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Introduction

In this paper we propose several correction and editorial changesto 25.212 version 3.2.0.

Changes that have been done:

section nature

description and motivation

1% IL, p-bits | correction
insertion

The P1 permutation is such that P1(x) is the orginal column position of
column number x after permutation. So the p-bits insetion description works
because P1 is self-inverse, but if it was not self-inverse it would be incorrect.
We have corrected the section so that the description does no longer depends
on thisthat P1 is self-inverse.

1% IL operation | editorial

C/, R and P; replaced by C1, R1 and P1. C, isaready used as C; the code
block number, for the last channel i = 1. For the notation to be uniform through
the section, the same type of change has been doneto R; and P;.

1L editoria

the column permutation function is noted P15 whereas it used to be noted
either P; (no index by the column number) or P5 (the name does not contain
the 1 of P1 hinting that the permutation is for the 1% IL).

1% IL,p bit editorial
insertion

Inthetext, it is said that P1 is defined by the table 3 above. Infact Table 3 is
in the following subsection.

RM, CM by editorial
puncturing

replaced TrCh and CCTrCh by TrCH and CCTrCH

RM, CM by editorid
puncturing

replaced "uncompressed radio frames' by "radio frames not overlapping with
atransmission gap". Uncompressed is misleading, asa TTI overlapping with a
transmission gap is compressed, and might well also contain aradio frame not
overlapping with atransmission gap.

RM, CM by editorid
puncturing

improved readability by replacing the ASCII like notation Np";; and Np'™ ™™,
and DN™™™, by edited formulas Np, Np/"™ . DN, ™

RM, CM by correction
punctureing

InforumulaDN ™™ = Sn=o™ " DN" ;. corrected so that the summation is
carried out from n=0to n=F;-1, instead of up to ;.




Eol\gi,t if(i;r(]ed editorial A sentence has been added to refer to the place where DN is computed
fromn DN __ and N

42721 e e

Physical editorial The number of input bits has been renamed from Y to X. It looked unusual to

channel us that the bits are named x, and kisfrom 1 to Y instead from 1 to X

segmentation

Physical correction There was a problem as sometimes the letter V was used instead of the |etter

channel u.

segmentation

RM, UL, correction On the e-mail reflector iswas clarified that the I function that is called

pattern "interleaving function" used in the column-wise pattern shifting 'S formula is

determination in fact the column permutation function P1. So we aligned this. Instead of

&ni Setting using P1 where the Siswritten, we use it were Sisread in order to be
consistent with the definition of P1, this makes no functional difference as P1
is self-inverse. We invite the proponents of the S formula to check whether it
isP1 or itsinverse that shall be used (since P1 is self-inversethereisno
functional difference, but for the sake of clarity we should use the correct
one).

2L editorial For the same reason as for the 1¥ IL, Ry, C, and P, have been renamed R2, C2,
and P2.

1¥and 2V IL | clarification It has been clarified in the table giving the column permutation that the list
givenis (P(0), P(1), ..., P(C-1)). Also curly brackets were replaced by round
brackets.

In many places | editorial Symbolsnot initalic were put in italic

Changes that should be done

According to us all the first part of 4.2.7.2.1.2 up to "Calculations of NP/, and Np

TTI,m

i max | €xclusiveis useless and

confusing. It should be suppressed. Furthermore, in the same section, the formula DN, T-¢™™= DN ™™ . Np™-™ should

be replaced by DN, ™™= DN,,.. Np

meaning the notation N,

i,max
TTl,m

where DNy replaces DN,

i,max i,max i,max
MM \We also don't understand the need for and the

I,max

. NiT,r ' is the amount of bit input to the rate matching function for TrCH i and TF |. This amount

isentierely determined by i and |, so what is the meaning of the TTI number m?

These corrections, though clearly needed, have not been made in the document, in order to avoid blocking the CR by non
obvious changes, and let the proponent of the concerned section sort it out.

Conclusion

We propose the CR enclosed hereinafter to be accepted.
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425  1%interleaving

In Compressed Mode by puncturing, bits marked with afourth value on top of {0, 1, d} 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.

425.1 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 = Zk and X; = Z;

In case of compressed mode by puncturing and fixed positions, sequence x; x which will be input to first interleaver for
TrChi and TTI mwithin largest TTI, is built from bits z; |, k=1, ..Z;, plusNp ™™™, 1y bits marked p and
X = Z+ Np'™ ™, 1m0 asis described thereafter.

