in
section 4.2.7.5. The following parameters are used as input:

X, =N,/"/3

Qni = N max

eplus =a |:Nmax

eminus‘. = a'I:IBNi|

The values ofANiTJTI may be computed by counting repetitions or puncturing when the algorithm of section 4.2.7.5 is
run.

42.7.2.2 Determination of rate matching parameters for flexible positions of TrCHs

First an intermediate calculation variaij is calculated for all transport channiend all transport format
combinationg by the following formula:

_1 TT
N = E (Ni 1, (3
I
Then rate matching ratid®F are calculated for each the transport chanimebrder to minimise the number of DTX
bits when the bit rate of the CCTrCH is maximum. Rigratios are defined by the following formula:

N
=

max (RMi EN”.)

joTFCs &

data,* ERM

RF, =
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The computation oﬂNiTlT' parameters is then performed in two phases. In a first phase, tentative temporary values of

ANiTlT' are computed, and in the second phase they are checked and corrected. The first phase, byRiseabibthe

ensures that the number of DTX indication bits inserted is minimum when the CCTrCH bit rate is maximum, but it does
not ensure that the maximum CCTrCH bit rate is not greateNfan. per 10ms. The latter condition is ensured
through the checking and possible corrections carried out in the second phase.

At the end of the second phase, the latest valu’éNflT' is the definitive value.

TTI

The first phase defines the tentative temporAN for all transport channéland any of its transport formiaby use

of the following formula:

U U
F-ENTTID |:| N D?M I:NTTI |:|
NTTI F E ||: D 5_ N:ﬂ F E\[D data,* : ( )D_ N;I"ll'l
i X
' 52 Egggcsz RM:IN;
The second phase is defined by the following algorithm:
forall j in TFCSdo -- for all TFC
i=1 NTTl + AN TTI
D= Z 1TF ( ALL0) -- CCTrCH bit rate (bits per 10ms) for THRC
if D> Ndaw then
fori=1tol do -- for all TrCH
AN = F [AN; - AN ; is derived fromN, ; by the formula given at section 4.2.7.

if AN,TI'F( ) > AN then
AN () =AN
end-if
end-for
end-if
end-for

NOTE: The order in which the transport format combinations are checked does not change the final result.

If ANiT,T' = 0 then, for TrCHi at TFI, the output data of the rate matching is the same as the input data and the rate
matching algorithm of section 4.2.7.5 does not need to be executed.

If ANiT',TI % 0 the parameters listed in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be used for determegingand
eminus&

427221 Uncoded and convolutionally encoded TrCHs
AN, = AN

a=2
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For each transmission time interval of TrCtith TF I, the rate-matching pattern is calculated with the algorithm in
section 4.2.7.5. The following parameters are used as input:

)(i = Ni'll'Tl
Qni =1

— TTI
eplus =a |:INiI

eminus = a'I:IBNi|

puncturing forAN, <O, repetition otherwise.

427.22.2 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs AN, "

4 >0, the parameters in section 4.2.7.2.2.1 are
used.

If puncturing is to be performed, the parameters below shall be used biimlased to indicate systematis=(), 1
parity (=2), and 2 parity bit p=3).

a=2 whenb=2
a=1 whenb=3

The bits indicated bip=1 shall not be punctured.

_OBN™/2[] b=2
A= Hanrm 20 b=3

For each transmission time interval of TrCiith TF I, the rate-matching pattern is calculated with the algorithm in
section 4.2.7.5. The following parameters are used as input:

X; =N,/ /3N,
e, =X,

eplus =a |:)(i

eminus = a'I:IBNi|
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4.2.3 Channel coding

Code blocks are delivered to the channel coding block. They are deno@g,y,,0, 3,...,0,, , wherei is the

TrCH numbery is the code block number, aKdis the number of bits in each code block. The number of code blocks
on TrCHi is denoted by;. After encoding the bits are denoted Wy, , Y;;5, Yir3s-- -1 Yiry, - WhereY; is the number

of encoded bits—Fhe-encodedblo are-serially multinlexed-so-that the blo

= \/ k=12 V.
S Yilk 1< 51}
= \L =V 41 + 2 2
YK jl,z,(k_Yi) LAY LE E T LT
= = + 1 N+ 2 3Y.
I 1,3 —2YI t 1 + RN +

— Yooy KGN+ A2 CY
—The relation betwee@k andYirk and betweeK; andY; is dependent on the channel coding scheme.
The following channel coding schemes can be applied to TrCHs:

- Convolutional coding

- Turbo coding

- No ehannelkoding

Usage of coding scheme and coding rate for the different types of TrCH is shown in table 1.

