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4.5.3 Channel coding for HS-DSCH  

Channel coding for the HS-DSCH transport channel shall be done with the general method described in 4.2.3.2 above 
with the following specific parameters. 

There will be a maximum of one transport block, i = 1. The rate 1/3 turbo coding shall be used. 
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4.5.6 Interleaving for HS-DSCH 

The interleaving for TDD is done over all bits in the TTI, as shown in figure 17 when QPSK modulation is being used 
for the HS-DSCH, and figure 18 when 16-QAM modulation is being used. The bits input to the block interleaver are 
denoted by s1, s2, s3, ..., sR , where R is the number of bits in one TTI. 

Block Interleaver
(R2 x 30)

Rsss ,...,, 21 Rvvv ,...,, 21

 

Figure 17: Interleaver structure for HS-DSCH with QPSK modulation 

For QPSK, the interleaver is a block interleaver and consists of bits input to a matrix with padding, the inter-column 
permutation for the matrix and bits output from the matrix with pruning. The output bit sequence from the block 
interleaver is derived as follows: 

(1) The number of columns of the matrix is 30. The columns of the matrix are numbered 0, 1, 2, …, 29 from left to 
right. 

(2) Determine the number of rows of the matrix, R2, by finding minimum integer R2 such that R ≤ 30 × R2. The 
rows of rectangular matrix are numbered 0, 1, 2, …, R2 – 1 from top to bottom. 

(3) Write the input bit sequence s1, s2, s3, ..., sR into the R2 × 30 matrix row by row starting with bit y1 in column 0 of 
row 0: 
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where yk = sk for k = 1, 2, …, R and, if R < 30×R2, dummy bits are inserted for k = R+1, R+2, …, 30×R2. These 
dummy bits are pruned away from the output of the matrix after the inter-column permutation. 

(4) Perform the inter-column permutation for the matrix based on the pattern }29,...,1,0{
)(2

∈j
jP

 that is shown in 
Table 7, where P2(j) is the original column position of the j-th permuted column. After permutation of the 
columns, the bits are denoted by y’k. 
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(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column 
permuted R2×3030×R2 matrix. The output is pruned by deleting dummy bits that were padded to the input of the 
matrix before the inter-column permutation, i.e. bits y’k that corresponds to bits yk with k > R are removed from 
the output. The bits after interleaving are denoted by v1, v2, v3, ..., vR, where v1 corresponds to the bit y’k with 
smallest index k after pruning, v2 to the bit y’k with second smallest index k after pruning, and so on. 
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Block Interleaver
(R2 x 30)

Rsss ,...,, 21 Rvvv ,...,, 21

Block Interleaver
(R2 x 30)

236521 ,,...,,,, −− RR ssssss

RR ssssss ,,...,,,, 18743 −

236521 ,,...,,,, −− RR vvvvvv

RR vvvvvv ,,...,,,, 18743 −

 

Figure 18: Interleaver structure for HS-DSCH with 16-QAM modulation 

For 16QAM, a second identical interleaver operates in parallel to the first. For both interleavers, R2 is chosen to be the 
minimum integer that satisfies R ≤ 60 × R2. The output bits from the bit scrambling operation are divided pairwise 
between the interleavers: bits sk and sk+1 go to the first interleaver and bits sk+2 and sk+3 go to the second interleaver, 
where k mod 4 = 1. Bits are collected pairwise from the interleavers: bits vk and vk+1 are obtained from the first 
interleaver and bits vk+2 and vk+3 are obtained from the second interleaver, where again k mod 4 = 1. 
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4.2 General coding/multiplexing of TrCHs 
This section only applies to the transport channels: DCH, RACH, DSCH, USCH, BCH, FACH and PCH. Other 
transport channels which do not use the general method are described separately below. 

Figure 1 illustrates the overall concept of transport-channel coding and 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 {5 ms(*1), 10 ms, 20 ms, 40 ms, 80 ms}. 

