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1. Introduction

In WG1#9, introduction of compressed mode by puncturing method has been discussed. A proposa from Nokia has
been presented. This solution consisted in two main ideas. The first idea was to perform the supplementary puncturing
in the normal rate matching block, over the whole Transmission Time Interval of the Transport Channel considered.
The second idea was to modify Radio Frame Segmentation block to put the right number of bits in each frame
according to the fact that it is compressed or not.

It seems that performing the supplementary rate matching over the whole TTI provides bets performance since it leads
to an optimal distance between the bits punctured or repeated, due to the usage of the currently specified rate matching
algorithm.

However, it was felt that the changes of the following blocks of the multiplexing chain, in particular Radio Frame
Segmentation block, was requiring to many modifications.

In this document, afollow up of the ideasin R1-99j04 is presented.

The solution is characterised by the following :

All supplementary puncturing is performed in the rate matching block to obtain best distance.

In addition some bits marked with a fourth value (on top of 0, 1 and DTX indication) are inserted in positions that will
go to the compressed frames. These bits will be removed in the Physical Channel Mapping step to create the gap
needed in the compressed frames.

In order to avoid running a supplementary algorithm, the insertion of these bits marked p is done during the normal rate
matching algorithm, by using information from first channel interleaver to know in which position bits p are to be
inserted.

The calculations of the amount of rate matching needed take into account the number of bits to be “rate matched” for
normal rate matching, plus the number of bits p to insert. More precisely, a number of bits equal to the number of bits
corresponding to the gaps to create in the TTI are additionally punctured. In this way, the total number of bits after the
rate matching block is the same as it would have been in norma mode but bits marked p have been inserted to
represent the gap to create.

Having the number of bits output from the rate matching block being equal in compressed mode and normal mode
allows to make no additional modification for compressed mode in the other block of the chain. Only Physical Channel
Mapping hasto eliminate the bits marked p, when it creates the gap for compressed mode.



2. Modification of notations

In order to let the introduction of proposed method be clearer, some modifications of the notations have been made.
They aso clarify the case of normal mode, in particular for Turbo Codes. However, they do not modify the algorithms
currently specified, neither of course the results of the output bits flows. These modifications consist in the following.

Use arrays to identify the parameters for the Y and Y’ streams of Turbo Codes:. e ini, e plus, e minus are arrays of size
one for Convolutional Codes, and arrays of size two for Turbo Codes. Thus these parameters can be directly initialised
with the right value instead of using the notation “a”.

The range of the index m in the rate matching loop is modified to show that in the case of convolutional codes, and
Turbo Codes with repetition, the rate matching applies to the flow Xy (referring to Figure 7, and 9), and that in the case
of Turbo Codes, it applies to flow made of X and Xg (referring to Figures 6 and 8).

3. Introduction of new method

For the introduction of new method, two main changes are done.

The first one deals with calculation of the amount of bits to pucture or repeat in the rate matching, and the calculation
of the number of bits p per frame and per TrCH corresponding to the gap to create in the compressed frames.

The second one deals with the insertion of the bits p in the right position while performing the rate matching.

3.1 Calculationsfor rate matching parametersin downlink

First, the number of bits corresponding to the gaps per frame in the TTI considered is calculated: Ntg_[K].

Then the number of bits which correspond to the gap for each TrCh in each frame of the TTI is calculated. In order to
respect the balancing obtained by the stetic rate matching factors, formula (1) with Z variable is used, replacing Ndata,|
by Nrai[K].

The number of bits corresponding to the gaps in the TTI is calculated for each TrCh. The sum of this supplementary
bits to be punctured and of the amount of normal rate matching is then used to run the current rate matching algorithm
ontheTTI.

It must be noted that for Turbo Codes the amount of bits to be rate matched is equilibrated between Parity 1 and Parity
2 flows by using aternatively up and down rounding.

3.2 Insertion of the bitsp

While running the rate matching algorithm on the input bit flow, the frame to which each position will go is calculated
using information of the first channel interleaver, and bits marked p are inserted in the positions corresponding to
frames to be compressed.
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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 arate-
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 repested 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 section 4.2.7 and subsections:

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 I. 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 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.

Used in downlink only.