The values off; in connection with each coding scheme:
- Convolutional coding® with rate1/2: Y; = 2*K; + 16;ratel/3rate Y, = 3*)K; + 24
- Turbo codingwith rate1/3rate Y; = 3*K; + 12
- Noehannekoding: Y; = K;

Table 1: Usage of channel coding scheme and coding rate ErrorCerrectioh————Coding-Parameters—

Type of TrCH Coding scheme Coding rate
BCH
PCH , . 1/2
RACH Convolutional coding
1/3,1/2
CPCH, DCH, DSCH, FACH Turbo coding 1/3

No coding
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Transport channel type Coding scheme Coding rate
BCH
2
Convelutional-code
RACH
32
TFurboCode 43
No-coding

42.3.1 Convolutional coding
Convolutional codes with constraint length 9 and coding rates 1/3 and 1/2 are defined.
The configuration of the convolutional coder is presented in figure 3.

Output from the rate 1/3 convolutional coder shall be done in the order outputO, outputl, output2, outputO, outputl,
output 2, output 0,...,output2. Output from the rate 1/2 convolutional coder shall be done in the order output 0, output
1, output O, output 1, output O, ..., output 1.

8 tail bits with binary value 0 shall be added to the end of the code block before encoding.

The initial value of the shift register of the coder shall be "all 0" when starting to encode the input bits.

" B} Bl Bl Bl B -Bl+B-

Y Y Y Output 0
(1) [y any > >
> > > >0 »™ G, = 561 (octal)
9. S S 2 S LY oupui
T LNV LNV LN AN % U

" Gy = 753 (octal)
(a) Rate 1/2 convolutional coder

B Bl B e B s Y B BY s PY Y Y

AN 0 AT . § N AN =TT
D D > > > U » Gp = 557 (octal)
B4 o 3 Y ouput
T ' U N N Gl =663 (OCtal)
0 S ek b5 Output 2
U LN V) LN V) Lt >

G, =711 (octal)
(b) Rate 1/3 convolutional coder

Figure 3: Rate 1/2 and rate 1/3 convolutional coders

4.2.3.2 Turbo coding

423.2.1 Turbo coder

The turbe-codingschemenf Turbo codeis apParalleleConcatenatedConvolutionaleCode (PCCC) withwo 8-state
constituent encodeend one Turbo code internal interleaver. The coding rate of Turbo coder Bh&/3tructure of
Turbo coder is illustrated in figure 4.

The transfer function of the 8-state constituent code for PCCC is
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o) = 3.2 05 601

H'd(D) g g,(D)[

where
d.gy(D) =1 +D?+ D%,
Ag(D)=1+D+D>

X(t)

L
)

The initial value of the shift registers of tRE€CEC8-state constituergncodes shall be all zeroghen starting to
encode the input bits

. For rat

Xty 21, Z 1, X0 0, Z 2y ooy Xis Zks Z Ko

wherexy, X, ..., X¢ are the bits input to the Turlooder i.e. both first 8-state constituent encoder and Turbo code
internal interleaver, and is the number of bits, arsl, z, ..., zc andZ,, Z,, ..., Z are the bits output from first and
second 8-state constituent encoders, respectively.

The bits output from Turbo code internal interleaver are denot&d.bys, ..., X'k, and these bits are to be input to the
second 8-state constituent encoder.

Xk

1st constituent encoder Z

Xk
Input ———o——eo

Input Output
Turbo code
internal interleaver

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

42322 Trellis termination for Turbo codering

Trellis termination is performed by taking the tail bits from the shift register feedback after all information bits are
encoded. Tail bits angadded after the encoding of information bits.

The first three tail bits shall be used to terminate the first constituent encoder (upper switch of figure 4 in lower
position) while the second constituent encoder is disabled. The last three tail bits shall be used to terminate the secol
constituent encoder (lower switch of figure 4 in lower position) while the first constituent encoder is disabled.

