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4.2.5 1st interleaving

The 1% interleaving is a block interleaver with inter-column permutations. The input bit sequence to the 1% interleaver is
denoted by X; 1, X 2, X 35+, X x Rz 37—%x > Where i is TrCH number and X; the number of bits (at this

stage X; is assumed and guaranteed to be an integer multiple of TTI). The output bit sequence is derived as follows:

1) select the number of columns C1€, from table 3;

2) determine the number of rows R1R, defined asR R1 = X/C1C;;

3) writethe input bit sequence into the R-R1 "~ C1G, rectangular matrix row by row starting with bit X, inthe
first column of the first row and ending with bit X; gy cq) X ey in column S,-Clof row RR1;

é‘ Xi1 X 2 X3 X c1 U
¢ X X X u
é “N.(c i,(C1+2) X (c1+3) - NEen (g
& . . . . 0
é u
@Xi (Rraycy  Kireaycz)  Xi(Reaycy oo Xi(Rrcy 0]
é X X2 X3 o Xe U
e u
é Xi,(c, +1) Xi,(c, +2) Xi,(c, +3) Xi,(zcl) U
é . . . . U
e u

®

(R-Dc+)  K(R-nC+2) XN(R-Dc+3y X (Rc)l

4) pPerform the inter-column permutation based on the pattern <Plcl(j )> o1 PH=01—+C1)

shown in table 3, where P, P1c,(j) is the original column position of the j-th permuted column. After permutation
of the columns, the bits are denoted by Y k:

éyi 1 Yiwrey Yierey o Yigery r U éyil Yir+y Yier+y - Yiqe-nr4 U
e u u
éyi,z Yirir2y Yieruez - Yigcriyrie2 a éyiz Yir+2 Yicer+2 -Yiqc-nr+2 u
é . . . . lj é . . . lj
é ué v
&r Yiry Yisry -+ Yiccrry Q8&YiR Yier) Yiery -+ Yicr) g

5) #Read the output bit sequence Yi1, ¥iz, Yias---» ¥i (cr ry Yo Yz Y Yiory Of the 1% interleaving

column by column from the inter-column permuted R1R, © C1-G, matrix. Bit Y, ; corresponds to the first row of

thefirst column and bit Y; ry c1y Yrrey corresponds to row R1R, of column C1G,.

The bitsinput to the 1% interleaving are denoted by t 1,4 2,8 55 b 1 ftortig—tr, wherei isthe TrCH number

and T, the number of bits. Hence, ¥x—=tix = tiand X, = T;.

The bits output from the 1% interleaving are denoted by d; 1, d; 5, d, 5., d; ; Cir € By, and di=Yidi
=ik
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Table 3
TTI Number of columns Inter-column permutation patterns
c.Cl <P1c(0), ..., P1c(C1-1)>
10 ms 1 <{0}>
20 ms 2 <{0,1}>
40 ms 4 <{0,2,1,3}>
80 ms 8 <{0,4,2,6,1,5,3,7}>

4.2.6 Radio frame segmentation

When the transmission time interval is longer than 10 ms, the input bit sequence is segmented and mapped onto
consecutive F; radio frames. Following radio frame size equalisation the input bit sequence length is guaranteed to be an
integer multiple of F;.

Theinput bit sequenceis denoted by X;, X5, X3,..., Xx Wherei isthe TrCH number and X; is the number bits. The F;

output bit sequences per TTI aredenoted by Y, 1, Yin2s Yinsr---» ¥iny Whereniistheradio frame number in current
TTIl and Y, is the number of bits per radio frame for TrCH i. The output sequences are defined as follows:

Yink= Xi((n-1x )k N = 1...F k=1..
where
Y; = (X / F) isthe number of bits per segment.
The n; —th segment is mapped to the n; —th radio frame of the transmission time interval.

The input bit sequence to the radio frame segmentation is denoted by d,y,d;,,d;s,..., iy , wherei isthe TrCH

number and T; the number of bits. Hence, Xk = dixand X = T..

The output bit sequence corresponding to radio frame n isdenoted by €,,§,,§5,...,6y , wherei isthe TrCH number

and N; is the number of bits. Hence, € , =Y, ,, and N, = Y.

4.2.7 Rate matching

Rate matching means that bits on a TrCH are repeated or punctured. Higher layers assign a rate-matching attribute for
each TrCH. 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 cal culated.

The number of bits on a TrCH can vary between different transmission time intervals. When the number of bits between
different transmission time intervalsis changed, bits are repeated to ensure that the total bit rate after TrCH
multiplexing is identical to thetotal channel bit rate of the allocated 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.

