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Introduction

Compressed mode by puncturing has been intensively discussed in RAN WG1 #11. As a matter of fact it was agreed that
Nortel's proposal [1] contained some problems regarding the flexible position case. Also, it was decided to introduce into
25.212 sufficient hooks so that the method proposed by Mitsubishi in the revision 1 [3] of this paper, based on segmentation
coefficients, has a chance to be introduced later.

The method proposed in [3] was incomplete as it was not explained how to determine the segmentation coefficient. In [4] we
proposed a very simple method. We are currently evaluating other methods, that will be proposed in future papers for release
2000.

The method proposed for fixed position in Nortel's proposal [1] was complete, and so accepted by RAN #7 and incorporated
into 25.212 [6].

In this paper we propose that :

The method for fixed position proposed in the previous revision [4] of this paper replace the method currently in 25.212
(6]

The description of the 1% IL and the p-bits be such that p-bits are removed immediately after the 1% IL.
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Difference from previous revision [4] of this paper

The previous revision of this paper was proposing a method both for flexible and for fixed position, so it was concerned both
with release 1999 and release 2000. This paper is concerned only with fixed position, that is release 99.

Moreover, contrary to this paper, [4] is not based on the latest version of 25.212.

Motivation for the proposal

What we are proposing is completely equivalent from the functional point of view to what there isin the current 25.212 [6] as
for the 1% IL thing, and is almost equivalent for the segment size parameter determination (the result might dlightly differ due
to a different rounding method).

So, in term of function, there is very little change compared with what we have. Besides, if things were going to stop with
release '99 we would be satisfied with what there is currently in 25.212 [6].

However, considering the decision by RAN #7 that enhancement of compressed mode is one of the work item of release 2000
and considering the possible ways to evolve 25.212, we consider that the description given in the CR hereinafter is more
evolvable that the current one.

The reason for that are the following :

As shown in [5], in order to form a multiframe compressed mode in UL, there would be a need make unequal
segmentation also. Since RM is immediately following radio frame segmentation in UL, the p-bits removal needs to be
before RM to ensure that the correct amount of data bits is punctured or repeated without changing the RM pattern
algorithm. So, if we want the spec to evolve smoothly, there are only two places left for the p-bits removal, either
immediately after radio frame segmentation, or immediately after 1st IL. Having it immediately after the 1% IL seems
more consistent, as their insertion is made immediately before, and the p-bit are therefore some kind of particular IL
pruning technique.

As shown in [7], in the future we may well want to combine CM by rate matching and CM by SF division by 2. The
reason why we say CM by rate matching and not CM by puncturing is that in this case the RM is used to repeat more, or
puncture less the data, because the SF division by 2 provided to much gap space, and we want to fill it. One of the
motivation of having the p-bit remova as low as possible in the chain was that these p-bits are supposed to be used to
form the gap, that isto say they are kind of gap bits removed to form the gap. Clearly thiskind of description is inadequate
as in the case of combining CM by rate matching and CM by SF division by 2, the p-bits correspond to the radio frames
where there is not transmission gap as said in [6] " This allows 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.”. So, in fact, p-bits are better understood
as an interleaving thing rather than as a gap formation thing. It is not the p-bits that are forming the gap but the ability to
make unequal segmentation to change the rate matching ratios.

Aswe showed in [2], the main advantage of the p-bits is to solve some potentia problem with the 1% interleaving function
that could occur when unequa radio frame segmentation is used. The quality of a specification is not relying in the
number of lines, but in the relevance of the function split. Thisis why we should not hide by removing these p-bits later in
the chain that we are making an unequal segmentation, while this is precisely what we want to do, we should not hide
either that we are impacting the 1% IL whereas thisis also the goal pursued.

Finally, as we have stated severa times there are several ways of determining the segmentation coefficients. Using the
segmentation coefficient method for the determination of block size in DL fixed position would allow less impact on the
spec the day when a new segmentation coefficient method is proposed, as the usage of the segmentation coefficient itself
would remain unchanged. Furthermore, the method being more general, as it aso applied to UL and to DL in flexible
position, we simply obtain a more elegant description.

Conclusion
In this paper we propose severa changesto 25.212 for release 99. These changes do not impact very much the function that we

currently have (no change for 1% IL, little change to segment size), but on the other hand they provide better evolvability of the
spec and better clarity of the functional description.
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3.2 Symbols

For the purposes of the present document, the following symbols apply:

éeu round towards ¥, i.e. integer such that x £ &t < x+1
éad round towards -¥, i.e. integer such that x-1 < &a £ x
(oo} absolute value of x

| - 1L x20
sgn(x) signum function, i.e. sgN(X) = {

i-L x<O

Nfirst Thefirst dot inthe TG.
Niast Thelast dot in the TG.
Ner Number of transmitted slotsin aradio frame.

