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1 Introduction

In [2] arule has been proposed to compute the rate matching ratios. However this rule raises severa problems
for the DL direction, and this is why it was accepted in meeting #6 only as a working assumption and with a
WG1 note mentioning the problem.

This contribution first lists several of these problems, then proposes a solution, and finally makes a text proposal.

This contribution also handles a problem connected with setting initial error value in the rate matching pattern
algorithm.
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3 Abbreviations :

TFC: Transport Format Combination
TrCH: Transport Channel
TF: Transport Format

4 Problems with current rule

In anutshell the current rule consists for flexible position of servicesin :

- finding the TFC L with greatest CCTrCH bit rate

- computing the DN offsets for this TFC L

- scaling the DN offsets computed for TFC L, in order to get the DN offsets for other TFCs.

Most problems in the current rule are related to the case when several TrCHs have not independent TFs, notably
when the TrCHSs never have simultaneously their respective maximum bit rate. Other problems are related to this
that in DL rate matching is operated on a TTl, that isto say for a TF, and not on aradio frame, that is to say for a
TFC.

The case of TrCHs with mutually dependant bit rates typically happens if some arbitration is done at the MAC
layer so that the TrCH with highest priority can transmit before the other TrCHs : thisis useful if the bit rate Nyaa
available from the physical channel(s) does not suffice for all the TrCH to transmit simultaneously at maximum
bit rate. So when the TrCH with highest priority is at maximum bit rate, the other TrCH(s) cannot be also at
maximum bit rate.

4.1  Problem of definition of the TFC with highest CCTrCH bit rate

The first step of the current rule is to find a TFC L such that the bit rate of the CCTrCH be maximum for this
TFC L. Such astep is at best incompletely defined. First of all the bit rate of the CCTrCH is known for each TFC

only once that all the values of the DNiT,r ' have been computed, so the bit rate of the CCTrCH being a function

of the DN i1,-lr| cannot be used in the process of computing the DN i1,-lr| (thisis like the problem of getting the egg



form the hen and vice versa). Second, even if some estimate of the CCTrCH bit rate not using the DNiT,r ' was

defined, nevertheless the TFC yielding the highest bit rate might be not unique, notably in the case when,
whereas the CCTrCH has a maximum bit rate, not all the TrCHs have simultaneously a maximum bit rate.

4.2  Problems of definition of DNij when several TrCH have mutually dependant bit rates

Now let us consider the following formulain usein the current rule :

DN eDN,L ><N

e NiL
In this formulait is possible that both DN, and N, be simultaneously null, because for instance TrCH i has a
low priority, and so has a null bit rate when the highest priority TrCH make the CCTrCH reach its highest bit
ratein TFC = L. Soif both DN, and N, arenull for some TrCH i the formula becomes :
DN, = g% N, ;

0
and we have a 6 indetermination when computing DNij for the other TFC j for the TrCH i.

C>C\

More generally, if inthe TFC L, the TrCH i have a bit rate that is significantly less than in the TFC j, we have

N..
N;. << Nj;, sotherounding error on DN, isamplified by afactor —->>1 in the formula
iL
€, 0
DN; = g——XDN
s NIL (%]

() C\ (=Y

4.3 Problems related to use of radio frame instead of TTI

éDN a
Finally, the formula DN;; iL & XN, ; givesthe value of DN, , for aradio frame (TFC), and not for a TTI
e iL 0

(TF), so in the current rule the following scaling is done :

| =TF(j) ad DN;" =FDN,

This scaling rule is not completely defined, as there can be two distinct TFC j and ¢ for which the TF of
TrCH i isthesame TF | . Thatistosay if | = TF(j) = TF (j9 then we don't know whether

DN, ™ = FDN; or DN, = FDN;

4.4 Problems related to the use of fixed and flexible positions

Finally the current rule sounds like if either fixed or flexible position were to be used. That is to say as if these
two techniques were mutually exclusive. Our understanding is that the use of fixed or flexible position is
determined on a per TrCH basis. That is to say the step of “DTX indication insertion for fixed position” is
present only for those TrCH using fixed position. Conversely the step “DTX indication insertion for flexible
position” is present if thereis at least one TrCH using flexible positions.