Notation used in subclause 4.2.7 and subclauses:
Nij: Number of bitsin aradio frame before rate matching on TrCH i with transport format combination j.

DN; J. QNT If positive — humber of bits to be repeated in each radio frame on TrCH i with transport format

If negative — number of bits to be punctured in each radio frame on TrCH i with transport format
combination j.

RM;: Semi-static rate matching attribute for TrCH i. Signalled from higher layers.

3GPP
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PL: Puncturing limit. This value limits the amount of puncturing that can be applied in order to minimise the
number of physical channels. Signalled from higher layers.

Naatajj: Total number of bits that are available for a CCTrCH in aradio frame with transport format

combination j.

P: number of physical channels used in the current frame.

Prax: maximum number of physical channels allocated for a CCTrCH.

Up: Number of data bitsin the physical channel p with p = 1...P.

I: Number of TrCHsinaCCTrCH.
Z: Intermediate calculation variable.

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

n;: Radio frame number in the transmission timeinterval of TrCHi (O£ n; < F).

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

an integer number of repetitions).

+eP1e(ny): The iaverseinterteaving-column permutation function of the 1% interleaver, P1(x) is the original
postlon of column with number X after permutatlon P1 is defmed on table 3 of sectlon 4 2.5 (note that P1¢ the

SIn]Stry:  The shift of the puncturing or repetition pattern for radio frame nwhen n = P1. (ni ) .

TR ()6 Transport format of TrCH i for the transport format combination j.
TESi)FSH): The set of transport format indexes| for TrCH i.
€ni: Initial value of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.3.
€olus Increment of variable e in the rate matching pattern determination agorithm of subclause 4.2.7.3.
€rinus Decrement of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.3.
b: Indicates systematic and parity bits.

b=1: Systematic bit. X(t) in subclause 4.2.3.2.1.

b=2: 1% parity bit (from the upper Turbo constituent encoder). Y(t) in subclause 4.2.3.2.1.

b=3: 2™ parity bit (from the lower Turbo constituent encoder). Y'(t) in subclause 4.2.3.2.1.

4.2.7.1 Determination of rate matching parameters

The following relations, defined for all TFC j, are used when calculating the rate matching pattern:

Z,; =0
Soa s S 6 uu
X a RM 9 N Ou el(; RM m me‘ T><I\Idata,j u
gge data, j =~ _@élém=1 (%] u .
7. = ‘o qu = | > forali=1..-4(1)

i~ & . a € S RM N u
é a RM. N a e a "M, Ny u
e ¢! e m=L 8]

DN»,» :Z"' = Z = N ' |Jl\| _Z Zi-l,j l‘l" fOfa”I:l_—H

1
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Puncturing can be used to minimise the required transmission capacity. The maximum amount of puncturing that can be
applied is signalled from higher layers and denoted by PL. The possible values for Ngaa depend on the number of
physical channels P, , allocated to the respective CCTrCH, and on their characteristics (spreading factor, length of
midamble and TFCI, usage of TPC and multiframe structure), whichisgivenin|7].

Denote the number of data bits in each physical channel by U, 5, , where p refers to the sequence number 1£ p£ Pryy Of
this physical channel in the allocation message, and the second index Sp indicates the spreading factor with the possible
values {16, 8, 4, 2, 1}, respectively. For each physical channel an individual minimum spreading factor Sopin is
transmitted by means of the higher layer. Then, for Nya, One of the following values in ascending order can be chosen:

UisgUisr, Ui, +V2iem-Uis, *Uaso, Uis, *Uasy, +-+Up semUis, Uz, +-*Up (s )]

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

SET1 ={ Ngaa such that

|
i 0g _PL” A3 . . d _
‘E?RIIEF?{RMy}b Ndata PL 21 RMX Nx,j Teyel y data ol NS isnon
negative }

Ndataj =min SET1

| The number of bits to be repeated or punctured, DN; BN, within one radio frame for each TrCH i is calculated with the
relations given at the beginning of this subclause for al possible transport format combinations j and selected every
radio frame.

| If DN; jBN;;= 0 then the output data of the rate matching is the same as the input data and the rate matching algorithm of
subclause 4.2.7.3 does not need to be executed.

Otherwise, the rate matching pattern is calculated with the algorithm described in subclause 4.2.7.3. For this algorithm
the parameters &y, €yus, Eminus, @Nd X; are needed, which are calculated according to the equations in subclauses 4.2.7.1.1
and 4.2.7.1.2.