Unless otherwise is explicitly stated when the symbol is used, the meaning of the following symbolsis:

i TrCH number
j TFC number

k Bit number

I TF number

m Transport block number

n Radio frame number of TrCH i.

p PhCH number

r Code block number

I Number of TrCHsin a CCTrCH.

G Number of code blocksin one TTI of TrCH i.

Fi Number of radio framesinone TTI of TrCH i.

B Number of radio framesin the longest TTI within the CCTrCH.

FS™ DL radio frame segment size for TrCH i, for TF |, and for radio frame number n within longest
TTI, when compressed mode by puncturing isin use. This notation can be replaced by FS™" by
dropping the TF index when this does not lead to an ambiquity.

FS, DL radio frame segment size for TrCH i, and for TF | when compressed mode by puncturing is not
in use. This notation can be aleviated to FS, by dropping the TF index when this does not lead to
an ambiguity.

M Number of transport blocksin one TTI of TrCH i.

Naataj Number of data bits that are available for the CCTrCH in aradio frame with TFC j.

N gate, Number of data bits that are available for the CCTrCH in a compressed radio frame with TFC j
(UL).

N Gata Number of data bits that are available for the CCTrCH in a compressed radio frame with TFC |
and radio frame number n within the longest TTI (0 £ n £ Fa) (DL compressed mode by
puncturing).

P Number of PhCHs used for one CCTrCH.

PL Puncturing Limit for the uplink. Signalled from higher layers

RM; Rate Matching attribute for TrCH i. Signalled from higher layers.

Temporary variables, i.e. variables used in several (sub)clauses with different meaning.

X, X
v, Y
z,Z
x¢, X¢

Yo ve

3GPP
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4.2 Transport-channel coding/multiplexing

Data arrives to the coding/multiplexing unit in form of transport block sets once every transmission time interval. The
transmission time interval is transport-channel specific from the set { 10 ms, 20 ms, 40 ms, 80 ms}.

The following coding/multiplexing steps can be identified:
- add CRC to each transport block (see subclause 4.2.1);
- trangport block concatenation and code block segmentation (see subclause 4.2.2);
- channel coding (see subclause 4.2.3);
- rate matching (see subclause 4.2.7);
- insertion of discontinuous transmission (DTX) indication bits (see subclause 4.2.9);
- interleaving (two steps, see subclauses 4.2.4 and 4.2.11);
- radio frame segmentation (see subclause 4.2.6);
- multiplexing of transport channels (see subclause 4.2.8);
- physical channel segmentation (see subclause 4.2.10);
- mapping to physical channels (see subclause 4.2.12).

The coding/multiplexing steps for uplink and downlink are shown in figure 1 and figure 2 respectively.

3GPP
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Figure 1: Transport channel multiplexing structure for uplink
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Figure 2: Transport channel multiplexing structure for downlink

The single output data stream from the TrCH multiplexing, including DTX indication bits in downlink, is denoted
Coded Composite Transport Channel (CCTrCH). A CCTrCH can be mapped to one or several physical channels.
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425  1%interleaving
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4252 1% interleaver-operation
The 1% interleaving is a block interleaver with inter-column permutations. The input bit sequence to the 1% interleaver is
denoted by X1, X2, X3, -1 X, » Wherei is TrCH number and X; the number of bits{at-this stageX;-ts-assurec-and

guaranteed-to-be-an-tnteger-multiple-of 1. The output bit sequenceis denoted by Yy, Yi5, Yigs- -, Yiy . Wherei is

TrCH number and Y] the number of bits.

Two intermediate bit sequences are respectively denoted by x§¢, X, x§, ..., ! ¢or y¢, yG, yﬁ,...,yf% wherei is

TrCH number and X ¢.or Y;4 the respective number of bits. The X¢, X&, X, ..., X&, is hereinafter called the

intermediate input bit sequence, while the y¢, v§, vg,..., yi% is called the intermediate ouptu bit sequence.

The output bit sequence is derived as follows:

4.2.5.1 Operation of the 1% interleaver on the intermediate bit sequences

At thisstage X is assumed and guaranteed to be an integer multiple of F;.

(1) Select the number of columns CIE, to F; asin frem-table 3.