DN ™ omi:Negative or null:_number of bits to be removed in one Transmission Time Interval, to create the
required gaps in the compressed frames of this TTI, in case of compressed mode for TrCH i with
transport format j.

Used in downlink only.

DNcmji[K], k=0 to F; -1:Negative or null: number of bits, in each frame of the TTI corresponding to the gap
for compressed mode in this frame, for TrCH i with transport format j. The value will be null for
the un-compressed frames.

Used in downlink only.

NrcL[k], k=0to F; -1 : Positive or null: number of bitsin each frame of the TTI of a Transport Channel,
corresponding to the gap for compressed mode in aradio frame for the CCTrCh.

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

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

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



I: Number of TrCHsin the CCTrCH.

Zi: Intermediate calculation variable.

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

n;: Radio frame number in the transmission time interval of TrCH i (O£ n; < F).

(ol 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.

[e(m): The inverse interleaving function of the 1% interleaver (note that the inverse interleaving function
isidentical to the interleaving function itself for the 1% interleaver). Used in uplink only.

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

TF()): Transport format of TrCH i for the transport format combination j.

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

TFCS The set of trangport format combination indexes .

en[x],x=1t0:2

Initial value of variable e in the rate matching pattern determination algorithm of section 4.2.7.5.

en[ 1]: initial value for convolutional codes and for turbo codes Parity-1 bits
en[ 2]: initial value for turbo codes Parity-2 bits

€ius X], X=11t0 2:
Increment of variable e in the rate matching pattern determination algorithm of section 4.2.7.5.

Giusl 1]: Increment of variable e in the rate matching for convolutional codes and for turbo codes
Parity-1 bits

Siudl 2]: Increment of variable e in the rate matching for turbo codes Pearity-2 bits

€minus[X], Xx=110 2:
Decrement of variable e in the rate matching pattern determination algorithm of section 4.2.7.5.

eminug 1]: Decrement of variable ein the rate matching for convolutional codes and for turbo codes
Parity-1 bits

eminugl_2]: Decrement of variable ein the rate matching for turbo codes Parity-2 bits
DN j[x], x=1to 2:

Number of bits to initialise parameters for the rate matching pattern determination algorithm of
section 4.2.7.5.

DN ;[ 1]: Parameter for convolutional codes and Turbo Codes Perity-1 bits

DN ;[ 2]: Parameter for convolutional codes and Turbo Codes Parity-2 bits

b: Indicates 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.



The* (star) notation is used to replace an index x when the indexed variable X, does not depend on the index Xx.
In the left wing of an assignment the meaning isthat "X« = Y" is equivalent to "for all x do X =Y". In theright
wing of an assignment, the meaning isthat "Y = X. " is equivalent to "take any x and do Y = X, "

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

Z,; =0

Z, :éT—XNdata,j@ forali=1..1 (6h)
ga RM,, >N, u
m=1 H
DN, =2, - Z,_,; - N; forali=1.1
4.2.7.1 Determination of rate matching parameters in uplink
42.7.1.1 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) islimited 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 bits in the radio frames for all possible spreading factorsis givenin [2].
Denote these values by Noss, Ni2s, Nsa, Na2, Nig, Ng, and N4, where the index refers to the spreading factor. The
pOSS ble values of Ngata then aTE{ Nose, Ni2g, Nea, Nao, Nig, Ng, N4’ 2Na4, 3Ng4, 4Ny, 5N,, 6N4}Depend| ng on the UE
capability and the restrictions from UTRAN, the allowed set of Ny, , denoted SETO, can be a subset of { Nosg,
Ni2g, Nea, N3z, Nig, Ng, Na 2Ns, 3Ng, 4Ny, SNy, 6Ng}. Nyaia, j fOr the transport format combination j is determined by
executing the following agorithm:

