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4.3 Transport format detection

If the transport format set of a TrCH i contains more than one transport format, the transport format can be detected
according to one of the following methods:
- TFCI based detection: This method is applicable when the transport format combination is signalled using the
TFCI field;
- explicit blind detection: This method typically consists of detecting the TF of TrCH i by use of channel decoding
and CRC check;
- guided detection: This method is applicable when there is at |east one other TrCH i’, hereafter called guiding
TrCH, such that:
- theguiding TrCH hasthe same TTI duration asthe TrCH under consideration, i.e. F = F;
- different TFs of the TrCH under consideration correspond to different TFs of the guiding TrCH;
- explicit blind detection is used on the guiding TrCH.
If the transport format set for a TrCH i contains one transport format only, no transport format detection needs to be
performed for this TrCH.
For uplink, blind transport format detection is a network controlled option. For downlink, the UE shall be capable of
performing blind transport format detection, if certain restrictions on the configured transport channels are fulfilled.
For a DPCH associated with a PDSCH, the DPCCH shall include TFCI.

4.3.1 Blind transport format detection

When no TFCI is available then explicit blind detection or guided detection shall be performed on all TrCHs within the
CCTrCH that have more than one transport format. The UE shall only be required to support blind transport format
detection if all of the following restrictions are fulfilled:
only one CCTrCH isreceived by the UE;-
the number of CCTrCH bits received per radio frame is 600 or less;
the number of transport format combinations of the CCTrCH is 64 or less;
fixed positions of the transport channels is used on the CCTrCH to be detectabl eed;
convolutional coding isused on all explicitly detectableed TrCHs;
CRC with non-zero length is appended to al transport blocks on all explicitly detectableed TrCHs;
. _at least one transport block shall be transmitted per TT1 on each explicitly detectable TrCH;
78. the number of explicitly detectableed TrCHsis 3 or less;
89.for al explicitly detectableed TrCHsi, the number of code blocksin one TTI (C;) shall not exceed 1,
910. the sum of the transport format set sizes of all explicitly detected-detectable TrCHs, is 16 or less. The
transport format set size is defined as the number of transport formats within the transport format set;
1011. thereisat least one TrCH that can be used as the guiding transport channel for al transport channels using
guided detection.
Examples of blind transport format detection methods are given in annex A.

4.3.2  Transport format detection based on TFCI

Noug,rwdhpR

If aTFCI isavailable, then TFCI based detection shall be applicable to all TrCHs within the CCTrCH. The TFCI
informs the receiver about the transport format combination of the CCTrCHs. As soon as the TFCI is detected, the
transport format combination, and hence the transport formats of the individual transport channels are known.
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4.2.4 Radio frame size equalisation

Radio frame size equalisation is padding the input bit sequence in order to ensure that the output can be segmented in F;
data segments of same size as described in subclause 4.2.7. Radio frame size equalisation is only performed in the UL
(In normal mode and in compressed modes by SF reduction and by higher layer scheduling, DL rate matching output
block length is aways an integer multiple of F;_. In compressed mode by puncturing, first interleaver input block length
after p-bitsinsertion is always an integer multiple of F;).

The input bit sequence to the radio frame size equalisation is denoted by C;, G, G5, . . ., G, , wherei is TrCH number

and E; the number of bits. The output bit sequenceis denoted by t;;,t;,,t5,... ,tiTi , where T; is the number of bits. The
output bit sequenceis derived as follows:

- tx=cyfork=1... E;and

- tw={0,1} fork=E +1... T,,if < T;
where

- T,=F*N;and

- N = |'Ei /F '| is the number of bits per segment after size equalisation.

425 1% interleaving

In Compressed Mode by puncturing, bits marked with afourth value on top of {0, 1, 8} and noted p, areintroduced in
the radio frames to be compressed, in positions corresponding to the first bits of the radio frames. They will be removed
in alater stage of the multiplexing chain to create the actual gap. Additional puncturing has been performed in the rate
matching step, over the TTI containing the compressed radio frame, to create room for these p-bits. The following
subclause describes this feature.

4251 Insertion of marked bits in the sequence to be input in first interleaver
In normal mode, compressed mode by higher layer scheduling, and compressed mode by spreading factor reduction:
Xik = Zkand X =7

In casethe TTI contains aradio frame that is compressed by puncturing and fixed positions are used, sequence x; k
which will be input to first interleaver for TrCH i and TTI mwithin largest TTI, is built from bitsZ x, k=1, ..., Z, plus

Npm '™ pits marked pand X = Z+ NpTrI '™ asis described thereafter.

i,max i,max

Np/ ™ is defined in the Rate Matching subclause 4.2.7.

i,max

P1g; (X) definesthe inter column permutation function for aTTI of length F; x10ms, as defined in Table 3 in section
4.2.5.2. P15 (x) isthe Bit Reversal function of x on log,(F;) bits.

NOTE 1: C[x],x=0to F—1 the number of bits p which have to be inserted in each of the Fisegments of the TTI,
where X is the column number before permutation, i.e. in each column of the first interleaver. C[P1g(X)]

isequal to Np™ " for x equal 0 to Fi—1 for fixed positions. It isnoted Np™"** in the following

i
,max

initialisation step.

NOTE 2: chi[x], x=0to F; — 1, the counter of the number of bits p inserted in each of the F; segments of the TTI,
i.e. in each column of the first interleaver x isthe column number before permutation.

col=0

while col < F; do -- here col is the column number after column permutation
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C[P1g (cal)] = Npimx i +col -- initiaisation of number of bitsp to beinserted in each of the F; segments of
the TTI number m
Chi[P1g (col)] =0 -- initiaisation of counter of
number of bits p inserted in each of the F; segments of the TTI
col = col +1
end do
n=0,m=0
whilen < X; do -- from here col is the column number before column permutation
col =nmod F;

if chi[col] < C[col] do

Xin=P -- insert one p hit
chi[col] = chi[col]+1 -- update counter of number of bits p inserted
else -- no more p bit to insert in this segment
Xin=Z.m
m=m+1
endif
n=n+1
end do
4.25.2 1% interleaver operation

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 55X 3.1 X x, » Wherei 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 sequenceis derived as follows:

(1) Select the number of columns C1 from table 4.
(2) Determine the number of rows R1 defined as:
R1=X;/C1
(3) Write the input bit sequence into the R1 x C1 rectangular matrix row by row starting with bit X; ; inthe first

column of the first row and ending with bit X; gq.cqy in column C1 of row R1:

X1 X o X3 e X
Xi (c1) X (c1+2) Xi (c1+3) e X (20
X (Riwxcwy  K(REdxc2)  Ki(ReDxcd) -+ X (RixCY)

(4) Perform the inter-column permutation based on the pattern <P1c1(l)> shown in table 4, where

jefo.1,...,c1-1}
P1c; (j) isthe original column position of the j-th permuted column. After permutation of the columns, the bits
are denoted by Vik:
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Yie Yirrey Yiewrwy o Yicroxri

Yio VYiwrezy Yierez o Yigcrowrio

Yire Yiry Yiary -+ Yicwry

(5) Read the output bit sequence Y1, Yiz, Yizs- -+ ¥i (ciry) Of the 1% interleaving column by column from the inter-

column permuted R1 x C1 matrix. Bit Y; ; corresponds to the first row of the first column and bit Y; gy
corresponds to row R1 of column C1.