(2) Determine the number of rows RIR, defined as:
Rl = X¢Cl R=x/c,

(3) Write the intermediate input bit sequenceintothe Rl = CIR-—-G; rectangular matrix row by row starting with

bit Xﬂll—)ﬁ in the first column of the first row and ending with bit Xi(FR, <l —)W in column CIG, of row RIR;:

é x4 X, x¢, o X% o0

é a

é Xﬂ,:(CI +1) Xﬂ,:(CI +2) Xﬂ,:(CI +3) te Xﬂ,:(ZCI ) lj

& : : -G

é a

@Xﬂ,:((Rl -1)Cl +1) Xﬂ,:((Rl -1)Cl +2) Xﬂ,:((RI -)CI+3) - Xﬂ,:( rl) B
X1 X2 X3 - X,

Xi (C, +1) Xi,(CI +2) Xi,(CI +3) cee Xi,(ZCI )

[eniy el ey eny enid

(9<)(D) D> |(D> D> D~

L(R-DC+)  K(R-DC+2)  K(R-ng+d) - Kirc)B

(4) Perform the inter-column permutation based on the pattern { P, ¢, (j)} (j=0,1, ..., CI-1) shown in table 3, where
P1c(j) isthe original column position of the j-th permuted column. After permutation of the columns, the bits are

denoted by Y& . Y;¢= X, and constitute the intermediate output sequenceyix:

?yﬂ%l_ yﬂ,:(Rl +1) yg,:(le 1) e yﬂ,:((Cl-l)Rl +1) U éyil yi,(Rl +1) Yi,(le +1) e yi,((Cl -)R +1) U
e ue u
éYith yﬂ,:(Rl +2) yg,:(le +2) e yﬂ,:((CI-l)RI +2) (1 éYiz yi,(RI +2) Yi,(le +2) "'yi,((Cl -DR +2) (]
e : : : Poge: : : Lo
@yi,RI Yi,(le) yi,(3RI) Yi,(a R) H @yiR| Yi,(le) yi,(3R,) Yi,(c, R) O

(5) Read the intermediate output bit sequence Y¢, Y$, Y&, ..., Yc a) Yo Yo Yar—Yrcry of the 18

interleaving column by column from the inter-column permuted R~ _CI R-—GC,-matrix. Bit y& -y

3GPP
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corresponds to the first row of the first column and bit yﬂ}(Rlc| ) Yi(recy correspondsto row RIR; of column

Clg,.
Table 3
TTI Number of columns CIG, Inter-column permutation patterns
{P1c1(0), P1ci(1), ..., P (CI-1)}

10 ms 1 {0}

20 ms 2 {0,1}

40 ms 4 {0,2,1,3}

80 ms 8 {0,4,2,6,1,5,3,7}

4.2.5.2 Relation between input or output and intermediate bit sequence in other case than

DL compressed mode by puncturing

In other cases than DL _compressed mode by puncturing, the input bit sequence and the intermediate input bit sequence
areidentical, that isto say :

X¢= X,

xG =x, for k=12...,X,.

Moreover, the intermediate output bit sequence and the output bit sequence are identical, that isto say :

Y, =V

Vi = Y& for k=12,...,Y¢

4.2.5.3 Relation between input or output and intermediate bit sequence in the case of DL
compressed mode by puncturing

In this section we use dummy bits called p-bits, that take a fourth value on top of the 3 bit values{0,d,1} .

The number of bitsin the intermediate bit sequence is defined as follows :

w :
& max FS™ .

mxF £n =
n<(m+1)F, [1]

Ye= Xg=F

Moreover we have also the following relations :

n:(m:r)l)x:i -1

Y=X= & FS™

n=mx;

The _intermediate input bit _sequence  X$, X! ,Xi(g,...,x&i¢is obtained from the input bit sequence

Xi 1) % 21X 31.+.1 X x _by inserting p-bits into it. The p-bits are inserted so that they are grouped in the beginning of

each interleaver matrix column.

3GPP
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To that purpose we use aF; p-bit count-downs phbed,, pbed, . ..., pbede . ;, counting the number of p-bitssiill to

be inserted in the beginning of the respective column.

