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Current text in TS 25.212 does not specify the determination of downlink rate matching parameters in case of DSCH
transport channels. Indeed, the current text assumes that the number of bits available for the DSCH CCTrCH is the
same irrespective of the transport format combination; this is of course not a valid assumption in case of PDSCH as
higher layers may assign different channelization codes(s) resulting in different number of bits available for each TFC.
We have identified three possible solutions to cover the case of DSCH. In addition we discuss the applicability of fixed
position of TrCH in case of DSCH.

Option A

A first option is to leave the specification as it is except for the following. When considering the derivation of the rate
matching parameters for DSCH CCTrCH one should ensure that Ndata,* = max(Ndata.j) over all TFCs. The system
then relies on the RRC to assign the appropriate channelization codes so that the resulting CCTrCH for each TFC can
be mapped onto the allocated codes. This is precisely the main problem with this option; the physical layer integrity is
lost as proper internal physical layer behaviour depends on parameters set by higher layers. We believe that this option
is not robust enough and should not be considered.

Option B

A second option is to group the TFCs which have been assigned channelization codes resulting in the same Ndata,j and
compute the rate matching parameters for each group separately as if they were mapped on a physical channel with
Ndata,* bits available every frame where Ndata,* equals Ndata,j of the TFCs in the group. We have not identified any
issue with this solution although we believe that this may not the best performing approach for DSCH. Assuming the
parameters are not computed on the fly, it requires the terminal to store up to 6 different sets of rate matching
parameters (corresponding to SF=8, 16, 32, 64, 128 & 256) for the 384 kbps reference class.

Option C

A third option is to derive specific rate matching parameters for each TFC thus ensuring continuous transmission on the
PDSCH. In principle, this option would allow the system/scheduler to take maximum advantage of the remaining power
available in a cell however given current R’99 architecture and associated delays it is not clear that the benefits of this
approach can be fully exploited. On the other hand this option requires the terminal to either store up to 64 set of rate
matching parameters (assuming 384 kbps DCH/DSCH with an on/off DCCH channel) or to compute the rate matching
parameters on the fly.

Fixed position

We believe that fixed position of TrCH is not relevant in the case of PDSCH (explicit rate indication is always used)
and should therefore be excluded. This would reduce the number of test scenarios for the PDSCH.
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Conclusion

We suggest the adoption of option B for the derivation of rate matching parameters in case of DSCH. In addition we
suggest the exclusion of fixed mapping of TrCH for DSCH channels. Proposed CR for release 99 is attached. As we
expect some further discussion on the content of this CR, we will produce the corresponding Release 4 CR (CR
25.212-110) once the content of the release 99 CR has been endorsed by RAN WG1.
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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 bits to be repeated or punctured is calculated.

The number of bits on a transport channel can vary between different transmission time intervals. In the downlink the
transmission is interrupted if the number of bits is lower 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 is identical 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:

N

AN,

ANTT':

For uplink: Number of bits in a radio frame before rate matching on TrCH i with transport format
combination j .

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

Number of bits in a transmission time interval before rate matching on TrCH i with transport format I.
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 : An intermediate calculation variable (not an integer but a multiple of 1/8).

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

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

Used in downlink only.

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

Np

n
il

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

TTI,m
i,max

bits; thus it is the same for all TFCs

puncturing, this value is noted Np since it is calculated for all TrCH with their maximum number of

Used in downlink only.

N=0 to Fpa -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 I. 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 Npi'fmax since it is calculated for all TrCHs with
their maximum number of bits; thus it is the same for all TFCs

Used in downlink only.

N+eLIK], k=0 to Fax-1 : Positive or null: number of bits in 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 as indicated 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.

Nyata,j Total number of bits that are available for the CCTrCH in a radio frame with transport format
combination j.

I: Number of TrCHs in the CCTrCH.

Zi: Intermediate calculation variable.
Fi: Number of radio frames in the transmission time interval of TrCH i.
Frax Maximum number of radio frames in a transmission time interval used in the CCTrCH :
Frax = Max F;
1<i<l
n;: Radio frame number in the transmission time interval of TrCH i (0 =n; < F).
qg: 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, P1x(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 P1r is self-inverse).
Used for rate matching in uplink only.

