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The coding and multiplexing needs to handle transport block numbers of zero, i.e. the case when no transport blocks
arrive for transmission in the TTI. Efficient handling of zero transport blocks is important, but exactly how to handle
them is not clearly specified in al partsof TS 25.212.

Another scenario can be awhole CCTrCH that has zero transport blocks on all TrCHs. Also this case needsto be
handled.

Clearly, one do not want to send any bits at all when there is no data to be transmitted, i.e. no CRC shall be attached,
no tail bits shall be added, no coding shall be performed, etc.

The impact on the downlink and uplink functions for the cases with zero length transport blocks is listed below.
Downlink:
CRC attachment: If no transport blocks are available (M; = 0), the function shall be transparent.
TrBk concatenation/code block segmentation: The function can handle the case of no input bits.
Channd coding: If no code blocks are available (C; = 0), the function shall be transparent (E; = 0).

Rate matching: The function can handle the case of TrCHs having zero length transport blocks as long as not all
TrCHs within the CCTrCH have zero length. If no input bits are available from al TrCHs within the CCTrCH,
the function shall be transparent

Insertion of DTX indication with fixed positions: The function can handle the case of no input bits.
1% interleaving: The function can handle the case of no input bits which is possible for flexible positions.

Radio frame segmentation: The function can handle the case of no input bits which is possible for flexible
positions.

TrCH multiplexing: The function can handle the specia case for all TrCHs within a CCTrCH having zero bits
which is possible for flexible positions.

Insertion of DTX indication with flexible positions: The function can handle the case of no input bits.
Physical channel segmentation: No impact since there will always be at least DTX indication bits.
2" interleaving: No impact since there will always be at least DTX indication bits.

Physical channel mapping: The function can handle the case of CCTrCHs containing only DTX indication bits.

Uplink:
CRC: If no transport blocks are available (M; = 0), the function shall be transparent.
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TrBk concatenation/code block segmentation: The function can handle the case of no input bits.
Channd coding: If no code blocks are available (C; = 0), the function shall be transparent (E; = 0).
Radio frame size equalisation: The function can handle the specia case of no input bits.

1% interleaving: The function can handle the special case of no input bits.

Radio frame segmentation: The function can handle the specia case of no input bits.

Rate matching: The function can handle the case of TrCHs having zero length transport blocks as long as not all
TrCHs within the CCTrCH have zero length. If no input bits are available from al TrCHs within the CCTrCH,
the function shall be transparent and no uplink DPDCH shall be selected.

TrCH multiplexing: The function can handle the special case of all TrCHs within a CCTrCH having zero length.

Physical channel segmentation: The function can handle the special case of al TrCHs within a CCTrCH having
zero length.

2" interleaving: The function can handle the special case of all TrCHs within a CCTrCH having zero length.

Physical channel mapping: The function can handle the special case of all TrCHs within a CCTrCH having zero
length, i.e. no uplink physical channel is selected in this case.

From the above list, it can be noted that some additional information is heeded in 25.212 to handle the special cases
with zero length transport blocks.

It is proposed to include the case of zero length transport blocks into the descriptions of CRC attachment (4.2.1.1),
channel coding (4.2.3) and rate matching (4.2.7).

Changes from CR 25.212-012 (R1-99i56):

1. Section 4.2.1.1 (CRC Calculation): “If no transport blocks are input to the CRC calculation (M; = 0), no CRC
attachment shall be done.”

2. Section 4.2.3 (Channel coding): “If no code blocks are input to the channel coding (C; = 0), no bits shall be output
from the channel coding, i.e. E; =0."

3. Section 4.2.7 (Rate Matching): “...and no uplink DPDCH will be selected in the case of uplink rate matching.”
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4.2.1 Error detection

Error detection is provided on transport blocks through a Cyclic Redundancy Check. The CRC is 24, 16, 12, 8 or 0
bits and it is signalled from higher layers what CRC length that should be used for each TrCH.