-- initialisation of pbed,, p-bit count downs

forn=0toFi-1do

n¢= Pr (n)

chifn] = X§F, - FST™m™h*n®

end for
-- p-bit insertion
n=0

k=1

1

whilel =1to XSdo

if chi[n] * Othen

X§ = p-hit
dse

XM = X«

k=k+1

cbi[n] = chi[n]-1
end if

n=n+1 mod F;

end for

The output bit sequence Y, Y;,,Yis:.--»Yiy IS obtained from the intermediate output bit sequence

y&, ¥%, y%,. .., y&. by removing the p-bits from it. In other words, the following algorithm is applied :

S
1
=

1
=

forI=1to Y;¢

if y&* p-bitthen

3GPP
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end-for

Note : In this description the p-bits are removed in the 1% interleaver. However, alternative descriptions, equivalent from
the point of view of the CCTrCH output, would remove them in any other step after the 1% interleaver and before the 2™
interleaver : if for instance they are removed after the radio frame segmentation, the segments, including p-bits, are al
of equal sizeover aTTl, likein norma mode.

4.2.5.3 Relation between input and output of 1% interleaving in uplink
The bitsinput to the 1% interleaving are denoted by t;,, t;,, tis, . . ., tir , wherei isthe TrCH number and T; the number
of bits. Hence, Zx = tixand X = T,.

The bits output from the 1% interleaving are denoted by d;;, d;,, d 3, ..., i , and dik = Yik.

4.2.5.4 Relation between input and output of 1% interleaving in downlink

If fixed positions of the TrCHsin aradio frame is used then the bits input to the 1% interleaving are denoted by

Ny b, g By AR e Rery, wherei isthe TrCH number. Hence, Zic Xk = hikand-Z—=-F *H,~Np
" max H-compressed-mede-by-puneturing, and Z-X; = FH; otherwise.

If flexible positions of the TrCHs in aradio frame is used then the bits input to the 1% interleaving are denoted by

0i1:9i2:Gi3»- -+ Yig, » Wherei isthe TrCH number. Hence, Xk = Qik and Z-X; = G;.

The bits output from the 1% interleaving are denoted by G;,G,, G- - - Oiq, » Wherei isthe TrCH number and Q; isthe
number of bits. Hence, Gk = Yik, Qi = FiHi if fixed positions are used, and Q; = G; if flexible positions are used.

4.2.6 Radio frame segmentation

When the transmission time interval is longer than 10 ms, the input bit sequence is segmented and mapped onto
consecutive F; radio frames. Following rate matching in the DL not in compressed mode by puncturing and radio frame
size equalisation in the UL in compressed or normal mode, the input bit sequence length is guaranteed to be an integer
multiple of F;.

In the DL in compressed mode by puncturing the input bit sequence is not necessarily an integer multiple of Fi. A TrCH
TTI is concerned by this when the largest TTI containing it is overlapping with at [east one transmission gap.

Theinput bit sequenceis denoted by X;, X5, X3,..., Xx Wherei isthe TrCH number and X; is the number bits. The F;

output bit sequences per TTI are denoted by yi n; 1 yi N ,21 yi N, 3100 yi,ni VY

in

Y Yinz Yima— Yray Where n is the radio frame number in current TT1 and Yi’ni ¥, isthe number of bitsper-in

radio frame number n_of the considered TTI for TrCH i. The output sequences are defined as follows:

Yink =% wheren=0,...,F-1 k=12 ... Y; , ,and | = a Y’ T+k Yk =X (v ko

3GPP
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where

Y, " ¥—=0%-+F) isthe number of bits per segment.

The n; -th segment is mapped to the n; -th radio frame of the transmission time interval.

In DL compressed mode by puncturing :

Y —_ F m, b, +n L -
in— Si for framenumber n=0, 1, ..., F-1 withinthe TTI, and TTI number m within the longest TTI.

FS°™™ ™" is determined in section 4.2.7.2,

Otherwise

Yi,n = Xi /Fi for al framenumbern=0, 1, ..., F-1 withinthe TTI.

4.2.6.1 Relation between input and output of the radio frame segmentation block in
uplink

The input bit sequence to the radio frame segmentation is denoted by d,y,d;,,d;s, ..., dir , wherei isthe TrCH

number and T; the number of bits. Hence, Xk = dixand X = T..

The output bit sequence corresponding to radio frame n isdenoted by €,,§,,§5,...,6y , wherei isthe TrCH number
and N; is the number of bits. Hence, € , =Y, , and N, = Yi,ni ¥.

4.2.6.2 Relation between input and output of the radio frame segmentation block in
downlink

The bitsinput to the radio frame segmentation are denoted by G, Cf5, G- .., Gq , Wherei isthe TrCH number and Q
the number of bits. Hence, Xk = Qik and X; = Q..