S[n]: The shift of the puncturing or repetition pattern for radio frame n; when n = PlFi (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 The set of transport format combination indexes j.

€ini Initial value of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.
€plus Increment of variable e in the rate matching pattern determination algorithm of subclause4.2.7.5.
Eminus 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 bit. 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 is that "X. = Y" is equivalent to "for all x do X, =Y ". In the right wing of an
assignment, the meaning is that "Y = X« " is equivalent to "take any x and do Y = X,".

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

Z,; =0
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_ (@RM N NJ

Zi,j_ : foralli=1...1 1)
Z—l RM m x N m, j
AN, =Z;, =2, ;—N;, foralli=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) 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 bits in the radio frames of one PhCH for all possible spreading factors is 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, Ngata, then are { Nasg, N12g, Nga, N3o, Nig, Ng, N4' 2%xNy, 3XNy, 4%XNy4, 5XNy, 6xN4}.

For a RACH CCTrCH SETO represents the set of Ngq, Values allowed by the UTRAN, as set by the minimum SF
provided by higher layers. SET0 may be a sub-set of { Nasg, Ni2s, Ngs, N32 3. SETO does not take into account the UE’s
capability.

For other CCTrCHSs, SETO denotes the set of Nyq, Values allowed by the UTRAN and supported by the UE, as part of
the UE’s capability. SETO can be a subset of { Nass, N12s, Nea, N3z, Nig, Ng, Ng 2XN4, 3XNy, 4XNy, 5%XNyg, 6XNg}. Ngata, j
for the transport format combination j is determined by executing the following algorithm:

I
SET1 = { Ny in SETO such that (]TyLrI]{RM y}) X Ndata - Z RM x X N x,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

I
SET2 = { Nya in SETO such that (]Tyisrll{RM y}j X Ndata - PLx Z RM x % N x,j IS non negative }

x=1
Sort SET2 in ascending order
Ngata = Min SET2
While Nga is not the max of SET2 and the follower of Ny, requires no additional PhCH do
Nyata = follower of Nyai, in SET2
End while
Ngataj = Ndata
End if
For a RACH CCTrCH, if Ny is not part of the UE’s capability then the TFC j cannot be used.

42.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, AN;;, within one radio frame for each TrCH i is calculated with
equation 1 for all possible transport format combinations j and selected every radio frame. Ny j is given from
subclause 4.2.7.1.1.
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cm
data, j

cm
data, j

In a compressed radio frame, N is replaced by N in Equation 1. N is given as follows:

data, j

In a radio frame compressed by higher layer scheduling, N o

gata,j is obtained by executing the algorithm in subclause

N
4.2.7.1.1 but with the number of bits in 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 Ngrst + TGL < 15

N in first frame if Ng + TGL > 15

first

P
1

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

Nt and TGL are defined in subclause 4.4.

In a radio frame compressed by spreading factor reduction, Ngz. ; =2X (N data.j ~ NroL ) where
_15-N,
NTGL - 15 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 algorithm of
subclause 4.2.7.5 does not need to be executed.

If AN;; # 0 the parameters listed in subclauses 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for determining €iyi, €pius, and
eminus (regardless if the radio frame is compressed or not).

427121 Uncoded and convolutionally encoded TrCHs
R = AN;; mod N;; -- note: in this context AN;; mod N;j is in the range of 0 to Nj-1 i.e. -1 mod 10 = 9.
if R# 0and2xR< N;j
thenq=[ Ni;/R |
else
q=INij/ (R-Nij) |
endif
-- note: g is a signed quantity.
if qiseven
then q' = q + ged(/ dl , Fi)/ F; -- where ged (| gl , F;) means greatest common divisor of | ¢l and F;
-- note that g' is not an integer, but a multiple of 1/8
else
a=q
endif
forx=0toF;-1
Sl Lxxq'J| mod Fi] = (| Lxxq'J| div F)
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
€ini = (@xS[P1g(n)]*|AN; | + 1) mod (al;).
€pius = aXNj;
€minus = aX|AN;|

puncturing for AN <0, repetition otherwise.

