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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 atransport channel can vary between different transmission time intervals. In the downlink the
transmission is interrupted if the number of bitsis lower than maximum. When the number of bits between different
transmission time intervalsin uplink is changed, bits are repeated or punctured to ensure that the total bit rate after
second multiplexing isidentical to the total channel bit rate of the allocated dedicated physical channels.

Notation used in section 4.2.7 and subsections:

Nij:

For uplink: Number of bitsin aradio frame before rate matching on TrCH i with transport format
combinationj .

For downlink : Anintermediate calculation variable (not ainteger but a multiple of 1/8).

Ny

AN, :

ij -

Number of bitsin atransmission time interval before rate matching on TrCH i with transport format 1.
Used in downlink only.

For uplink: If positive - number of bits that should be repeated in each radio frame on TrCH i with

transport format combination j.

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

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

AN, 1f positive - number of bits to be repested in each transmission time interval on TrCH i with transport

format j.

If negative - number of bits to be punctured in each transmission time interval on TrCH i with transport format j.

RM;:
PL:

Ndata,j :

Ie(my):

Sn):

TF,(])

Used in downlink only.
Semi-static rate matching attribute for transport channel i. Signalled from higher layers.

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.

Total number of bits that are available for the CCTrCH in aradio frame with transport format combination
j-

Number of TrCHsin the CCTrCH.

Intermediate calculation variable.

Number of radio framesin the transmission time interval of TrCH i.

Radio frame number in the transmission timeinterval of TrCH i (0 <n; < F).

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.

The inverse interleaving function of the 1% interleaver (note that the inverse interleaving function is
identical to the interleaving function itself for the 1% interleaver). Used in uplink only.

The shift of the puncturing or repetition pattern for radio frame n;. Used in uplink only.

Transport format of TrCH i for the transport format combination j.

3GPP
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42.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, AN;;, within one radio frame for each TrCH i is calculated with equation
1 for @l possible transport format combinations j and selected every radio frame. Nygj iS given from section 4.2.7.1.1.

In compressed mode N, ; isreplaced by NG, ; in Equation 1. Ngii. ; isgiven from the following relation:

Nc?;;a,j = 2Ndata,j - I\ITGL ' where
(
__% 2Ny ;. if Nos + TGL < 15
15-N,
NT@_T““‘ 2N g ; - infirst frameif N + TGL > 15
TGL - (15— Ny,4)
= T 2N 4y, ; » in second frame if Ny« + TGL > 15

Nii;¢ and TGL are defined in section 4.4.

If AN;; = O then the output data of the rate matching is the same as the input data and the rate matching algorithm of
section 4.2.7.4 does not need to be executed.

Otherwise, for determining &, €yius, Eminus @d N the following parameters are needed (regardless if the radio frameis
compressed or not):

For convolutional codes,

R=A4N; mod N; -- note: in this context AN; mod N; isin the range of O to N;-1 i.e. -1 mod 10 = 9.
if R# 0and 2R< N
theng=/[N; / R
ese
— 9=IN; / (R=Ny) [J

endif

-- note: g isasigned quantity.
=My H-BN )

if giseven

then g' = q +—ged(Ly0) F)/F -- where ged (L0 F;) means greatest common divisor of [¢j[land F;
-- note that g' is not an integer, but amultiple of 1/8
else
a=q
endif
forx=0to F-1
S(Ir (FDE* ' (Hmod F)) = (ELE* 't Odiv F)

end for

3GPP
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1 Introduction

Bit separation and bit collection are currently not sufficiently described in 25.222. We proposed the modifications in
TSGR1#8(99)f28, which were agreed in the WG1 meeting in NY. But, it is proposed that instead of making the limited
changes proposed in f28, the section should be rewritten with notations more similar to the rest of 25.222. The changes
proposed in this document are listed below.

Entire section 4.2.7 The following notation is currently used for the number of
bits before rate matching:

N=N, =N,

It is proposed that N isreplaced by X; so that it is possible
to distinguish between different TrCHs.

Similarly, it is proposed that AN isreplaced by AN..

Entire section 4.2.7 Index b isintroduced to indicate systematic or parity bits.

Section4.2.7.1.1/4.2.7.1.2 Divided into subsections to ease understanding. (Note that
current text does not define rate matching for uncoded
TrCHs)

Section 4.2.7.2 Completely rewritten. A new notation is introduced for the

bits. The section is divided into subsections. Clearly states
what happens when N; is not a multiple of three (the last 1
or 2 bits can not be punctured).