The new rule stresses this point.

5 Other problems corrected in the text proposal

Another problem, not connected with rate matching parameter determination is handled in this contribution. In
case of fixed service position the initial error value must not depend on the size N of the block to rate match.
Otherwise the puncturing/repeating pattern would depend on the TF. This problem is fixed in the text proposal
by using a new parameter e, .



6 Proposed solution

6.1 General on the proposed new rule

Because the problems of the current rule are lying in the very concept of working with TFC (radio frames) and
not with TF (TTI), we propose a hew rule.

In anutshell the new rule consistsin :

- computing tentative temporary values of DN:,_rI that minimise the number of DTX inserted when the
CCTrCH bit rate is maximum

- checking for all TFC that the temporary values of DN,/ do not make the bit rate of the CCTrCH exceed
the Ngata limit

- inthecase of exceeding Nyaa , COrrecting the temporary values with the “Z” formula
- dfter checking & possible correcting is complete, the temporary values become the definitive values

6.2 Notations

It was observed by delegates from several companies that using the same letter j for TFC and TF can be
misleading. So we propose the following convention :
- iforindexing the TrCH
- | for indexing the TFs of some TrCH
- jfor indexing the TFCs
So the text proposal will have some editorial impact also on the UL part, in order to use the convention above.
Other notation modifications have been carried out in order to align with the notation harmonisation proposal
from Ericsson :

| instead of T for number of TrCHs

Also we introduce the following (not completely new) notations :
TFS(i): isthesetof TFindexesl| for TrCH i,
TFCS:  istheset of TFC indexes|

We go on using the notation Ni’j as in the current rule, but some text will clarify that this is in the DL an
intermediate variable used in the process of computing the DN|™' . Based on this, the definitions of Z; ; and of

DN, ; remain unchanged.

Finally we use the notation * (star) instead of some index u when some value X, that is a function of u does not
depend of the u. So X in the left wing of an assignment equation means “for all u X,” and in the right wing is
means “ X, forany u”.

6.3 Algorithm

Here we describe all the algorithm in a Pascal-like pseudo language. In the text proposal English will be used
wherever possible.

It is to be noted that the description below can be simplified by defining the algorithm only when all the TrCH

are in flexible position, and then by saying that, in case there are some TrCH i in fixed position, then the only

' by itsmaximum value max N,

thing to do is to replace wherever met the expression N:,T i
I

From line 1 to 9 lies the definition of the intermediate variables N, ;. It is to be noted that for the flexible
position case, the expression at line 6 is changed compared to the current rule as the ceiling ( () is no longer

taken. This is possible because for DL Ni'j is not the positive integer size of a rea data block, but just an
intermediate variable. Also anew expression is given at line 3 for the fixed position case.



From line 12 to 36 lies the algorithm itself. This algorithm comprises two phases. In afirst phase, from line 12 to
21, tentative temporary values for the DNiT,r ' are computed. These temporary values ensure that a minimum
number of DTX is inserted when the bit rate of the CCTrCH is maximum, but they don’t ensure that the bit rate
of the CCTrCH isawayswithinthe N . limit.

So a second phase of checking and correction is needed. This second phaseis lying from line 23 to 36.

At the end of the second phase the latest values of the DN ,T,r ' are the definitive values.

Finally, it isto be noted that DN;'" determined by the algorithm below aresuch that N[ + DN, isaways
amultipleof F . Soin DL with this new rule, the “size equalisation” step is not needed.

line [instruction | comment
definition of the Ni’j variables for al TrCHs and &l TFCs
1 foral TrCH i
fori=1toldo
2 if TrCH i is in fixed position of services then
3 1 - for fixed positions of service case,
N;. = E X,{Qg’g) N, N; ; does not depend of the TFC |
I
and is always maximum.
4 else
5 forall jin TFCS do
6 flexible positions of service case
N, = i XNiT1I:II=-(') P
’ F LAV
1
7 end-for
8 end-if
9 end-for
10
11
computation of tentative temporary valuesfor DN ,T,r !
12 N+ Compute rate matching ratios
L= =T - RF. = L XRM, for all transport
max q (RMi "Ni,j) channelsi in order to minimise the
TRCS oy number of DTX bitsinserted for the
13 |fori=1toldo maximum bit rate of the CCTrCH.
14 RF = L>xRM,
15 end-do
16
17 fori=1toldo
if TrCH i is in fixed position of services then
6RF, xmax N[ U
DN;l;l’l - Fi xg ||TFS(I) l;J- Amax Nl-l_ll—l
) FI a es(i
e u
else
18 for all | in TFS(i) do Flexible positions of service case.
19 Z TT
eRF xN. " u
DNI-ITI = |:| = i il lj' N]'l;l'l
é R
20 end-do
end-if
21 end-do