' RM
. o} X . .
SET1={ Ngain SETOsuchthat N, - Q — —x XN, ; isnon negative}
. mm{ RM f !
T IEVEl Y
If SET1is not empty and the smallest element of SET1 requires just one PhCH then
Ndala,j =min SET1

else
SET2 ={ Ngaa in SETOsuchthat N, - PL Xél. —R{'\L} XN, ; isnon negative }
x=1 [R!Q RM v
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 = Noaa
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 al possible transport format combinations j and selected every radio frame. Ny iS given from

section 4.2.7.1.1. In compressed mode N isreplaced by N5 - in Equation 1. N

data, j data,j 1S OIVEN from the
following relation:

data, j



Nt =2N

data, j

2N, , for compressed mode by spreading factor reduction

data,j ~

Ngate; = Ngataj = Nrg. , for compressed mode by higher layer scheduling
( % N gaa; + if Nirs + TGL £ 15
Nig = 4 % N s, » in first frame if Ny + TGL > 15
TGL- (15- Nyq) _ _
\ 15 Ndata’j , in second frame if N;, + TGL > 15

Nsir« and TGL are defined in section 4.4.

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

If DN;j * O the parameters listed in sections 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for determining &, €yus, and
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 Rt Oand2RE N;
theng=¢éN;/ Ru
else
q=éN;/ (R-Nju
endif
-- note: g isasigned quantity.

if giseven
then g = q + ged(gqg F)/F -- where ged (gqg, F) means greatest common divisor of ¢qcand F

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

ese
a=q
endif
forx=0to K-1
S(Ir (¢&*q'0 ¢mod F)) = (¢c&*q'l ¢cdiv F)

end for
DNi = DNiyj

a=2

For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5, where :
X = Ni,j-a and

eni[1] = (a2>8(n)ADNi| + 1) mod (a2Nj).
oius[ 1] = 82N
Emi nus[l-L: aZ%DNi |

puncturing for DN<O, repetition otherwise.



42.7.1.2.2 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs, i.e. DN, ; >0, the parametersin section 4.2.7.1.2.1 are
used.
If puncturmg istobe performed the parameters below shall be used. Hdexbisused-totnrdicate systematie

(b=1), 1" parity (b=2). and 2 ' parity bit (n=3).
a=2whenhb=2

o= 1 when b=3
TN, /20, b=2

| e

s 'epN,J/zu, b=3

DN [1] = &N, /20

i[21= éON;;j/20

For Parity-1 flow, calculate S1 as S in the following algorithm by setting DN; to DN ; [1], and bto 2.

For Parity-2 flow, calculate S2 as S in following algorithm by setting DN; to DN ; [2], and b to 3

Xi :éNi,,-/30,
gqg= @(|/|DN|| a

if(qE 2)
forx=0to F-1

I (3x+b-1) mod F]] =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

else q=q
endif
forx=0to F; -1
r=éx*qumod F;
I (3r+b-1) mod F]] = éx*q'udiv F;
endfor
endif
For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5, where:

X; isas above,
en[1] = (82>81(m)FDN; [1]] + X;) mod (a2%X;), if en[1] =0theney[1l] =a2X.

eplus[l-]_ = a2X;
€minus 1 =aZ>CDN.[Z_L]l'J

en [2]= (82(n)4DN[2]| + X)) mod X, if en[2] =0 then en[2] = X
S 2] = X;
€ninugd 2] = (DNi[2]0




4.2.7.2 Determination of rate matching parameters in downlink

For downlink Ny does not depend on the transport format combination j. Ny« iS given by the channelization
code(s) assigned by higher layers.

When compressed mode by puncturing is used, the number of bits corresponding to the gap for TrChii, in each
frame of its TTI is noted DN o, i [K] is calculated as follows.

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

[ TGL

Ndata,j !

[ 15

if Ny + TGL £ 15

15- Ny,
— B Ndata,j’
15

Nrg = in first frame if Ny, + TGL > 15

TGL- (15- Nyg)
B — Ndata,j !
v 15

in second frame if Nj,g + TGL > 15

Niirs and TGL are defined in section 4.4.
Note that N tg [k] = 0 if frame k is not compressed.

42.7.21 Determination of rate matching parameters for fixed positions of TrCHs
First an intermediate calculation variable Ni’* iscalculated for al transport channelsi by the following formula:

N.. =ixnmax N
' |:i mirs@)
The computation of the DN'" parameters is then performed in for all TrCH i and all TF | by the following

formula, where DN . isderived from N, . by theformulagiven at section 4.2.7:
DN, = F >DN,.