Note: (*1)  may be applied for PRACH for 1.28 Mcps TDD 

The following coding/multiplexing steps can be identified: 

- add CRC to each transport block (see subclause 4.2.1); 

- TrBk concatenation / Code block segmentation (see subclause 4.2.2); 

- channel coding (see subclause 4.2.3) ; 

- radio frame size equalization (see subclause 4.2.4); 

- interleaving (two steps, see subclauses 4.2.5 and 4.2.11 4.2.10); 

- radio frame segmentation (see subclause 4.2.6); 

- rate matching (see subclause 4.2.7); 

- multiplexing of transport channels (see subclause 4.2.8); 

- bit scrambling (see subclause 4.2.9); 

- physical channel segmentation (see subclause 4.2.10); 

- sub-frame segmentation(see subclause 4.2.11A only for 1.28Mcps TDD) 

- mapping to physical channels (see subclause 4.2.12). 

The coding/multiplexing steps for uplink and downlink are shown in figures 1 and 1A. 
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Figure 1: Transport channel multiplexing structure for uplink and downlink for 3.84Mcps TDD 
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Figure 1A: Transport channel multiplexing structure for uplink and downlink of 1.28Mcps TDD 
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Primarily, transport channels are multiplexed as described above, i.e. into one data stream mapped on one or several 
physical channels. However, an alternative way of multiplexing services is to use multiple CCTrCHs (Coded Composite 
Transport Channels), which corresponds to having several parallel multiplexing chains as in figures 1 and 1A, resulting 
in several data streams, each mapped to one or several physical channels. 
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4.2.3.2.3 Turbo code internal interleaver 

The Turbo code internal interleaver consists of bits-input to a rectangular matrix with padding, intra-row and inter-row 
permutations of the rectangular matrix, and bits-output from the rectangular matrix with pruning. The bits input to the 

Turbo code internal interleaver are denoted by Kxxxx ,,,, 321 K , where K is the integer number of the bits and takes 

one value of 40 ≤  K ≤  5114. The relation between the bits input to the Turbo code internal interleaver and the bits 

input to the channel coding is defined by irkk ox =  and K = Ki. 

The following subclause specific symbols are used in subclauses 4.2.3.2.3.1 to 4.2.3.2.3.3 4.2.3.4.3.3: 

K Number of bits input to Turbo code internal interleaver 

R Number of rows of rectangular matrix 

C Number of columns of rectangular matrix 

p Prime number 

v Primitive root 

( ) { }2,,1,0 −∈ pj
js

L
   Base sequence for intra-row permutation 

qi Minimum prime integers 

ri Permuted prime integers 

( ) { }1,,1,0 −∈ Ri
iT

L
   Inter-row permutation pattern 

( )
{ }1,,1,0 −∈ Cj

jiU
L

  Intra-row permutation pattern of i-th row 

i Index of row number of rectangular matrix 

j Index of column number of rectangular matrix 

k Index of bit sequence 
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4.2.7 Rate matching 

Rate matching means that bits on a TrCH are repeated or punctured. Higher layers assign a rate-matching attribute for 
each TrCH. 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 TrCH can vary between different transmission time intervals. When the number of bits between 
different transmission time intervals is changed, bits are repeated to ensure that the total bit rate after TrCH 
multiplexing is identical to the total channel bit rate of the allocated 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. 

Notation used in subclause 4.2.7 and subclauses: 

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

jiN ,∆  : If positive – number of bits to be repeated in each radio frame on TrCH i with transport format 

combination j. 

If negative – number of bits to be punctured in each radio frame on TrCH i with transport format 
combination j. 

RMi :  Semi-static rate matching attribute for TrCH i. Signalled from higher layers. 

PL :  Puncturing limit. This value limits the amount of puncturing that can be applied in order to minimise the 
number of physical channels. Signalled from higher layers. The allowed puncturing in % is actually equal 
to (1-PL)*100. 

Ndata,j : Total number of bits that are available for a CCTrCH in a radio frame with transport format 
combination j. 

P :   number of physical channels used in the current frame. 

Pmax :  maximum number of physical channels allocated for a CCTrCH. 

Up :  Number of data bits in the physical channel p with p = 1...P. 

