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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 section 4.2.7 and subsections:

Nij:

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

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

N,

DN.. :

1]

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

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

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

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

DN, :

If positive - number of bitsto 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.

RM;:
PL:

Ndata,j :

Zi:

n;.

[e(ny):

gn):

TF|(J)

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

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

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

Number of TrCHsin the CCTrCH.

Intermediate calculation variable.

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

Radio frame number in the transmission timeinterval of TrTCH i (O£ n; < F).

Average puncturing or repetition distance (normalised to only show the remaining rate matching on top of
an integer number of repetitions). Used in uplink only.

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

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

Transport format of TrCH i for the transport format combination j.
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TFS(i) Theset of transport format indexes| for TrCH i.
TFCS  The set of transport format combination indexes .
Eni Initial value of variable e in the rate matching pattern determination algorithm of section 4.2.7.5.
€lus Increment of variable e in the rate matching pattern determination algorithm of section 4.2.7.5.
€minus Decrement of variable e in the rate matching pattern determination algorithm of section 4.2.7.5.
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 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 xand do Y = X, "

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

Z,, =0
954 RM Ny N g 1
al mX :x y, -
_ s "5 o forali=1..1 1)
Zite ] 1
¢ ARM.N, ¢
€ m=1 u
€ il
DN =Z; - Zi.y; - Ny forali=1.|

The calculation should be done this order " (numerator * Ndata,j)/denominator"
42.7.1 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 signalled from higher layers and denoted by PL. The number
of available bitsin the radio frames for all possible spreading factorsis given in [2]. Denote these values by Npsg, Niog,
Nes, N32, Nig, Ng, and N,, where the index refers to the spreading factor. The possible values of Ngai, then are { Nosg, Niog,
Ne4, N3z, Nig, Ng, Ng 2N, 3N4, 4N4, 5Ny, 6N4}.Depending on the UE capability and the restrictions from UTRAN, the
allowed set of Ndata , denoted SETO, can be a subset of { N256, leg, N64, N32, N16, Ng, N4’ 2Na, 3N4, 4Ny, 5Ny, 6N4} Ndata,j
for the transport format combination j is determined by executing the following agorithm:

. o]
SET1 ={ Ngaw in SETO such that EWBEI{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
Ndata,j =min SET1
else

. o]
SET2 ={ Nga in SETO such that 1£nr;2| {RM y}"Ndata - PLxg RMxxNy i isnon negative }
x=1
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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 all 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. NS . isgiven from the following relation:
data, j

data, j data,

N =2N,... - 2N, , for compressed mode by spreading factor reduction
data, j data, j TGL
Ngata; = Neataj = NrgL » for compressed mode by higher layer scheduling
[ TGL :
1—5 Ndata,j , if Nfirg + TGL £ 15
15- N,
Nre = % 1—5““ Na - i first frameif Niq + TGL > 15
TGL - (15- Nfirst) . ,
., in second frame if Ny + >
k I data d frame if Ny + 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 €, Epius, aNd Erinus
(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 ¢gqcand F

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

q=q
endif
forx=0to K-1
SF (c&* gt ¢mod F)) = (cé&*qU ¢div F)
end for
DN; = DN;;
a=2
For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5, where :
Xi =N;., and
&n = (228(n;))#DN;| + 1) mod (aNj).
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 section 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=1when b=3
_1N; /2, b=2
TiéN,, /20 b=3
Xi = &N;; /30,
gq=é&X;/IDNj|
if(q£2)
for x=0to F;-1
S (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

dse q=q
endif
forx=0to F; -1
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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 = (28(n)#DN;| + X;) mod (a%X;), if e, =0 then g, = aX.

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

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

42.7.2.1 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. = i><,max N
' F imTFs(i)

The computation of the DN:’_,rI parameters is then performed in for all TrCH i and al TF | by the following formula,
where DN; . isderived from N; . by the formulagiven at section 4.2.7:

DN, = F, XON, .

If DN, = O 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)DNT' =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 e, €yus, and
em'nus-

427.21.1 Uncoded and convolutionally encoded TrCHs
DN, =DN, .,
a=2
N, = max N

1T TFS(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 input:

X = Ni1|_rI
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€ s = XN

plus

€

minus

= a3DN,|

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.

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 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=1whenb=3
The bitsindicated by b=1 shall not be punctured.
1 N, ../20, b=2
'T1@N,, /20, b=3

N__. = max (N/"/3)

max i TRs()

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;"/3
€ = N

€oius = XN
€rinus = AXDN;|

The values of DN,T,r ' may be computed by counting repetitions or puncturing when the algorithm of section 4.2.7.5 is
run.

42.7.2.2 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:

N . = i N T

ij F i,TF ()

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:

RF = i=||\|dala'* RM;
[o]
max (RMi XNi'j)

jlTres 7,

3GPP



The computation of DN:’_,rI parameters is then 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 Nz ». 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 (the formula of RFi should be included to this formula):

é u
é T u é ™ U
m eRF *N;, e Ny *XRM N, ¢
PN, =F; e‘? |I: X “ N.l =F% = - 'd N,
e §F'XJ|¢|‘?((:saﬁ?M N'Jzu
The second phase is defined by the following algorithm:
foral j inTFCSdo --foral TFC
i=1 N'l_l'l + DI\I'l_l'I
D=3 —™u) 1.TF (1) -- CCTrCH bit rate (bits per 10ms) for TFC
g F
i=1 i
if D > Ndata* hen
fori=1tol do --for all TrCH
DN =F, >DN, ; -- DN; ; isderived from N, ; by the formulagiven at section 4.2.7.

]

if DN/t (;) > DN then
DN/ (j) = 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.

If DN:_,r ' =0 then, for TrCH i a TF 1, 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:TrI 1 0 the parameters listed in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be used for determining &, €yus, and
em'nus-

427221 Uncoded and convolutionally encoded TrCHs
DN, = DNiTrI

a=2
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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;™

€, =1

€y = N,
€rinus = AXDN;|

puncturing for DN, <O, repetition otherwise.

427222 Turbo encoded TrCHs

If repetition isto be performed on turbo encoded TrCHs, i.e. DNi]_r ' >0, the parametersin section 4.2.7.2.2.1 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=1whenb=3
The bitsindicated by b=1 shall not be punctured.
1N /2, b=2
i~y \
"N /21 b=3

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,
€ = Xi,

€ius = aXX,
€rinus = AXDN;|
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