In normal mode, +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 section 4.2.7.5 does not need to be executed. In this case we have :
"1T TFS(i) DN =0

If DN, 1 O the parameterslisted in sections 4.2.7.2.1.1 and 4.2.7.2.1.2 shall be used for determining €, €yus,

and €pings.
For compressed mode:

Let DN ¢ max [K] bethe number of bitsto eliminate on TrCH i to create the gap for compressed mode, in each
frame k of the TTI, calculated for the TFC where the number of bits of the TrCh is maximum.

DN ¢m max [K] is calculated for TrCh i, for TFC max, for each frame k of the TTI using the formula (1) in 4.2.7,
and replacing N gaaj DY Nroi[K].

The total number of bits DN ™™ & max cOrresponding to the gaps for compressed mode for TrChi inthe TTl is
calculated as.

DN ™ cm mwéﬂﬂcm max [K]

If DNmax = 0 and DN™ . mac_= 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 section 4.2.7.5 does not need to be executed. If DNy =0and DN ™ ¢,
max<> 0, then, for TrCH i, the rate matching algorithm of section 4.2.7.5 needs to be executed.




427.21.1 Uncoded and convolutionally encoded TrCHs

For normal mode DN; =DN .,

For compressed mode: DN; = DNy = [DN ™ ¢ -

a=2

N __ = max N

™
maX i res(i) !

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

X = Ni1|_rI

I
€y —tenlll=1

e——&xN—eM1 = 2 N max

plus

eminus a EI iIi

€ minu 11 =2 DNlJ.

In normal mode, Puncturing if DN, < O, repetition otherwise. The values of DN,T,r ' may be computed by

counting repetitions or puncturing when the algorithm of section 4.2.7.5isrun.
In compressed mode, puncturing is performed if DN; < O, or if DN;=0 and DN®",;,,,<>0. Repetition is performed
if DN;>0.

427212 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs, i.e. DN, >0, the parametersin section 4.2.7.2.1.1
are used.

If puncturmg istobe performed the parameters below shall be used. Hdexbisused-totndicate systematie

(b=1), 1" parity (h=2). and 2 ' parity bit (n=3).
a=2-whenh=2

2= 1 whenb=3
The systematic bits idieated-by-b=2-shall not be punctured.

In Normal Mode
DN, [1]= @Nyerd2 O
DN —

E@NW/ZO, b=2
NG JI\éDme/Zl:I, b:3

In Compressed Mode
DN; [1]= €DNppa/2 G- | EDN" /2 U |
DN; [2] = éDNyyad2 U- | EDN" /2 T

N_. = max(N 13)

max i TRs(i

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



X, =N;"/3
=N [1 = N ;€1 [2] = N
Cs = Nz €oius [ = 2N i €1 [2] = N

plus = maxg
minus & D Ji Cmins[1] =2| DN |; eminss[2] = | DN |

The vaues of DN:_,rI may be computed by counting repetitions or puncturing when the agorithm of
section 4.2.7.5is run.

4.2.7.2.2 Determination of rate matching parameters for flexible positions of TrCHs

First an intermediate calculation variable Nij iscalculated for al transport channelsi and all transport format

combinations| by the following formula:

—_ 1 TTI
N;; = = N, (1)

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 data,* XRM )

maxig(RMiXNi'j) |

jlTFes 2,

RF =

The computation of DN:’_,rI parameters isthen performed in two phases. In afirst phase, tentative temporary

values of DN:’_,rI 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 Ngaa > 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 DN|'[" is the definitive value.

The first phase defines the tentative temporary DN:’_,rI for al transport channel i and any of its transport format |
by use of the following formula

eRF XN/ b

DNi1,_|rI =F o
é R
The second phase is defined by the following algorithm:
foral j inTFCSdo --foral TFC
istNT L+ DN
D=3 _.T) 1.7F (1) -- CCTrCH bit rate (bits per 10ms) for TFC
o F
i=1 i

it D>N then

data,*

fori=1tol do -- for al TrCH
DN =F, >DN, -- DN; ; isderived from N, ; by the formulagiven at
section 4.2.7.

if DN/t (;) > DN then



DN/, () = DN
end-if
end-for
end-if

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

For normal mode, }if DN:’_,r ' =0 then, for TrCH i a TF |, the output data of the rate matching is the same as
the input data and the rate matching algorithm of section 4.2.7.5 does not need to be executed.
If DN:rI 10 the parameters listed in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be used for determining e,

eplus: and Ehinus:
For compressed mode:

The number of bitsfor TrCh i corresponding to the gap for compressed mode in framek of the TTI, noted DN
m,it [K], is calculated for each frame k of the TTI using the formula (1) in 4.2.7, and replacing N gaaj DY NroL[K].
The total number of bits DN ™ ., ;i corresponding to the gaps for compressed mode for TrChii in the whole TTI
is calculated as.