I :   Number of TrCHs in a CCTrCH. 

Zij :  Intermediate calculation variable. 

Fi :   Number of radio frames in the transmission time interval of TrCH i. 

ni :   Radio frame number in the transmission time interval of TrCH i (0 ≤ ni < Fi). 

q : Average puncturing or repetition distance(normalised to only show the remaining rate matching on top of 
an integer number of repetitions). 

P1F(ni) : The column permutation function of the 1st interleaver, P1F(x) is the original position of column with 
number x after permutation. P1 is defined on table 4 of section 4.2.5 (note that P1F self-inverse). 

S[n] :  The shift of the puncturing or repetition pattern for radio frame ni when ( )iF nn
i

1P= . 

TFi(j) :  Transport format of TrCH i for the transport format combination j. 

TFS(i) : The set of transport format indexes l for TrCH i. 

eini :  Initial value of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.3. 

eplus :  Increment of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.3. 

eminus :  Decrement of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.3. 
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b :   Indicates systematic and parity bits. 

b=1: Systematic bit. X(t) in subclause 4.2.3.2.1. 

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

b=3: 2nd parity bit (from the lower Turbo constituent encoder). Y'(t) in subclause 4.2.3.2.1. 
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4.2.12.1 Physical channel mapping for the 3.84 Mcps option 

The PhCH for both uplink and downlink is defined in [76]. The bits after physical channel mapping are denoted by 

pUppp www ,2,1, ,,, K , where p is the PhCH number corresponding to the sequence number 1≤ p≤ P of this physical 

channel as detailed below, Up is the number of bits in one radio frame for the respective PhCH, and P≤. Pmax. The bits 
wp,k are mapped to the PhCHs so that the bits for each PhCH are transmitted over the air in ascending order with 
respect to k. 

The physical layer shall assign the physical channel sequence number p to the physical channels of the CCTrCH in the 
respective radio frame, treating each allocated timeslot in ascending order.  If within a timeslot there are multiple 
physical channels they shall first be ordered in ascending order of the spreading factor (Q) and subsequently by 
channelisation code index (k), as shown in [9]. 

The mapping of the bits 
tUttt vvv ,2,1, ,...,,  is performed like block interleaving, writing the bits into columns, but a 

PhCH with an odd number is filled in forward order, whereas a PhCH with an even number is filled in reverse order. 

The mapping scheme, as described in the following subclause, shall be applied individually for each timeslot t used in 

the current frame. Therefore, the bits 
tUttt vvv ,2,1, ,...,,  are assigned to the bits of the physical channels 

ttPttt UPtUtUt www ...1,,...1,2,...1,1, ,...,,
21

 in each timeslot. 

In uplink there are at most two codes allocated (P≤2). If there is only one code, the same mapping as for downlink is 
applied. Denote SF1 and SF2 the spreading factors used for code 1 and 2, respectively. For the number of consecutive 
bits to assign per code bsk the following rule is applied: 

if 

SF1 >= SF2  then bs1 = 1  ; bs2 =  SF1/SF2 ; 

else 

SF2 > SF1  then bs1 = SF2/SF1; bs2 = 1 ; 

end if 

In the downlink case bsp is 1 for all physical channels. 
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4.5 Coding for HS-DSCH 
Figure 15 illustrates the overall concept of transport-channel coding for HS-DSCH. Data arrives at the coding unit in the 
form of one transport block once every TTI. The TTI is 5 ms for 1.28 Mcps TDD and 10 ms for 3.84 Mcps TDD. 

The following coding steps for HS-DSCH can be identified: 

- add CRC to each transport block (see subclause 4.5.1); 

- code block segmentation (see subclause 4.5.2); 

- channel coding (see subclause 4.5.3); 

- hybrid ARQ (see subclause 4.5.4); 

- bit scrambling (see subclause 4.5.5); 

- interleaving for HS-DSCH (see subclause 4.5.6); 

- constellation re-arrangement for 16QAM (see subclause 4.5.7); 

- mapping to physical channels (see subclause 4.5.8). 