42.7.1.1 Uncoded and convolutionally encoded TrCHs
a=2
DN; = DNjj;
Xi = N;;

R= DN;; mod N;; BN;—ed-N;—-- note: in this context DN;; mod N;; BN;—med-N;-isin the range of 0 to
N;N;;-1 i.e.-1mod 10=9.

if Rt 0and2 RE NyN;;
then gqg= élle‘NH / R—Bl\,l
else

q=&NN; / (RR-NyNj) b

endif
NOTE 1: gisasigned quantity.
If giseven

then ' = g + ged(i gi , Fi-F)/ FiF -- where ged (i gi,_Fi-F;) means greatest common divisor of i gi and_F;

NOTE 2: ¢ isnot an integer, but a multiple of 1/8.

ese
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q=q
endif
for x = 0to F-F-1
St & =q'lil mod Fi-F))] = (Tex*qa div F-F)
end for
€ri-={(8(R)ABNiH+-H-moee(a¥X)en = (& S[P1x(n)]” [DN; | + 1) mod (2 j).
ol =K Eus =" X
Erminus= PPN Eminus =2 [DNj|
puncturing for BN;DN;<0, repetition otherwise.

42.7.1.2 Turbo encoded TrCHs
If repetition is to be performed on turbo encoded TrCHs, i.e. BDN; >0, the parameters in subclause 4.2.7.1.1 are used.

If puncturing is to be performed, the parameters below shall be used. Index b is used to indicate systematic (b=1), 1%
parity (b=2), and 2™ parity bit (b=3).

a=2when b=2
a=1when b=3
_1N; /2, b=2
TN, /20 b=3
If DN; iscalculated as 0 for b=2 or b=3, then the following procedure and the rate matching agorithm of
subclause 4.2.7.3 don't need to be performed for the corresponding parity bit stream.

Xi = &N;; /30,
g=é&X;/[DN;| G
if(q£2)

forxr=0to F-1

S[H(3”_rx+b-1) mod FiFH]] = xr mod 2;

end for
else

if ggiseven

then ¢g¢=¢q—gcd(gqg, F)/ F -- where ged (gqg, Fi) means greatest common divisor of gq and F;

NOTE: ¢q¢isnot an integer, but amultiple of 1/8.

else  eqg=¢gq
endif
forx=0toF -1

r = éxxx_ q'umod F-F;

(3 r+b-1) mod Fi-F}] = éxx’ qerudiv F-F;
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endfor
endif
For each radio frame, the rate-matching pattern is calculated with the algorithm in subclause 4.2.7.3, where:
X isasabove,
€n-en = (@X SPLF _(n)]” () AD NiN;| + X)) mod (axX)), if en-6n_= 0then gy—=a3Xen=a Xi.
ot =BG = 8 X
rinus = BN EBinus = & DN

4.2.7.2 Bit separation and collection for rate matching

The systematic bits of turbo encoded TrCHs shall not be punctured, however systematic bits for trellis termination may
be punctured. The systematic bits, first parity bits, and second parity bitsin the bit sequence input to the rate matching
block are therefore separated into three sequences, one sequence containing al of the systematic bits and some
systematic, first and second parity trellis termination bits; the second sequence containing al of the first parity bits and
some systematic, first and second parity trellis termination bits and the third sequence containing all of the second parity
bits and some systematic, first and second parity trellis termination bits. Puncturing is only applied to the second and
third sequences.

The bit separation function is transparent for uncoded TrCHs, convolutionally encoded TrCHs, and for turbo encoded
TrCHs with repetition. The bit separation and bit collection areillustrated in figures 4 and 5.

Rate matching

i Xaik Vi K E
Radio frame | 1 |Bit separation Bit ! TrCH
segmentation B ! Xoik Rete matching Vaik | collection ffix 1 | Multiplexing

i algorithm !

! Xky!  Ratematching Y2 i

i algorithm !

.......... >

Figure 4: Puncturing of turbo encoded TrCHs
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Rate matching
Radioframe| : |Bit separation Bit i TrCH
mentation| ! X4 ik | collection ffik 1 | Multiplexin
| seg Cik 1ik . Viik ik P p g >
' Rate matching !
i algorithm :

____________________________________________________

Figure 5: Rate matching for uncoded TrCHs, convolutionally encoded TrCHs,
and for turbo encoded TrCHs with repetition

The bit separation is dependent on the 1% interleaving and offsets are used to define the separation for different TTls.
The sequence denoted as b=1 contains al of the systematic bits and some systematic, first and second parity trellis
termination bits; the sequence denoted as b=2 contains all of the first parity bits and some systematic, first and second
parity trellis termination bits; the sequence denoted as b=3 contains all of the second parity bits and some systematic,
first and second parity trellis termination bits. The offsets a;, for these sequences are listed in table 4.