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

P1xf(x}) definesthe inter column permutation function for aTTI of length Fi *10ms, as defined in Table 3 abevein
section 4.2.5.2. P1f(x}) isthe Bit Reversal function of x on log,(Fi) bits.

NOTE 1: C[x],x=0to Fi —1 the number of bits p which have to be inserted in each of the Fi segments 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 . NP max for x equal 0 to FiFi —1 for fixed positions . It isnoted Np*Np-*; inthe
following initialisation step.

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

col =0
while col < F; do -- here col is the column number after column permutation
C[P1s (col)] = Np® Np**,  — - initialisation of number of bitsp to beinserted in each of the F;Fi
segments of the TTI
chi[Plg (col)] =0 —  --initialisation of counter of number of bits p inserted in each of the FiFi segments
of the TTI
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[P5{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 =Zim

m=m+1
endif
n=n+1

3GPP
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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 X1, X2, X3, -1 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 sequence is derived as follows:

(1) Select the number of columns C1€, from table 3.
(2) Determine the number of rows R1R, defined as:
RIR, = X/ CIX/G,
(3) Write the input bit sequence into the R1IR-"  C1G, rectangular matrix row by row starting with bit X, inthe
first column of the first row and ending with bit X; (Rcy) KRCT in column C1€, of row R1R:

é‘ X1 Xi2 Xis e X U
e X X u
é 7h.(ci X (c1+2) X (c1+3) - Aeen)
é . . . . l;l
é u
X (rncv)  Ki(repc)  Ki(Rrencs) - XiRecn 0
€ X X2 X3 e X, U
e u
é % (c,+1) Xi(c +2) Xi(c, +3) -+ Xi(ac) U
é . . . . U
e

G
L(R-DC+)  K(R-DC+2)  K(R-ng+d) - Xirc)B

®

(4) Perform the inter-column permutation based on the pattern { P1c:,P: (j)} (j=0,1, ..., C1E-1) shown in table 3,
where Plc, P4(j) isthe original column position of the j-th permuted column. After permutation of the columns,

the bits are denoted by Yik:
(;f‘Yi 1 Yirey Yierey - Yigcryri U (;f‘Yil Yir+y Yier+y - Yiqe-nr4 U
e ue u
éyi,z Yirir2) Yieri) - Yicrprio) u éyiz Yir+2y Yicer+2 - Yiqc-nr+2) u
e : : : IT-E : : T4
& ue Y
eYiRr1 yi,(ZRl) yi,(3R1) yi,(Cl>R1) 0] @yiR, yi,(2R|) yi,(3R,) yi,(c, R) O

(5) Read the output bit sequence s, ¥iz: Yigr- - Vi (cory YooYz Y Yiqory Of the 1% interleaving column
by column from the inter-column permuted RIR, ©  C1€, matrix. Bit Y, 1 correspondsto the first row of the first

column and bit Yi(rc)) corresponds to row R1R, of column C1€,.

Table 3
TTI Number of columns C1G, Inter-column permutation patterns
(ﬂCl(O), ey PlcﬂCl-ln
10 ms 1 {(0)}
20 ms 2 {(0,13)
40 ms 4 £(0,2,1,3)}
80 ms 8 {(0,4,2,6,1,5,3,7)}

3GPP
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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, tis, . . ., tir , wherei isthe TrCH number and T; the number
of bits. Hence, Zx = tkxand X = T..

The bits output from the 1% interleaving are denoted by d;;, d;,, d 3, ..., di; , and dik = Yik.

3GPP
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4.2.7 Rate matching

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

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

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

N;":  Number of bitsin atransmission time interval before rate matching on TrCH i with transport format |.
Used in downlink only.

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

DN,™: If positive - number of bits to be repeated in each transmission timeinterval on TrCH i with transport
format j.

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

Used in downlink only.

Np:’_lrI MNp-T™ mE0to (Frex / Fi) - 1 :Positive or null: number of bits to be removed in TTI number m within

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

compressed mode by puncturing, thisvalueis noted Npm&m Np-"™ o Sinceit is calculated for all
TrChH with their maximum number of bits; thusit is the same for al TFCs

Used in downlink only.

Npi”I Np-"; n=010 Fy -1:Positive or null: number of bits, in radio frame number n within the largest TTI,

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

fixed positions and compressed mode by puncturing, this valueis noted Npi”maX Np-" max SiNCe it is
caculated for al TrChHs with their maximum number of bits; thus it is the same for all TFCs

Used in downlink only.