Table 4 Inter-column permutation patterns for 1st interleaving

TTI Number of columns C1 Inter-column permutation patterns
<P1ci(0), ..., P1ci(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>

4.2.5.3 Relation between input and output of 1% interleaving in uplink

The bitsinput to the 1% interleaving are denoted by t; ;,t; 5,1, 5,...,t;  , wherei isthe TrCH number and T; the number

of bits. Hence, Zx = tixand Z = T

The bits output from the 1% interleaving are denoted by d, ,,d, ,,d, 5,. ..,di,Tl ,and dix = Yik.

4.25.4 Relation between input and output of 1% interleaving in downlink

If fixed positions of the TrCHsin aradio frame is used then the bits input to the 1% interleaving are denoted by
ARz s hEry M Do Ry, R wherei isthe TrCH number. Hence, Zk = hikand Z = D.

If flexible positions of the TrCHs in aradio frame is used then the bits input to the 1% interleaving are denoted by
01,02, gi3,...,giGl , Wherei isthe TrCH number. Hence, Zx = Qikand Z = G;.

The bits output from the 1% interleaving are denoted by 0,05, G35 - - - Oiq, » Wherei isthe TrCH number and Q; isthe
number of bits. Hence, Qik = VYik, Qi = FiH; if fixed positions are used, and Q; = G; if flexible positions are used.
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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
signaling. 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 isinterrupted if the number of bitsislower 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 isidentical 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 subcaluse 4.2.7 and subclauses:

Ni,j:

NTT

AN,

AN/

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

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

Number of bitsin atransmission timeinterval 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 an integer but a multiple of 1/8).

If positive - number of bitsto be repeated in each transmission time interval on TrCH i with transport
format I.

If negative - number of bitsto be punctured in each transmission time interval on TrCH i with transport
format 1.

Used in downlink only.

-, m=0to (Fmax / Fi) - 1 :Positive or null: number of bitsto be removed in TTI number m within the largest

NP/,

TTI, to create the required gaps in the compressed radio frames of this TTI, in case of compressed mode
by puncturing, for TrCH i with transport format I. In case of fixed positions and compressed mode by

puncturing, this valueisnoted Np' ™

i, max

bits; thusit isthe same for al TFCs

sinceit iscalculated for all TrCH with their maximum number of

Used in downlink only.

n=0 to F -1:Positive or null: number of bits, in radio frame number n within the largest TTI,

corresponding to the gap for compressed mode in thisradio frame, for TrCH i with transport format |. The
value will be null for the radio frames not overlapping with a transmission gap. In case of fixed positions

and compressed mode by puncturing, this value is noted Npirjmax sinceit iscalculated for all TrCHs with
their maximum number of bits; thusit is the same for all TFCs

Used in downlink only.

NreL[K], k=0to F-1 : Positive or null: number of bitsin each radio frame corresponding to the gap for compressed

mode for the CCTrCH.
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RM;: Semi-static rate matching attribute for transport channel i. RM; is provided by higher layers or takes a
value asindicated in section 4.2.13.

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. The
allowed puncturing in % is actually equal to (1-PL)*100.

Noata,: Total number of bits that are available for the CCTrCH in aradio frame with transport format
combination j.

Number of TrCHsin the CCTrCH.

Zj. Intermediate calculation variable.
Fi: Number of radio framesin the transmission time interval of TrCH i.
Fnax Maximum number of radio framesin atransmission time interval used inthe CCTrCH :
Fra = Max F,
1<i<l
n: Radio frame number in the transmission timeinterval of TrCH i (0 <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.

P1e(n): The column permutation function of the 1% interleaver, P1(x) is the original position of column with
number x after permutation. P1 is defined on table 4 of section 4.2.5.2 (note that the Pl is self-inverse).
Used for rate matching in uplink only.

gn]: The shift of the puncturing or repetition pattern for radio frame n; when n = PlF, (ni ) Used in uplink
only.

TFi():  Transport format of TrCH i for the transport format combination j.
TFS(i)  The set of transport format indexes| for TrCH i.
TFCS  Theset of transport format combination indexesj.
€ Initial value of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.
€olus Increment of variable e in the rate matching pattern determination algorithm of subclause4.2.7.5.
€minus Decrement of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.
b: Indicates systematic and parity bits

b=1: Systematic hit. x in subclause 4.2.3.2.1.

b=2: 1% parity bit (from the upper Turbo constituent encoder). z in subcaluse 4.2.3.2.1.

b=3: 2™ parity bit (from the lower Turbo constituent encoder). Z\ in subclause 4.2.3.2.1.

The* (star) notation is used to replace an index x when the indexed variable X, does not depend on the index x. In the
left wing of an assignment the meaning isthat "X. = Y" isequivalent to "for all xdo X, =Y". In the right wing of an
assignment, the meaning isthat "Y = X. " isequivalent to "takeany xand do Y = X,".

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

Z, =0

0,]
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[ZRMN. N

7 - forali=1..1 1)
i, |
ZleM mX Nm,j

AN. =7 . —Zi_l’j —Ni,j foradli=1...1

1] 1]
4.2.7.1 Determination of rate matching parameters in uplink

427.1.1 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 1-PL, PL is signalled from higher layers. The number of
available bitsin the radio frames of one PhCH for al possible spreading factorsis given in [2]. Denote these values by
Nass, N1og, Nes, Nao, Nig, Ng, and N4, where the index refers to the spreading factor. The possible number of bits available
to the CCTrCH on all PhCHS, Ndalaa then are{ N2561 leg, N54, N32, le, Ng, N4’ 2XN4, 3XN4, 4><N4, 5><N4, 6><N4} .

For aRACH CCTrCH SETO represents the set of Ngqa Values allowed by the UTRAN, as set by the minimum SF
provided by higher layers. SETO may be a sub-set of { Nasg, Ni2g, Nes, N3o }. SETO does not take into account the UE's
capability.