Table 4: TTI dependent offset needed for bit separation

TTI (ms) ai az as
10, 40 0 1 2
20, 80 0 2 1

The bit separation is different for different radio framesin the TTI. A second offset is therefore needed. The radio frame
number for TrCH i is denoted by . and the offset by b, .

Table 5: Radio frame dependent offset needed for bit separation

TTI (ms) bo by b, bs by bs be by
10 0 NA NA NA NA NA NA NA
20 0 1 NA NA NA NA NA NA
40 0 1 2 0 NA NA NA NA
80 0 1 2 0 1 2 0 1
42.7.2.1 Bit separation
The bitsinput to the rate matching are denoted by € ,€ ,,6 3,...,6 \ €17€77€z7—Ex Whereiisthe TrCH

number and N; is the number of bits input to the rate matching block. Note that the transport format combination
number j for simplicity has been left out in the bit numbering, i.e. Nj=N;;. The bits after separation are denoted

by Xpi1s Xoi,20 Xoi a1+ Xnj x, X X¥mzr ez %Gk FOr turbo encoded TrCHs with puncturing, b indicates the

three sequences defined in section 4.2.7.2. The sequence denoted as b=1 contains all of the systematic bits and some

systematic, first and second parity trellis termination bits; the sequence denoted as bb=2 contains all of the first parity
bits and some systematic, first and second parity trellis termination bits; the sequence denoted as bb=3 contains all of
the second parity bits and some systematic, first and second parity trellis termination bits. For al other casesbis

defined to be 1. X is the number of bits in each separated bit sequence. The relation between € k and Xy, k is given
below.
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For turbo encoded TrCHs with puncturing:

Xiik = € 3(k-1)+1+(a;+b,, ) mod3 k=123, ..., % X, = éN /30

X an ragrk = 6 aan agek k=1, ...,N;mod 3 Note: When (N; mod 3) = 0 this row is not needed.
Xoik =€ ak-nrar@ by ymods  K=12.3.,X X, =@\ /30

X3ik = € 3(k-1)+1+(ag+b, )mod3 k=123, ..., % X = &N; /30

For uncoded TrCHs, convolutionally encoded TrCHs, and turbo encoded TrCHs with repetition:

Xiik =6k k=123 ..., X% X = N,

427.2.2 Bit collection

The hits Xy k are input to the rate matching a gorithm described in subclause 4.2.7.3. The bits output from the rate
matching algorithm are denoted Yy, 14 Y 21 Yoi 1+ -1 Yoix Yoo Yoz Yozr—7 Yov -

Bit collection isthe inverse function of the separation. The bits after collection are denoted by
ZoinrZoj 21 2oz Loy —Emr Bz s ey After bit collection, the bitsindicated as punctured are removed

and the bits are then denoted by_ f,,, f; ,, f; 5,..., T FifrzFrgreee iy, wherei is the TrCH number and Vi=
N j+DN; ;-N;+DN;;:. The relations between-YeigZoikYb,i ki Z,i k» and it are given below.
For turbo encoded TrCHs with puncturing (Yi=X):

Z 3k-1+1+(ag+by moa3 — Yrik  K=L2,3,..V
Z sen,3grk — Vi, 13gek k=1,...,Nymod3 Note: When (N; mod 3) = 0 thisrow is hot needed.
Zi 3(k-1)+1+(a,+b, )mod3 — Y2,i k k=123, ...,Y

Zi,3(k-1)+1+(a3+bni ymod3 — Y3 k k=123, ...,Y

After the bit collection, bits Z x with value d, where di {0, 1}, are removed from the bit sequence. Bit f; 1 corresponds to

the bit Z \ with smallest index k after puncturing, bit f; 2 corresponds to the bit Z y with second smallest index k after
puncturing, and so on.

For uncoded TrCHs, convolutionally encoded TrCHs, and turbo encoded TrCHs with repetition:
Z, =Yk k=1,23..Y
When repetition is used, fj k=7 x and Y;=V..
When puncturing is used, Y;=X; and bits Z x with value d, where di {0, 1}, are removed from the bit sequence. Bit f; 1

corresponds to the bit Z  with smallest index k after puncturing, bit f; 2 corresponds to the bit Z k with second smallest
index k after puncturing, and so on.