427.1.2.2 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
_[lan,,j2), b=2

AN _{’_ANU/Z-‘, b=3

If AN; is calculated 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.

Xi =LN;; /3],
q=LX/IaNil |
if(q<2)
for r=0to F;-1
S[(3%r+b-1) mod F|] =r mod 2;
end for
else
if g is even

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

else Qg'=q
endif
forx=0to F; -1
r=[xxq'l mod F;;
S[(3xr+b-1) mod F;] =[xxq'ldiv F;;
endfor
endif
For each radio frame, the rate-matching pattern is calculated with the algorithm in subclause 4.2.7.5, where:

X; is as above:
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€ini = (@XS[P1g(n;)] X|AN;| + X;) mod (axX;), if ejy; =0 then ej,; = axX;
Epius = aXX;

€minus = aX |ANi |

4.2.7.2 Determination of rate matching parameters in downlink

For downlink channels other than the downlink shared channel(s) (DSCH), Nyt j does not depend on the transport
format combination j. Ngaa « IS given by the channelization code(s) assigned by higher layers.

For downlink shared channel(s) (DSCH) Ndata,j depends on the channelization code(s) assigned by higher layers to
each DSCH transport format combination. In that case the rate matching parameters shall be computed separately for
each group of DSCH transport format combinations which have been assigned channelization code(s) resulting in the
same value for Ndata,j; for each group the determination of rate matching parameters is the same as for the other
downlink channels as described in the remainder of this section with the exception that only the TFCs and
corresponding TFs included in a group are considered in the determination of rate matching parameters for that group.
Ngata = iS the number of bits available to the CCTrCH in one radio frame for the group of TFCs under consideration.
Fixed position of TrCHs is not applicable to DSCH transport channels.

Denote the number of physical channels used for the CCTrCH by P. Ngat » iS the number of bits available to the
CCTrCH in one radio frame and defined as Ngata »=P*15X(Ngata1+Ngataz), Where Ngata1 and Ngaraz 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 TTls 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 TTIs 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 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 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 gaps in the compressed radio frames.

The amount of additional puncturing corresponds to the number of bits to create the gap in the TTI for TrCH i, plus the
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
i,max

In fixed positions case, to obtain the total rate matching AN TThemm 45 he performed on the TTI'm, Np

I,max IS

N TTI,m

subtracted from AN,

(calculated based on higher layers RM parameters as for normal rate matching). This allows

TTI,m

to create room for the Npiymax

bits p to be inserted later. If the result is null, 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'g., » is used for radio frames
gatar» Where N o =P XI5X(N s + Naan) - Nggerand N, are the number of bits in

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

with gap instead of N

The number of bits corresponding to the gap for TrCH i, in each radio frame of its TT1 is calculated using the number of
bits to remove on all 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, Ng_[K] is given by the relation:

( TGL <N
15 data,* *

if Ny + TGL < 15

NigL = <
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15-N. .
. L 3% Ndata «, in first radio frame of the gap if Ng, + TGL > 15
15 ’

TGL - (15 —-N first)
15

X N;,ata’* , in second radio frame of the gap if Ns + TGL > 15

Nt and TGL are defined in subclause 4.4.

Note that N 1 [K] = O if radio frame k is not overlapping with a transmission gap.

42.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs
427211 Calculation of AN; max for normal mode and compressed mode by spreading factor
reduction

First an intermediate calculation variable N i~ Is calculated for all transport channels i by the following formula:

N, . =1><(max NiT,T'j

b Fo\ioes(i)

In order to compute the AN ,T,T' parameters for all TrCH i and all TF I, we first compute an intermediate parameter

AN; e by the following formula, where AN i is derived from N > by the formula given at subclause 4.2.7:

AN, . = F XAN,.

i,max

If AN, =0 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. In this case we have :

OIOTFS(i) AN =0

If AN. % 0 the parameters listed in subclauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining ey, €plus»

I,max

and eminus, and AN lTlT' .