DN TTI an il :_SE)FH- DNM[KI

If DN:’_,rI =0 and DN "™, i =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 section 4.2.7.5 does not need to be executed.
Else the parameters listed in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be used for determining €, €pius, @Nd Eninus

427221 Uncoded and convolutionally encoded TrCHs
InNormal Mode DN, DN ™

In Compressed Mode: DN, = DN™; - | DN ™ 4|

a=2

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

In Normal Mode : puncturing for DN, <O, repetition

In Compressed puncturing performed DN <0,0rifD =0 D ™ & Repetition
performedif N;

427222 Turbo encoded

If repetition is to be performed TrcHs, DN™ >0 the parameters

are used.

If puncturing isto be performed the parameters —lndex—isusedHto-indicate systematie

(=11 parity (b parity bit (=3).
——when—=2



2= 1 whenb=3
The systematic bits idieated-by-b=2-shall not be punctured.

In Norma Mode:

-~ 1N /2, b=2

TN

TN /20, b=3

DN [1] = éDN; /20
wi 2] = éDN”TTI/Z u

In Compressed Mode:
DN; [1] =éDN ™;/2 G- | DN ¢, /2 0]
DN; [2] =éDN ™/2u- [6DN™ ., i /20

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

X, =N;" /3N,

e|T=_>ei1 einfl] = Xiemnl[2 =X

HXXTEMUS[]-‘I =2 Xi ;eolus[zl = Xi

plus
= 1ON € i [1] =2| DN [1] |; € ins[2] = | DN [2] |
4.2.7.3 Bit separation and collection in uplink

The systematic bits (excluding bits for trellis termination) of turbo encoded TrCHs 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 TrCHSs, and for turbo
encoded TrCHs with repetition. The bit separation and bit collection areillustrated in figures 6 and 7.
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Figure 6: Puncturing of turbo encoded TrCHs
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TTI (ms) ai as 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 n;. and the offset by bni :

Table 5: Radio frame dependent offset needed for bit separation

TTI (ms) bo b b, b3 by bs 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
42.7.3.1 Bit separation

The bitsinput to the rate matching are denoted by €,,€,,, €5, ..., € , 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 Xpi11 Xgi21 Xeigr- - -+ Xpix, - FOr turbo encoded TrCHs with puncturing, b indicates systematic, first parity, or
second parity bit. For all other cases b is defined to be 1. X is the number of bitsin each separated bit sequence.

The relation between 6 and Xpik is given below.
For turbo encoded TrCHs with puncturing:

Xiik = € 3(k-1)+1+(a;+b,, ) mod3 k=1,23 ..., % X = &N /30

X en 3k — € aan, 13grk k=1, ...,N mod3 Note: When (N; mod 3) = O this
row is not needed.

X2k = € 3(k-1+1+(@,+b,, ) mod3 k=123 ..,% X =&\ /30



X3ik = € 3(k-1)+1+(ag+b, )mod3 k=1,23 ..., % X = &N /30

For uncoded TrCHSs, convolutionally encoded TrCHs, and turbo encoded TrCHs with repetition:
Xik =€ k=1,2,3, ..., X X =N

4.2.7.3.2 Bit collection

The bits Xpik are input to the rate matching algorithm described in section 4.2.7.5. The bits output from the rate
matching algorithm are denoted Vi1, Y2 Yoigr- -1 Yoy, -

Bit collection isthe inverse function of the separation. The bits after collection are denoted by

Z11Z4in1 Ziizs - - - Zjy, - After bit collection, the bits indicated as punctured are removed and the bits are then

denoted by f;y, f;,, fi3,..., fiy, , wherei isthe TrCH number and V= N;+DN;;. The relations between Yhik, Zsik,

and fix are given below.
For turbo encoded TrCHs with puncturing (Yi=X;):

Zi 3(k-1)+1+(a, +b, Jmod3 — Y1ik k=123, .Y

Z sen,3grk — YiaN, 13gek k=1, ...,Nymod 3 Note: When (N; mod 3) = O this
row is not needed.