The transmitted bits for trellis termination shall then be

O ’ : : X1y Zik+1s Xk+2y Zk+2, XiK+3y ZkK+3,

code mternal mterleaver consmﬁsbns -input to a rectanqular matrix, intra-row and inter-row permutauons of the
rectangular matrix, and bits-output from the rectangular matrix with pruning. The bits input to the Turbo code internal

interleaver are denoted B, X,, X;,..., Xk , WhereK is the integer number of the bits and takes one value &f K0

5 5114. The relation between the brput to the Turbo code internal interleaver and the bits input to the channel
coding is defined by, =0,, andK =K;. i i i

Source Coded sequence
o0—e »O
K bit
L 4 > RSC1 —»O0 & (3K+T +T ) hit
+ 1 bi :
| m\gm KQ;
Mother » Pruning » RSC2 —»0 ~’
interleaver

The following section specific symbols are used in sections 4.2.3.2.3.1 — 4.2.3.4.3.3:

Number of bits input to Turbo code internal interleaver
Number of rows of rectangular matrix
Number of columns of rectangular matrix

Prime number

Primitive root

Base sequence for intra-row permutation

o] Minimum prime integes

I Permuted prime integers

T() Inter-row permutation pattern

Ui(i) Intra-row permutation pattern

i Index of matrix

2 2 1< O |0 [0 R
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i Index of matrix
Kk Index of bit sequence

423231 Bits-input to rectangular matrixMether-interleavergeneration

The bit sequence input to the Turbo code internal interledy&he-interleaving-consistsf-three-stages—liirst stage
th&mputsequene is wrltten |nto the rectangular matias follows: W@Nﬁ}eseeend—stag&&m#a-row

(1) Determine the number of row’sof the rectangular matrisuch that

5,if (40< K <159
R=[10,if ((160< K <200) or (481< K <530))
E 20,if (K =anyother vale)

R =20-(K=anyotheblock lengthexcept 481 to-530 bits: Casp 2

where the rows of rectangular matrix are numbered 0, 1, R-.1,from top to bottom.

(2) Determine the number of colum@f rectangular matriguch that

if (481 < K < 530) then
p =53 and-Case-1C = p=53.
else-Case-2;
H——FFind minimum primep such that
O=4p+1)-KIR=
and determin€ such that,
{)—if (6=<p - K/IR 2 Q) thengo-te-{it);
if -1 -K/R =_0) then
C=p-1.
else
C=p.
end if
else

=p+1
end if
end if

where the columns of rectangular matrix are numbered 0, 1, €,-.1 from left to right.
0= R) ’

else-C=p:

(3) Write Fthe inputbit sequenceyetthe-interleaveis-writteninto theR X C rectangular matrix row by row starting
with bit x,frem in column O ofrow 0.

O x X, Xg e U
B X(c:+1) X(c:+2> X(c:+3) ch%
D . . .

BX(r-nc+  X(R-nc+2)  X(R-1)C+3) XRc@
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4.2.3.2.3.2 Intra-row and inter-row permutations

After the bits-input to th&X C rectangular matrix, the intra-row and inter-row permutations are performed by using
the following algorithm:

(1) {A-BH-Select a primitive roaggyv from table 2.
(2) {A-2)-Construct the base sequersg) for intra-row permutation as
(i) =[ggv.x es(i -1)] modp, ii=1,2,...,0-2).,andes(0) =1

(_)_-QA-S)—Let 0o.= 1 be the first prime integer irgf, andSselect theconsecutiveninimum prime integerset{q;} (j =
1,2, ...,R-1) such that

g.c.dg, p-1} =1,
g > 6,and

G > dg-1)
where g.c.d. is greatest comndigiderdivisor.-Andgy—=2%.

(4) tA-4)y-PermuteFhe-sef g} ispermutedo makea-rew-sefpr;} such that

Prgttp=9,J=0,1, ...R-1,

wherePT(j) indicates the original row position of tih permuted row, and(j) is the inter-row permutation
pattern definecs the one of the following four kind of patterRst; Pat, Pat; andPat, depending on the number

of input bitskK. inthethird-stage.

[Pat, if (40< K <159)
Chat, if (160< K < 200)

at if (201< K < 480)

at, if (481< K < 530)

T(j) = [Pat, if(531<K <2280 |,

[Pat, if (2281< K < 2480
Efatl if (2481< K < 3160
Pat, if (3161< K <3210
FPat if (3211< K <5114

wherePat; Pat, Pat; andPaf, have the following patterns respectively.