42.7.2.1.2 Calculations for compressed mode by puncturing

Calculations of AN "™ for all TTI m within largest TTI, for all TrCH i

i,max

First an intermediate calculation variable N i« Is calculated for all transport channels i by the following formula:

N,. :1><(max fo'j

" F, ITFS (i)

Then an intermediate calculation variable AN; . is derived from N . by the formula given at subclause 4.2.7, for all
TrCHi.

In order to compute the AN IT,T' "™ parameters for all TrCH i, all TF | and all TT1 with number m in the largest TTI, we

m

first compute an intermediate parameter AN, .

by the following formula :

AN

i,max

=F, xAN,.
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TTI,m
i,max

Calculations of Np{' .. and Np

Let Npirfmax be the number of bits to 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 n of the TTI, calculated for the Transport Format Combination of TrCH
i, in which the number of bits of TrCH i is at its maximum.

Npirjmax is calculated for each radio frame n of the TT1 in the following way.

Intermediate variables Z; for i = 1 to | are calculated using the formula (1) in 4.2.7, by replacing Ngaj by (Nt [n] +
(Ndata,* - N’data,* ))

Then NP} = (- Ziy) fori=1tol

The total number of bits NpIrTn",,\';(n corresponding to the gaps for compressed mode for TrCH i in the TTI is calculated
as:
n=(m+1)><Fi -1
TTIm — n
Npi,max - Z Npi,max
n=mxF,

N TTl,cm,m

The amount of rate matching AN~

for the highest TrCH bit rate is then computed by the following formula :

AN_TTI,cm,m: ANm _ NpTTI,m

i,max i,max i,max

If AN TS™™ =0, 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.
IfAN I;';:m‘m # 0, 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 ini, €pius, aNd €mings, and

ANTT'

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

maxorEs (i)

For each transmission time interval 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:

—_ TTI
Xi - NiI
€ =1
eplus =ax Nmax
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minus

€nines = aX|AN|

Puncturing if AN, <0, repetition otherwise. The values of ANI | may be computed by counting repetitions or

puncturing when the algorithm of subclause 4.2.7.5 is run. The resulting values of AN” ™ can be represented with
following expression.

AN % X,

AN/ :( '—lxsgn(ANi)

max

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

42.7.2.1.4 Determination of rate matching parameters for Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs, i.e. AN. > (0, the parameters in subclause 4.2.7.2.1.3 are

I max
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
The bits indicated by b=1 shall not be punctured.

AN, . /2], forb=2
AN =
" T[aN, . /2], forb=3

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

ANP = [ANTEM /2| forb=2

i,max

ANP, = [ANTTE /2] for b=3

1 I,max

N = max (NTTI /3)

max o orEs (i)

For each transmission time interval 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:

minus

X, = NJT' /3

eIl’ll = Nmax

s = XN oy
e :aX‘ANH

The values of AN ,T,T' may be computed by counting puncturing when the algorithm of subclause 4.2.7.5 is run. The

resulting values of AN ,T,T' can be represented with following expression.
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AN :_M+05 -
il N '

max

| NS [x X
N

max

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,T' ™ instead of AN ,T,T' .

42722 Determination of rate matching parameters for flexible positions of TrCHs

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

First an intermediate calculation variable N i is calculated for all transport channels i and all transport format
combinations j by the following formula:
1 ™I
N;; = Eix Nt (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 o+
RF, =—— == x RM,

jrqué(sZ(RMi X Ni,j)

The computation of AN IT,T' parameters is then performed in two phases. In a first phase, tentative temporary values of

AN lTlT' 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 Nga. +. 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 AN lTlT' is the definitive value.

The first phase defines the tentative temporary AN ,T,T' for all transport channel i and any of its transport format | by use
of the following formula:

N *RM NIy |\
| N
Fox e 2 RM <N )

RF.*N/, l_Nm_

AN:I:FIX{ F_D il _Fix

The second phase is defined by the following algorithm:
forall j in TFCS in ascending order of TFCI do --forall TFC

SN () F AN )
= F

D= -- CCTrCH bit rate (bits per 10ms) for TFC j

if D> Ndata,* then

fori=1toldo --for all TrCH
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AN =F; xAN; -- AN, ; isderived from N, ; by the formula given at subclause 4.2.7.
it ANT ;) > AN then
TTI —
AN, e ;) = AN
end-if
end-for

end-if

end-for

If AN IT,T' =0 then, for TrCH i at TF 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.