Zi 3(k-1)+1+(a,+b, )mod3 — Y2,i k k=123 ...Y

Zi,3(k-1)+1+(a3+bni ymod3 — Y3 k k=1,23, ....Y

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

corresponds to the bit Z x with smallest index k after puncturing, bit f; > corresponds to the bit Z k with second
smallest index k after puncturing, and so on.
For uncoded TrCHs, convolutionally encoded TrCHs, and turbo encoded TrCHs with repetition:

Z = Vi k=123, ...)Y

When repetition is used, fi k=7 x and Y;=V..

When puncturing is used, Y;=X; and bits Z y with value d, where di {0, 1}, are removed from the bit sequence.
Bit f; 1 corresponds to the bit Z  with smallest index k after puncturing, bit f; 2 corresponds to the bit Z  with
second smallest index k after puncturing, and so on.

4.2.7.4 Bit separation and collection in downlink

The systematic bits (excluding bits for trellis termination) of turbo encoded TrCHs 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 TrCHSs, and for turbo
encoded TrCHs with repetition. The bit separation and bit collection are illustrated in figures 8 and 9.
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Figure 9: Rate matching for uncoded TrCHSs, convolutionally encoded TrCHs, and for turbo
encoded TrCHs with repetition.

42.7.4.1 Bit separation

The bitsinput to the rate matching are denoted by G, , G;,, G5, . ., G, , wherei isthe TrCH number and E; isthe
number of bitsinput to the rate matching block. Note that E; is amultiple of 3 for turbo encoded TrCHs and that
the transport format combination number j for simplicity has been left out in the bit numbering, i.e. Ei=N;. The
bits after separation are denoted by X1, X5, Xyig,- -, Xgix, - For turbo encoded TrCHs with puncturing, b
indicates systematic, first parity, or second parity bit. For all other cases b is defined to be 1. X; isthe number of

bits in each separated bit sequence. The relation between Cik and Xpik is given below.
For turbo encoded TrCHs with puncturing:

Xiik = Gak-na k=123, ..., X% X =E/3
Xz,i,k :Ci,s(k-1)+2 k=1,23, ..., % X =E /3
Xaix = Ciage 53 k=123 ..., % X =E /3

For uncoded TrCHs, convolutionally encoded TrCHs, and turbo encoded TrCHs with repetition:
Xk = Cix k=123 ..., % X = E



427.4.2 Bit collection

The hits Xpik are input to the rate matching algorithm described in section 4.2.7.5. The bits output from the rate
matching algorithm are denoted Vi1, Y2 Yoigr- -1 Yoy, -

Bit collection isthe inverse function of the separation. The bits after collection are denoted by

Z11Z4in1 Ziizs - - - Zjy, - After bit collection, the bits indicated as punctured are removed and the bits are then

denoted by g1, Ji2, Qi3> -+, 9ig » Wherei isthe TrCH number and Gi= N;+DN;. The relations between Yhik,

Znik, and Qik are given below.
For turbo encoded TrCHs with puncturing (Yi=X):

Z 3k-1+1 = Yik k=123, ...,
Z 3k-1+2 = Yoik k=123, ...,
Z 3k-1+3 — Yaik k=123, ..., Y

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

corresponds to the hit 7z x with smallest index k after puncturing, bit gj 2 corresponds to the bit z x with second
smallest index k after puncturing, and so on.
For uncoded TrCHs, convolutionally encoded TrCHs, and turbo encoded TrCHs with repetition:

Z = Yiik k=123, ...
When repetition is used, gi k=7 k and Y;=G;.
When puncturing is used, Y;=X; and bits Z \ with value d, where di {0, 1}, are removed from the bit sequence.

Bit gj,1 corresponds to the bit Z k with smallest index k after puncturing, bit gj 2 corresponds to the bit Z i with
second smallest index k after puncturing, and so on.

