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1 Introduction

During e-mail discussion several problems in the rate matching section of [1] have been noticed. These problems
are more “bugs’ than really problems on the content.

Inside the text proposal <Mitsubishi Note>s are included to provide motivation for the changes. These note are
not part of the proposal and shall be deleted during incorporation of this new material to 25.212

2 References

[1] TS25.212 v2.2.0 FDD Multiplexing and channel coding

3 Conclusion

We propose that the proposed corrections be included in [1].

Text proposal

4.2.7 Rate matching

<Editors' note: Rate matching for Turbo codesis a working assumption.>

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 second multiplexing is identical to the total channel bit rate of the allocated dedicated
physical channels.

Notation used in Section 0 and subsections:

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

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

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

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



For downlink : An intermediate calculation variable (not 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.

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.

Ngaaj:  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 timeinterval of TrCHi (O£ n, < F).
g Average puncturing distance. Used in uplink only.

Ie(n):  Theinverseinterleaving 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.

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

TF(): 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 indexesj.

€ni Initial value of variable e in the rate matching pattern determination algorithm of section 4.2.7.3.
€olus Increment of variable e in the rate matching pattern determination algorithm of section 4.2.7.3.

Eninus  Decrement of variable ein the rate matching pattern determination algorithm of section 4.2.7.3.

X: Systematic bit in section Error! Reference source not found..

Y 1% parity bit (from the upper Turbo constituent encoder) in section Error! Refer ence sour ce not
found..

Y': 2™ parity bit (from the lower Turbo constituent encoder) in section Error! Reference source not
found..

Note: Timeindex t in section Error! Reference source not found. is omitted for simplify the rate matching
description.

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 Xx=Y". Intheright
wing of an assignment, the meaning isthat “Y = X. ” isequivaent to “takeany xand do Y = X"

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

Z,; =0
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DN; =Z; - Z.,;- N; forali=1.1
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4.2.7.1 Determination of rate matching parameters in uplink

In uplink puncturing can be used to avoid multicode or to enable the use of a higher spreading factor when thisis
needed because the UE does not support SF down to 4. 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 factors is given in [2]. Denote these values by Nasg, Ni2g, Naa, N3z, Nig, Ng, and N4, where the
index refersto the spreading factor. The possible values of Nyaa then are { Noss, Niog, Naa, Nao, Nig, Ng, Ns 2Ny,
3Ng, 4N4, 5N4, 6N4}.Depending on the UE capabilities, the supported set of Ngaa , denoted SETO, can be a subset
Of { Ngss, Ni2g, Nea, N3z, Nig, Ng, Ny, 2Na, 3Ng, 4Ny, SNy, 6Ng}. Nyaia j fOr the transport format combination j is
determined by executing the following algorithm:

: RM

o X,

SET1={ Ngaa in SETOsuchthat N .. - 4 ——F——— *xN, . isnon negative}
data data ?-:1 mln{RM y} X,
leyel
If SET1 is not empty and the smallest element of SET1 requires just one PhCH then
Ndala,j =min SET1

ese

: RM
- PLx3 ————* _xN_ . isnon negative
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SET2 ={ Ngaw in SETO such that N

data

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 Nyaa in SET2

End while

Naataj = Noata

End if
The number of bits to be repesated or punctured, DN;;, within one radio frame for each TrCH i is calculated with
the relations given in Section 4.2.74.2.7 for all possible transport format combinations j and selected every radio |
frame.

If DN;; = 0 then the output data of the rate matching is the same as the input data and the rate matching algorithm
of section 4.2.7.3 does not need to be executed.

OtherwiseAdditionalty, for determining €, €us, Eminus @d N_the following parameters are needed:

For convolutional codes,

a=2forthe ratematching-algerithm-in-section-4-2-7-3.< Mitsubishi Note : This sentence is moved downwards>

g= &N;;/(6 DN;0)0
if giseven
then g = g—gcd(q, F)/F; -- where ged (g, Fi) means greatest common divisor of g and F;
-- note that g' is not an integer, but a multiple of 1/8

ese

qg=q
endif

forx=0toF-1



Sk (*q'umod F)) = (&x*q'udiv F)
end for
DN = DN;;
a=2
For each radio frame, the rate-matching pattern is calculated with the algorithm in Section 4.2.7.3, where :
DN-=DN,;
N=N;;., and
&ni = (@8N)ADN| + N) mod a, if e, =0theney = alN.
€pus = @N
Erminus = 24DN|
puncturing for DN<O, repeating otherwise.

For turbo codes,

if repetition is to be performed, such as DN; ;>0, parameters for turbo codes are the same as parameter for
convolutional codes.

If puncturing is to be performed, parameters are as follows.

a=2 for Y parity-sequence, and
a=1for Y parity-sequence.