For other CCTrCHs, SETO denotes the set of Ngaa Values alowed by the UTRAN and supported by the UE, as part of
the UE'Scapablhty SETO can beasub%t Of { N255, leg, N641 Ngz, N]_e, Ng, N4, 2><N4, 3><N4, 4XN4, 5XN4, 6XN4} . Ndata,j
for the transport format combination j is determined by executing the following a gorithm:

|
SET1 ={ Ngaa in SETO such that (]TJR{RM y}) X Ngaia — Z RM  x Nx,j is non negative }
- x=1

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

else

|
SET2 = { Ngata in SETO such that (ER{RM y}j X Ngoa — PL X Z RM  x Nx,j is non negative }

x=1
Sort SET2 in ascending order
Ngata= Min SET2
While Ngqa 1S Not the max of SET2 and the follower of Ngqa requires no additional PhCH do

Nyata = follower of Nyaa in SET2

End while
Ndata,j = Ndata
End if

For aRACH CCTrCH, if Nyaa; is not part of the UE's capability then the TFC j cannot be used.

4.2.7.1.2 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 all possible transport format combinations j and selected every radio frame. Ny IS given from
subclause 4.2.7.1.1.
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cm
data,

cm
data, j

In a compressed radio frame, N isreplaced by N in Equation 1. N isgiven asfollows:

data,

In aradio frame compressed by higher layer scheduling, N5

data,j 1S OPtained by executing the algorithm in subclause

N
4.2.7.1.1 but with the number of bitsin one radio frame of one PhCH reduced to 1—; of the value in norma mode.

Ny isthe number of transmitted slots in a compressed radio frame and is defined by the following relation:
15-TGL, if N + TGL< 15

Ntr — Nfirst g

infirst frameif Ny, + TGL > 15

30-TGL — Ny, in second frame if N + TGL > 15

Nsir¢ and TGL are defined in subclause 4.4.

Inaradio frame compressed by spreading factor reduction, Ngi, ; = 2x (N data,] — NTGL), where
15-N
NTGL = 15 T x Ndata,j

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

If AN;; = 0 the parameterslisted in subclauses 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for determining &y, €yus, and
€ninus (regardless if the radio frame is compressed or not).
4.2.7.1.2.1 Uncoded and convolutionally encoded TrCHs
R = AN;; 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 2xR< N;

thenq=[ N/ R |
else

q=I N/ (R-N;)) |
endif
-- note: g isasigned quantity.
if giseven

thenq' = q+ gcd( d , F;)/ F; -- where ged (| of , 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=0toF;-1
Sl Lxxqd | mod F] = (| Lxxqr | div Fi)
end for
AN, = AN
a=2
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For each radio frame, the rate-matching pattern is calculated with the algorithm in subclause 4.2.7.5, where :
Xi = N;j., and
€ni = (@< PLr(m)]x|AN; | + 1) mod (aNy).
€oius = XN
Eminus = aX|AN|

puncturing for AN <0, repetition otherwise.

427122 Turbo encoded TrCHs
If repetition is to be performed on turbo encoded TrCHs, i.e. AN;;>0, the parameters in subclause 4.2.7.1.2.1 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=2 when b=2
a=1 when b=3

N :{\_ANH/ZJ, b=2

TN, /2], b=3
If AN; iscalculated as 0 for b=2 or b=3, then the following procedure and the rate matching algorithm of
subclause 4.2.7.5 don't need to be performed for the corresponding parity bit stream.
X;=LN;; /3],
q=LX/ANi| |
if(q<2)
forr=0to F-1

S[(3xr+b-1) mod F|] =r mod 2;

end for
else
if giseven
then g =q-gcd(q, F)/ F -- wheregcd ( g, F;) means greatest common divisor of g and F;
-- note that g' is not an integer, but a multiple of 1/8
else g=q
endif
forx=0OtoF; -1
r =[xxqlmod F;;
S (3xr+b-1) mod F] =[xxq'l div F;;
endfor
endif

For each radio frame, the rate-matching pattern is calculated with the algorithm in subclause 4.2.7.5, where:

X; isas above:
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&ni = (xYP1r(n)] xJAN;| + X;) mod (axX;), if &, =0 then e = axX;
€pius = AXX;

er'rlinus = ax |AN| |

4.2.7.2 Determination of rate matching parameters in downlink

For downlink Ngaj does not depend on the transport format combination j. Ny » 1S given by the channelization code(s)
assigned by higher layers. Denote the number of physical channels used for the CCTrCH by P. Nyaa+ iS the number of
bits available to the CCTrCH in one radio frame and defined as Nyata »=Px15%(Ngata1 +Naataz) » Where Nyaraa @nd Neaiao are
defined in [2]. Note that contrary to the uplink, the same rate matching patterns are used in TTIs containing no
compressed radio frames and in TTIs containing radio frames compressed by spreading factor reduction or higher layer
scheduling.

In the following, the total amount of puncturing or repetition for the TTI is calculated.

Additional calculations for TTls containing radio frames compressed by puncturing in case fixed positions are used, are
performed to determine this total amount of rate matching needed.

For compressed mode by puncturing, in TTIls where some compressed radio frames occur, the puncturing isincreased
or the repetition is decreased compared to what is calculated according to the rate matching parameters provided by
higher layers. This allows to cope with reduction of available data bits on the physical channel(s) if the slot format for
the compressed frame(s) contains fewer data bits than for the normal frames(s), and to create room for later insertion of
marked bits, noted p-bits, which will identify the positions of the gapsin the compressed radio frames.

The amount of additional puncturing corresponds to the number of bitsto create the gap inthe TTI for TrCH i, plusthe
difference between the number of data bits available in normal frames and in compressed frames, due to slot format
change. In case of fixed positions, it is calculated in addition to the amount of rate matching indicated by higher layers.

Itis noted Np/ ™

i,max *

TTI,m

TTl ,cm,m
N' i,max

In fixed positions case, to obtain the total rate matching AN, ™" to be performed onthe TTI m, Np is

subtracted from AN, T " (calculated based on higher layers RM parameters as for normal rate matching). This allows

I,max
to create room for the NP, bits p to beinserted later. If the result isnull, i.e. the amount of repetition matches
exactly the amount of additional puncturing needed, then no rate matching is necessary.

TTI,m
i,max

In case of compressed mode by puncturing and fixed positions, for some calculations, N'gaa « 1S used for radio frames
with gap instead of N, « , where N, - = Px15x (Ngga + Neaan) - Ngaan @1d N, are the number of bitsin

the data fields of the slot format used for the current compressed mode, i.e. ot format A or B asdefined in[2]
corresponding to the Spreading Factor and the number of transmitted slotsin use.

The number of bits corresponding to the gap for TrCH i, in each radio frame of its TTI is calculated using the number of
bits to remove on al Physical Channels Ntg_[K], where k is the radio frame number in the largest TTI.