22 ] |
checking and correction of the DNiT,r !
23 forall j in TFCS do
24 il N+ DN D isthe bit rate (in number of bits per
D=3 —m) 1.TF (i) redio frames) of the CCTrCH for TFC
= F j computed with the temporary values
i=1 i
of DNITrI
25 if D>N_,,. then
26 fori=1toldo correction of DN/TL ) if needled.
27 DN =F ><DNi'j o
28 if DN;Tr. () > DN then
29 if TrCH i is in fixed position of
services then
30 ™
DN;. =DN
31 else
TTI —

> DN ;) = DN
33 end-if
34 end-if

end-for
35 end-if
36 end-for

7 Conclusion
We have presented a new rule for rate matching parameter computation.
This rules solves the problems existing with the current one. It also solves the “radio frame size equalisation”

problem for the DL direction, as after rate matching the block size N + DN is always a multiple of F that is
the TTI duration in 10ms unit.
We propose the described rule for approval.

8 Text proposal

4.2.6 RAEE MBECHING ...ttt ettt et b e bbbt b e bbbt b et
4.26.1 Determination of rate matching parametersin Uplink ...
4.26.2 Determination of rate matching parametersin downlink
4.26.3 Rate MatChing algOritNm.........coi i e et st e s

426 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 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 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:



<Mitsubishi note : some notations have aready been aligned with Ericsson’s proposal of notation harmonisation
in order to ease the editor’s work>

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

For downlink : An intermediate calculation variable (might be not integer).

NIT-N™: Number of bits in a transmission time interval before rate matching on transport channel i with
ij il
transport format j|. Used in downlink only.

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

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

For downlink : An intermediate calculation variable (might be not integer).

DNJ.T—' DN,™ : If positive - number of bits to be repeated in each transmission time interval on transport channel

i with transport format j.
If negative - number of bits to be punctured in each transmission timeinterval on transport channel 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.

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

combination j.
Fi: Number of transport channelsin the CCTrCH.
Zaij: Intermediate calculation variable.
Fi: Number of radio framesin the transmission time interval of transport channel i.
kn;: Radio frame number in the transmission time interval of transport channel i (0 £ nk < F).
a: Average puncturing distance._ Used in uplink only.

Ir(nk): Theinverse 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.

S(nik): The shift of the puncturing pattern for radio frame nik._Used in uplink only.

TFi(): Transport format of transport channel i for the transport format combination j.
TES(i) The set of transport format indexes| for transport channel i.

TFCS The set of transport format combination indexes .

€ni 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 u when the indexed variable V,, does not depend on the index u.
In the left wing of an assignment the meaning isthat “Vs = A” is equivalent to “for all udoV, = A". In theright
wing of an assignment, the meaning isthat “A = V- " iseguivalent to “takeany uand doA=V,”

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

Z,, =0

<Mitsubishi note : in the formula below the change is that T is replaced by |>




éd 0 8 ¢ u
ad RM. ><N G éé Rl\/lmXij G
Z—= ggl N aia 3 Z, = e”:fl MN gy ;U for all mi=1.. Tl, where &0
e u
~a RM. ><Nij p ~a RM ><ij p
8 H §m=l H
means round downwards
DN, =2Z;-Z,_,,- N foralli=1. %

