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4.5
Coding for HS-DSCH

Data arrives to the coding unit in form of a maximum of one transport block once every transmission time interval. The transmission time interval is 2 ms which is mapped to a radio sub-frame of 3 slots.

The following coding steps 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);
-
physical channel segmentation (see subclause 4.5.5);
-
interleaving for HS-DSCH (see subclause 4.5.6);

-
constellation re-arrangement for 16 QAM (see subclause 4.5.7).
-
mapping to physical channels (see subclause 4.5.8);

The coding steps for HS-DSCH are shown in the figure below.
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Figure 16: Coding chain for HS-DSCH

In the following the number of transport blocks and the number of transport channels 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. X1 may be written X).

4.5.1
CRC attachment for HS-DSCH

CRC attachment for the HS-DSCH transport channel shall be done using the general method described in 4.2.1 above with the following specific parameters.

There will be a maximum of one transport block, i=1. The CRC length shall always be L1 = 24 bits.

4.5.2
Code block segmentation for HS-DSCH

Code block segmentation for the HS-DSCH transport channel shall be done with the general method described in 4.2.2.2 above with the following specific parameters.

There will be a maximum of one transport block, i=1. The bits bim1, bim2, bim3,…bimB input to the block are mapped to the bits xi1, xi2, xi3,…xiXi directly. It follows that X1 = B. Note that the bits x referenced here refer only to the internals of the code block segmentation function. The output bits from the code block segmentation function are oir1, oir2, oir3,…oirK.
The value of Z = 5114 for turbo coding shall be used.

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 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.

4.5.4
Hybrid ARQ for HS-DSCH

The hybrid ARQ functionality matches the number of bits at the output of the channel coder to the total number of bits of the HS-PDSCH set to which the HS-DSCH is mapped. The hybrid ARQ functionality is controlled by the redundancy version (RV) parameters. The exact set of bits at the output of the hybrid ARQ functionality depends on the number of input bits, the number of output bits, and the RV parameters.

The hybrid ARQ functionality consists of two rate-matching stages and a buffer as shown in the figure below.

The first rate matching stage matches the number of input bits to the virtual IR buffer, information about which is provided by higher layers. Note that, if the number of input bits does not exceed the virtual IR buffering capability, the first rate-matching stage is transparent.

The second rate matching stage matches the number of bits after first rate matching stage to the number of physical channel bits available in the HS-PDSCH set in the TTI.
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Figure 17: HS-DSCH hybrid ARQ functionality

4.5.4.1
HARQ bit separation

The HARQ bit separation function shall be performed in the same way as bit separation for turbo encoded TrCHs in 4.2.7.4 above.

4.5.4.2
HARQ First Rate Matching Stage

HARQ first stage rate matching for the HS-DSCH transport channel shall be done with the general method described in 4.2.7.2.2.3 above with the following specific parameters.

The maximum number of soft bits available in the virtual IR buffer is NIR which is signalled from higher layers for each HARQ process. The number of coded bits in a TTI before rate matching is NTTI this is deduced from information signalled from higher layers and parameters signalled on the HS-SCCH for each TTI. Note that HARQ processing and physical layer storage occurs independently for each HARQ process currently active.

If NIR is greater than or equal to NTTI (i.e. all coded bits of the corresponding TTI can be stored) the first rate matching stage shall be transparent. This can, for example, be achieved by setting eminus = 0. Note that no repetition is performed.

If NIR is smaller than NTTI the parity bit streams are punctured as in 4.2.7.2.2.3 above by setting the rate matching parameter 
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where the subscripts i and l refer to transport channel and transport format in the referenced sub-clause. Note the negative value is expected when the rate matching implements puncturing. Bits selected for puncturing which appear as ( in the algorithm in 4.2.7 above shall be discarded and not counted in the totals for the streams through the virtual IR buffer.

4.5.4.3
HARQ Second Rate Matching Stage

HARQ second stage rate matching for the HS-DSCH transport channel shall be done with the general method described in 4.2.7.5 above with the following specific parameters.

The parameters of the second rate matching stage depend on the value of the RV parameters s and r. The parameter s can take the value 0 or 1 to distinguish self-decodable (s = 1) and non self-decodable (s = 0) transmissions. The parameter r (range 0 to rmax) changes the initial error variable eini in the case of puncturing. In case of repetition both parameters r and s change the initial error variable eini. The parameters X, eplus and eminus are calculated as per table 10 below.

