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Introduction
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4.2 Transport-channel coding/multiplexing
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Figure 1. Transport channel multiplexing structure for uplink.

4.2.4 Radio frame size equalisation

Radio frame size equalisation is padding the input bit sequence in order to ensure that the output can be
segmented in Fi data segments of same size as described in section 4.2.6. Radio frame size equalisation is
only performed in the UL (DL rate matching output block length is always an integer multiple of Fi)

The input bit sequence to the radio frame size equalisation is denoted by
iiEiii cccc ,,,, 321 K , where i is

TrCH number and Ei the number of bits. The output bit sequence is denoted by
iiTiii tttt ,,,, 321 K , where Ti

is the number of bits. The output bit sequence is derived as follows:

              tik = cik, for k = 1… Ei  and
              tik = {0 | 1} for k= Ei +1… Ti, if Ei < Ti

              where

              Ti = Fi * Ni  and

              ( )  11 +−= iii FEN  is the number of bits per segment after size equalisation.

4.2.44.2.5 1st interleaving

The 1st interleaving is a block interleaver with inter-column permutations.of channel interleaving
consists of two stage operations. The input bit sequence to the 1st interleaver is denoted by

iiXiii xxxx ,,,, 321 K , where i is TrCH number and Xi the number of bits (at this stage Xi is assumed

and guaranteed to be an integer multiple of TTI). In first stage, the input sequence is written into
rectangular matrix row by row. The second stage is inter-column permutation. The two-stage
operations are described as follows, the input block length is assumed to be K1. The output bit
sequence is derived as follows:

First Stage:

(1)         Select a the column number of columns C1 CI from Table 1Table 4-3.
(2)          Determine a the row number of rows R1 RI defined as by finding minimum integer R1 such that,
                            RI = Xi/CIK1 <= R1 ×  C1.
(3) (3) Write Tthe input bit sequence of the 1st interleaving is written into the R1 RI ×  C1 CI

rectangular matrix row by row starting with bit 1,ix  in the first column of the first row and ending

with bit )(, IICRix  in column CI of row RI:.
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Second Stage:



 (41)       Perform the inter-column permutation based on the pattern {P1 (j)} (j=0,1, ..., C-1) that is shown in
Table 4-3, where P1 (j) is the original column position of the j-th permuted column. After
permutation of the columns, the bits are denoted by yik:
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 (25)       Read Tthe output bit sequence )(,321 ,,,,
II RCiiii yyyy K  of the 1st interleaving is the sequence

read out column by column from the inter-column permuted RI ×  CI R1 ×  C1 matrix. Bit 1,iy

corresponds to the first row of the first column and bit )(, IICRiy  corresponds to row RI of column

CI. and the output is pruned by deleting the non-existence bits in the input sequence, where the
deleting bits number l1 is defined as:

l1 = R1 ×  C1 – K1.

Table 4-3

Interleaving spanTTI Column nNumber of
columns CI1

Inter-column permutation patterns

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}

4.2.5.1 Relation between input and output of 1st interleaving in uplink

The bits input to the 1st interleaving are denoted by
iiTiii tttt ,,,, 321 K , where i is the TrCH number and Ei

the number of bits. Hence, xik = tik and Xi = Ti.

The bits output from the 1st interleaving are denoted by
iiTiii dddd ,,,, 321 K , and dik = yik.

4.2.5.2 Relation between input and output of 1st interleaving in downlink

If fixed positions of the TrCHs in a radio frame is used then the bits input to the 1st interleaving are denoted

by )(321 ,,,,
ii HFiiii hhhh K , where i is the TrCH number. Hence, xik = hik and Xi = FiHi.

If flexible positions of the TrCHs in a radio frame is used then the bits input to the 1st interleaving are

denoted by 
iiGiii gggg ,,,, 321 K , where i is the TrCH number. Hence, xik = hik and Xi = Gi.

The bits output from the 1st interleaving are denoted by 
iiQiii qqqq ,,,, 321 K , where i is the TrCH number

and Qi is the number of bits. Hence, qik = yik, Qi = FiHi if fixed positions are used, and Qi = Gi if flexible
positions are used.



4.2.54.2.6 Radio frame segmentation

When the transmission time interval is longer than 10 ms, the input bit sequence is segmented and mapped
onto consecutive radio frames. Following rate matching in the DL and radio frame size equalisation in the
UL the input bit sequence length is guaranteed to be an integer multiple of Fi.

The input bit sequence is denoted by 
iiXiii xxxx ,,,, 321 K  where i is the TrCH number and Xi is the

number bits. The Fi output bit sequences per TTI are denoted by  
iiiii Ynininini yyyy ,3,2,1, ,,,, K where ni is

the radio frame number in current TTI and Yi is the number of bits per radio frame for TrCH i. The output
sequences are defined as follows:

              kni i
y , = ( )( ) kYni ii

x +⋅−1, , ni = 1…Fi, j = 1…Yi

              where

              Yi = (Xi / Fi) is the number of bits per segment,

              ikx  is the kth bit of the input bit sequence and

              kni i
y , is the kth bit of the output bit sequence corresponding to the nth radio frame

The ni -th segment is mapped to the ni -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 
iiTiii dddd ,,,, 321 K , where i is the

TrCH number and Ti the number of bits. Hence, xik = dik and Xi = Ti.