If AN lT,T' % 0 the parameters listed in subclauses 4.2.7.2.2.2 and 4.2.7.2.2.3 shall be used for determining ey, €plus, and

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

For each transmission time interval 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:

X, = Ni'II'TI
€ =1

€, = ax N
€nines = @X|AN|

minus

puncturing for AN, <0, repetition otherwise.

42.7.2.2.3 Determination of rate matching parameters for Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs, i.e. AN iTT' >0, the parameters in subclause 4.2.7.2.2.2 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
The bits indicated by b=1 shall not be punctured.

AN {\_ANF' /2], b=2

"anTm /2], b=3
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For each transmission time interval 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:

X, =N /3,

€ous = aXx X,

plus

€nines = @X|AN|

minus

4.2.7.3 Bit separation and collection in uplink

The systematic bits of turbo encoded TrCHs shall not be punctured, the other bits may be punctured. The systematic
bits, first parity bits, and second parity bits in the bit sequence input to the rate matching block are therefore separated
into three sequences.

The first sequence contains:
- All of the systematic bits that are from turbo encoded TrCHs.

- From 0 to 2 first and/or second parity bits that are from turbo encoded TrCHs. These bits come into the first
sequence when the total number of bits in a block after radio frame segmentation is not a multiple of three.

- Some of the systematic, first parity and second parity bits that are for trellis termination.
The second sequence contains:

- All of the first parity bits that are from turbo encoded TrCHs, except those that go into the first sequence when
the total number of bits is not a multiple of three.

- Some of the systematic, first parity and second parity bits that are for trellis termination.
The third sequence contains:

- All of the second parity bits that are from turbo encoded TrCHSs, except those that go into the first sequence
when the total number of bits is not a multiple of three.

- Some of the systematic, first parity and second parity bits that are for trellis termination.

The second and third sequences shall be of equal length, whereas the first sequence can contain from 0 to 2 more bits.
Puncturing is applied only to the second and third sequences.The bit separation function is transparent for uncoded
TrCHs, convolutionally encoded TrCHs, and for turbo encoded TrCHs with repetition. The bit separation and bit
collection are illustrated in figures 5 and 6.
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Rate matching

E Xiik Yiik E
Radio frame 1 | Bit separation Bit i TrCH
segmentation | €ix Xzih Rate mgtching yzih collection | fix| | Multiplexing

i algorithm "

1 1

| |

: Xai Yai i

i _3'k> Rate matching _3'k> i

! algorithm :

1 1

1 1

1 1

1 1

......... >
Figure 5: Puncturing of turbo encoded TrCHs in uplink
Rate matching

I""""'"""""""""""""""""""""'I
Radio frame i |Bit separation Bit i TrCH
segmentation [gjy ! Xqi ik | collection [fix | | Multiplexin

| g ik 1ik _ Y 1ik ik p g ;
! Rate matching :
i algorithm !

____________________________________________________

Figure 6: Rate matching for uncoded TrCHs, convolutionally encoded TrCHs,
and for turbo encoded TrCHs with repetition in uplink

The bit separation is dependent on the 1* interleaving and offsets are used to define the separation for different TTls. b
indicates the three sequences defined in this section, with b=1 indicating the first sequence, b = 2 the second one, and b
= 3 the third one. The offsets a, for these sequences are listed in table 5.