The output bit sequence corresponding to radio frameny isdenoted by f,;, f.,, fis,..., fi\,i , wherei isthe TrCH

number and V; is the number of bits. Hence, f;, = YinkandV = Yi,ni ¥.

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 calcul ated.

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 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 subcaluse 4.2.7 and subclauses:

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

3GPP
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N

DN.. :

ij "

DN, :

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

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).

If positive - number of bitsto be repeated in each transmission time interval on TrCH i with transport
format j.

If negative - number of bitsto be punctured in each transmission time interval on TrCH i with transport
format j.

Used in downlink only.

RM;:
PL:

Naatajj-

NCm

data, j

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 data bits that are available for the CCTrCH in a compressed radio frame with TFC j (UL).

N cm,n

data, j

Number of data bits that are available for the CCTrCH in a compressed radio frame with TFC | and radio

frame number nwithin the longest TTI (0 £ n £ Fra) (DL compressed mode by puncturing).
Number of TrCHsin the CCTrCH.

Intermediate calculation variable.
Number of radio frames in the transmission time interval of TrCH i.

Maximum number of radio framesin atransmission time interval used in the CCTrCH :

Frax = Max F
1£i£l
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n: Radio frame number in the transmission time interval of TrCHi (O£ n, < F).

q: 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.

[e(my): 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.

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

Crn DL compressed mode by puncturing Segmentation coefficient for TTI duration F in radio frame count,
and radio frame number nwithin largest TTI (O£ n £ Frg).
TF():  Transport format of TrCH i for the transport format combination j.

TFS(i) Theset of transport format indexes| for TrCH i.
TFCS  The set of transport format combination indexes .
€ni Initial value of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.
lus Increment of variable e in the rate matching pattern determination algorithm of subclause4.2.7.5.
€minus 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(t) in subclause 4.2.3.2.1.

b=2: 1% parity bit (from the upper Turbo constituent encoder). Y(t) in subcaluse 4.2.3.2.1.

b=3: 2™ parity bit (from the lower Turbo constituent encoder). Y'(t) 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 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 x and do Y = X,".

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

Z,; =0
978 RM N N
N X LX Ry
G T NNl o =1 )

ZIJ € J u
¢ aRM. N, i
e ™ d

DN, =2, - Z,_,; - N; forali=1.1

42.7.1 Determination of rate matching parameters in uplink
427.11 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 of one PhCH for all possible spreading factorsis given in [2]. Denote these values
by Nose, Ni2g, Nes, N3o, Nig, Ng, @nd N4, where the index refers to the spreading factor. The possible number of bits
available to the CCTrCH on al PhCHS, Ndatay then arE{ N256, leg, N64, N32, Nle Ng, N4’ 2Ny, 3Ny, 4Ny, 5Ny, 6N4}
Depending on the UE capability and the restrictions from UTRAN, the allowed set of Nyxa , denoted SETO, can be a
subset of { Nass, Ni2g, Nea, Naz, Nig, Ng, Ng 2Ng, 3N, 4Na, SNa, 6Na}. Nyae j fOr the transport format combination j is
determined by executing the following algorithm:
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. [o]
SET1 = { Ngaw in SETO such that E”;gl {RM y}"Ndata - A RMxxNy i isnon negative}
x=1

If SET1is not empty and the smallest element of SET1 requires just one PhCH then
Ndala,j =min SET1
else

I
. o]
SET2 ={ Ngaw in SETO such that 1£nr;2| {RM y}"Ndata - PLxg RMx>xNy i isnon negative }
x=1
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 Ngyaa in SET2

End while

Noataj = Naaa

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
subclause 4.2.7.1.1.

cm
data, j

In compressed mode N isreplaced by NS . in Equation 1. N

data, j isgiven asfollows:

data, j

In compressed mode by higher layer scheduling, N5 . is obtained by executing the algorithm in subclause 4.2.7.1.1

data, j

tr

but with the number of bitsin one radio frame of one PhCH reduced to 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 Ni,g + TGL £ 15

N = N g« . infirst frameif Ngrg + TGL > 15

30- TGL - Ny,q . insecond frameif Njrg + TGL > 15

Nsir¢ and TGL are defined in subclause 4.4.

15- N
2N, ,where N;;, =——FN

In compressed mode by spreading factor reduction, N - = 2N 5 deta

data, j data,j ~

If DN;; = O 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 heed to be executed.