For each radio frame k of the largest TTI that is overlapping with a transmission gap, Ntg.[K] is given by the relation:

.
TGLxN'

Ee— «, If Nrg + TGL < 15
15 data,

15-N first

NTGL = < 15

X N(Yjala’* , infirst radio frame of the gap if N4 + TGL > 15

TGL-(15-N, ) .

X Ndata,* '
\ 15
Nsir¢ and TGL are defined in subclause 4.4.

in second radio frame of the gap if Ng,¢ + TGL > 15

Notethat N to [K] = O if radio frame k is not overlapping with a transmission gap.
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42.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs
42.7.2.1.1 Calculation of AN;max for normal mode and compressed mode by spreading factor
reduction

First an intermediate calculation variable Ni’* is calculated for all transport channelsi by the following formula:

N, . :1><(max NT,”)
’ = leTFs(i)

In order to compute the ANI'r ! parametersfor all TrCH i and all TF I, we first compute an intermediate parameter

AN; e Dy the following formula, where AN . isderived from N; . by the formulagiven at subclause 4.2.7:
AN; . = F xAN;.

If ANi’maX =0 then, for TrCH i, the output data of the rate matching is the same as the input data and the rate
matching algorithm of subclause 4.2.7.5 does not need to be executed. In this case we have :

VI e TFS(i) AN" =0
If AN, o # O the parameterslisted in subclauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining €, €yus,

and €yns, and ANiT' )

427212 Calculations for compressed mode by puncturing

Calculationsof AN.'T"™ for all TTI mwithin largest TTI, for all TrCH i

I,max

First an intermediate calculation variable Ni’* is calculated for all transport channelsi by the following formula:

N,. =1x(max Nf,”j
' F 1eTFs(i)

‘ Then an intermediate calculation variableAN% _AN; . .isderived from N;. by the formulagiven at subclause 4.2.7,

In order to compute the ANTrI '™ parametersfor all TrCH i, all TF | and all TTI with number min the largest TTI, we

first compute an intermediate parameter AN." by the following formula :

I,max
n=(m+1<F -1
m n
1/_\ll ‘Il,max — Z/—\‘!\‘I| * AN|mmax - FI XANI’*
n=mxF,
Calculationsof Np/| ., and Npméxm
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Let Npirjmax be the number of bitsto eliminate on TrCH i to create the gap for compressed mode and to cope for the

reduction of the number of available data bits in the compressed frame if the changed slot format contains fewer data
bits than for normal frame, in each radio frame k-n of the TTI, calculated for the Transport Format Combination of
TrCH i, in which the number of bitsof TrCH i is at its maximum.

NP, is calculated for each radio frame k-n of the TTI in the following way.

Intermediate variables Z; for i = 1to | are calculated using the formula (1) in 4.2.7, by replacing Nyaj by (N [N]_+
(Ngatar =N gata ))-

Then NP\ = (Z—Z.) fori=1tol

The total number of bits Npma;xm corresponding to the gaps for compressed mode for TrCH i inthe TTI is calculated
as.
n=(m+1)xF -1
TTI,m __ n
Npi,max - Z Npi,max
n=mxF,
The amount of rate matching AN ma’fm’m for the highest TrCH bit rate is then computed by the following formula :

ANT“ ,cm,m: ANm _ Npﬁl,m

i,max i, max i,max

If ANTE™™ = o then, for TrCH i, the output data of the rate matching is the same as the input data and the rate

I, max
matching algorithm of subclause 4.2.7.5 does not need to be executed.
If AN;"7S™™ £ O, then, for TrCH i, the rate matching algorithm of subclause 4.2.7.5 needs to be executed, and the

parameters listed in subclauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining €, €gius, @ Erjnys, aNd
AN TTI,m
il

4.2.7.2.1.3 Determination of rate matching parameters for uncoded and convolutionally encoded
TrCHs
AN; =AN;
For compressed mode by puncturing, AN, is defined as: AN, = AN ma’fm’m , instead of the previous relation.
a=2
N, = max N,

1eTFS(i)

For each transmission timeinterval of TrCH i with TF I, the rate-matching pattern is calculated with the algorithm in
subclause 4.2.7.5. The following parameters are used asinput:

X, = Ni]T'

Qni =1

eplus =ax Nmax
€ =a><|ANi|

minus
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Puncturing if AN, < O, repetition otherwise. The values of ANI'r ' may be computed by counting repetitions or
puncturing when the algorithm of subclause 4.2.7.5 is run. The resulting val ues of ANiT],T ' canbe represented with

following expression.

AN, x X,

AN, :[ ]xsgn(ANi)

max

For compressed mode by puncturing, the above formula produces AN .1|T '™ instead of ANJr '

4.2.7.2.1.4 Determination of rate matching parameters for Turbo encoded TrCHs

If repetition isto be performed on turbo encoded TrCHs, i.e. ANi’maX > 0, the parameters in subclause 4.2.7.2.1.3 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=2 whenb=2
a=1whenb=3
The bitsindicated by b=1 shall not be punctured.

{LANi’maX/ZJ, forb=2

AN = [AN, . /2], forb=3

In Compressed Mode by puncturing, the following relations are used instead of the previous ones:

ANib = \_ANTH ’Cm’m/ZJ, for b=2

I,max

ANP, = [ANTE™m /2] for p=3

| I,max

N, = max)(Nﬂ,T' 13)

X leTRs(i

For each transmission timeinterval of TrCH i with TF I, the rate-matching pattern is calculated with the algorithm in
subcaluse 4.2.7.5. The following parameters are used as input:

X, =N;"/3

&n = N

€,ys = ax N e
€ :ax‘ANf"

minus

The values of ANiT],T ! may be computed by counting puncturing when the algorithm of subclause 4.2.7.5 isrun. The

resulting values of ANiT],T ' canbe represented with following expression.

N7 [x X, | ANP[x X,

N

AN = - ‘ +05]|-

max max
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In the above equation, the first term of the right hand side represents the amount of puncturing for b=2 and the second
term represents the amount of puncturing for b=3.

For compressed mode by puncturing, the above formula produces AN IT '™ instead of ANJr '
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4.2.9 Insertion of discontinuous transmission (DTX) indication bits

In the downlink, DTX isused 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.

4291 1% insertion of DTX indication bits

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

The bits from rate matching are denoted by 0;, J;5, Gi3»- - -» Jig, » Where G is the number of bitsin one TTI of TrCH i.

Denote the number of bitsin one radio frame of TrCH i by H;. Denote D; the number of bits output of the first DTX
insertion block.