<Muitsubishi note : this sentence is put just before listing the four parameters N , &1, €ius, @Nd Erinus >

i @N, ; /2{for Y sequence
=i, . .
1 @®N; ; /2¢for Y'sequence

N= é\li’j /30,
q= &l/|DN| O

if(Qf 2)
for x=0to F-1
if(Y sequence)
FI[(3%+1) mod F]] = x mod 2;
if(Y’ sequence)
I [(3%+2) mod F]] = xmod 2;
end for
else
if giseven

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

ése g =q
endif

forx=0toF; -1




r=eéx*qumodF;;

if(Y sequence)
I (3r+1) mod F]] = éx*q udiv F;;
if(Y’ sequence)
JIH(Br+2) mod F; ]] = éx*q' udiv F;;
endfor
endif

For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.3, where:
N is as above
en = (@§n)ADN| + N) mod axN, if e, =0then g, = aN.

Epius = N
Eminus= aXDNu
puncturing for DN<O, repeating otherwise.

4.2.7.2 Determination of rate matching parameters in downlink

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

4.2.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

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

formula:
1 TTI
N,. = —=xmax N,
' E nFsi)

The computation of the DN, parametersis then performed in for all TrCH i and all TF | by the following

formula, where DN, . isderived from N, . by theformulagiven at section 4.2.74-2.7:

If DN:;r ' = 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 4.2.7.3 does not need to be executed.

Otherwise, for determining €ni, €ius, Eminus, 8Nd N the following parameters are needed:

For convolutional codes,

DN = DN/
a=2
N, = max N/

maX 17 TES()




For each transmission time interval of TrCH i with TF |, the rate-matching pattern is calculated with the
algorithm in Section 4.2.7.3. The following parameters are used as input:

N = Ni1|_rI

‘Qﬁ‘;maXTNTITLQni = Nmax

1 TRS(

€, = axN

plus
eminus = aXiDN|

Puncturing if DN < O, repetition otherwise.

For turbo codes, if repetition is to be performed, such as DN:;r ' > 0pN=>0, parameters for turbo codes are the
same as parameter for convolutional codes. If puncturing isto be performed, parameters are as follows.

a=2 for Y sequence,

a=1for Y sequence.

Systematic-The X bits shedtdall not be punctured._<Mitsubishi note : | replaced systematic by X, because the Y
and Y’ bits can comprise some tail systematic bits>

_1@®N /2(for Y sequence

DN=j | T N .
§ N, /2(for Y'sequence
o TTL A
N= d jiI 1 SU
Ny = Max @\ /3(-max N /3]
max g TFaSX(i)é\I'I T TFS(i)
1T TFS(i) 11 TFS(i)

For each transmission time interval of TrCH i with TF |, the rate-matching pattern is calculated with the
algorithm in Section 4.2.7.3. The following parameters are used as input:

N = VT /30

Qni = Nmax

€ = axN

plus

eminus = aXiDN|

Puncturing if DN < O, repetition otherwise.

4.2.71.24.2.7.2.2 Determination of rate matching parameters for flexible positions of TrCHs

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




N. . = ixNT“ .

ij = i, TF; ()

I
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:

i=ll\|dala,* XRMi
max & (RM, xN, )

jT1 TFCS i=1

RF, =

The computation of DN:,_,rI parameters is then performed in two phases. In a first 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:,_,rI isthe 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:

ONTT = F oo RN
) >~ F - )
é i a
The second phase is defined by the following algorithm :
foral j inTFCSdo --foral TFC
=t N+ DN
D=g§ —"=0 TR (1) -- CCTICH bit rate (bits per 10ms) for TFC|
, F
i=1 i
if D>N datar then
fori=1tol do --for al TrCH
DN = F DN, | -- DN, ; isderived from N, ; by the formulagiven at
section 0
if DN/t ;) > DN then
TTI
DN; 7, () = PN
end-if
end-for
end-if
end-for

Note : the order in which the transport format combinations are checked does not change the final resuilt.

If DN:,_,r ' = 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 4.2.7.3 does not need to be executed.

Otherwise, for determining €ni, €ius, Eminus, 8Nd N the following parameters are needed:

For convolutional codes,

DN = DN,
a=2

For each transmission timeinterval of TrCH i with TF |, the rate-matching pattern is calculated with the
algorithm in Section 4.2.7.3. The following parameters are used as input:




N =N;™
Qni = N _Qm—:Nl-lrr_l

e,.=axN

plus

eminus = a>1DN|

puncturing for DN < O, repeating otherwise.

For turbo codes, if repetition is to be performed, such as DNi]_r > O pN=>0, parameters for turbo codes are the
same as parameter for convolutional codes. If puncturing is to be performed, parameters are as follows.

a=2 for Y sequence,

a=1for Y sequence.