If DN;; * O the parameters listed in subclauses 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for determining €, €qius, and
eminus (regardless if the radio frame is compressed or not).
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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 = g + ged(ggg F)/F -- where ged (gqg, F) means greatest common divisor of ¢qcand F
-- note that g' is not an integer, but a multiple of 1/8
else
qa=q
endif
forx=0to K-1
SF (ce&*qt ¢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 subclause 4.2.7.5, where :
Xi =Ni;., and
&ni = (25(n)DN;i| + 1) mod (2j).
Eius = N
Eminus = S4DNj|

puncturing for DN<O, repetition otherwise.
42.7.1.2.2 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs, i.e. DN ; >0, the parameters in subclause 4.2.7.1.2.1 are used.

If puncturing isto 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
TN, /20, b=2
TN, /20, b=3

If DN; iscalculated as 0 for b=2 or b=3, then the following procedure and the rate matching agorithm of
subclause 4.2.7.5 don't need to be performed for the corresponding parity bit stream.
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Xi = &N;;/30,
gq=é&X;/IDNj|
if(q£2)
for x=0to F-1
I (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 g=q
endif
forx=0toF -1
r=éx*qumodF;
I (3r+b-1) mod F]] = éx*q'udiv F;
endfor
endif
For each radio frame, the rate-matching pattern is cal culated with the algorithm in subclause 4.2.7.5, where:
X isas above:

= (a8(n)ADN;| + X;) mod (axX;), if g, =0 then g, = &% ;.

Golus = axXX;
er'rtirtus:a>a:)Nil:I
4.2.7.2 Determination of rate matching parameters in downlink

For downlink Ngya; does not depend on the transport format combination j. Ngaa+ iS given by the channelization code(s)
assigned by higher layers. Denote the number of physical channels used for the CCTrCH by P. Ngaia» 1S the number of
bits available to the CCTrCH in one radio frame and defined as Ngzta »=P(15Ngata115Ngataz), Where Nyatan @nd Nearap are
defined in [2]. Note that contrary to the uplink, the same rate matching patterns are used in normal and compressed
mode 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 compressed mode by puncturing in case of fixed positions 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 |s decreesed compared to what is calculated accordl ng to the rate matchl ng parameters provrded by
hrgher Iayers . . !
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TTI ,em,m

In fixed positions case, to obtain the total rate matching DN. to be performed on the TTI number m within the

1, max

longest TTI, the size of each radio frame segment FS™™, ni {mxF,,mxF, +1,...,(m+1)>F, - 1}, within TTI

cm,n

: . 1 :
number m is computed by replacing N> by Ngii _and . by SCp ,_in the formulas. SCp. |, denotes the

segmentation coefficient in compressed mode by puncturing and so differs from — in case of unequa segmentation.

DNmafm’m is then simply computed as the difference between the block size before radio frame segmentation and that

before rate matching:

=(m$1)>F,-1 o)
o =E B ST NI
n=m¥, @
here N'" = max N
WRETE. TN ntes()

In case of compressed mode by puncturing and fixed positions, for some calculations, gg:a” Ngaa-is used for radio

. : cmn ! ' ' _ ' '
frames with gap instead of Ndata,* ' where data,* — P ><NTr >(NData1 + NDataZ) l Jdata,* I (15| Jdatal : 15' Jdataz) '

Nz N and Nz N, are the number of bits in the data fields of the slot format used for the current

compressed mode, i.e. dot format A or B as defined in [2] corresponding to the Spreading Factor and the number N+, of
transmitted slots in use._For radio frames not overlapping a transmission gap, but within a longest TTI overlapping with

atransmission gap we have N = N, asusual.

Ny, is the number of transmitted slotsin a compressed radio frame and is defined by the following relation:

15- TGL ,if Nj,g + TGL £ 15

N, = N g« in first frame if Njrg + TGL > 15

30- TGL - Ny,q.insecond frameif Nrs + TGL > 15

Niirs @nd TGL are defined in subclause 4.4.

( TGL .. .
—N—E data 7 i FGE£15

15- N
15

TGL- (A5~ Nyo) (o . .
N oo - - 11 secondradio frame of the gap if N+ TGL =15
\ 15 ’

first pp'

1 1 | H .
Nata, 7 Afirstragio-frame-of-the gap-H Ny +FGE>15
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Nyi;g-and-FGL-are defined-n-subclause 4-4-

42.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

427.21.1 Calculation of DNpax for normal mode and compressed mode by higher layer
scheduling and spreading factor reduction

First an intermediate calculation variable Ni’* iscalculated for al transport channelsi by the following formula:

N.. =ixnmax N
' F iTes(i) ¢

The computation of the DN:’_,rI parameters is then performed in for al TrCH i and all TF | by the following formula,
where DN . isderived from N, . by the formulagiven at subclause 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 subclause 4.2.7.5 does not need to be executed. In this case we have :

"1T TFS(i) DN =0

If DN, * O the parameterslisted in subclauses 4.2.7.2.1.3-4 and 4.2.7.2.1.45 shall be used for determining €, €pius,
and €Eninus.