In TTls containing no compressed frames or frames compressed by spreading factor reduction, H; is constant and
corresponds to the maximum number of bits from TrCH i in one radio frame for any transport format of TrCH i and D;
= Fi X Hi-

In TTls containing frames compressed by puncturing, additional puncturing is performed in the rate matching block.
The empty positions resulting from the additional puncturing are used to insert p-bitsin the first interleaving block, the
DTX insertion is therefore limited to allow for later insertion of p-bits. Thus DTX bits are inserted until the total
number of bitsis Di where D; =F; x Hix - Np ™™ 1, and Hi = Nix + AN, ..

The bits output from the DTX insertion are denoted by h i1, hi,, his, ..., hipi Notethat these bits are three valued. They
are defined by the following relations:

he =0, k=123 ..,G
h,=0 k=G+1,G+2 G+3, .., D,

where DTX indication bits are denoted by 8. Here gix €{0, 1} and ¢ ¢{0, 1}.

4292 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 after 2™ interleaving.

The bitsinput to the DTX insertion block aredenoted by S, S,,S;,. .., Sg,where Sisthe number of bits from TrCH

multiplexing. The number of PhCHs is denoted by P and the number of bitsin one radio frame, including DTX
indication bits, for each PhCH by R..

N *
In non-compressed frames, R= % =15% (Nggas + Nugaz) . Where Nz and Neaao are defined in 2.

For compressed frames, N'gaa « is defined as N('jata,* = Px15% (Ny + Nygan) - Nygeg@nd N, are the number

of bitsin the datafields of the slot format used for the current compressed frame, i.e. ot format A or B as defined in
[2] corresponding to the spreading factor and the number of transmitted slotsin use.

In frames compressed by puncturing and when fixed positions are used, no DTX shall be inserted, since the exact room
for the gap is aready reserved thanks to the earlier insertion of the p-bits.

In frames compressed by higher layer scheduling, additional DTX with respect to normal mode shall be inserted if the
transmission time reduction does not exactly create a transmission gap of the desired TGL.
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The number of bits available to the CCTrCH in one radio frame compressed by spreading factor reduction or by higher

cm

layer scheduling is denoted by Ngp. . and R= % :
. . cm N ,data,*
For frames compressed by spreading factor reduction N g, . = T .

cm
data,*

For frames compressed by higher layer scheduling the exact value of N is dependent on the TGL whichis

signalled from higher layers. It can be calculated as N gy, . = Nar — Nig -

data,*

N isthe number of bits that are located within the transmission gap and defined as:

((TGL .,
—X Ndata* ,if Nfir¢ + TGL <15
15 ’
15— N, ,
Nre. = < me N e , infirst frameif Nyq + TGL > 15

TGL— (15— N ;,q)
\ 15
Nsir¢ and TGL are defined in subclause 4.4.

X N('jala’* , in second frame if Ng,4 + TGL > 15

The bits output from the DTX insertion block are denoted by W, , W, , W,..., Wpg, . Note that these bits are four

valued in case of compressed mode by puncturing, and three valued otherwise. They are defined by the following
relations:

W, =S k=1,23,..,S
W, =0 k=S+1,S+2,S+3,...,PR

where DTX indication bits are denoted by 6. Here S, €{0,1, p}and ¢ ¢{0,1}.

4.2.10 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 X, X,, X3,..., Xy , where X is the number of bits input to the
physical channel segmentation block. The number of PhCHs is denoted by P.

The bits after physical channel segmentation are denoted Upy, Ugo s Upgse oy Upy s where p is PhCH number and U isthe
number of bitsin one radio frame for each PhCH, i.e. U= (X — Ny - (Ngatar — N gata+ ) / P for compressed mode by

X
puncturing, and U = — otherwise. The relation between Xy and Uy is given below.
P

For all modes, some bits of the input flow are mapped to each code until the number of bits on the codeis U. For modes
other than compressed mode by puncturing, all bits of the input flow are taken to be mapped to the codes. For
compressed mode by puncturing, only the bits of the input flow not corresponding to bits p are taken to be mapped to
the codes, each bit p is removed to ensure creation the gap required by the compressed mode, as described below.

Bits on first PhCH after physical channel segmentation:
U1, k= Xf(k) k=1,2,..,U

Bits on second PhCH after physical channel segmentation:
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U= Xewy K=1,2,...,U

Bits on the P" PhCH after physical channel segmentation:
Up, k= Xkt (P-1)xU) k=1,2,...,U
wheref is such that :
- for modes other than compressed mode by puncturing, X = X , i.€. f(K) = k, for all k.

- for compressed mode by puncturing, bit u; ; corresponds to the bit x, with smallest index k when the bits p are
not counted, bit uj , corresponds to the bit x, with second smallest index k when the bits p are not counted, and so
onfor bitsuys ... Uy y Up 1 Uz o Uz u . Up1 Upo. Upy -

4.2.10.1 Relation between input and output of the physical segmentation block in
uplink

The bitsinput to the physical ssgmentation are denoted by S, S,,S;,...,Sg. Hence, Xk = Sxand Y= S

4.2.10.2 Relation between input and output of the physical segmentation block in
downlink

The bitsinput to the physical segmentation are denoted by W, Wo, W, ..., Wipy,y - Hence, X = Wi and Y= PU.
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4.2.2.2 Code block segmentation

Segmentation of the bit sequence from transport block concatenation is performed if X;>Z. The code blocks after
segmentation are of the same size. The number of code blockson TrCH i is denoted by C;. If the number of bitsinput to the
segmentation, X;, is not amultiple of G, filler bits are added to the beginning of the first block. If turbo coding is selected
and X; < 40, filler bits are added to the beginning of the code block. The filler bits are transmitted and they are always set to
0. The maximum code block sizes are:

- convolutional coding: Z = 504;
- turbo coding: Z = 5114;

- no channel coding: Z = unlimited.

The bits output from code block segmentation, for C; # 0, are denoted by O,;,0Q,,,,0;3,...,0,, , Wherei isthe TrCH
number, r is the code block number, and K; is the number of bits per code block.

Number of code blocks:

C=I%+4Z/
[X,/Z] whenZ = unlimited

C =140 when Z = unlimited and X, =0
1 when Z = unlimited and X, #0

Number of bitsin each code block (applicable for C; 0 only):

if X <40 and Turbo coding is used, then

K; = 40
else

Ki=/X1GC/
end if

Number of filler bits: Y, = CK, - X

fork=1toY; -- Insertion of filler bits
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end for

fork=Y+1toK;

O = X (kv
end for
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whiler <C;

fork=1toK;
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end while
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end if
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4.2 Transport-channel coding/multiplexing

Data arrives to the coding/multiplexing unit in form of transport block sets once every transmission time interval. The
transmission time interval istransport-channel specific from the set {10 ms, 20 ms, 40 ms, 80 ms}.