2 Text Proposal
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4.2.7

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

Rate matching

attribute is used when the number of bits to be repeated or punctured is cal culated.

The number of bitson a TrCH can vary between different transmission time intervals. When the number of bits between

different transmission timeintervalsis changed, bits are repeated to ensure that the total bit rate after seconrdTrCH
multiplexing isidentical to the total channel bit rate of the allocated dedicated physical channels.

Notation used in section 4.2.7 and subsections:

Nij:

AN, :

ij -

Number of bitsin aradio frame before rate matching on TrCH i with transport format combination j .

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

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

RM;:
PL:

Ndata,j :

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

Puncturing limit for uplink. This value limits the amount of puncturing that can be applied in order to

minimise the number of dedicated physical channels. Signalled from higher layers.

Total number of bitsthat are available for a CCTrCH in aradio frame with transport format
combination j.

Number of TrCHsin a CCTrCH.

Intermediate calculation variable.

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

Radio frame number in the transmission timeinterval of TrCH i (0 <n; < F).
Average puncturing distance.

The inverse interleaving function of the 1% interleaver (note that the inverse interleaving function is
identical to the interleaving function itself for the 1% interleaver).

The shift of the puncturing pattern for radio frame n.

Transport format of TrCH i for the transport format combination j.

The set of transport format indexes| for TrCH i.

Initial value of variable e in the rate matching pattern determination algorithm of section 4.2.7.3.
Increment of variable e in the rate matching pattern determination algorithm of section 4.2.7.3.
Decrement of variable ein the rate matching pattern determination algorithm of section 4.2.7.3.

I ndicates systematic and parity bits

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

b=2: 1% parity bit (from the upper Turbo constituent encoder). Y(t) in section 4.2.3.2.1.
b=3: 2" parity bit (from the lower Turbo constituent encoder). Y’ (t) in section 4.2.3.2.1.

42.7.1

Determination of rate matching parameters

The following relations are used when calculating the rate matching pattern:

3GPP
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Z,, =0
i [l
EZRMmEij 0

Z == N__ U forali=1.1
ij | data,JD
X

ANij = Zij - Zi—l,j - Nij forali=1..1
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 Ngq4 in depend on the number of
dedicated physical channels and on their characteristics (spreading factor, length of midamble and TFCI, usage of TPC
and multiframe structure), respectively. The supported set of Nyxa , denoted SETO, depends on the UE capabilities.

Ngats, j fOr the transport format combinetion j is determined by executing the following algorithm:

SET1 ={ Ngxain SETO such that N -PL I —{—}—X [N, . i ative }
= aln Sucl - . 1snon negative
dati data g in RI‘ 1 , X

I<y<l
Ndataj =min SET1

The number of bits to be repeated or punctured, AN;;, within one radio frame for each TrCH i is calculated with the
relations given at the beginning of this section for all possible transport format combinationsj and selected every radio
frame.

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 4.2.7.3 does not need to be executed.

Otherwise, the rate matching pattern is calculated with the algorithm described in section 4.2.7.3. For this agorithm the
parameters eni, Eus: Eminuss @d X;N are needed, which are calculated according to the fellewing-equationsin section
427.1.1and4.2.7.1.2::

For-convolutional-codes;
42.71.1 Uncoded and convolutionally encoded TrCHs
a=2
AN; = AN;;
XiN = Nj;

o= IX;N/(IA NiO)O
If qiseven
then ' = q—gcd(q, F)/F -- where gcd (g, F;) means greatest common divisor of g and F;

-- note that g' is not an integer, but amultiple of 1/8

else
a=q
endif
forx=0to F-1

S(Ir (x*q'Omod F)) = (X*g'Odiv F)—
End for

3GPP
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en = (a3(n)IAN;| + X;N) mod (alX;N), if &, =0 then e, = aX;N.
eplus = a[llN
Crinus = aMNi_l

puncturing for AN;<O, repetitionating otherwise.

4.2.7.1.2 Turbo encoded TrCHs

..... i titioni m AN - >0

j —If repetition is to be performed on turbo
4.2.7.1.1 are used.