Systematie-X bits sheuldall not be punctured.
_T@N™ /7 2(for Y sequence
=1 \
TN / 2(for Y sequence
For each transmission time interval of TrCH i with TF |, the rate-matching pattern is calculated with the
algorithm in Section 4.2.7.3. The following parameters are used as input:

N= 6" /3,

Eni :ﬂldrl —med—eb<|d,1|_n )

-e, . =axN

plus
eminus =a >1DN|

puncturing for DN < O, repeating otherwise.

4.2.6.1. Bit separation for rate matching
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Rate matching
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Figure 1: Overall rate matching block diagram before first interleaving where x denotes
punctured bit.
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Rate matching
algorithm
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Figure 2: Overall rate matching block diagram after first interleaving where x denotes
punctured bit.

Rate matching puncturing for Turbo codesin uplink is applied separately to Y and Y’ sequences. No puncturing
is applied to X sequence. Therefore, it is necessary to separate X, Y, and Y’ sequences before rate matching is
applied.

For uplink, there are two different alternation patterns in bit stream from radio frame segmentation according to
the TTI of aTrCH as shownin Table 1.

Table 1: Alternation patterns of bits from radio frame segmentation in uplink

TTI (msec) Alternation patterns
10, 40 XYY
20, 80 XYY

In addition, each radio frame of a TrCH starts with different initial parity type. Table 2 shows theinitial parity
type of each radio frame of a TrCH with TTI = {10, 20, 40, 80} msec.

Table 2: Initial parity type of radio frames of TrCH in uplink

TTI Radio frameindexes (n)

(msec) 0 1 2 3 4 5 6 7
10 X NA NA NA NA NA NA NA
20 X Y NA NA NA NA NA NA
40 X Y Y X NA NA NA NA
80 X Y Y X Y Y X Y

Table 1 and Table 2 defines a complete output bit pattern from radio frame segmentation.

Ex.1. TTI=40msec, n =2

Radio frame pattern: Y, Y', X, Y, Y, X, Y, Y, X, ...

Ex.2 TTI=40msec,n =3

Radio frame pattern: X, Y, Y, X, Y, Y, X, Y, Y, X, ...

Therefore, bit separation is achieved with the alternative selection of bits with the initial parity type and
aternation pattern specified in Table 1 and Table 2 according to the TTI and n; of a TrCH.

Rate matching puncturing for Turbo codes in downlink is applied separately to Y and Y’ s sequences. No
puncturing is applied to X sequence. Therefore, it is necessary to separate X, Y, and Y’ sequences before rate
matching is applied.



For downlink, output bit sequence pattern from Turbo encoder isaways X, Y, Y', X, Y, Y’, .... Therefore, bit
separation is achieved with the aternative selection of bits from Turbo encoder.

4.2.7.3 Rate matching pattern determination

Denote the bits before rate matching by:
X1y X0, Xgy..., %y » Wherei isthe TrCH number and N isthe parameter given in section 4.2.7.2.
The rate matching ruleis as follows:

if puncturing isto be performed

y—=—DN
e= ey -- initial error between current and desired puncturing ratio
m=1 -- index of current bit

dowhilem<=N

€= €—Eninus Y -- update error
if e<= Othen -- check if bit number m should be punctured
puncture bit X m
e= e+ a*Neyus -- update error
end if
m=m+1 -- next hit
end do
ese
y=DN
e=en -- initial error between current and desired puncturing
ratio
m=1 -- index of current bit
dowhilem<=N
e= e—a*VYemnus -- update error
dowhilee<=10 -- check if bit number m should be repeated
repeat bit X m
e=e+ a*Neys -- update error
end do
m=m+1 -- next bit
end do
end if

A repeated bit is placed directly after the origina one.

4.2.7.4  Relation between input and output of the rate matching block in uplink

The bitsinput to the rate matching are denoted by €,,6,,€;,...,6y , wherei isthe TrCH.
Hence, Xk = €k and N = Nij = N.

The bits output from the rate matching are denoted by f;y, f;, fi,..., fiy, , wherei isthe TrCH number and
Vi:N+DN = Nij+DNij .



Note that the transport format combination number j for smplicity has been left out in the bit numbering.

4.2.7.5 Relation between input and output of the rate matching block in downlink

The bitsinput to the rate matching are denoted by G;,G,,Cy,...,Gg , wherei isthe TrCH number and | the
transport format number. Hence, Xk = €xand N = N, = E .

The bits output from the rate matching are denoted by )y, Ji5, 3. - -» Jig » Wherei isthe TrCH number and
G =N+DN=N" +DN/".

Note that the transport format number | for simplicity has been left out in the bit numbering.