The following coding/multiplexing steps can be identified:
- add CRC to each transport block (see subclause 4.2.1);
- transport block concatenation and code block segmentation (see subclause 4.2.2);
- channel coding (see subclause 4.2.3);
- radio frame equalisation (see subclause 4.2.4);
- rate matching (see subclause 4.2.7);
- insertion of discontinuous transmission (DTX) indication bits (see subclause 4.2.9);
- interleaving (two steps, see subclauses 4.2.5 and 4.2.11);
- radio frame segmentation (see subclause 4.2.6);
- multiplexing of transport channels (see subclause 4.2.8);
- physical channel segmentation (see subclause 4.2.10);
- mapping to physical channels (see subclause 4.2.12).

The coding/multiplexing steps for uplink and downlink are shown in figure 1 and figure 2 respectively.
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Figure 1. Transport channel multiplexing structure for uplink
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Figure 2: Transport channel multiplexing structure for downlink

The single output data stream from the TrCH multiplexing, including DTX indication bits in downlink, is denoted
Coded Composite Transport Channel (CCTrCH). A CCTrCH can be mapped to one or several physical channels.
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4.2.7.2.2 Determination of rate matching parameters for flexible positions of TrCHs

4.2.7.2.2.1 Calculations for normal mode, compressed mode by higher layer scheduling, and
compressed mode by spreading factor reduction

First an intermediate calculation variable Nij is calculated for all transport channelsi and al transport format
combinationsj by the following formula:

1 TTI 1 TTI
|,J_E' TR ( Ni,j F NlTF()

Then rate matching ratios RF; are calculated for each the transport channel i in order to minimise the number of DTX
bits when the bit rate of the CCTrCH is maximum. The RF; ratios are defined by the following formula:

N. .
RF = ‘RM. RF. = data, x RM.

maxZRM ‘N,,) maxZ(RM <N,

jeTFCS“ jeTFCS 4

Ndala *

The computation of ANiT' parameters is then performed in two phases. In afirst phase, tentative temporary values of

ANiT' are computed, and in the second phase they are checked and corrected. The first phase, by use of the RF; ratios,

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 greater than Nyaa «. 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 value of ANiT' is the definitive value.

The first phase defines the tentative temporary ANf’lT ' for all transport channel i and any of its transport format | by use

of the following formula:

X{RFiXN:w ™_ « Ndala ><RI\/' N|T|TI ™
Foma>(RM <N,

The second phase is defined by the following agorithm:

foral j inTFCSin ascending order of TFCI do --foral TFC
D= S N'TTHF W+ AN TR (J) -- CCTrCH bit rate (bits per 10ms) for TFC j}
= F
if D> Ny, th
fori=1tol do --for al TrCH
AN=F-~AN-AN = F, xAN; - AN, ; isderived from N, ; by theformulagiven at

subclause 4.2.7.
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. TTI
if ANi,TFi(j) > AN then
T
ANi,TFi (]) = AN
end-if
end-for

end-if

end-for

If AN:T' =0 then, for TrCH i at TF |, the output data of the rate matching is the same as the input data and the rate
matching algorithm of subclause 4.2.7.5 does not need to be executed.

If ANiT' # 0 the parameters listed in subclauses 4.2.7.2.2.2 and 4.2.7.2.2.3 shall be used for determining g, €plus, aNd
eminus-

427222 Determination of rate matching parameters for uncoded and convolutionally encoded
TrCHs
AN, = AN,
a=2

For each transmission timeinterval of TrCH i with TF I, the rate-matching pattern is calculated with the algorithm in
subclause 4.2.7.5. The following parameters are used as input:

minus

X, =N™

€y =1

e =a-Nie,, =axN;"
mins — i Cminus = aX|ANi|

puncturing for AN, < 0O, repetition otherwise.

4.2.7.2.2.3 Determination of rate matching parameters for Turbo encoded TrCHs

I repetition is to be performed on turbo encoded TrCHs, i.e. AN;["' > O, the parametersin subclause 4.2.7.2.2.2 are

used.

If puncturing isto 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=2 when b=2
a=1whenb=3
The bitsindicated by b=1 shall not be punctured.
(AN /2], b=2
AN, = Tn
AN /2], b=3

For each transmission time interval of TrCH i with TF |, the rate-matching pattern is calcul ated with the algorithmin
subclause 4.2.7.5. The following parameters are used asinput:
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X = Nﬂ,_” /3,
€ = Xi,
epw——s:»—)(Tep,uS =ax X,

enWa_—IA_Ni—I»eminus =ax |AN||
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TrCH number: Transport channel number representsa TrCH ID assigned to L1 by L2. Transport channels are
multiplexed to the CCTrCH in the ascending order of these IDs.

3.2 Symbols

For the purposes of the present document, the following symbols apply:

/x/ round towards o, i.€. integer such that x </x / < x+1
[x/ round towards -, i.e. integer such that x-1 < /x/ <x
/x/ absolute val ue of x

_ o 1 x>0
sgn(X) signum function, i.e. sgn(x) =

-1 x<O

Niirst Thefirst slot inthe TG, located in the first compressed radio frame if the TG spans two frames.
Niagt Thelast dot in the TG, located in the second compressed radio frame if the TG spans two frames.
N Number of transmitted slotsin aradio frame.

Unless otherwise is explicitly stated when the symbol is used, the meaning of the following symbolsis:

i TrCH number

i TFC number

k Bit number

| TF number

m Transport block number

n; Radio frame number of TrCH i.

p PhCH number

r Code block number

| Number of TrCHsina CCTrCH.

C Number of code blocksin one TTI of TrCH i.

Fi Number of radio framesinone TTI of TrCH i.

M; Number of transport blocksin one TTI of TrCH i.

Ndata; Number of data bits that are available for the CCTrCH in aradio frame with TFC .
Ng;':a’j Number of data bits that are available for the CCTrCH in a compressed radio frame with TFC j.
P Number of PhCHs used for one CCTrCH.

PL Puncturing Limit for the uplink. Signalled from higher layers

RM; Rate Matching attribute for TrCH i. Signalled from higher layers.