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

a = 2 when b=2ferY-sequence-and
a= 1 when b=3fer Y -sequence:

AN, = O8N, ; /2[] b= ZAN _ AN ; /2[For Y sequence
i SANM/Z:L b=3 EMNM /4 For Y' sequence
N.X; = [N;; /30,
= INX/|AN;| O
if(g<2)
for x=0to F;-1
S[I[(3x+b-1) mod Fi]] = x mod 2;#{Y-sequence)
SHeH3x+1)-mod-F}-=x-rrod-2;
H{¥-—sequence)
St f3x+2)-mod-F}-=xrrod-2;
end for
else
if giseven

then g =qg—gcd(q, F;))/ F; -- whereged (g, F;) means greatest common divisor of g and F;
-- note that g' is not an integer, but amultiple of 1/8
ese g =q
endif
forx=0to F; -1
r = Ox*q Omod F;
SI[(3r+b-1) mod F]] = [x*q’ Odiv F;HEY-segquenee)
Se3r+1)-mocF = Coct g Sdiv-F;
H(Y—sequence)
SHeH(3r+2)-med-F =< g-Heiv-F;;

3GPP
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endfor
endif
For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.3, where:
NX; is as above,
&ni = (a3(n)OAN;| + X;N) mod (aXiN), if &, = 0then e, = aXiN.
€olus = AXN
Eminus = AIAN; 0

4.27.2 Bit separation and collection for rate matching

The systematic bits (excluding bits for trellis termination) of turbo encoded TrCHSs shall not be punctured. The
systematic bit, first parity bit, and second parity bit in the bit sequence input to the rate matching block are therefore
separated from each other. Puncturing is only applied to the parity bits and systematic bits used for trellis termination.

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 are illustrated in figures 4-5 and 4-6.

Rate matching
i Xaik Yii Y E
Radio frame i Bit separation Bit i TrCH
I segmentation B ll Xoi 4 | Vaik | collection [fik L | Multiplexing
! Rate matching !
| algorithm :
i Xsi 4 Yai 4 i
AAAAAAAAAA »

Figure 4-5: Puncturing of turbo encoded TrCHs

3GPP
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Rate matching
I''"''"'''"'""'"''''"""""""""""""'I
Radioframe | | |Bit separation Bit i TreH
segmentation g ! Xaik . Viik_ | collection [fik | Multiplexing
! Rate matching :
| algorithm :

____________________________________________________

Figure 4-6: 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 offsets ay, for the systematic (b=1) and parity bits (b0{ 2, 3}) arelisted in table 4.2.7-1.

Table 4.2.7-1: TTl dependent offset needed for bit separation

TITI(ms) a a 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 ﬁni .

Table 4.2.7-2: Radio frame dependent offset needed for bit separation

TTi (ms) B B B B B B Bs B
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
4.2.7.2.1 Bit separation

The bits input to the rate matching are denoted by €, € ,, €3, .., €y . wherei isthe TrCH number and N; isthe

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. Ni=N;. The bits after separation are denoted by X1, X5, X5, - - » Xpix, - FOr

turbo encoded TrCHs with puncturing, b indicates systematic, first parity, or second parity bit. For all other casesb is
defined to be 1. X; is the number of bitsin each separated bit sequence. The relation between € and Xyik iS given below.

For turbo encoded TrCHs with puncturing:

Xiik = € 3(k-1+1+(a;+ B, ) mod3 k=123 ..% X; = [N; /301

3GPP




3G TS 25.222 version 3.0.0 25 3G TS 25 222 V3.0.0 (1999-10)

Xii v gk — €3 1874k k=1,....N,mod3 Note: When (N; mod 3) = 0 this row is not needed.
Xoik = Q,s(k—1)+1+(a2+[5m ymod3 k=1,23, ... % X =[N /300
Xsik = Q,s(k—1)+1+(a3+[;m Ymod3 k=1,23, ... % X = N; /30

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

Xl,i,kZQ,k k:1,2,3,...,Xi_ Xi_:Ni_

4.2.7.2.2 Bit collection

The bits Xk are input to the rate matching algorithm described in section 4.2.7.3. The bits output from the rate matching
agorithm are denoted Y1, Y21 Yiizr- -« Yoiv; -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7,75, Z3,- - s Zyy, -

After bit collection, the bits indicated as punctured are removed and the bits are then denoted by f,, f;,, fis,..., iy, .

wherei isthe TrCH number and V;= N;+AN;. The relations between Ypik, Zik. and fix are given below.

For turbo encoded TrCHs with puncturing (Y= X;):

Z 3(k-1)+1+(a,+B, ymod3 = Yiik — K=L2.3, ... Y

Z s 13k = YLioN, 814k k=1,...,N; mod3 Note: When (N; mod 3) = 0 this row is not needed.