Table 5: TTI dependent offset needed for bit separation

TTI (ms) a1 a a3
10, 40 0 1 2
20, 80 0 2 1

The bit separation is different for different radio frames in the TTI. A second offset is therefore needed. The radio frame
number for TrCH i is denoted by n;. and the offset by ﬁni .
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Table 6: Radio frame dependent offset needed for bit separation

TTI (ms) J£ B B B B B B 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 bits input to the rate matching are denoted by €;,,€;,,€;5,..., & , where i is the TrCH number and N; is the
number of bits input to the rate matching block. Note that the transport format combination number j for simplicity has
been left out in the bit numbering, i.e. Ni=Nj. The bits after separation are denoted by X;;, X;i, Xpig - - - Xpix, - FOr

turbo encoded TrCHs with puncturing, b indicates the three sequences defined in section 4.2.7.3, with b=1 indicating
the first sequence, and so forth. For all other cases b is defined to be 1. X; is the number of bits in each separated bit

sequence. The relation between €jx and Xyik is given below.

For turbo encoded TrCHs with puncturing:

Xiik = €iak-1)41+(a,+4, ) mod3 k=1,2,3 ..., X Xi =LNi/3]

Xyilng /3l = €igln, 13 sk k=1,...,Nimod 3 Note: When (N; mod 3) = 0 this row is not needed.

Xoik = Cig-tysae(a+p,mas  K=12,3, 0% Xi =LNi /3]

X3ik = & 3(k-1)+1+(ay+ B, ymod3 k=1,2,3 ..., X Xi=[Ni /3]

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

Xl,i,k =ei’k k=123, ..., % Xi = N;

42.7.3.2 Bit collection

The bits Xpjk are input to the rate matching algorithm described in subclause 4.2.7.5. The bits output from the rate
matching algorithm are denoted Y1, Yyios Ypigr---» Yhiv, -

Bit collection is the inverse function of the separation. The bits after collection are denoted by Zy;;, 75, Zyis, . .-, Zyy, -
After bit collection, the bits indicated as punctured are removed and the bits are then denoted by f;;, f;,, fi,..., Ty,

where i is the TrCH number and Vi= N;+4N;;. The relations between Yhik, Zpik, and fik are given below.

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

Zi ak-tysae(a oy ymods — Yuik  K=L2,3,.Yi

Zi gny i3k = Yuif N, 73 )k k=1,...,Nimod 3 Note: When (N; mod 3) = 0 this row is not needed.

Zi 3(k-1yie(a,+, ymods — Y2ik  K=1,2,3, .Y

Zi a(k-1)+1+(ay+ By )mod3 — Yaik  K=1,2,3, .Y
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After the bit collection, bits Z; x with value &, where 00, 1}, are removed from the bit sequence. Bit fj 1 corresponds to

the bit Z; , with smallest index k after puncturing, bit fi,g corresponds to the bit Z; i with second smallest index k after
puncturing, and so on.

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

Ziv = Yiik k=1,2,3, ...,

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

When puncturing is used, Y;=X; and bits Zj x with value &, where 640, 1}, are removed from the bit sequence. Bit fi,l
corresponds to the bit Zj x with smallest index k after puncturing, bit fi,2 corresponds to the bit Zj x with second smallest

index k after puncturing, and so on.
4.2.7.4 Bit separation and collection in downlink
The systematic bits of turbo encoded TrCHs shall not be punctured, the other bits may be punctured.

The systematic bits, first parity bits and second parity bits in the bit sequence input to the rate matching block are
therefore separated into three sequences of equal lengths.

The first sequence contains :

- All of the systematic bits that are from turbo encoded TrCHs.

- Some of the systematic, first parity and second parity bits that are for trellis termination.
The second sequence contains:

- All of the first parity bits that are from turbo encoded TrCHs.

- Some of the systematic, first parity and second parity bits that are for trellis termination.
The third sequence contains:

- All of the second parity bits that are from turbo encoded TrCHs.

- Some of the systematic, first parity and second parity bits that are for trellis termination.
Puncturing is applied only to the second and third sequences.

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 7 and 8.