42.1.1 CRC Calculation

The entire transport block is used to calculate the CRC parity bits for each transport block. The parity bits are
generated by one of the following cyclic generator polynomials:

Ocre2a(D) =D? +D® +D® +D°+D + 1
Ocres(D) =D+ D2+ D%+ 1
Ocrez(D) =D+ D™ + D+ D*+ D +1
Ocres(D) = D2+D’+D*+D%+D +1
Denote the bitsin atransport block delivered to layer 1 by &y, 85, 8imgs- - -1 &imy, » @d the parity bits by

Pinas Pimz1 Pimgs- -1 Py, - A isthe length of atransport block of TrCH i, misthe transport block number, and L; is
24,16, 12, 8, or 0 depending on what is signalled from higher layers.

The encoding is performed in a systematic form, which means that in GF(2), the polynomial
amD " + 8, DV +.. +8,, D* + puD® + P, D¥ +. + Py DY+ Py
yields aremainder equal to O when divided by gcre24(D), polynomial

A +15 A +14

8D ™ +8,,D%™ +..+8,, D + pyuD” + P DY+ + PusD' + P
yields aremainder equal to O when divided by gcreis(D), polynomial

amD ™ +a,, DA +. 48, D + Py D + PeD o Py DY+ P
yields aremainder equal to O when divided by gcre12(D) and polynomial

8D +8,,D "+ 48, D° + D’ + D+ # Py DT P
yields aremainder equal to O when divided by gcres(D).

If no transport blocks are input to the CRC calculation (M; = 0), no CRC attachment shall be done.

42.1.1.1 Relation between input and output of the Cyclic Redundancy Check

The bits after CRC attachment are denoted by B4, 05,8, -, Dg , Where Bi=Ai+L;. The relation between aimi

and bk is:
B =& k=1,23, ..., A

hmk = plm(Li+1-(k-A)) k=A+1,A+2,A+3 ..., A +L
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blocks on TrCH i is denoted by M;. The bits after concatenation are denoted by X, X5, X5,
TrCH number and X;=M;B;. They are defined by the following relations:

X, =by k=12 ..8
Xik :h,z,(k- B) k=B +1B+2..,2B

X =B g .28y k= 2B+ 1,28+ 2, ..., 3B,

Xik = h,Mi,(k- (M, -1)B,) k= (M, - 1)B| + 1, (M, - 1)B| + 2, . MiBi

4.2.2.2 Code block segmentation

..+ Xy, » Wherei isthe

Segmentation of the bit sequence from transport block concatenation is performed if X;>Z. The code blocks after
segmentation are of the same size. The number of code blocks on TrCH i is denoted by C;. If the number of bits input
to the segmentation, X;, is not a multiple of G, filler bits are added to the last block. The filler bits are transmitted and

they are always set to 0. The maximum code block sizes are:
convolutional coding: Z = 504
turbo coding: Z = 5114

no channel coding: Z = unlimited

The bits output from code block segmentation are denoted by 0,0, ,,0,3,...,0, , wherei isthe TrCH number, r

is the code block number, and K; is the number of hits.
Number of code blocks: C; = éX; / Zu
Number of bitsin each code block: K; = éX; / Ciu
Number of filler bits: Y; = CK; - X
If X; £ Z, then Oj1x = Xk, and K; = X;.
If X;3 Z, then
Oy =% k=12 ..,K;

O = Xi,(k+|<i) k=12 ..,K;

Ok = X (ke2k) K= 1,2, .., K

OiCik :Xi(k+(c|.1)|<i) k=1,2..,K-Y

Oc. =0k=(Ki-Y)+1,(Ki-Y)+2 .., K

4.2.3 Channel coding

Code blocks are delivered to the channel coding block. They are denoted by O,,,0,,,0,3,..

.10 Whereiisthe

TrCH number, r is the code block number, and K; is the number of bitsin each code block. The number of code blocks

on TrCH i is denoted by C;. After encoding the bits are denoted by Vi 1, Yir2s Yirzs--+» Yiry,
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serialy multiplexed so that the block with lowest index r is output first from the channel coding block. The bits output
aredenoted by G,,GC,,GCg,...,Cg , wherei isthe TrCH number and E; = C;Y;. The output bits are defined by the
following relations:

Ch =V k=12..Y
Cy = yi,Z,(k-Yi) k=Y, +1 Y +2..2Y,

Cik = yi,3,(k-2Yi) k: 2Y| + 1, 2Y| + 2, ey 3Y|

Ck =Vic.kc-ny)y K=G-DYi+L(G-DYi+2..,GY

The relation between Ok and Yirk and between K; and Y; is dependent on the channel coding scheme.