Z 3(k-1)+1+(a,+ B, ymod3 — Yoik— K=L2.3, ... ¥

Z ak-1)+1+(ay+ By ymod3 — Y3k — K=L2.3,... ¥

After the bit collection, bits Z x with value &, where 6% 0, 1}, are removed from the bit sequence. Bit fj 1 corresponds to

the bit Z , with smallest index k after puncturing, bit fi » corresponds to the bit Z x with second smallest index k after
puncturing, and so on.

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

Zi,k :ylviyk k:1,2,3,...,Yi_

When repetition is used, fj x=2 x and Y,=V..

When puncturing is used, Y;=X; and bits Z \ with value &, where 510, 1}, are removed from the bit sequence. Bit i

corresponds to the bit z , with smallest index k after puncturing, bit fi » corresponds to the bit z , with second smallest
index k after puncturing, and so on.

3GPP
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X .. 111101011 ..
>
Radio Bit Y . 11x11010x. . .
frame Seperation >
segmentation
Rate matching
algorithm
Y! .. 11x11010x.. . .
. .

FH

{msec) 9 1 2 3 4 5 6 +
10 X NA NA NA NA NA NA NA
20 X ¥ NA NA NA NA NA NA
40 * ¥ ¥ x NA NA NA NA
80 X ¥ ¥ x ¥ ¥ x ¥

4.2.7.3 Rate matching pattern determination

The bits input to the rate matching are denoted by_Xi;, X5, X3, .., Xix. ~&17€&z7€zr—6x— Wherei isthe TrCH with

X—=N;—=N,—HereN-and X; is the parameter given in sections 4.2.7.1.1 and 4.2.7.1.2. The bits output from the rate
matching are denoted by f,;, f,, f15,..., Ty, , wherei isthe TrCH number and Vi=N+AN .

Note that the transport format combination number j for simplicity has been left out in the bit numbering.

3GPP
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The rate matching rule is as follows:
if puncturing isto be performed
e=g, --initial error between current and desired puncturing ratio
m=1 -- index of current bit

do whilem <= XiN

€= €e—Eninus -- update error
if e<=0then -- check if bit number m should be punctured
set bit x;  to d where 8[£ 0, 1} puncture-bit-e, ,
e=e+ ey -- update error
end if
m=m+1 -- next bit
end do
else
e=eg, --initial error between current and desired puncturing ratio
m=1 -- index of current bit

do whilem <= XiN

€= €e—Eninus -- update error
dowhilee<=0 -- check if bit number m should be repeated
repeat bit X me.m

e=e+ey, --updateerror
end do
m=m+1 -- next bit
end do
end if

A repeated bit is placed directly after the original one.

3GPP



TSG-RAN Working Group 1(Radio) meeting #9 TSGR1#9(99) j12
30 November — 3 December 1999, Dresden, Ger many

Source: LGIC

Title : Revised CR to 25.222 for initial offset value change for convolutional code
rate matching

Document for : Approval

1 Introduction
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4.2.7.1 Determination of rate matching parameters

The following relations are used when calculating the rate matching pattern:

Z,, =0

AN, =2, -7, =N; forali=1.1

] 1

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 Ny, in depend on the number of
dedicated physical channels and on their characteristics (spreading factor, length of midamble and TFCI, usage of TPC
and multiframe structure), respectively. The supported set of Nyxa , denoted SETO, depends on the UE capabilities.

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

SET1={ Ngxain SETOsuchthat N, .. — PL I * [N, i ative }
= ain suc P z —{—}— . isnon negative
dat: data L in RI‘ 1 y X, ]

I<y<l|
Ndata,j =min SET1

The number of bits to be repeated or punctured, AN;;, within one radio frame for each TrCH i is calculated with the
relations given at the beginning of this section for all possible transport format combinationsj and selected every radio
frame.

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 4.2.7.3 does not need to be executed.

Otherwise, the rate matching pattern is calculated with the algorithm described in section 4.2.7.3. For this algorithm the
parameters €, €ius, Eminus @Nd N are needed, which are calculated according to the following equations:

For convolutional codes,
a=2
AN = ANj;
N = N;;
g=ION/([A NO)O
If giseven
then g' = q—gcd(q, F)/F -- where ged (g, F) means greatest common divisor of g and F;

-- note that g' is not an integer, but a multiple of 1/8

else
q=q
endif
forx=0to F-1
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S (x*q'Omod F)) = (x*q'Odiv F)—
End for
&ni = (alS(m)IAN] + 1) mod allV.
€pius = AN
Eminus= aJAN|

puncturing for AN<O, repeating otherwise.