Temporary variables, i.e. variables used in severa (sub)clauses with different meaning.
X, X

Y, Y
z,Z

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

ARQ Automatic Repeat Request

BCH Broadcast Channel

BER Bit Error Rate

BLER Block Error Rate

BS Base Station

CCPCH Common Control Physical Channel
CCTrCH Coded Composite Transport Channel
CFEN Connection Frame Number

CRC Cyclic Redundancy CheckCede
DCH Dedicated Channel

DL Downlink (Forward link)

DPCCH Dedicated Physical Control Channel
DPCH Dedicated Physical Channel
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DPDCH
DS-CDMA
DSCH
DTX
FACH
FDD
FER
GF
MAC
Mcps
MS
OVSF
PCCC
PCH
PhCH
PRACH
RACH
RSC
RX
SCH
SF
SFN
SIR
SNR
TF
TFC
TFCI
TPC
TrCH
TTI
TX

UL

Dedicated Physical Data Channel
Direct-Seguence Code Division Multiple Access
Downlink Shared Channel

Discontinuous Transmission

Forward Access Channel

Frequency Division Duplex

Frame Error Rate

GaoisField

Medium Access Control

Mega Chip Per Second

Mobile Station

Orthogonal Variable Spreading Factor (codes)
Parallel Concatenated Convolutional Code
Paging Channel

Physical Channel

Physical Random Access Channel

Random Access Channel

Recursive Systematic Convolutional Coder
Receive

Synchronisation Channel

Spreading Factor

System Frame Number
Signal-to-Interference Ratio

Signal to Noise Ratio

Transport Format

Transport Format Combination

Transport Format Combination Indicator
Transmit Power Control

Transport Channel

Transmission Time Interval

Transmit

Uplink (Reverselink)

3GPP
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421 CRC attachmentError-detection

Error detection is provided on transport blocks through a Cyclic Redundancy Check (CRC). The size of the CRC is 24,
16, 12, 8 or 0 bitsand it is signalled from higher layers what CRC lengthsize that should be used for each TrCH.

42.1.1 CRC Calculation

The entire transport block is used to cal culate the CRC parity bits for each transport block. The parity bits are generated
by one of the following cyclic generator polynomials:

- Ocreas(BD) = BD* + DD + BD® + BD® + BD + 1;
- Qores(PD) = DD + BD™ + BD° + 1;
- Ocre2(BD) = BD¥ + DD + BD*+ BD? +BD + 1;
- Gores(BD) =BD® + DD’ + BD*+ BD® + BD + 1.
Denote the bitsin atransport block delivered to layer 1 by @y, 8ip s Qimgsr- - -1 8ima » @d the parity bits by

Pimts Pimzs Pimgsr- -1 Py, - Av isthetengthsize of atransport block of TrCH i, mis the transport block number, and kL
isthe number of parity bits. L; can take the values 24, 16, 12, 8, or 0 depending on what is signalled from higher layers.

The encoding is performed in a systematic form, which meansthat in GF(2), the polynomial:

+23 +22 24 23 22 1
a'imlD/-\‘ +a'im2DA +"'+aimA,D +pimlD +pim2D +"'+pim23D +pim24
yields aremainder equal to O when divided by gcre4(BD), polynomial:

\ +15 14 16 15 14 1
a D" +a DA +... 48, D+ D + D .+ PrysD + Pigs
yields aremainder equal to 0 when divided by gcre1s(BPD), polynomial:

11 10 12 11 10 1

a D" +a DA +... 48, D¥ + p D" + P, D +...+ Py, D' + Py
yields aremainder equal to 0 when divided by gcre12(BD) and polynomial:

+7 +6 8 7 6 1
aimlDA —I_aimZDA1 ++a1mAD + p|mlD + pimZD +... pim?D + pim8
yields aremainder equal to 0 when divided by gcres(PD).

If no transport blocks are input to the CRC calculation (M; = 0), no CRC attachment shall be done. If transport blocks
are input to the CRC calculation (M; = 0) and the size of atransport block is zero (A = 0), CRC shall be attached, i.e. al
parity bits equal to zero.

4.2.1.24-2.1-11 Relation between input and output of the CRC attachment blockCyelie
Redundaney-Check

The bits after CRC attachment are denoted by B.,0,,5, B3, -, B, Where Bi= A+ L;. The relation between aimk

and binis:
tqu:aimk k:1’2131"'1Ai

Bk = P2 ko ay KEATLA+2A+3 . AL
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NP/ e is defined in the Rate Matching subclauise 4.2.7.
P1g; (x) defines the inter column permutation function for a TTI of length F; x10ms, as defined in Table 3 in section
4.2.5.2. P15 (x) isthe Bit Reversal function of x on log,(F;) bits.

NOTE 1: C[x],x=0to F—1 the number of bits p which have to be inserted in each of the Fisegments of the TTI,
where x is the column number before permutation, i.e. in each column of the first interleaver. C[P1g(X)]

isequal to NP * for x equal 0 to Fi—1 for fixed positions. It is noted Np™" "

i
,max

initialisation step.

in the following

NOTE 2: chi[x], x=0 to F; — 1, the counter of the number of bits p inserted in each of the F; segments of the TTI,
i.e. in each column of the first interleaver x is the column number before permutation.

col=0
whilecol < F; do -- here cal is the column number after column permutation
CIP1 (col)] = Np™F+* -- initialisation of number of bits p to beinserted in each of the F; segments of
the TTI number m
chi[P1f (col)] =0 -- initialisation of counter of
number of bits p inserted in each of the F; segments of the TTI
col =col +1
end do
n=0,m=0
whilen < X; do -- from here col is the column number before column permutation
col =nmod F

if chi[col] < C[col] do

Xin=P -- insert one p hit
chi[col] = chi[col]+1 -- update counter of number of bits p inserted
else -- no more p bit to insert in this segment
Xin=2Z,m
m=m+1
endif
n=n+1
end do
4.25.2 1% interleaver operation

The 1% interleaving is a block interleaver with inter-column permutations. The input bit sequence to the 2*-block
interleaver isdenoted by X 1, X 5, % 3,..., % x » Wherei is TrCH number and X; the number of bits. (at-this stage-Here

X is assurmed-and-guaranteed to be an integer multiple of the number of radio framesin the TTI}. The output bit
sequence from the block interleaver is derived as follows:

(2) Select the number of columns C1 from table 4 depending on the TTI. The columns are numbered 0, 1, ..., C1 -1
from left to right.
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(2) Determine the number of rows of the matrix, R1 defined as:

R1=X/CLl.

The rows of the matrix are numbered 0, 1, ..., R1 - 1 from top to bottom.

(3) Write the input bit sequence into the R1 x C1 rectangutar-matrix row by row starting with bit X; , inthefirst
column O of the-firstrow 0 and ending with bit X; ;. in column C1 - 1 of row R1 - 1:

X1 X 2 X3 e X
Xi (c1+1) Xi (c1+2) X (c1+3) oo X (20

X (Rixcy)  K(REdxc12)  Ki(ReDxCd) -+ X (RixCY)

(4) Perform the inter-column permutation for the matrix based on the pattern <P101(j )> cfon, .cr1) shown in table

4, -where Pl¢; (j) isthe original column position of the j-th permuted column. After permutation of the columns,
the bits are denoted by Vi

Yii, Yirey VYierwy - Yicryri
Yie VYiwrez Yierez o Yigcroruo)
Yire Yiry Yiary -+ Yicwry

(5) Read the output bit sequence Yi1+Yio Yz Yrrczryy Yiar Yizr Yiare - Yicury Of thed*block

interleavering column by column from the inter-column permuted R1 x C1 matrix. Bit Y, ; correspondsto the

firstrow 0 of thefirst-column 0 and bit Y; gy,cq) COrrespondsto row R1 - 1 of columnC1 - 1.