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

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

3GPP
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PL:

Naatajj:

n;.

+PLe(my):

Sr):

TFi(j):
TFS()
TFCS

epI us
€minus

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 frames in the transmission time interval of TrCH i.

Maximum number of radio framesin atransmission time interval used in the CCTrCH :

Frac = Max F,
1£i£l

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 iaverseinterteaving-column permutation function of the 1% interleaver, P1¢(x) is the original position
of col umn x after permutatlon Plis deflned on table 3 of sectlon 4.25.2 (note that the Ple inverse

 interleaver)- is salf-inverse).

For rate matchl ng, uuwd in upllnk 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.

The set of transport format indexes | for TrCH i.

The set of trangport format combination indexes .

Initial value of variable e in the rate matching pattern determination agorithm of subclause 4.2.7.5.
Increment of variable e in the rate matching pattern determination algorithm of subclause4.2.7.5.
Decrement of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.
Indicates systematic and parity bits

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

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

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

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 x do X, =Y ". In theright wing of an
assignment, the meaning isthat "Y = X " isequivalent to "takeany x and do Y = X,".

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

Z,, =0

% g
o ¢d RM N2 N
_gifm "5 dala]buf ali=1..1 "
Z'J ¢
¢ ARM.N, |
g m=1 H
DNii :Zij B Zi-l,j - Nij forali=1

3GPP
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42.7.1 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 signalled from higher layers and denoted by PL. The number
of available bitsin the radio frames of one PhCH for all possible spreading factorsis given in [2]. Denote these values
by Noss, N12g, Nes, N32, Nig, Ng, @nd N4, where the index refers to the spreading factor. The possible number of bits
available to the CCTrCH on al PhCHS, Ndatay then arE{ N256, leg, N64, N32, N16, Ng, N4’ 2Ny, 3Ny, 4Ny, 5Ny, 6N4}
Depending on the UE capability and the restrictions from UTRAN, the allowed set of Nyxa , denoted SETO, can be a
subset of { Nass, Ni2g, Nea, Naz, Nig, Ng, Ng 2Ng, 3N, 4Na, SNy, 6Na}. Nyae, j fOr the transport format combination j is
determined by executing the following algorithm:

. o]
SET1 ={ Ngaw in SETO such that 1£nr;2| {RM y}"Ndata - a RMX>XNy i isnon negative }
x=1

If SET1is not empty and the smallest element of SET1 requires just one PhCH then
Ndala,j =min SET1
else

. o]
SET2 ={ Nga in SETO such that 1£nr;2| {RM y}"Ndata - PLxg RMx>xNy i isnon negative }
x=1

Sort SET2 in ascending order

Ngata= Min SET2

While Ngga is not the max of SET2 and the follower of Ny, requires no additional PhCH do
Ngata = follower of Nyam in SET2

End while

Noataj = Naaa

End if

42.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, DN;;, 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. N IS given from
subclause 4.2.7.1.1.

cm
data, j

In compressed mode N, ; isreplaced by Ngi. | in Equation 1. N

data, j isgiven asfollows:

In compressed mode by higher layer scheduling, N5 . is obtained by executing the algorithm in subclause 4.2.7.1.1

data, j

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

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

N, = N 4« . infirst frameif Ngrg + TGL > 15
30- TGL- N

firg » IN second frame if Ny, + TGL > 15

3GPP
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Nsir¢ and TGL are defined in subclause 4.4.

15- N
2N, ,where N;g, =——FN

In compressed mode by spreading factor reduction, N - = 2N 5 deta

data, j data,j ~

If DN;; = O then the output data of the rate matching is the same as the input data and the rate matching algorithm of
subclause 4.2.7.5 does not heed to be executed.

If DN;; * O the parameters listed in subclauses 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for determining €, €qius, ad
eminus (regardless if the radio frame is compressed or not).

427.1.2.1 Uncoded and convolutionally encoded TrCHs
R=DN; mod N; -- note: in this context DN;; mod N; isintherangeof Oto N;-1 i.e. -1 mod 10 =9.
if R 0and2RE N;
theng=¢éN;/ Ru
else
q=¢éN;/ (R-Nju
endif
-- note: g isasigned quantity.
if giseven
then g = q + ged(ggg F)/F -- where ged (gqg, F) means greatest common divisor of ¢gqcand F
-- note that g' is not an integer, but a multiple of 1/8
else
qa=q
endif
forx=0to F F-1
S(tHc ex* g gmod FiF)) = (¢&*q'l ¢div EF)
end for
DN; = DN;;
a=2
For each radio frame, the rate-matching pattern is calculated with the algorithm in subclause 4.2.7.5, where :
Xi =Ni;., and
&n = (@[ PLs(m))]ADNi| + 1) mod (ay).
Eius = N
Eminus = S4DNj|

puncturing for DN<O, repetition otherwise.