3G TS 25 222 V3.0.0 (1999-10)

For turbo codes, if repetition is to be performed, such as AN, >0, parameters for turbo codes are the same as parameter

for convolutional codes. If puncturing isto be performed, parameters are as follows.

a=2forY sequence, and
a=1for Y’ sequence.
N O0AN; ; / 2[for Y sequence
- SANH / A For Y' sequence
N = N, /30,
g=IN/|AN| O
if(g<2)
for x=0to F-1
if(Y sequence)
SI[(3x+1) mod F]] = x mod 2;
if(Y’ sequence)
SIe [(3x+2) mod F]] =x mod 2;
end for
else

if giseven

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

-- note that g' is not an integer, but amultiple of 1/8

dse g =q
endif
forx=0to F; -1

r = [x*q Omod F;
if(Y sequence)

I (3r+1) mod F]] = Ox*q' Odiv F;
if(Y’ sequence)

SIe[(3r+2) mod F; ]] = Ox*q' Odiv F;

endfor

3GPP
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endif
For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.3, where:
N is as above,
€n = (aS(n)JAN[ + N) mod al\, if &, = 0then ey = all.
€pius = AN
Eminus = AN

puncturing for AN<O, repeating otherwise.
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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 bitson 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 second
multiplexing isidentical to the total channel bit rate of the allocated deieated-physical channels.

Notation used in section 4.2.7 and subsections:

Njj: Number of bitsin aradio frame before rate matching on TrCH i with transport format combinationj .
AN = If positive—number of bitsto be repeated in each radio frame on TrCH i with transport format
combination j.

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.

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

Neataj: Total number of bitsthat are available for a CCTrCH in aradio frame with transport format
combination j.

P: maximum number of physical channelsfor a CCTrCH.

I: Number of TrCHsin aCCTrCH.

Zny: Intermediate calculation variable.

Fi: Number of radio framesin the transmission timeinterval of TrCH i.

n;: Radio frame number in the transmission timeinterval of TrCH i (0 <n; < F).

Q: Average puncturing distance.

[e(Ny): The inverse interleaving function of the 1% interleaver (note that the inverse interleaving function is

identical to the interleaving function itself for the 1% interleaver).
Sn): The shift of the puncturing pattern for radio frame n.
TFi(j):  Transport format of TrCH i for the transport format combination j.

TFS(i): The set of transport format indexes| for TrCH i.

€ni: Initial value of variable e in the rate matching pattern determination algorithm of section 4.2.7.3.
€olus Increment of variable e in the rate matching pattern determination algorithm of section 4.2.7.3.
€minus Decrement of variable ein the rate matching pattern determination algorithm of section 4.2.7.3.
X: Systematic bitin 4.2.3.2.1.

Y: 1% parity bit (from the upper Turbo constituent encoder) in section 4.2.3.2.1.

Y: 2" parity bit (from the lower Turbo constituent encoder) in section 4.2.3.2.1.

NOTE: Timeindextin4.2.3.2.1isomitted for simplify the rate matching description
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4.2.7.1 Determination of rate matching parameters
The following relations are used when calculating the rate matching pattern:
Z,, =0

EZRMmENmi
Z == [N

1] |
EﬂZ\RMmENm.

AN =7 - Zi—l,j -N. fordli=1..1

i 1 i

foradli=1..1

data, j

[ .

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 Ngg, H-depend on the number of
dedicated-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), respectivelywhichisgivenin [7].

Denote the number of data bitsin each physical channel by N, g , where k refers to the sequence number 1< k< P of this
physical channel in the allocation message, and the second index Sk indicates the spreading factor with the possible
values{16, 8, 4, 2, 1}, respectively. For each physical channel an individual minimum spreading factor SKyin is
transmitted by means of the higher layer. Then, for Ny.i, One of the following values in ascending order can be chosen:
{Ni16+ oo Ny simin, Ny gimint Nog6 oo Ny samint No somin o eeee N1 simint N somint ..+ Npag s oo Ny simint No somint ...+ Np sprin} -

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

SET1 = { Ngxa ir-SEFO-such that N PL l X o [N, i ative }
= SUC| - - . Isnon negative
data data L mi nl RM y} X, ]

I<y<l|

Ndata,j =min SET1

The number of bits to be repeated or punctured, AN;;, within one radio frame for each TrCH i is calculated with the
relations given at the beginning of this section for all possible transport format combinationsj and selected every radio
frame.

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 4.2.7.3 does not need to be executed.