4.2.7.3 Rate matching pattern determination

The bitsinput to the rate matching are denoted by_X; 1, X 51X 3,.- -1 X x XXz ¥zr—-%x— Wherei isthe TrCH
and X; is the parameter given in subclauses 4.2.7.1.1 and 4.2.7.1.2.

NOTE: The transport format combination number j for ssmplicity has been left out in the bit numbering.
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The rate matching ruleis as follows:
if puncturing isto be performed
‘ ee=egqen - initial error between current and desired puncturing ratio
m=1 -- index of current bit
do whilem <= X;
‘ €€ = €€ — Eninusthinus -- update error
if e<=0then -- check if bit number m should be punctured
set bit x , to dwhere di {0, 1}

‘ ee=ee+ Eubos  -- Update error

end if
m=m+1 -- next bit
end do
else
‘ e=@enen -- initial error between current and desired puncturing ratio
m=1 -- index of current bit

do whilem <= X;

‘ €€ = €€ — EninusBrminus -- update error
dowhilee<=0 -- check if bit number m should be repeated
repest bit X m

‘ €8 = €8 + ByuBus - Update error
end do
m=m+1 -- next bit
end do
end if

A repeated bit is placed directly after the original one.

4.2.8 TrCH multiplexing

Every 10 ms, one radio frame from each TrCH is delivered to the TrCH multiplexing. These radio frames are serialy
multiplexed into a coded composite transport channel (CCTrCH).

| The bitsinput to the TrCH multiplexing are denoted by f, ,, f; ,, f, 5., fiy, Ffrfrgreeerfiy, whereii isthe
TrCH number and V, is the number of bitsin the radio frame of TrCH i. The number of TrCHsis denoted by I. The bits
output from TrCH multiplexing are denoted by S, S,,S;,. . ., Sg, Where Sisthe number of hits, i.e. S= é VI . The

TrCH multiplexing is defined by the following relations:
‘ S = fs=f k=12 ..V

S( = fZ,(k-Vl) k= V1+1, V1+2, . V1+V2
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S = Fapeqravy) K= (ViHVR)+L, (Vi Vo)+2, L, (Vi Vo)+Vs

Se = Flgeqov, ey, K= (VikVot VL, (Vik Vot 4 V)+2, o (Vi Vot Vi) +Y,

4.2.9 Physical channel segmentation

When more than one PhCH is used, physical channel segmentation divides the bits among the different PhCHs. The bits
input to the physical channel segmentation are denoted by S, S,, S;,. .., Sg, Where Sis the number of bitsinput to the
physical channel segmentation block. The number of PhCHs is denoted by P.

The bits after physical channel segmentation are denoted U p1rUp 2 Up g, U pU, —uﬁﬁuwumﬁuﬁu; wherepis
PhCH number and U,, is the in general variable number of bitsin the respective radio frame for each PhCH. The relation
between S¢ and Hgi-Up k i given below.

Bits on first PhCH after physical channel segmentation:
Y= U, =S k=12,..,U

Bits on second PhCH after physical channel segmentation:

Yo = Sgsuy Uok = Speuy K= L2500 Uz

Bits on the P" PhCH after physical channel segmentation:

ber =St 770 Upk = Skeu,+.u,) K=12,.Up

4.2.10 2nd interleaving

The 2nd interleaving can be applied jointly to al data bits transmitted during one frame, or separately within each
timeslot, on which the CCTrCH is mapped. The selection of the 2nd interleaving scheme is controlled by higher layer.

4.2.10.1 Frame related 2nd interleaving

In case of frame related interleaving, the bitsinput to the 2™ interleaver are denoted X;, X,, Xs,..., X, , where U isthe

total number of bits after TrCH multiplexing transmitted during the respective radio framewith S=U = é U p
p

The relation between X and the bits Uy k in the respective physical channelsis given below:

K=t X = U k=1,2, ..., Uy

Koy ZYa Xy =Upy k=12, .Uz

K070, ek X0, ~Upk k=12, .., Up

The following steps have to be performed once for each CCTrCH:
(1) Set the number of columns €,-C2 = 30. The columns are numbered 0, 1, 2, ..., €,C2-1 from left to right.
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(2) Determine the number of rows R,-R2 by finding minimum integer R.-R2 such that:

U £ RCE,R2 X C2.

(3) The hitsinput to the 2™ interleaving are written into the R,-R2 ~ ©,-C2 rectangular matrix row by row.