4.2.7.5 Rate matching pattern determination

Referring to Figures 6,7,8 and 9, rate matching algorithm applies to flow of bitsx ;;«for Convolutional Codes

Codes with puncturing.
Denote the bits before rate matching by:

sections 4.2.7.1 and 4.2.7.2, and a = 1 for Convolutional Codes and Turbo Codes with repetition, a = 2 for
Turbo codes with puncturing.

;I'he rate matching ruleis asfollows:
If Convolutional Codes then

e[ll=en [1] -- initial error between current and desired puncturing ratio
a=1 -- parameter for the range of index m
endif

if Turbo Codesthen

e[ll=en [1] -- initial error between current and desired puncturing ratio for Parity 1 bits

el2] =ein[2] -- initial error between current and desired puncturing ratio for Parity 2 bits

if puncturing isneeded thena =2 elsea = 1 endelse

endif
m=1 index of current bit in the information bit flow (input flow)
n=1 -- index of hit in the output flow before first interleaver

fori=0toF-1dochi[i]=0 -- initiate counter of number of bitsinserted in each frame of the TTI




if puncturing is to be performed

dowhilem <= aX;

if Turbo Codes then

c=mmod 2 -c=1if Parity-1 bit, c=2if Parity-2 bit

if (c==1) then n = n+1 endif - in output flow increment output index to take into account

systematic bit
dse
c=1

endelse
efc] = e[c] — eminudC] -- update error
if e[c] <=0then -- check if bit number m should be punctured

set bit x;, todwheredi {0, 1}

elc] = €[c] + eydc] -- update error
end-t
else

col = BR[ (n-1) mod Fj]
-- calculate index of column where this bit will go

while chi[col] < |DN “" [col]| do

insert one bit marked « p » in output position n

-- insert bit marqued to be removed in compressed frame when creating the gap

n=n+1 -- update output index since 1 bit is inserted
chi[col] = chi[col] +1 -- update counter of bits p inserted in this column
col = BR[ (n-1) mod Fj] -- update column value of next position
enddo
n=n+1 -- update output index, since bit X was not punctured
endelse
m=m+1 -- next bit
end do
ese
e==E€

dowhilem<=a X;

€= e—Eninus -- update error



col = BR[(n-1) mod F)]

do while chi[col] <DN“"[col]

insert one bit marked p in position n

n=n+1 -- update output index
chi[col] = chi[col] + 1 -- update counter of bits p inserted in this column
col = BR[ (n-1) mod Fj] -- update column value of next position
enddo
dowhilee<=0 -- check if bit number m should be repeated
col = BR[ (n-1) mod Fj] -- calculate column where the current position willgo

do while chi[col] <DN“"[col]

insert one bit marked p

n=n+1 -- update output index since 1 bit has been inserted
chi[col] = chi[col] + 1 -- update counter of bits p inserted in this column
col = BR[ (n-1) mod Fj] -- update column value of next position
enddo
repeat bit X m
n=n+1 -- update output index since bit has been repeated
e=e+ G -- Update error
end do
m=m+1 -- next bit
end do

end if



4.2.9 Insertion of discontinuous transmission (DTX) indication bits

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

4.29.1 1% insertion of DTX indication bits

This step of inserting DTX indication bits is used only if the positions of the 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 g1, 95, 9i5:- - -1 Gig, » 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;. In normal or compressed mode 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. In compressed mode by higher layer scheduling, only a subset of
the TFC Set isallowed. From this subset it is possible to derive which TFs on each TrCH that are allowed. The
maximum number of bits belonging to one TTI of TrCH i for the allowed TFsis denoted by X;. H; isthen

éx;u
caculatedas H, = éF'(J, where F; is the number of radio framesinaTTI of TrCH i. The bits output from the
eFia
DTX insertion are denoted by h;, h, hy5,..., N 1, | - Note that these bits are three valued. They are defined by
the following relations:
h =g  k=123..G

he=d  k=G+1,G+2,G+3, ..,.FH

where DTX indication bits are denoted by d. Here gik T {0, 1} andd T {0, 1}.
4.2.9.2 2" insertion of DTX indication bits