Otherwise, the rate matching pattern is calculated with the algorithm described in section 4.2.7.3. For this algorithm the
parameters €, Eyus: Eminus @Nd N are needed, which are cal culated according to the following equations:

For convolutional codes,
a=2
AN = AN
N =N,
o= IN/(d NO)O
If giseven
then g' = q—gcd(q, F)/F -- where ged (g, F;) means greatest common divisor of g and F,
-- note that g' is not an integer, but amultiple of 1/8

else
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endif
forx=0to F-1
Sk (**g'Omod F)) = (Bk*q'Odiv F)—
End for
&n = (al3(m)AN[ + N) mod al, if ey =0 then ey = alll.
€oius = AN
Eminus = AJAN|
puncturing for AN<O, repeating otherwise.

For turbo codes, if repetition isto be performed, such as AN;; >0, parameters for turbo codes are the same as parameter
for convolutional codes. If puncturing isto be performed, parameters are as follows.

a=2for Y sequence, and
a=1forY’ sequence.
_OAN, ; /2[for Y sequence
- HZ\NH / A For Y' sequence
N = ON;; /30,
q=IN/]AN| O
if(q<2)
for x=0to F;-1
if(Y sequence)
SIH(3x+1) mod F]] =x mod 2;
if(Y’ sequence)
SI£ [(3x+2) mod F]] = x mod 2;
end for
else
if giseven
then g =qg—gcd(q, F;))/ F; -- whereged (g, F;) means greatest common divisor of g and F;

-- note that g' is not an integer, but amultiple of 1/8

ese g =q
endif
forx=0to F; -1

r = Ox*q Omod F;
if(Y sequence)
I (3r+1) mod F]] = Ox*q' Odiv F;

if(Y’ sequence)

3GPP
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I (3r+2) mod F; ]] = Ox*q' Odiv F;dfor
endif
For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.3, where:
N isas above,
€ni = (a3(n)JAN| + N) mod all\, if e, = 0theneg, =al.
€oius = @M
€minus = alANC

puncturing for AN<O, repeating otherwise.
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6.2.11Physical channel mapping

The PhCH for both uplink and downlink is defined in [6]. The bits after physical channel mapping are denoted by

Wit Wozse s Wiy s where p is the PhCH number and U, is the number of bitsin one radio frame for the respective

PhCH. The bits Wpk are mapped to the PhCHs so that the bits for each PhCH are transmitted over the air in ascending
order with respect to k. The mapping scheme depends on the applied 2™ interleaving scheme.

6.2.11.1 Mapping scheme after frame related 2" interleaving

6.2.11.1.1 Mapping scheme after frame related 2nd interleaving in uplink

In uplink there are at most two codes allocated (P<2). If thereis only one code, the same mapping as for downlink is
applied, see section 6.2.11.1.2. Denote SF1 and SF2 the spreading factors used for code 1 and 2, respectively. Then
denote the inverse relation of the spreading factors sl: s2 = SF2: SF1, where the smallest possible integers are used for
sl and s2.

The following mapping ruleis applied:

Bits are mapped on the first PhCH_(in forward order) if (k-1)mod(sl+s2) = 0, ..., s1-1afterphysical-channel-mapping:
W, =V, k=12 U,

WL (kdiv(st+s2))E1+kmod(si+s2) — Yk

else Bhits are mapped on the second PhCH_(in reverse order)-after-physical-channel-mapping:

WZT:W k=U, U1 112U,

Wa,u,, - (kdiv(si+s2))82+kmod (s1+s2) -sL — Vk

—Thisformulais applied starting with k=1 and increasing k until one of the PhCH is completely filled. From then on,
the remaining bits are mapped on the PhCH which has not been filled in the same order (forward or reverse depending
on the PhCH) as used previously on that PhCH.

th .

Bits-on-the-odd-numbered P

6.2.11.1.2 Mapping scheme after frame related 2nd interleaving in downlink

The mapping is equivalent to block interleaving, writing in colomns, but a PhCH with an odd number isfilled in
forward order, were as a PhCH with an even number isfilled in reverse order.

The following mapping rule is applied:

Bits are mapped on an odd numbered PhCH (in forward order) according to the following rule, if (k mod P)+1 is odd:

Wicmodp+1,kdive = Vk
Bits are mapped on an even numbered PhCH (in reverse order) according to the following rule, if (k mod P)+1 is even:

Wimod P+1,U p-1-kdivP — Vk

This formulais applied starting with k=1 and increasing k until all the PhCHs which carry TFCI are completely filled.
From then on, the remaining bits are mapped on the remaining PhCHSs in the same order (forward or reverse depending
on the PhCH) as previously on these PhCHs.