Pat: {19,9,14,4,0,2,5,7,12,18, 10,18, 17, 3, 1, 16, 6, 15, 11}

Pab: {19,9,14,4,0,2, 5,7, 12, 18,16, 13,17, 15,3, 1, 6, 110}8,
Pat; {9,8,7,6.5.4,3,2 0}
Pat,: {4, 3.2, 1, 0}

(5) {A-5)-Perform thg-th (j = 0, 1, 2, ...,R - 1) intra-row permutation as

if (C =p) then
eUj(i) =eg([i xprjmod(p- 1)), i=0,1,2,...,66-2)., andkUj(p-1)=0,

whereeU(i) is the input bit position dfth output after the permutation joth row.
end if

BHif (C=p+ 1) then
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j =01, 2 i S:
eUi(i) = es([ix prmod(p- 1)), i=0,1,2, ..., - 2)., Uj(p- 1) = 0, ancy;(p) = p,

=CX-R)-thenexchange-g{p)-with-ez +(0)-

whereeU(i) is the input bit position dfth output after the permutation jgth row:, and

if (K=C X R) then
ExchangeJg 1(p) with Ug.41(0).
end if
end if

CHif (C=p- 1) then

eUj(i) =es(lix prJmod(- 1)) - 1, i=0,1,2, ..., |- 2),

whereeU(i) is the input bit position dfth output after the permutation jeth row.
end if
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Table 2: Table of prime p and associated primitive root v

b v b v 4 v 4 v b v
7 3 47 5 101 2 157 5 223 3
11 2 53 2 103 5 163 2 227 2
13 2 59 2 107 2 167 5 229 6
17 3 61 2 109 6 173 2 233 3
19 2 67 2 113 3 179 2 239 7
23 5 71 z 127 3 181 2 241 z
29 2 73 5 131 2 191 19 251 6
31 3 79 3 137 3 193 5 257 3
37 2 83 2 139 2 197 2
41 6 89 3 149 2 199 3
43 3 o7 5 151 6 211 2
P Go P Go P Go P Go P Go
17 3 59 2 103 5 157 5 211 2
19 2 61 2 107 2 163 2 223 3
23 5 67 2 109 6 167 5 227 2
29 2 +1 + 113 3 173 2 229 6
31 3 3 5 127 3 179 2 233 3
3# 2 9 3 131 2 181 2 239 +
41 6 83 2 137 3 191 19 241 +
43 3 89 3 139 2 193 5 25% 6
47 5 97 5 149 2 197 2 257 3
53 2 101 2 151 6 199 3

4.2.3.2.3.32 Bits-output from rectangular matrix with Befinition-ef-number-oef-pruning-bits

After intra-row and inter-row permutations, the bits of the permuted rectangular matrix are dendged by

Ly y'(R+1) yl(2R+1) y|((C-1)R+1) O

2 Ywre2) Yire) ---y'((c—l)R+2)EL

O
B'r Y YR - Yer O

The output of the Turbo code internal interleaver is the bit sequence read out column by column from the intra-row ar
inter-row permutedR x _C matrix starting with bit’, in row 0 of column 0 and ending with lyitcg in rowR - 1 of

columnC - 1. The output is pruned by deleting bits that were not present in the input bit sequencey'ighaits
corresponds to bitg with k > K are removed from the output. The bits output from Turbo code internal interleaver

are denoted by ;, X'5, ..., Xk, Wherex'; corresponds to the byjt, with smallest indek after pruningx’, to the bity’,

Wlth second smallest indéeafter orunlnq and S0 on#he—eu%pu{—ef—the—memepuﬁedeavepis—pm;Bd—by—deiehng the

in the

mpu{—sequeneél'he number of bits output from Turbo code mternal mterleavléraed—'fthetotal number of

pruredingbits pumbed-is defined-as:

— 1=RXC-K,

4.2.3.3 Concatenation of encoded blocks

After the channel coding for each code bloclGiifs greater than the encoded blocks are serially concatenated so
that the block with lowest indaxis output first from the channel coding block, otherwise the encoded block is output
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from channel coding block as itis. The bits output are denote) b;,,C;3, ..., Cg, . Wherei is the TrCH number

andE; = GY;. The output bits are defined by the following relations:

— Gy =VYiu_k=1.2..Y

Cik = Vi) K=Y+ 1LY +2 ..2Y

— Gk T VYig-avy) kK=2Y%+ 1.2+ 2 ...3Yi

G TVYick-cv)—K=(Ci-1)Y+ 1 (C-1)Y+2 .. GY,

If no code blocks are input to the channel codi®g=(0), no bits shall be output from the channel codingEj.e.0.
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4.2.9 Insertion of discontinuous transmission (DTX) indication bits

In the downlink, DTX is used to fill up the radio frame with bits. The insertion point of DTX indication bits depends on
whether fixed or flexible positions of the TrCHs in the radio frame are used. It is up to the UTRAN to decide for each
CCTrCH whether fixed or flexible positions are used during the connection. DTX indication bits only indicate when the
transmission should be turned off, they are not transmitted.