427122 Turbo encoded TrCHs
If repetition is to be performed on turbo encoded TrCHs, i.e. DN ; >0, the parameters in subclause 4.2.7.1.2.1 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).

3GPP
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a=2 when b=2
a=1when b=3
_ION,; /2, b=2
16N, /20 b=3
If DN; iscalculated as 0 for b=2 or b=3, then the following procedure and the rate matching a gorithm of
subclause 4.2.7.5 don't need to be performed for the corresponding parity bit stream.
Xi = éN;;/30,
g=&X;/[DN;| G
if(q£2)
for x=0to F;-1
S+ (3x+b-1) mod Fi+}] = x mod 2;
end for
else
if giseven

then q =qg—gcd(q, F)/ F -- where gcd (g, F;) means greatest common divisor of g and F;
-- note that g' is not an integer, but a multiple of 1/8

dse g=q
endif
forx=0toF -1
r = éx*q'umod-F_F;
S[Hf(3r+b-1) mod-F,_F}] = éx*q'udivF_F;
endfor
endif
For each radio frame, the rate-matching pattern is cal culated with the algorithm in subclause 4.2.7.5, where:
X isas above:

en = (@5 {P1(N)ADN;| + X;) mod (a3X;), if g, =0 then e = axX.

Golus = ax¥X;
er'ninus:a?(DNil:I
4.2.7.2 Determination of rate matching parameters in downlink

For downlink Ngya; does not depend on the transport format combination j. Ngaa+ iS given by the channelization code(s)
assigned by higher layers. Denote the number of physical channels used for the CCTrCH by P. Ngaia+ 1S the number of
bits available to the CCTrCH in one radio frame and defined as Ngzta »=P(15Ngata1+15Ngataz), Where Nyatan @Nd Nearap are
defined in [2]. Note that contrary to the uplink, the same rate matching patterns are used in normal and compressed
mode 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 compressed mode by puncturing in case of fixed positions are performed to determine this
total amount of rate matching needed.

3GPP
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For compressed mode by puncturing, in TTIs where some compressed radio frames occur, the puncturing is increased
or the repetition is decreased compared to what is calculated according to the rate matching parameters provided by
higher layers. This allows to create room for later insertion of marked bits, noted p-bits, which will identify the
positions of the gaps in the compressed radio frames.

The amount of additional puncturing corresponds to the number of bitsto createthe gap inthe TTI for TrCh;. In case
of fixed positions, it is calculated in addition to the amount of rate matching indicated by higher layers. It is noted
Np1T|, mi’max.

TTI,cmm TTI, m_

In fixed positions case, to obtain the total rate matching DN, to be performed onthe TTI m, Np' ™™, 1 iS

I,max
sub-stracted from DN ™™ ™ i, ..., (calculated based on higher layers RM parameters as for normal rate matching). This

alowsto create room for the Np™™ ™, . bits p to be inserted 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.
In case of compressed mode by puncturing and fixed positions, for some calculations, N'gaia+ 1S used for radio frames
with gap instead of Ny, , where Ny . = P(I5N g + 15N gpa2) - Ny @d N, are the number of bitsin

the data fields of the slot format used for the current compressed mode, i.e. slot 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 TrChi, in each radio frame of its TTI is calculated using the number of
bits to remove on each Physical Channel Nt [K], where k is the radio frame number inthe TTI.

For each radio frame k of the TTI, Ntg_[K] is given by the relation:

( :
TGL N

— «, if Njrg + TGL £ 15
15 data,

15- Nfirst N

NrgL = < 15 data* 7

in first radio frame of the gap if Ng;¢ + TGL > 15

TGL- (15- N.y) ... | |
15 N gata,+ » in second radio frame of the gap if Ny« + TGL > 15
\

Nsir¢ and TGL are defined in subclause 4.4.

Note that N 1¢ [K] = 0if radio frame k is not compressed.