6.2.11.2 Mapping scheme after timeslot related 2" interleaving

For each timeslot only those physical channelswithp = 1, 2, ..., P, are considered respectively, which are transmitted in
that timeslot, and the following mapping scheme is applied:
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6.2.11.2.1 Mapping scheme after timeslot related 2nd interleaving in uplink

In uplink there are at most two codes allocated (P<2). If there is only one code, the same mapping as for downlink is
applied, see section 6.2.11.1.2. Denote SF1 and SF2 the spreading factors used for code 1 and 2, respectively. Then
denote the inverse relation of the spreading factors sl: s2 = SF2: SF1, where the smallest possible integers are used for
sl and 2.

The following mapping rule is applied:
Bits are mapped on the first PhCH (in forward order) if (k-1)mod(sl+s2) = 0, ..., s1-1:

WA, (kdiv (s1+s2)) 1+ kmod (s1+s2) — Vik
else bits are mapped on the second PhCH (in reverse order):

Wa,U,, - (kdiv(si+s2))82+k mod (s1+s2) -sL — Vik

This formulais applied starting with k=1 and increasing k until one of the PhCH is completely filled. From then on, the
remaining bits are mapped on the PhCH which has not been filled in the same order (forward or reverse depending on
the PhCH) as used previously on that PhCH.

6.2.11.2.2 Mapping scheme after timeslot related 2nd interleaving in downlink

The mapping is equivalent to block interleaving, writing in colomns, but a PhCH with an odd number isfilled in
forward order, were as a PhCH with an even number isfilled in reverse order.

The following mapping rule is applied:

Bits are mapped on an odd numbered PhCH (in forward order) according to the following rule, if (k mod P)+1 is odd:

Wimod R +1,kdivh — Vik
Bits are mapped on an even numbered PhCH (in reverse order) according to the following rule, if (k mod P)+1 is even:

Wimod R +1,U -1-kdivh, — Vik

Thisformulais applied starting with k=1 and increasing k until all the PhCHs which carry TFCI are completely filled.
From then on, the remaining bits are mapped on the remaining PhCHSs in the same order (forward or reverse depending
on the PhCH) as previously on these PhCHs.
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4.2.12 Multiplexing of different transport channels onto one CCTrCH, and
mapping of one CCTrCH onto physical channels

Different transport channels can be encoded and multiplexed together into one Coded Composite Transport Channel
(CCTrCH). Thefollowing rules shall apply to the different transport channels which are part of the same CCTrCH:

1) Transport channels multiplexed into one CCTrCh should have co-ordinated timings in the sense that transport
blocks arriving from higher layers on different transport channels of potentially different transmission time
intervals shall have aligned transmission time instants as shown in figure 4-6.

2) Different CCTrCHSs cannot be mapped onto the same physical channel.
3) One CCTrCH shall be mapped onto one or several physical channels.

Possible transmission time instants
Oms 10ms 20ms 30ms 40ms 50ms 60ms 70ms 80ms 90 ms100 ms 110 ms 120 ms 130 ms 140 ms 150 ms160 ms

Transmission-
timeintervals
10 ms

20ms

40 ms

80 ms

®: Allowed transmission time instants
Figure 4-6: Possible transmission time instants regarding CCTrCH

4) Dedicated Transport channels and common transport channels cannot be multiplexed into the same CCTrCH.
5) For the common transport channels, only the FACH and PCH may belong to the same CCTrCH.
6) Each CCTrCH carrying aBCH shall carry only one BCH and shall not carry any other Transport Channel.
7) Each CCTrCH carrying a RACH shall carry only one RACH and shall not carry any other Transport Channel.
Hence, there are two types of CCTrCH

CCTrCH of dedicated type, corresponding to the result of coding and multiplexing of one or several DCH.

CCTrCH of common type, corresponding to the result of the coding and multiplexing of a common channel, i.e. RACH
and USCH in the uplink and DSCH, BCH, FACH or PCH in the downlink, respectively.

Transmission of TFCI ispossible for CCTrCH containing Transport Channels of:
e Dedicated type

e USCH type

« DSCH type

*  FACH and/or PCH type.

42.12.1 Allowed CCTrCH combinations for one UE

42.12.1.1 Allowed CCTrCH combinations on the uplink
The following CCTrCH combinations for one UE are allowed, also simultaneously:
1) several CCTrCH of dedicated type

2) severa CCTrCH of common type

42.12.1.2 Allowed CCTrCH combinations on the downlink

The following CCTrCH combinations for one UE are allowed, also simultaneously:
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3) several CCTrCH of dedicated type

4) several CCTrCH of common type

3GPP
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4.2.13 Transport format detection

Transport format detection can be performed both with and without Transport Format Combination Indicator (TFCI). If
aTFCI istransmitted, the receiver detects the transport format combination from the TFCI. When no TFCI is
transmitted, so called blind transport format detection may bets used, i.e. the receiver side uses the possible transport
format combinations as a priori information.