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
issignalled 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 Nosg, Niog, Nga, Nao, Nig, Ng, and
N4, where the index refers to the spreading factor. The possible values of Ngq, then are { Nasg, Niog, Nes, Nao, Nyg,
Ns, Ng, 2Ny, 3N4, 4N4, 5Ny, 6N4}.Depending on the UE capabilities, the supported set of N, , denoted SETO, can
be asubset of { Nass, Ni2g, Nea, Naz, Nig, Ng, Na, 2Na, 3Na, 4Na, SNy, 6Ng}. Nyaia, j fOr the transport format
combination j is determined by executing the following a gorithm:
g RM. 9 RM
SET1 = { Ngaa in SETO such that 3 —— -xN. N, - q —F"+X
{ data Num T—‘i ml n{RM,} ii- " “data mal mln{RM }

1En£l

is non

negative }
If the smallest element of SET1 requires just one DPDCH then
Ndata,j =min SET1

else
SET2 = { Ngam in SETO such that
T
J  RM, RM _ _
= —_——— - N PL 71— 3 isnon negative }
o] ml RM | data ~ Xa lrg]IErl]{ RM } m

Sort SET2 in ascending order

Ngata = mMin SET2

While Ngas IS not the max of SET2 and the follower of Ny, requires no additional DPDCH do
Nyata = fOllower of Nya, in SET2

End while
Ndata,j = Ndata
Endif

The number of bits to be repeated or punctured, DN;, within one radio frame for each transport channel i is
calculated with the relatrons grven in Sectlon 0 for all possr ble transport format combl natrons i and selected
every radio frame. ! ) ! leulatedw .

4.2.6.3, where DN-= DNy aneLNfN

Additionally, for determrnlng nILthefollowmg parameters are needed:

g= &N;;/(6 DN;;6)0, where € Gmeans round downwards and 6 6 means absolute value.

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

else

a=dq

endif

forIm=0toF-1
Sl (Em*q'umod F)) = (8m*q'udiv F;) -- where éu means round upwards.
end for




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

e, = (2xS(k)4DN|+N) mod2N

4.2.6.2 Determination of rate matching parametersin downlink

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

NO heruleto-convertthe

First an intermediate calculation variable Nij is calculated for all transport channels i and all transport format

combinations| by the following formulas :
If transport channel i uses flexible positions of service :

1 TTI
N, == N
N iR (j)
F
If transport channel i uses fixed positions of service:
1
N;. =—=xmax N/
' |:I nmTrs(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 :

N data,*

RF, = XRM,

max & (RM, <N, )

jiTFCS 72

The computation of DNiT,r ! parameters is then performed in two phases. In a first phase, tentative temporary

values of DNiT,r ' 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 N . 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 T,r "is the definitive value.

The first phase defines the tentative temporary DNiTlrI for all transport channel i and any of its transport format |

by use of the following formulas :
If transport channel i uses flexible positions of service :
éRF xN.'" U
LI - ~ J 7 TTI
DNi,I - F| 6 : : u- Ni,l
e i u
If transport channel i uses fixed positions of service :
éRF, xmax NI U
DN™ =F @ ImTrS(i)
I,*

The second phase is defined by the following algorithm :

for all J in TECS do -- for all TFC
i:I_N-Tn N+ DNTH )
D= é i.7F (i) i.7F (i) -- CCTrCH bit rate (bits per 10ms) for TEC |
g F
i=1 I
it D> N gata + then
fori=1toldo -- for all TrCH
DN = F, >DN, |

if. DN'F ) > DN then

if TrCH i is in fixed positions of services then

DN;;” =DN

else -- flexible position case

TTI —

DNi,TFi (0= DN

end-if

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 cal culated with the
algorithm in Section 4.2.6.3. The following parameters are used as input:

. _ ™ _

DN = DN, ™

N = Nnm

If transport channel i isin flexible positions :
— TTI

€n = Nn

If transport channel i isin fixed positions :

— TTI
&y = max N

S=0:

4.2.6.3 Ratematching algorithm

Denote the bits before rate matching by:
Cy, Cp, Cg, ... CN




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

y=-DN
e= en{2xS(k=y+N)ymed2N_-- 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 ¢,
e=e+ 2*N --updateerror
end if
m=m+1 -- next bit
end do
else
y=DN
e= en{2:Sk-=y+N)ymed2N_-- initial error between current and desired puncturing ratio
m=1 -- index of current bit
dowhilem<= N
e=e-2*y -- update error
dowhilee<=0 -- check if bit number m should be repeated
repeat bit ¢,
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.