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

The bitsinput to the DTX insertion block are denoted 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 U. The number of available bits on the PhCH is denoted by Ny, and
Nyata=15Ngata1+15Ngataz, Where Ngara1 aNd Nyaaz are defined in [25.211]. In hormal mode U=Nggq.. N compressed
mode Ngaa 1S changed from the value in normal node. The exact value of Nyai4 1S dependent on the TGL and the
transmission time reduction method, which are signalled from higher layers. The number of bitsthat are located
within the transmission gap is denoted Ny and defined as:

[ TGL

——N if Nir¢ + TGL £ 15

data’

15- N,
| Nig = < 1—5m Nyaia » in first frame if Nirg + TGL > 15

TGL- (15- Nfirst)
Ndata’
\ 15

Nsir¢ and TGL are defined in Section 4.4.
| In compressed mode by spreading factor reduction or by higher layer scheduling, U=Ngga-NreL..

The bits output from the DTX insertion block are denoted by W, W, , W, ... Wipy) - Note that these bits are
| threevaluedfourvalued. They are defined by the following relations:
W, =S k=1,23,...,S

in second frame if Ny« + TGL > 15




W, =d k=S, S+2,S+3, ..., PU

| where DTX indication bits are denoted by d. Here S, 1 {0,1,p}and d {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,, X;,..., X, , where Y 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 Upgs UposUpsse e Uy where p is PhCH number and

Y
U isthe number of bitsin one radio frame for each PhCH, i.e. U = . The relation between Xk and Upk is given

below.
Bits on first PhCH after physical channel segmentation:

U, =% k=12,..,U

Bits on second PhCH after physical channel segmentation:
Uy = Xyru) k=12,..U

Bits on the P" PhCH after physical channel segmentation:
Up = Xk+(p-1)0) k=12,..U

4.2.10.1 Relation between input and output of the physical segmentation block in
uplink
The bits input to the physical segmentation are denoted by S, S,, S;,...,Sg. Hence, Xk = Skand 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, W,, W, ..., Wy - Hence, Xk = Wk and Y = PU.

4211 2" interleaving

The 2™ interleaving is a block interleaver with inter-column permutations. The bits input to the 2™ interleaver
aredenoted U ;U ,,U Uy, » wherepis PhCH number and U is the number of bits in one radio frame for

p]_! p2 )
one PhCH.
(1) Set the number of columns C, = 30. The columns are numbered 0, 1, 2, ..., C,-1 from left to right.

p31ec 1

(2) Determine the number of rows R, by finding minimum integer R, such that
U £ R,C,.

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



4.2.12 Physical channel mapping

The PhCH for both uplink and downlink is defined in [2]. The bits input to the physical channel mapping are
denoted by V;,V,,,...,V,, , where pisthe PhCH number and U is the number of bitsin one radio frame for

one PhCH. The bits Vpk are mapped to the PhCHs so that the bits for each PhCH are transmitted over the air in
ascending order with respect to k.
In compressed mode, no bits are mapped to certain sots of the PACH(S). If Ny + TGL £ 15, no bits are mapped
to dots Nirg t0 Niag. If Niirg + TGL > 15, i.e. the transmission gap spans two consecutive radio frames, the
mapping is as follows:

- Inthefirst radio frame, no bits are mapped to sots Nerg, Nirgt1, Nirgt+2, ..., 14.

- Inthe second radio frame, no bits are mapped to the dots 0, 1, 2, ..., Niag.
TGL, Niir¢, and N, are defined in section 4.4.
42.12.1 Uplink

In uplink, the PhCHs used during aradio frame are either completely filled with bits that are transmitted over the
air or not used at all. The only exception is when the UE isin compressed mode. The transmission can then be
turned off during consecutive slots of the radio frame.

4.2.12.2 Downlink

In downlink, the PhCHs do not need to be completely filled with bits that are transmitted over the air. . Bits with
value“p” are removed when the mapping of the input bits to the slots to be transmitted is performed. Bits Vpk
I {0, 1} are not transmitted.
The following rules should be used for the selection of fixed or flexible positions of the TrCHs in the radio
frame:
- For TrCHs not relying on TFCI for transport format detection (blind transport format detection), the
positions of the transport channels within the radio frame should be fixed. In alimited number of cases,
where there are a small number of transport format combinations, it is possible to allow flexible positions.

- For TrCHsrelying on TFCI for transport format detection, higher layer signal whether the positions of the
transport channels should be fixed or flexible.