Table 4 Inter-column permutation patterns for 1st interleaving

T Number of columns C1 Inter-column permutation patterns
<P1c(0), Plci(1), ..., P1cy(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>

3GPP



Release 1999 43 3G TS 25.222 V3.3.0 (2000-6)

Bits on second PhCH after physical channel segmentation:

U= Xgeuy K=1,2,...,U

Bits on the P" PhCH after physical channel segmentation:
Up, k= Xkt (P-1)xU) k=12,..,U
wheref issuch that :
- for modes other than compressed mode by puncturing, X = X« , i.e. f(K) = k, for al k.

- for compressed mode by puncturing, bit u; ; corresponds to the bit x, with smallest index k when the bits p are
not counted, bit uj , corresponds to the bit x, with second smallest index k when the bits p are not counted, and so
onfor bitsuy s ... Uy, y Up 1, Us 2 . Up u, . Up1, Up2,. Upy -

4.2.10.1 Relation between input and output of the physical segmentation block in
uplink

The bitsinput to the physical segmentation aredenoted by S, S,,S;,...,Sg. Hence, Xk = Sxand Y= S

4.2.10.2 Relation between input and output of the physical segmentation block in
downlink

The bitsinput to the physical segmentation are denoted by W, Wo, Wi, ..., Wipy,y - Hence, X = Wi and Y= PU.

4211 2" interleaving

The 2™ interl eavi ng isablock interleaver and consists of bits input to a matrix with padding, withthe inter-column
permutations for the matrix and bits output from the matrix with pruning. The bitsinput to the 2*-block interleaver are

denoted by Upp UpoiUpsysUpy where p is PhCH number and U is the number of bitsin one radio frame for one

PhCH._The output bit sequence from the block interleaver is derived as follows:

(1) Set—thenumber-of-eelumnsAssign C2 = 30 to be the number of columns of the matrix. The columns of the
matrix are numbered 0, 1, 2, ..., C2 - 1 from left to right.

(2) Determine the number of rows of the matrix, R2, by finding minimum integer R2 such that:

U <R2x C2.

The rows of rectangular matrix are numbered 0, 1, 2, ..., R2 - 1 from top to bottom.

(3) Write Fthe bitsinput bit sequence Up,;,Up5,Up ..., Upy to-the 2™ interleaving-are written into the R2 x C2

rectangular-matrix row by row: starting with bit y; in column 0 of row O:

up,l up,2 Up’3 up,30
Uy Up s Uy a3 <o Upeo
L p((Re-1x30+1)  Up(re-nx3or2)  Up(re-ea03)  +-Up (roaan) J
yp,l yp,2 yp,3 v yp,CZ
Yo.c24) Yo.(co+2) Yo.(co+3) o Yo
Yourenxc2)  Yp(re-pxc2:2)  Yp(Re-1xc243) -+ Yp(R2cC2)
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where Y, =Up, fork=1,2 ....Uandif R2 x C2> U, the dummy bits are padded suchthat y,, =0or1

fork=U+1,U+2 ...,R2 x C2. Thesedummy bits are pruned away from the output of the matrix after the
inter-column permutation.

(4) Perform the inter-column permutation for the matrix based on the pattern P2(H-(+=6;-4+—-+C2-1)
<P2(j )> o .co1} that is shown in table 7, where P2(j) is the original column position of the j-th permuted

column. After permutation of the columns, the bits are denoted by Ypk Y x -

yp,l yp,(R2+l) yp,(2><R2+l) t yp,(29><R2+l) y’p,l y’p,(R2+1) y’p,(2><R2+1) cee y p,((C2-1)xR2+1)
yp,2 yp,(R2+2) yp,(2><R2+2) tr yp,(29><R2+2) y'p,2 y’p,(R2+2) y,p,(2><R2+2) cee y,p,((CZ—l)xR2+2)
yp,RZ yp,(2><R2) yp,(35<R2) s yp,(30xR2) y’p,RZ y’p,(2xR2) y’p,(3><R2) cee y’p,(CZXRZ)

(5) The output of the 2™block interleavering is the bit sequence read out column by column from the inter-column
permuted R2 x C2 matrix. The output is pruned by deleting dummy bits that were net-presentpadded into the

input bit-sequenceof the matrix before the inter-column permutation, i.e. bits Ypk ', i that corresponds to bits

Hpk Y With k>U are removed from the output. The bits after 2" interleaving are denoted by

V. .,V

p11Vp2r--Vpu s where Vp 1 correspondsto the bit Yk y'p, « With smallest index k after pruning, Vp 2 to the

bit ¥p.k ¥’ px With second smallest index k after pruning, and so on.

Table 7 Inter-column permutation pattern for 2nd interleaving

Inter-column permutation pattern

< P2(0), P2(1), ..., P2(29C2-1) >
<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, 17>

Number of columns C2

30
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4.2.2.2 Code block segmentation

Segmentation of the bit sequence from transport block concatenation is performed if X;>Z. The code blocks after
segmentation are of the same size. The number of code blocks on TrCH i is denoted by C;. If the number of bitsinput to
the segmentation, X, is not amultiple of C;, filler bits are added to the beginning of the first block. If turbo coding is
selected and X; < 40, filler bits are added to the beginning of the code block. The filler bits are transmitted and they are
always set to 0. The maximum code block sizes are:

- convolutional coding: Z = 504;
- turbo coding: Z=5114;
- no channel coding: Z = unlimited.

The bits output from code block segmentation are denoted by 0,,,0,,,,0,3,...,0,, , Wherei isthe TrCH number, r is
the code block number, and K; is the number of bits.

Number of code blocks: C;= /X /2 /
Number of bitsin each code block:

if X; <40 and Turbo coding is used, then

Ki =40
else
Ki=/X1C/
end if

Number of filler bits: Y; = CK, - X;

fork=1toY; -- Insertion of filler bits
Oy = 0
end for

fork=Y+1toK;

O = X (k-v)
end for
r=2 -- Segmentation
whiler <C;

fork=1toK;

Oiric = X (ke (-1, —¥) |
end for
r=r+l

end while

3GPP



	CRs to 25212-RP000538-table.doc
	25212CR094r2 (R1-00-1295).doc
	25212CR096    (R1-00-1227).doc
	25212CR097    (R1-00-1277).doc
	25212CR099    (R1-00-1427).doc
	25212CR100r1 (R1-00-1477).doc
	25212CR101    (R1-00-1446).doc