427.21.2 Calculations for compressed mode by puncturing

Calculations of BN-"""5., DNTL™™ for all TTI mwithin larongest TTI, for all TrChH i

i,max

First an intermediate calculation variable N N .— is calculated for all transport channelsi and all framesnin TTI

T by N the

mwithin the larongest TTI, using the same
Aumber-of-bits AT m-following formula:

N = SC, , xmax N
' OnTRES(i)

SC,. ,, denotes the the segmentation coefficient for TTI duration F; and is determined like in section 4.2.7.2.1.3.

The computation of the BNT™ - DN.'T ™™ parameters is then performed for all TrCH i by the following formula,

i,max
DN‘mﬁ‘iTmax — H:QH:FL DNﬂ-g%
S(mapR-1 G .
DN T .cmm — & (mé) FSCT’n 9- ax N9
hmax e B itrs(i) M @

whereall DN". FST™" are derived from N7 N for all TrChH i and all framesn in TTI m, from the formula

FS™=7.-7.,.
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where Z . is defined by the formula (1) given at subclause 4.2.7 using Ny instead of Nyaa,+, for-the-Ron-compressed

frares-of THHm-and-using-N'qa - Histeash-6f-Nya - —For-the-compressed-frames-of TH-m and using N _instead of

42.7.2.1.3

Determination of rate matching segmentation coefficients

"Fi {124, ,F )" mi }O,L...,F%- 1%‘ ni {01...,F- 1 SC, ,., =206 2"
|

A

e
é 18 cm,n
s S2° N

ey ey e

ém>F3-F-1 lj
cmu

A a. Ndata,* ]

8 u=m¥ H

4.2.7.2.1.34

DN, =DN,_,

Determination of rate matching parameters for uncoded and convolutionally encoded
TrCHs

For compressed mode by puncturing, DN; is defined as: DNy = DN ™™ ingtead of the previous relation.

a=2

N

max

= max N
1T TFS(i)

Tl
il

1, max

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;™
Qni =1
epIus =a'meax
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€

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 subclause 4.2.7.5 is run. The resulting val ues of DN,T,r ' canbe represented with
following expression.

m _E@DN|” X1,
DN/ = g0y sgn(DN,,.)
e max u
4.2.7.2.1.45 Determination of rate matching parameters for Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs, i.e. DN, >0, the parametersin subclause 4.2.7.2.1.3 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 hitsindicated by b=1 shall not be punctured.
_iéDNmax/Zﬁ, b=2
. —| N
" TN, /20, b=3

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

DN, = ¢ DN emM /5 p=2

i,max

DN, = é DN.'" ™M /5 5y p=3

i,max

N, .. = max)(NiTrI 13)

max 1 Trs(i

For each transmission time interval of TrCH i with TF |, the rate-matching pattern is calculated with the algorithm in
subcaluse 4.2.7.5. The following parameters are used as inpuit:

X, =N;"/3
€ = N

€oius = XN
€rinus = AXDN;|

The values of DN,T,r ! may be computed by counting puncturing when the algorithm of subclause 4.2.7.5isrun. The

resulting values of DN,T,r ' can be represented with following expression.

& ¢ 120" X a 6N __ /20 X u
DI\Ii'l"Il'l :_g@l\lmax U I +050_ é| éj max U |lfj
é N a é N 0
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b=2 and the second
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4.2.9 Insertion of discontinuous transmission (DTX) indication bits

In the downlink, DTX isused to fill up the radio frame with bits. The insertion point of DTX indication bits depends on
whether fixed or flexible positions of the TrCHs in the radio frame are used. It is up to the UTRAN to decide for each
CCTrCH whether fixed or flexible positions are used during the connection. DTX indication bits only indicate when the
transmission should be turned off, they are not transmitted.

4.29.1 1% insertion of DTX indication bits

This step of inserting DTX indication bits is used only if the positions of the TrCHs in the radio frame are fixed. With
fixed position scheme a fixed number of bitsis reserved for each TrCH in the radio frame.