Rate matching

Channel Bit separation Bit 1*insertion of
coding | Ci Xzih Rate matchin yzih collection gi[] DTX
> ’ algorithm g indication >

algorithm

1 1
i i
| i
i ﬁ‘ Rate matching ﬂ |
i |
E i
Figure 7: Puncturing of turbo encoded TrCHs in downlink

3GPP



3GPP TS 25.212 v3.5.0 (2000-12) 23

Rate matching

Channel i Bit separation Bit i 1% insertion of
coding i ! ik Wik | collection ik DTX
: Rate matching r indication
| algorithm !
Figure 8: Rate matching for uncoded TrCHs, convolutionally encoded TrCHs,
and for turbo encoded TrCHs with repetition in downlink
42741 Bit separation

The bits input to the rate matching are denoted by C;;, C;,, C;,...,Cig, , where i is the TrCH number and E; is the
number of bits input to the rate matching block. Note that E; is a multiple of 3 for turbo encoded TrCHs and that the
transport format I for simplicity has been left out in the bit numbering, i.e. E;= NiTlTI . The bits after separation are
denoted by Xy, Xyiz s Xpiz»- - -» Xpix, - FOr turbo encoded TrCHs with puncturing, b indicates the three sequences defined
in section 4.2.7.4, with b=1 indicating the first sequence, and so forth. For all other cases b is defined to be 1. X; is the
number of bits in each separated bit sequence. The relation between Cijx and Xpjk is given below.

For turbo encoded TrCHs with puncturing:

Xl,i,k = Ci,S(k—l)+l k=1,2,3, ..., % Xi =E /3
X2,i,k = Ci,3(k—1)+2 k=1,2,3, ..., % Xi =E; /3
X3,i,k = Ci,3(k—l)+3 k= 1, 2, 3, caay Xi Xi = Ei /3

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

Xl,i,k :Ci,k k=1,2,3, ...,Xi Xi:Ei

42.7.4.2 Bit collection

The bits Xpjk are input to the rate matching algorithm described in subclause 4.2.7.5. The bits output from the rate
matching algorithm are denoted Yyir, Yyiz s Yoizs- -1 Yoy, -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7y, 75, 25, .., Zyjy, -
After bit collection, the bits indicated as punctured are removed and the bits are then denoted by g;;, 95, is:- -+, Qig, »

where i is the TrCH number and G;= NiT,TI +AN iT,T' . The relations between Yhik, Zbik, and Qik are given below.
For turbo encoded TrCHs with puncturing (Y;=X;):

Z; k111 — Y1k k=1,23,....Y
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Zi,3(k—1)+2 = Yoixk k=1,23, ...,
Zi 3k-1)+43 — Y3,k k=1,23,....Y;

After the bit collection, bits zj x with value J, where 8.%0, 1}, are removed from the bit sequence. Bit Qi 1 corresponds

to the bit Zj x with smallest index k after puncturing, bit gj 2 corresponds to the bit zj x with second smallest index k after
puncturing, and so on.

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

Zik = Yiik k=1,2,3, ..., Y

When repetition is used, gi k=Zi k and Y;=G;.

When puncturing is used, Y;=X; and bits Z; i with value J, where /40, 1}, are removed from the bit sequence. Bit Qi 1
corresponds to the bit Zj x with smallest index k after puncturing, bit g 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

Denote the bits before rate matching by:

Xits Xiz1 Xigs- -y Xix, » Where i is the TrCH number and the sequence is defined in 4.2.7.3 for uplink or in 4.2.7.4 for
downlink. Parameters Xi, €ini, €pius, aNd Eminus are given in 4.2.7.1 for uplink or in 4.2.7.2 for downlink.

The rate matching rule is as follows:
if puncturing is to be performed

€ = Bini -- initial error between current and desired puncturing ratio

m=1 -- index of current bit

do while m <= X;
€ = € — Eminus -- update error
if e <=0 then -- check if bit number m should be punctured

set bit x; , to dwhere 87%0, 1}

e=e+eys --updateerror

end if
m=m+1 -- next bit
end do
else
€ = Ejni -- initial error between current and desired puncturing ratio
m=1 -- index of current bit

do while m <= X;
€ = € — Eminus -- update error
do whilee <=0 -- check if bit number m should be repeated
repeat bit X;

e=e+ ey --update error
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end do
m=m+1 -- next bit
end do
end if

A repeated bit is placed directly after the original one.

3GPP



	R1-01-0476.doc