€ X X X3 Xp UE X X X3 ce X U
é aé a
& X X3 X33 Xo & X X3 X33 - X0
e : : : ué : : : 0
€ gée g
roy oo Xreyarz Xrevyaows - XeraolBXR-v001 XRr-pa+2 XR,-p30+3 - Xr,20(

4) Perform the inter-column permutation based on the pattern { P.P2(j)} (j =0, 1, ..., €,C2-1) that is shown in table
6, where P,P2(j) isthe original column position of the j-th permuted column. After permutation of the columns,

the bits are denoted by Y.
(:f‘ Vi Yrou Yomea Yo R2+1l;| (::‘ Vi Yroa Yor,e1 o Yoor, +1l;|
e ue u
aY2 Yreo Yrroez Yorewé Y2 Yr+2 Yorye2 -+ Yoo, 42y
é: : : :oué: : : U
€ ae v
8Yr2 Yore Yasre - Yore 08YR, YR, Yar, -+ Yaor,

(5) The output of the 2™ interleaving is the hit sequence read out column by column from the inter-column permuted
R,R2 "~ C,C2matrix. The output is pruned by deleting bits that were not present in the input bit sequence, i.e.
bits Yk that corresponds to bits Xk with k>U are removed from the output. The bits after 2" interleaving are

denoted by V,V,,...,\, , where V1 corresponds to the bit Yk with smallest index k after pruning, V2 to the bit

Yk with second smallest index k after pruning, and so on.

4.2.10.2 Timeslot related 2™ interleaving

In case of timeslot related 2™ interleaving, the bits input to the 2™ interleaver are denoted. X, 1, % 2, % 3,-++» Xy,

XXz Xgr—Xu» Where trefersto acertain timeslot, and U, is the number of bits transmitted in this timeslot during

the respective radio frame.

In each timeslot t the relation between XucX; k and tlgi-Ug p k iS given below with P refering to the number of physical
channels within the respective timeslot:

_)%k_=_ut_lk_—xt,k = ut’lyk_k: 1,2, ey Utl

X o= _Xt,(k+U‘1) :ut,z,k k=1,2,.., Ui

Y'[(K+u‘1+...+u‘(a_1)) :“tﬁK Xt,(k+Uu+,,.+U‘(H_1)) _ut,g,k k=12, .., UIR

The following steps have to be performed for each timeslot t, on which the respective CCTrCH is mapped:
(1) Set the number of columns €,-C2= 30. The columns are numbered 0, 1, 2, ..., €,-C2 - 1 from left to right.
(2) Determine the number of rows Rx-R2 by finding minimum integer R-R2 such that:
U £ R:C,R2 C2.
(3) The hitsinput to the 2™ interleaving are written into the R-R2 ~  C2C,-rectangular matrix row by row.

3GPP



Release 1999 30 3G TS 25.222 V3.3.0 (2000-06)

€ X X2 Xs o X U
e u
g X X 32 X 3 - Xeo
& : : N
€ u
X (R21y 304y Xe(Re-1y30+2)  Ki(rz1y30+43) o X (R230) [
€ X X2 Xs e Xg U
e u
g Xa X3 X33 - Xeo )
& . - - —
€ u
X (R -D20+1) X (R-1)30+2)  Xi(Rp-130+3) - X (Ry30) [

(4) Perform the inter-column permutation based on the pattern {P(H}+P2(1) {(j = 0, 1, ..., €,C2-1)} that isshown in
table 6, where Px(H-P2(j) isthe original column position of the j-th permuted column. After permutation of the
columns, the bits are denoted by Vi k.

(;f‘ Yia yt,(R2+1) yt,(Z' R2+1) et yt,(29' R2+1) U éytl yt,(Rz +1) yt,(ZRz +1) e yt,(29R2 +1) U
e u
é Yi2 yt,(R2+2) yt,(Z' R2+2) *°* yt,(29' R2+2) (] éytz yt,(R2+2) yt,(2R2+2) e yt,(29R2+2) U
e : : : T : : Y
2 ueé u
@yt,Rz Yt,(z' R2) Yt,(3 R2) yt,(30' r2) U @thz Yt,(sz) yt,(3R2) yt,(30R2) o

(5) The output of the 2™ interleaving is the hit sequence read out column by column from the inter-column permuted
R,R2 " C2-G, matrix. The output is pruned by deleting bits that were not present in the input bit sequence, i.e.

bits Yuc Yt k that corresponds to bits Xy X k with k>U; are removed from the output. The bits after 2" interleavi ng
aredenoted by_V, ;,V, 5,..., Vi, VerrVezr—Yu,» Where Viu-Vi, corresponds to the bit Yac Ytk with smallest

index k after pruning, V¥2-V 2 to the bit Yyt k with second smallest index k after pruning, and so on.

