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1 Introduction

In [3] arule has been proposed to compute the rate matching ratios in downlink. [3] solves the problem existing
the current rule in [1]. [3] also fixes a problem with the initialisation of the e parameters in the rate matching
pattern determination algorithm. [3] aso alowsto get rid of the “radio frame size equalisation” step in DL.

[3] was endorsed by AHO04, however it was asked of the proponent to make the fixed positions and flexible
positions mutually exclusive, thisis the reason why this revised text proposal is contributed.

Compared to [3] the title “Rate matching agorithm” was aso replaced by “Rate matching pattern
determination” that is more appropriate for section 4.2.6.3.

Furthermore in this revised text care was taken to incorporate the change in the proposal [4] R1-(99)B29 by
Ericsson to harmonise notation throughout [1]
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[1] 3GPP TSG RAN WG1 R1-99A86 TS 25.212 V2.0.1: ‘Multiplexing and channel coding (FDD)’,
Source: Editor
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refer to [4].
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4.2.6 Ratematching
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 repesated 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 second multiplexing is identical to the total channel bit rate of the alocated dedicated
physical channels.

Notation used in Section 4.2.6 and subsections:

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

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

NN ™ Number of bitsin atransmission time interval before rate matching on TrCHtranspert-channel i
with trangport format 1. Used in downlink only.

DN.. : For uplink : If positive - number of bits that should be repeated in each radio frame on TrCHtranspert

ij
channel | with transport format combination j.

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

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

BNJT—' DN, ™ : If positive - number of bits to be repeated in each transmission time interval on TrCHtranspert

channel | with transport format §l.
If negative - number of bits to be punctured in each transmission time interval on TrCHtranspert
channel | with transport format §l.

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.

Naaaj:  TOtal number of bits that are available for the CCTrCH in aradio frame with transport format

combination j.
T Number of TrCHtranspert-channelsin the CCTrCH.
Zyij: Intermediate cal culation variable.
Fi: Number of radio frames in the transmission time interval of TrCHtranspert-channel i.
kni: Radio frame number in the transmission time interval of TrCHtranspert-channel i (O£ nk< F).
g Average puncturing distance._ Used in uplink only.

Ie(nk): 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.

Snk): The shift of the puncturing pattern for radio frame nik._ Used in uplink only.
TF(): Transport format of TrCHtranspert-channel i for the transport format combination j.
TES(i) The set of transport format indexes| for TrCH .

TFCS The set of transport format combination indexes|.

Eni Initial value of variable e in the rate matching pattern determination algorithm of section 4.2.6.3.

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” is equivalent to “for all xdo X4 =Y". Intheright
wing of an assignment, the meaning isthat “Y = X. " is equivalent to “takeany xand do Y = X, "

The following relations, defined for all TFC |, are used when calculating the rate matching parameterspattern:
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4.2.6.1 Determination of rate matching parametersin 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 at-connection-setup-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 Nasg, Niog, Nes, N3, Nig, Ng, and
N4, where the index refers to the spreading factor. The possible values of Nyaia then are { Nosgs, Niog, Naa, Na2, Nig,
Ns, Ng, 2Ny, 3N4, 4N4, 5N4, 6N4}.Depending on the UE capabilities, the supported set of Nyaa , denoted SETO, can
be a subset of { Nass, Nizg, Nea, N3z, Nig, Ng, Na, 2Na, 3N4, 4N4, SNa, 6N4}. Nygia ; fOr the transport format
combination j is determined by executing the following a gorithm: |

SET1 ={ Nyaa in SETO that — 1 _xN dt : :
T1l= in I h th -3 .. i
{ data sucl ‘Ndata @ | {RI”II} i ata ~ m|n RM Xj IS
|
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non negative }
If the smallest element of SET1 requires just one BPBCH-PhCH then
Ndata,j =min SET1
ese
SET2 ={ Ngaa in SETO such that

g RM. N PL
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Sort SET2 in ascending order

Ngata= Min SET2
While Ny is not the max of SET2 and the follower of Ny, requires no additional BPBEH-PhCH do