4.2.13.1 Blind transport format detection

Blind transport format detection may be performed in the receiver by trying all possible combinations of the transport
format.

4.2.13.2 Explicit transport format detection based on TFCI

42.13.2.1 Transport Format Combination Indicator (TFCI)

The Transport Format Combination Indicator (TFCI) informs the receiver of the transport format combination of the
CCTrCHs. As soon as the TFCI is detected, the transport format combination, and hence the individual transport
channels' transport formats are known, and decoding of the transport channels can be performed.

4.3 Coding for layer 1 control

4.3.1 Coding of transport format combination indicator (TFCI)

tng—Encoding of the

TFCI blts depends on the number of them If there are 6-10 b|ts of TFCI the channel encodlng isdone as described in
sect|on 4.3. 1 1 Also specmc codlng of Iessthan 6 hitsis possble asexplamed in section 4 3 1 23 —Fer—tmpreved—'FFGJr

43.1.1 Pefault FEChwordCoding of long TFCI lengths

The TFCI bits are encoded using a (32, 10) sub-code of the second order Reed-Muller code. The coding procedure is as
shown in figure 4.3.3.1-1.

TFCI (10 bits) (32,10) sub-code of TFCI code word
—— > the second order —— P b b
8y 8y Reed-Muller code 0+-3L

Figure 4.3.3.1-1: Channel coding of TECI bits

TFCI isencoded 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—aH-1-s-5-O\/Sk-codes{

C5(1)-C5(2)-Cs(4)-C5(8)-C(16))-and-4-masks{MaskdMask2-Mask3;- Maskd}. The basi sd4-mask sequences are as
followsin table 4.3.1-1.
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(32,6) Bi-orthogonal Code

4.3.1.2 Coding of short TFCI lengths

43.1.2.1 Coding very short TECIs 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
43 times giving 4-bit transmission (Ntg;=4) for asingle TFCI bit and 8-bit transmission (N1r¢=8) for 2 TFCI bits.In
the case of two TFCI bits denoted by and b, the TECI word shall be { by by b by bg by by by }.

= Y -

43.1.2.2 Coding short TFCIs using bi-orthogonal codes

RO 15
wma | g5

If the number of TFCI bitsisin the range 3 to 5 the TFCI bits are encoded using a (16, 5) bi-orthogonal (or first order
Reed-Muller) code. The coding procedure is as shown in figure 4-8.

(16,5) bi-orthogonal TFCI code word
| >
by..bys

TFCI (5 bits)
—>
a8, code
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Figure 4-8: Channel coding of short length TECI bits

The code words of the (16,5) bi-orthogonal code are linear combinations of 5 basis sequences as defined in table 4.3.1-2
below.

Table 4.3.1-2: Basis sequences for (16,5) TECI code

i Mio | Miz | M2 | Mijs | Mia
0 1 1 0 0 0
1 1 0 1 0 0
2 1 1 1 0 0
3 1 0 0 1 0
4 1 1 0 1 0
5 1 0 1 1 0
6 1 1 1 1 0
z 1 0 0 0 1
8 1 1 0 0 1
9 1 0 1 0 1
10 1 1 1 0 1
11 1 0 0 1 1
12 1 1 0 1 1
13 1 0 1 1 1
14 1 1 1 1 1
15 1 0 0 0 0

For TECI information bitsay, 8y, &, 8, 84 (8.iSLSB and a,is MSB), the ), the output code word bits b are given by:

=3 (a1 ot

4.3.1.3 Mapping of TECI word

The mapping of the TFCI word to the TFCI bit positionsin atimeslot shall be as follows.

Denote the number of bits in the TFCI word by Nre¢), denote the code word bits by by where k=0... Ntgg-1.

N/2-1

J \

first part of TFCI second part of TFCI

N/2

Figure 4-9: Mapping of TFCI word bits to timeslot
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The locations of the first and second parts of the TFCI in the timeslot is defined in [7].

If the shortest transmission time interval of any constituent TrCH is at least 20 ms the successive TFCI words in the
framesinthe TTI shall be identical. If TFCI is transmitted on multiple timedots in a frame each timeslot shall have the
same TFCI word.
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