Table 6

Column number €,C2 Inter-column permutation pattern

< P2(0), P2(1), ...,P2(29) >
{<0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28, 1, 11,
21,
6, 16, 26, 4, 14, 24, 19, 9, 29, 12, 2, 7, 22, 27,
173>

30

4.2.11 Physical channel mapping

The PhCH for both uplink and downlink is defined in [6]. The bits after physical channel mapping are denoted by
W1, Wy oty Wp,Up wﬁﬁwﬁzﬁwﬁw where p is the PhCH number and Uj, is the number of bitsin one radio
frame for the respective PhCH. The bits WgicWp k are mapped to the PhCHSs so that the bits for each PhCH are
transmitted over the air in ascending order with respect to k.

The mapping of the bits V)1,V 24V, ) %%Wis performed like block interleaving, writing the bits

into columns, but a PhCH with an odd number isfilled in forward order, were as a PhCH with an even number isfilled
in reverse order.

The mapping scheme, as described in the following subclause, shall be applied individually for each timedlot t used in
the current frame. Therefore, the bits Vi ;,V; 5,..., Vi, VerVzmrVg-are assigned to the bits of the physical channels

W,

k1100 Wi

h21.0,, ""’\Nt,F{,l...U‘H Wt Who -ty !Ww‘,L...u‘R in each timeslot.
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In uplink there are at most two codes allocated (PE2). If there is only one code, the same mapping as for downlink is
applied. Denote SF1 and SF2 the spreading factors used for code 1 and 2, respectively. For the number of consecutive
bits to assign per code bs, the following rule is applied:

if

SF1>=SF2 thenbs =1 ; bs, = SF1/SF2;
else

SF2 > SF1 then bs, = SF2/SF1; bs, = 1;
end if

In the downlink case bs,is 1 for &l physical channels.

42.11.1 Mapping scheme
Notation used in this subclause:
P« number of physical channelsfor timedot t, P, = 1..2 for uplink ; P, = 1...16 for downlink
Ui Yy capacity in bits for the physical channel p in timeslot t
U;:  total number of bitsto be assigned for timeslot t
bs;:  number of consecutive bits to assign per code

for downlink all bs, = 1

foruplink  if SF1>=SF2 thenbs, =1 ; bs, = SF1I/SF2;

if SF2> SF1 thenbs, = SF2/SF1; bs, = 1;

fb,:  number of already written bits for each code

pos. intermediate calculation variable

for p=1 to P, -- reset number of already written bits for every physical channel
fb, =0
end for
p=1 -- start with PhCH #1
for k=1 to Uy,
do while (fl, == YU, ) -- physical channel filled up already ?
p=(pmodP) +1;
end do
if (p mod 2) ==
pos = YUy - Ty -- reverse order
else
pos=fop,+ 1 -- forward order
endif
Whp,pos- W p.pos. = Vik -- assignment
fb, =fb,+ 1 -- Increment number of already written bits
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if (flb, mod bs,) == -- Conditional change to the next physical channel
p=(pmodP) +1;

3GPP



Release 1999 33 3G TS 25.222 V3.3.0 (2000-06)

4.3 Coding for layer 1 control

4.3.1 Coding of transport format combination indicator (TFCI)

| Encoding of the TFCI bits-depends on the Aurmber-of-themits length. If there are 6-10 bits of TFCI the channel encoding
is done as described in subclause 4.3.1.1. Also specific coding of lessthan 6 bitsis possible as explained in subclause
4.3.1.2.

43.1.1 Coding of long TFCI lengths

| The TFCI bitsareis encoded using a (32, 10) sub-code of the second order Reed-Muller code. The coding procedure is
as shown in figure 6.

f (32,10) sub-code of
TFCI (10 bits) the second order | > TFCI code word
8.8 Reed-Muller code Bg-.-Dgy
TFCI (10 bits) > (32,10) sub-code of 5 TFCI codeword
-8 Reed-Muller code D03y
Figure 6: Channel coding of TFCI information bits