The coding steps for HS-DSCH are shown in figure 15. 
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CRC attachment 
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PhCH#1 PhCH#P 

Bit Scrambling 

a im1 ,a im2 ,a im3 ,...a imA 

b im1 ,b im2 ,b im3 ,...b imB 
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s 1 ,s 2 ,s 3 ,...s R 

v 1 ,v 2 ,v 3 ,...v R 

w 1 ,w 2 ,w 3 ,...w R 

HS-DSCH 
Interleaving 

Physical channel mapping 

Constellation 
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for 16 QAM 

r 1 ,r 2 ,r 3 ,...r R 

Physical Layer Hybrid-ARQ 
functionality 

c i1 ,c i2 ,c i3 ,...c i E 

wt,p,1,wt,p,2,…wt,p,Up 

 

Figure 15. Coding chain for HS-DSCH 

In the following the number of transport blocks is always one. When referencing non HS-DSCH formulae which are 
used in correspondence with HS-DSCH formulae the convention is used that transport block subscripts may be omitted 
(e.g. Xi when i is always 1 may be written X). 
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4.5.7 Constellation re-arrangement for 16 QAM 

This function only applies to 16 QAM modulated bits. In case of QPSK it is transparent. 

The following table 15 describes the operations that produce the different rearrangements. 

The bits of the input sequence are mapped in groups of 4 so that vk, vk+1, vk+2, vk+3 are used, where k mod 4 = 1. 

Table 15: Constellation re-arrangement for 16 QAM 

Constellation 
version 

parameter b 
Output bit sequence  Operation 

0 321 +++ kkkk vvvv  None  

1 132 +++ kkkk vvvv  Swapping MSBs with LSBs 

2 321 +++ kkkk vvvv  Inversion of the logical values of LSBs 

3 132 +++ kkkk vvvv  
Swapping MSBs with LSBs, and inversion of the logical 

values of LSBs 
 

The output bit sequences from the table above map to the output bits in groups of 4, i.e. rk, rk+1, rk+2, rk+3, where k mod 
4 = 1. 
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4.6.1.1 Channelisation code set information mapping 

HS-PDSCH channelisation codes are allocated contiguously from a signalled start code to a signalled stop code, and the 
allocation includes both the start and stop code. The start code kstart is signalled by the bits xccs,1, xccs,2, xccs,3, xccs,4 and the 
stop code kstop by the bits xccs,5, xccs,6, xccs,7, xccs,8. The mapping in Table 16 below applies. 

Table 16: Channelisation code set information mapping 

kstart xccs,1 xccs,2 xccs,3 xccs,4 kstop xccs,5 xccs,6 xccs,7 xccs,8 
1 0 0 0 0 1 0 0 0 0 
2 0 0 0 1 2 0 0 0 1 
3 0 0 1 0 3 0 0 1 0 
4 0 0 1 1 4 0 0 1 1 
5 0 1 0 0 5 0 1 0 0 
6 0 1 0 1 6 0 1 0 1 
7 0 1 1 0 7 0 1 1 0 
8 0 1 1 1 8 0 1 1 1 
9 1 0 0 0 9 1 0 0 0 

10 1 0 0 1 10 1 0 0 1 
11 1 0 1 0 11 1 0 1 0 
12 1 0 1 1 12 1 0 1 1 
13 1 1 0 0 13 1 1 0 0 
14 1 1 0 1 14 1 1 0 1 
15 1 1 1 0 15 1 1 1 0 
16 1 1 1 1 16 1 1 1 1 

 

If a value of kstart = 16 and kstop = 1 is signalled, a spreading factor of SF=1 shall be used for the HS-PDSCH resources. 
Other than this case, kstart > kstop shall be treated as an error by the UE.
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4.6.1.3 Modulation scheme information mapping 

The modulation scheme to be used by the HS-PDSCH resources shall be signalled by bit xms,1. The mapping scheme in 
Table 17 shall apply. 

Table 17: Modulation scheme information mapping 

xms,1 Modulation Scheme 
0 QPSK 
1 16-QAM 
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