42.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

427.21.1 Calculation of DNpax for normal mode and compressed mode by higher layer
scheduling and spreading factor reduction

First an intermediate calculation variable Ni’* iscalculated for al transport channelsi by the following formula:

N.. =ix”max N
' F rTrs(i)

In order to compute Fhe-computation-of-the DN:’_,rI parameters isthenperfermed-in-for al TrCH i and al TF |, we first

compute an intermediate parameter DNy, by the following formula, where DIN; . isderived from N; . by the formula

given at subclause 4.2.7:

DN, = F, XON, .
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If DN, =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 :

"1T TFS(i)DNT' =0
If DN, * O the parameters listed in subclauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining €, €yus, and
€rminus, aNd DN:’_,rI )
427.2.1.2 Calculations for compressed mode by puncturing

Calculationsof DN -™BENF™. for all TTI mwithin largest TTI, for all TrChH i

I, max

First an intermediate calculation variable N; . N™-. iscalculated for al transport channelsi and al framesnin TTI m

N T

within the largest TTI, using the same formula as for normal mode above by replacing NiT ! N by i

, the number of bitsin TTI m.

The computation of the DN T ™ BNTH™., __ parametersis then performed for all TrCH i by the following formula,

I, max

n=F-1
DN_IFEFH_@?W__%_H:QH:F-F ﬂ‘@'i‘ DN I-I’_rml a;<m = é DN Irj*
n=0
whereal DN/, BN™ .- are derived from N/ N™. for all TrChH-i+ and al framesn in TTI m, from the formula
given at subclause 4.2.7 using Ny + for the non compressed frames of TTI mand using N'gaa » instead of Ngga+ , fOr the
compressed frames of TTI m.

Calculations of NP/ . Np-"imex and Np/ ™ Np ™,

i,max
Let Npm&m Np-"; rax be the number of bitsto eliminate on TrChH i to create the gap for compressed mode, in each

radio frame k of the TTI, calculated for the Transport Format Combination of TrChH i, in which the number of bits of
TrChH i isat its maximum.

prmax Np-"; max is calculated for each radio frame k 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 N-gamj DY N [K].

Then NP/ o NB-"imax = (Z—Z.1) fori=1tol

TTI,m
i,max

The total number of bits Np
is calculated as:

Np-"™, - corresponding to the gaps for compressed mode for TrChH i inthe TTI

n=F-1

TTI,m — 8 n
Npi,max - a. Npi,max
n=0
' L,ma*zsﬂzemNp'nEmax
i,max

If DNy = pr' T Np-T e, 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. |f DNy * NpTrI TN s then,

i,max
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TTl ,cm,m

for TrCH i, the rate matching algorithm of subclause 4.2.7.5 needs to be executed: with an amount DN, of rate

I,max

matching given by the following formula:

TTl,cm,m _ TTI,m Frhm ; TTlI,m Tr-m
DN, = DNt DN NP NB T

i,max i,max i,max
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4.2.9.2 2" insertion of DTX indication bits

The DTX indication bits inserted in this step shall be placed at the end of the radio frame. Note that the DTX will be
distributed over all slots after 2™ interleaving.

The bitsinput to the DTX insertion block are denoted by S, S,, S;,.. ., Sg,where Sis the number of bits from TrCH

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

data,*

Innormal mode R = =15N g1 T 15N 45102 » Where Noatag @Nd N are defined in [2].

For compressed mode, N'gars; is defined as Ny = P(I5N g + 15N gp00) - Nyor @d Nipia are the number of

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

In case of compressed mode by puncturing and fixed positions, DTX shall be inserted until N'gqa+, bits, since the exact
room for the gap is already reserved thanks to the earlier insertion of the p-bits. Therefore R is defined as R = N'gata s /
P.

In compressed mode by SF reduction and by higher layer scheduling, additional DTX shall be inserted if the
transmission time reduction method does not exactly create a transmission gap of the desired TGL. The number of bits
available to the CCTrCH in one radio frame in compressed mode by SF reduction and by higher layer scheduling is

cm

data,*

. The exact value of Ngi, .

denotedby N5 ,and R =

data* is dependent on the TGL and the transmission time

reduction method, which are signalled from higher layers. For transmission time reduction by SF/2 method in

compressed mode NG, . = C;ta’* , and for other methods it can be calculated as N, » = Ngaar = Noyg, - For
every transmission time reduction method Ng,.. = P(15N 4 +15N 000 ) » where N and N, arethe

number of bitsin the datafields of adot for dot format A or B as defined in [2]. Nyg_ isthe number of bitsthat are
located within the transmission gap and defined as:

( :
TGL N

—_— «,1f Nrg + TGL £15
15 data,

15- N, ‘
Nig = < 1—5m N oo+ » in first frame if Ny« + TGL > 15

TGL' (15- Nflri) '
L 15 data,* 1

Nsir and TGL are defined in subclause 4.4.

in second frame if Ny« + TGL > 15

NOTE: Incompressed mode by SF/2 method DTX isaso added in physical channel mapping stage (subclause
4.2.12.2). During 2™ DTX insertion the number of CCTrCH hits is kept the same asin normal mode.