4.29.1 1% insertion of DTX indication bits

This step of inserting DTX indication bits is used only if the positions of the TrCHSs in the radio frame are fixed. With
fixed position scheme a fixed number of bits is reserved for each TrCH in the radio frame.

The bits from rate matching are denoted®y, J;,, J;3:-.., O, » WhereG; is the number of bits in one TTI of TraH

Denote the number of bits in one radio frame of TiQkt H;. In normal or compressed mode by spreading factor
reductionH; is constant and corresponds to the maX|mum number of b|ts from iTirCohe radlo frame for any
transport format of TrCh{ A ; . ; allowed.

mum-Rumber of bits

OF O
the-number-of radio-frames-ina-TTH-of TrGH he bits output from the DTX insertion are denoted
by, Ryi sy Rg ) - Note that these bits are three valued. They are defined by the following relations:

h, =0,k=1,23, .G
he =0 k=G+1,G+2 G+3, ..., FH,

where DTX indication bits are denoted &yHereQix ({0, 1} andd ({0, 1}.

4.29.2 2" insertion of DTX indication bits

The DTX indication bits inserted in this step shall be placed at the end of the radio frame. Note that the DTX will be
distributed over all slots aftef%nterleaving.

The bits input to the DTX insertion block are denotedshs,, S;,.. ., Sg,whereSis the number of bits from TrCH

multiplexing. The number of PhCHs is denotedPgnd the number of bits in one radio frame, including DTX
indication bits, for each PhCH kY. The number of available bits on the PhCH is denotddhyand
Ngate=1Ngatzr+1Ngatz2, WhereNgam andNgq are defined in [25.211]. In normal modeNg,. In compressed mode
Ngata IS changed from the value in normal nddethe radio frames containing the TGs or part of the TG® exact
value 0fNga is dependent on thEGL and the transmission time reduction method, which are signalled from higher
layers. The number of bits that are located within the transmission gap is ddrgtadd defined as:

(
TGLN

E data’

if Ny + TGL< 15

15_ N first
R Nata

TGL- (15_ N first )
Ndata’
\ 15

Niirst andTGL are defined in Section 4.4.

Nrg, = { in first frame ifNg,t + TGL > 15

in second frame W, + TGL> 15

In the radio frames that contain the TGs or part of the- FGseompressedJrNge-Nre. .
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The bits output from the DTX insertion block are denoted\pyW, , W,
threevalued. They are defined by the following relations:

W, =S k=1,2,3,..,S

W, =0 k=S+1,S+2,S+3, ..., PU

3G TS 25.212 V3.1.0 (1999-21)

...y Wpy) - Note that these bits are

where DTX indication bits are denoted &yHereS, [1{0,1}and J [{0,1}.
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443 Transmission time reduction method

When in compressed mode, the information normally transmitted during a 10 ms frame is compressed in time. The
mechanisms provided for achieving this are puncturing, reduction of the spreading factor by a factor of two , and higher
layer scheduling. In the downlink, all methods are supported while compressed mode by puncturing is not used in the
uplink. The maximum idle length is defined to be 7 slots per one 10 ms frame. The slot formats that are used in
compressed mode are listed in [2].

4431 Compressed mode by puncturing

During compressed mode, rate matching (puncturing) is applied for creating transmission gap in one frame. The
algorithm for rate matching (puncturing) as described in section 4.2.7 is used.

4.4.3.2 Compressed mode by reducing the spreading factor by 2

During compressed mode, the spreading factor (SF) can be reduced by 2 during one radio frame to enable the
transmission of the information bits in the remaining time slots of a compressed frame.

On the downlink, UTRAN can also order the UE to use a different scrambling code in compressed mode than in normal
mode. If the UE is ordered to use a different scrambling code in compressed mode, then there is a one-to-one mapping
between the scrambling code used in normal mode and the one used in compressed mode, as described in TS 25.213[3]
section 5.2.1.

4.4.3.3 Compressed mode by higher layer scheduling

Compressed mode can be obtained by higher layer scheduling. Higher layers then set restrictions so that only a subset
of the allowed TFCs are used in compressed mode. The maximum number of bits that will be delivered to the physical
layer during the compressed radio frame is then known and a transmission gap can be gepérdted.in the

downlink, the TFCI field is expanded on the expense of the data fields and this shall be taken into account by higher
layers when setting the restrictions on the TFCs. Compressed mode by higher layer scheduling shall not be used with
fixed starting positions of the TrCHs in the radio frame.
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