The output bit sequence corresponding  radio frame ni is denoted by 
iiNiii eeee ,,,, 321 K , where i is the

TrCH number and Ni is the number of bits. Hence, kniki i
ye ,, = and Ni = Yi.

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

The bits input to the radio frame segmentation are denoted by 
iiQiii qqqq ,,,, 321 K , where i is the TrCH

number and Qi the number of bits. Hence, xik = qik and Xi = Qi.

The output bit sequence corresponding to radio frame ni is denoted by 
iiViii ffff ,,,, 321 K , where i is the

TrCH number and Vi is the number of bits. Hence, kniki i
yf ,, = and Vi = Yi.

Each transport channel with transmission time interval 10, 20, 40, or 80 msec is segmented into 10 msec
equi-sized data blocks. Those segmented 1, 2, 4, or 8 blocks, depending on transmission time interval, are
output to rate matching for uplink and 2nd multiplexing for downlink in block-wise order at every 10 msec.
Figure B-1 and B-2 illustrate data flow from 1st interleaver down to 2nd interleaver in both uplink and
downlink channel coding and multiplexing chains. In the figures, it is assumed that there are N different
channel coding and multiplexing chains. The following subsections describe input-output relationship of
radio frame segmentation in bit-wise manner, referring to the notations in Figure B-1 and B-2, where the
notations in each data block, for examples L1, R1, K1, P/M, etc., indicate number of bits of the data block.
Define some notations:



Li = Size of ith transport channel data in bits to radio frame segmentation
Ti = Transmission Time Interval of ith channel coding and multiplexing chain (msec) / 10 (msec)
So, Ti ∈ {1, 2, 4, 8} for i = 0, 1, 2, …,N

4.2.5.1Radio frame size equalization

ith transport channel data of size Li is segmented into radio frames of size Li/Ti. Since the size of radio
frame, Li/Ti is not necessarily an integer, some of Ti the radio frames will contain one bit less than others.
For systematic process of the proceeding functional blocks, the radio frame sizes are equalized to be one
finite size by considering the number of proper filler bits. Note that maximum possible filler bits are 7 for
transmission time interval of 80 msec. These filler bits are evenly distributed over the one-bit short radio
frames. Following is the algorithm of radio frame size equalization.

t = radio frame index (1, 2, 3, …, Ti) for a given ith channel coding and multiplexing chain
ri = Ti - (Li mod Ti) ∈ {0, 1, 2, …, Ti-1}     // number of filler bits

(Li + ri)/ Ti =Ri                       // Target radio frame size for uplink
(Li + ri)/ Ti =Ki                      // Target radio frame size for downlink
If ri ≠ 0 then
   For each t (≥ Ti-ri+1)
   Add one filler bit to the end of tth radio frame
   End
End If

4.2.5.2Radio frame segmentation rule

Parameter ri for segmentation are determined in radio frame size equalization.

The bits before radio frame segmentation for ith channel coding and multiplexing chain are denoted by:
bi1, bi2, … biLi

Bits after radio frame segmentation block are 10 msec-based and denoted by:
ci1, … ci,(Li+ri)/Ti
and related to the input bits to radio frame segmentation as follows.

Bits after radio frame segmentation in the first 10 msec time interval: (t=1)
cij = bij                         j=1,2, …,  (Li+ri)/Ti

                         ((Li+ ri)/Ti equals to Ri and Ki for uplink and downlink, respectively.)
Bits after radio frame segmentation in the second 10 msec time interval: (t=2)
cij = bi,(j+(Li+ri)/Ti)

                      j=1,2, …, (Li+ri)/Ti

…

Bits after radio frame segmentation in the (Ti
 –ri)

th 10 msec time interval: (t=Ti
 –ri)

cij = bi,(j+(Ti-ri-1) (Li+ri)/Ti)
  j=1,2, …, (Li+ri)/Ti

Bits after radio frame segmentation in the (Ti
 –ri+1)th 10 msec time interval: (t=Ti

 –ri+ 1 )
cij = bi,(j+(Ti-ri) (Li+ri)/Ti)

    j=1,2, …, (Li+ri)/Ti-1

cij = filler_bit(0/1)                        j= (Li+ri)/Ti                  (filler bit)
…

Bits after radio frame segmentation in the Ti
th 10 msec time interval: (t=Ti)



cij = bi,(j+(Ti-1) (Li+ri)/Ti)
     j=1,2, …, (Li+ri)/Ti-1

cij = filler_bit(0/1)                        j=(Li+ri)/Ti                  (filler bit)

Annex B (informative):
Data flow from radio frame segmentation to physical channel
segmentation
Remove Annex B