The bits output from the DTX insertion block are denoted by W, , W, , W;,..., WipRj - 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..,5S

W, =d k=S+1,S+2,S+3, ..., PPR
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where DTX indication bits are denoted by d. Here ST {0,1, pyand d T {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 XX Xgr——%-, where ¥-X isthe
number of bitsinput to the physical channel segmentation block. The number of PhCHs is denoted by P.

The bits after physical channel segmentation are denoted Upgs UposUpsse e Uy where p is PhCH number and U isthe
number of bitsin one radio frame for each PhCH, i.e. U= (¥-X—Nrc.) / P for compressed mode by puncturing, and

X Y
U= 5 Jd:—;otherwis;e. The relation between Xk and Upk is given below.
For al modes, some bits of the input flow are mapped to each code until the number of bits on the codeis MU. For
modes other than compressed maode by puncturing, al 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:
Ut k= X, (k) k=12,...,U
Bits on second PhCH after physical channel segmentation:

U k= X feuy K= 1,2, ..., U

Bits on the P" PhCH after physical channel segmentation:
Up k= X, tep-yuy k=1,2, ..., U
where f is such that :
- for modes other than compressed mode by puncturing, X 1y = X« ,i.e f(K) = k, for al k.

- for compressed mode by puncturing, bit u; ; corresponds to the bit x; x with smallest index k when the bits p are
not counted, bit u, , corresponds to the bit x; , with second smallest index k when the bits p are not counted, and
soonfor bitSuys ... Uy, Uz 1, U, 2, . U v, .. Up1, Upo,. Upwu
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4211 2" interleaving

The 2™ interleaving is a block interleaver with inter-column permutations. The bits input to the 2™ interleaver are

denoted U, U5, Ups,..., Uy, , where pis PACH number and U is the number of bits in one radio frame for one PhCH.

(1) Set the number of columns C2€, = 30. The columns are numbered O, 1, 2, ..., C2C,-1 from left to right.
(2) Determine the number of rows R2R, by finding minimum integer R2R, such that:
U £ R2C2RC,.

(3) The hitsinput to the 2™ interleaving are written into the R2 "~ C2R,—G; rectangular matrix row by row.

e Uy Uy, Ups oo Ugg U
é a
& U Uos Uogs e U
g i : i © g
e v
é‘l p,((R2-1)30+1) u p,((R2-1)30+2) u p,((R2-1)30+3) ...u p,(R2:80) g
e uy Uy, Uys o U U
é a
& U Uoz Uozs o U g
: : : : —4
e v
(R -020+)  Up(r-120+2) Up(r,-n20+3) -+ Up(r,30Q

(4) Perform the inter-column permutation based on the pattern { P2P.(j)} (j = 0, 1, ..., C2€,-1) that is shown in table
6, where P2P,(j) isthe original column position of the j-th permuted column. After permutation of the columns,

the bits are denoted by Ypk.
éyp,l Yorery Ypresy o Yp2ores) l;' éypl Yoro+)  Yp2r+1) -+ Yp,(20R,+1) l;'
é aeé a
é Yoo Yore2y Yporer2) - Yp(2ores2) G éypZ Yor+2)  Yp2r,+2) - Yp.(20R,+2) G
g . . TS . : —
& i (
&ore Yoery  Yoery - Ypeore) 08YeR,  Yery)  Yeer) ot Yeieory O

(5) The output of the 2™ interleaving is the hit sequence read out column by column from the inter-column permuted
&_ _C2R—-G, matrix. The output is pruned by deleting bits that were not present in the input bit sequence,

i.e. bits Ypk that corresponds to bits upk with k>U are removed from the output. The bits after 2" interleaving are
denoted by V;,V,5,...,V, , where V1 corresponds to the bit Yok with smallest index k after pruning, Vp2 to the

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

Table 6

Number of column €, C2 Inter-column permutation pattern
(P2(0), P2(1), ...,P2(29))
{(0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28, 1, 11, 21,
6, 16, 26, 4, 14, 24,19, 9, 29, 12, 2,7, 22, 27, 17)}

30
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