The bits from rate matching are denoted by

n=(m-+1)x
- - _ ) i(fin,n FS,?T’ni

n=m¥

h . Fioi- Note that these bits are three valued.
They are defined by the following relations:

Nc=0, k=123 ..G
h.=d k=G+1G+2 G+3, ... DH,

where DTX indication bits are denoted by d. Here gik T {0, 1} andd T {0, 1}.

4.2.9.2 2" insertion of DTX indication bits

The DTX indication bits inserted in this step shall be placed at the end of the radio frame. Note that the DTX will be
distributed over all slots after 2™ interleaving.

The bitsinput to the DTX insertion block are denoted by S, S,, S;,. .., Sg,where Sis the number of bits from TrCH

multiplexing. The number of PhCHsis denoted by P and the number of bits in one radio frame, including DTX
indication bits, for each PhCH by R..

data,*

Innormal mode R = =15N g1 T 15N 45102 » Where Noata @Nd Nt are defined in [2].

For compressed mode by puncturing, N in radio frames overlapping with a transmission gap N is defined as

NS = PXN;, XNpaa + Noaaz) -~ Npae Nagzrand N, N are the number of bitsin the data fields of

data,* data2

the slot format used for the current compressed mode, i.e. dot format A or B as defined in [2] corresponding to the

Spreading Factor and the number Ny, of transmitted slots in use._In radio frames not overlapping with a transmission
cm,n

gap Nz isequal to N, . likein normal mode. n denotes the radio frame number within the longest TTI.
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data,*

DTX shal beinserted up to N g, bath—N: . - bits,
ter [ its. Therefore R is defined as

In compressed mode by SF reduction and by higher layer scheduling, additional DTX shall be inserted if the
transmission time reduction method does not exactly create a transmission gap of the desired TGL. The number of bits
available to the CCTrCH in one radio frame in compressed mode by SF reduction and by higher layer scheduling is

cm

denoted by N . andR= —%2"  The exact value of N . is dependent on the TGL and the transmission time
data, P data,

reduction method, which are signalled from higher layers. For transmission time reduction by SF/2 method in
data,*

N ‘
compressed mode Ngy,. = > and for other methods it can be calculated asNgy, . =N

data,* data,*

- Ny . For

every transmission time reduction method N, = P(15N g0 +15Ng,.,), whereN and Ny, ae the

number of bits in the data fields of a dlot for dot format A or B as defined in [2]. Nrg. is the number of bits that are
located within the transmission gap and defined as:

( :
TGL N

—_— «, if Njrg + TGL £ 15
15 data,

15- Nfirst N

15 datax » INfirst frame if Ny« + TGL > 15

NTGL = <

TGL- (15- N,.) .
Ndata,*’
\ 15

Nsir¢ and TGL are defined in subclause 4.4.

in second frame if Ny« + TGL > 15

NOTE: Incompressed mode by SF/2 method DTX is also added in physical channel mapping stage (subclause
4.2.12.2). During 2" DTX insertion the number of CCTrCH hits is kept the same asin normal mode.

The bits output from the DTX insertion block are denoted by W, , W, , W;,..., WipRj - Note that these bits are four

valued in case of compressed mode by puncturing, and three valued otherwise. They are defined by the following
relations:

W, =S k=123 ..,S
W, =d k=S+1,S+2,S+3, ..., PR

where DTX indication bits are denoted by d. Here S 1 {0,1, pyand d 1 {0,1}.

4.2.10 Physical channel segmentation

When more than one PhCH is used, physical channel segmentation divides the bits among the different PhCHs. The bits
input to the physical channel segmentation are denoted by X, X,, X;,..., X, , where Y is the number of bits input to the
physical channel segmentation block. The number of PhCHs is denoted by P.

The bits after physical channel segmentation are denoted Upgs UposUpsse e Uy where p is PhCH number and U isthe
number of bitsin one radio frame for each PhCH, i.e. U=(Y—N¢ }-/-Pfor-compressed-mode-by-puncturing,-and

Y
U= 5 otherwise. The relation between Xk and Upk is given below.
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Bits on first PhCH after physical channel segmentation:

U, k= X, k) k=1,2,...,U
Bits on second PhCH after physical channel segmentation:
Uz, k= Xtk Uy k=12,..,U

Bits on the P" PhCH after physical channel segmentation:

Up, k= X, fk+(P-1) U) k=12,...,U

seenﬂfer—bkt&ui%—u#m%ma%ﬂ%aw—

4.2.10.1 Relation between input and output of the physical segmentation block in
uplink

The bitsinput to the physical segmentation aredenoted by S, S,, S;,...,Sg. Hence, Xk = Skand Y= S
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