TFCI is encoded by the (32,10) sub-code of second order Reed-Muller code. The code words of the (32,10) sub-code of
second order Reed-Muller code are linear combination of some among 10 basis sequences. The basis sequences are as
followsin table 7.
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Table 7: Basis sequences for (32,10) TFCI code

| Mio Mi,1 Mi,2 Mi3 Mi4 Mis Mis Mi7z Mizs Mi,o
0 1 0 0 0 0 1 0 0 0 0
1 0 1 0 0 0 1 1 0 0 0
2 1 1 0 0 0 1 0 0 0 1
3 0 0 1 0 0 1 1 0 1 1
4 1 0 1 0 0 1 0 0 0 1
5 0 1 1 0 0 1 0 0 1 0
6 1 1 1 0 0 1 0 1 0 0
7 0 0 0 1 0 1 0 1 1 0
8 1 0 0 1 0 1 1 1 1 0
9 0 1 0 1 0 1 1 0 1 1
10 1 1 0 1 0 1 0 0 1 1
11 0 0 1 1 0 1 0 1 1 0
12 1 0 1 1 0 1 0 1 0 1
13 0 1 1 1 0 1 1 0 0 1
14 1 1 1 1 0 1 1 1 1 1
15 1 0 0 0 1 1 1 1 0 0
16 0 1 0 0 1 1 1 1 0 1
17 1 1 0 0 1 1 1 0 1 0
18 0 0 1 0 1 1 0 1 1 1
19 1 0 1 0 1 1 0 1 0 1
20 0 1 1 0 1 1 0 0 1 1
21 1 1 1 0 1 1 0 1 1 1
22 0 0 0 1 1 1 0 1 0 0
23 1 0 0 1 1 1 1 1 0 1
24 0 1 0 1 1 1 1 0 1 0
25 1 1 0 1 1 1 1 0 0 1
26 0 0 1 1 1 1 0 0 1 0
27 1 0 1 1 1 1 1 1 0 0
28 0 1 1 1 1 1 1 1 1 0
29 1 1 1 1 1 1 1 1 1 1
30 0 0 0 0 0 1 0 0 0 0
31 0 0 0 0 1 1 1 0 0 0

Let'sdefinetThe TFCI information bitsasay, &, &, &, a1, 85, 8, & , &, & (Where 8 isLSB and & is MSB)-—Fhe
FRCHnformationbits shall correspond to the TFC index (expressed in unsigned binary form) defined by the RRC layer
to reference the TFC of the CCTrCH in the associated DPCH radio frame.

The output code word bits by are given by:

9
bl = é- (a.n, M i,n)rnOd2
n=0
where H‘:O_l .. _131 NTFCI:32-
4.3.1.2 Coding of short TFCI lengths

43.1.2.1 Coding very short TFCIs by repetition

If the number of TFCI bitsis 1 or 2, then repetition will be used for coding. In this case each bit is repeated to atotal of
4 times giving 4-bit transmission (Nte¢=4) for asingle TFCI bit and 8-bit transmission (N1r=8) for 2 TFCI hits.-Let's
define the FFCHnfermation-bi(s)-asby-{er-by-and-b,)- The TFCI information bit(s)_by_(or by and b, where by isthe L SB)
shall correspond to the TFC index (expressed in unsigned binary form) defined by the RRC layer to reference the TFC
of the CCTrCH in the associated DPCH radio frame. In the case of two TFCI bits denoted by and b, the TFCI word shall
be { bo, by, bo, by, b, by, b by }.

43122 Coding short TFCIs using bi-orthogonal codes

If the number of TFCI bitsisin the range 3 to 5 the TFCI bitsareis encoded using a (16, 5) bi-orthogonal (or first order
Reed-Muller) code. The coding procedureis as shown in figure 7.
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TFCI (5 bits) (16,5) bi-orthogonal TFCI code word
ay...& code bo...bi5
TFCI (5 bits) > (16,5) bi-orthogonal > TFCI code word
Y code by-bg

Figure 7: Channel coding of short length TFCI information bits

The code words of the (16,5) bi-orthogonal code are linear combinations of 5 basis sequences as defined in table 8.

Table 8: Basis sequences for (16,5) TFCI code

i Mio | Mix | Mip | Mis | Mia
0 1 0 0 0 1
1 0 1 0 0 1
2 1 1 0 0 1
3 0 0 1 0 1
4 1 0 1 0 1
5 0 1 1 0 1
6 1 1 1 0 1
7 0 0 0 1 1
8 1 0 0 1 1
9 0 1 0 1 1
10 1 1 0 1 1
11 0 0 1 1 1
12 1 0 1 1 1
13 0 1 1 1 1
14 1 1 1 1 1
15 0 0 0 0 1

Let'sdefinetThe TFCI information bitsasay , &, &, &, a4 (Where & isLSB and a, is M SB)—Fhe FFCl-information
bits shall correspond to the TFC index (expressed in unsigned binary form) defined by the RRC layer to reference the
TFC of the CCTrCH in the associated DPCH radio frame.

The output code word bits by are given by:

bl :é_~(an, M i,n)rnOd2

‘ where ii=0,...,15. N1rc=16.
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