The following channel coding schemes can be applied to TrCHSs:

- Convolutiona coding

- Turbo coding

- No channel coding
The vaues of Y; in connection with each coding scheme:

- Convolutional coding, Y2rate: Y; = 2*K; + 16; 1/3rate: Y; = 3*K; + 24

- Turbo coding, /3 rate: Y; = 3*K; + 12

- No channel coding, Y; = K;

Table 1: Error Correction Coding Parameters

Transport channel type Coding scheme Coding rate

BCH

PCH

FACH 172

RACH Convolutional code

CPCH

DCH 1/3, 1/2 or no coding
CPCH

DCH Turbo Code 1/3 or no coding

If no code blocks are input to the channel coding (G = 0), no bits shall be output from the channel coding, i.e. E; = 0.
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The input bit sequence is denoted by X;, X5, X3,..., Xx wherei isthe TrCH number and X; is the number bits. The

Fi output bit sequences per TTI are denoted by Y, 11, Yin2s Yinsr---» ¥iny Whereni isthe radio frame number in
current TTI and Y; is the number of bits per radio frame for TrCH i. The output sequences are defined as follows:

yi,nik = Xi,((ni-1)>‘¥i)+k =1 F,j=1.Y
where
Y; = (X / F;) isthe number of bits per segment,

X, isthe k™ bit of the input bit sequence and
Yinkisthe k™ bit of the output bit sequence corresponding to the n™ radio frame

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

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;;, d;,,d 5, ..., d;r , wherei isthe TrCH

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

The output bit sequence corresponding radio frame n; isdenoted by §,,6,,65,...,6y , wherei isthe TrCH number

and N; is the number of bits. Hence, § , = Y; ,, and N = Y.

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 ¢}, 0}, G- .., g , Wherei isthe TrCH number and

Q the number of bits. Hence, Xk = ik and X = Q.

The output bit sequence corresponding to radio frame n; isdenoted by f,,, i, fi5,..., fi\,i , wherei isthe TrCH

number and V; is the number of bits. Hence, f;, = YinkandV =Y.

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 bits to 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 intervals in uplink is changed, bits are repeated or punctured to ensure that the total bit rate after
second multiplexing isidentical to the total channel bit rate of the allocated dedicated physical channels.

If no bits are input to the rate matching for al 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 ainteger but a multiple of 1/8).
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N.;":  Number of bitsin atransmission time interval before rate matching on TrCH i with transport formeat |
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 bitsto 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.

Naata: 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 framesin the transmission time interval of TrCH i.

n;: Radio frame number in the transmission time interval of TrCH i (O£ n, < F).
g Average puncturing distance. Used in uplink only.

[e(m): 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.

Sny): 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 4.2.7.4.
lus Increment of variable e in the rate matching pattern determination algorithm of section 4.2.7.4.

€minus Decrement of variable e in the rate matching pattern determination algorithm of section 4.2.7.4.

X: Systematic bit in section 4.1.3.2.1.
Y: 1% parity bit (from the upper Turbo constituent encoder) in section 4.1.3.2.1.
Y: 2" parity bit (from the lower Turbo constituent encoder) in section 4.1.3.2.1.

NOTE: Timeindextin section 4.1.3.2.1 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 X, =Y ". In the right wing of an
assignment, the meaning isthat "Y = X. " isequivalent to "takeany xand do Y = X, "
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The following relations, defined for all TFC j, are used when calculating the rate matching parameters:

Z,, =0
éd G
aA RM,, <N, o
Z, =" >N, 0 foralli=1.1 o
€4 RM,, <N, u
m=1 H
DN =Z; - Zi.y; - Ny forali=1.1
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