Ngata = follower of Nyaa in SET2

End while
Ndata,j = Nata
End if

The number of bits to be repeated or punctured, DN, j, within one radio frame for each transpert-chanrel TrCH i is |
calculated with the relatlons glven in Sectlon O for aII possr ble transport format combl natlons j and selected

every radio frame.
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Additionally, for determlnlng n.Lthefollowmg parameters are needed:
0= &N;;/(6DN;6)a, wi vAawards-al meal

if giseven
then g = g—gcd(q, F)/F -- where ged (g, F) means greatest common divisor of q and F;
-- notethat g' is not an integer, but amultiple of 1/8

ese

a=q

endif



forix=0to F-1
Sk (@x*qumod F)) = (@x*q'udiv F;) —where-ét-means+odnd-upwards:

end for

For each radio frame, the rate-matching pattern is calculated with the algorithm in Section 4.2.6.3, where :
DN = DN;;
N = Nm‘., and

e =(2x5(n )4DN|+N) mod2N

4.2.6.2 Determination of rate matching parametersin downlink
For downlink N, does not depend on the transport format combination j. Ngaa+ iS given by the channelization |
code(s) assigned by higher layers.

NO heruleto-convertthera i d N-down

4.1.1.1.1 Determination of rate matching parameters for fixed positions of TrCHs

First an intermediate calculation variable N, . _is calculated for all transport channelsi by the following

formula:

Ni* =i><Amax N
' |:I 1T TFS(i)

T
il

The computation of the DN;'" _parameters is then performed in for all TrCH i and all TF | by the following

formula, where DN . _is derived from N, . by the formula given at section 4.2.6;
DN =F, DN, .

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

For each transmission timeinterval of TrCH i with TF |, the rate-matching pattern is calculated with the
algorithm in Section 4.2.6.3. The following parameters are used as input:

DN = DN/
N = Ni1|_rI
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4.1.1.1.2 Determination of rate matching parameters for flexible positions of TrCHs

First an intermediate calculation variable N; is calculated for all transport channelsi and all transport format
combinationsj by the following formula :

— l TTI
N;. | ‘EXNLTE(J')

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
iz

max § (RMi xNi,j)

jlTFCs 2,

data,* xRM.

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 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 DN|'" is the definitive value.

Thefirst phase defines the tentative temporary DN:’_,rI for all transport channel i and any of its transport formet |

by use of the following formula:
éRF xN.'™ U
T — ~ N TTI
DNi,I _Fi c IF : u- Ni,l

e i u

The second phase is defined by the following agorithm :

for all J in TECS do -- for all TEC
s N +DNTT

D=3 ") 1.TF (1) -- CCTrCH bit rate (bits per 10ms) for TFC |
g F
i=1 i

if D> N yata * then
fori=1toldo -- for all TrCH

DN =F, >DN, -- DN, ; _isderived from N; ; by the formulagiven at

i
section 4.2.6

if DNI-I_-::,I:I(J) > DN then
TTI —_
DN 1, (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.




For each transmission time interval_of TrCH i with TF |, the rate-matching pattern is calculated with the
algorithm in Section 4.2.6.3. The following parameters are used as input:

i ij

DN = DN
N = Ni1|_rI
€ = Ni1|_rI
S=0.

4.2.6.3 Ratematching pattern deter minationatgerithm
Denote the bits before rate matching by:
X1y X0, Xgy..., Xy L Wherei isthe TrCH number and N is the number of bits before rate matching.

€176 €€
The rate matching ruleis asfollows:

if puncturing isto be performed

y=-DN
e = gnf2xSid+y+Nymod-2N_-- initial error between current and desired puncturing ratio
m=1 -- index of current bit
dowhilem<=N
e=e-2*y -- Update error
if e<= Othen -- check if bit number m should be punctured
puncture bit €x% m
e=e+ 2*N --updateerror
end if
m=m+1 -- next bit
end do
else
y=DN
= enf22Sid=y+Nymed-2N_-- initial error between current and desired puncturing ratio
m=1 -- index of current bit
dowhilem<=N
e=e-2*y -- Update error
dowhilee<=10 -- check if bit number m should be repeated
repeat bit € m
e=e+ 2*N -- updateerror
enddo
m=m+1 -- next bit
end do
end if

A repeated bit is placed directly after the original one.