Denote the number of bits before second rate matching as Nsys for the systematic bits, Np1 for the parity 1 bits, and Np2 for the parity 2 bits, respectively. Denote the number of physical channels used for the CCTrCH by P. Ndata is the number of bits available to the CCTrCH in one radio frame and defined as Ndata=P(3(Ndata1, where Ndata1 is defined in [2]. The rate matching parameters are determined as follows.
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[image: image5.wmf]2

1

p

p

sys

data

N

N

N

N

+

+

£

, puncturing is performed in the second rate matching stage. The number of transmitted systematic bits in a retransmission is 
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For 
[image: image8.wmf]2

1

p

p

sys

data

N

N

N

N

+

+

>

 repetition is performed in the second rate matching stage. A similar repetition rate in all bit streams is achieved by setting the number of transmitted systematic bits to 
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The number of parity bits in a transmission is: 
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 for the parity 1 and parity 2 bits, respectively.

Table 10 below summarizes the resulting parameter choice for the second rate matching stage. The parameter a in the table is chosen using a = 2 for parity 1 and a = 1 for parity 2.

Table 10: Parameters for HARQ second rate matching
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The rate matching parameter eini  is calculated for each bit stream according to the RV parameters r and s using
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 in the case of puncturing , i.e.,
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for repetition, i.e., 
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 is the total number of redundancy versions allowed by varying 
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Note: For the modulo operation the following clarification is used: the value of (x mod y) is strictly in the range of 0 to y-1 (i.e. -1 mod 10 = 9).

4.5.4.4
HARQ bit collection

The HARQ bit collection is achieved using a rectangular interleaver of size 
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where 
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 is the modulation size and 
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 is the number of coded and rate-matched bits to be transmitted.

Data is written into the interleaver column by column, and read out of the interleaver column by column.

Nt,sys is the number of transmitted systematic bits. Intermediate values Nr and Nc are calculated using:
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If Nc=0, the systematic bits are written into rows 1…Nr.

Otherwise systematic bits are written into rows 1…Nr+1 in the first Nc columns and rows 1…Nr in the remaining Nc columns. The remaining space is filled with parity bits. The parity bits are written column wise into the remaining rows of the respective columns. Parity 1 and 2 bits are written in alternating order.

In the case of 16QAM for each column the bits are read out of the interleaver in the order row 1, row 3, row 2, row 4. In the case of QPSK for each column the bits are read out of the interleaver in the order row1, row2.

4.5.5
Physical channel segmentation for HS-DSCH

When more than one HS-PDSCH is used, physical channel segmentation divides the bits among the different physical channels. The bits input to the physical channel segmentation are denoted by w1, w2, w3,…wR, where R 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 [image: image34.wmf]pU
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, where p is PhCH number and U is the number of bits in one radio sub-frame for each HS-PDSCH, i.e. 
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. The relation between wk and upk is given below.
For all modes, some bits of the input flow are mapped to each code until the number of bits on the code is U.

Bits on first PhCH after physical channel segmentation:


u1, k = wk  k = 1, 2 , …, U
Bits on second PhCH after physical channel segmentation:

u2, k = wk+U
k = 1, 2 , …, U
…
Bits on the Pth PhCH after physical channel segmentation:

uP, k = wk+(P-1)(U

k = 1, 2 , …, U
4.5.6
Interleaving for HS-DSCH

The interleaving for FDD is done as shown in figure 18 below, separately for each physical channel. The bits input to the block interleaver are denoted by 
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, where p is PhCH number and U is the number of bits in one TTI for one PhCH. For QPSK U = 960 and for 16QAM U = 1920. For QPSK the interleaver is the same as Rel99 2nd interleaver described in Section 4.2.11. The interleaver is of fixed size: R2=32 rows and C2=30 columns.
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Figure 18: Interleaver structure for HSDPA 

For 16QAM, there are two identical interleavers of the same fixed size R2×C2 = 32×30. The output bits from the physical channel segmentation are divided between the interleavers: all odd numbered bits to interleaver one and all even numbered bits to interleaver two.



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 describes the operations that produce the different rearrangements.

The bits of the input sequence are mapped in groups of 4 so that vpk+1, vpk+2, vpk+3, vpk+4 are used, where k mod 4 = 0.
Table 11: Constellation re-arrangement for 16 QAM

constellation version parameter b
Output bit sequence 
Operation

0
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Swapping vpk+2 with vpk+3 and 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. rpk+1, rpk+2, rpk+3, rpk+4, where k mod 4 = 0.

4.5.8
Physical channel mapping for HS-DSCH

The HS-PDSCH is defined in [2]. The bits input to the physical channel mapping are denoted by rp1, rp2,...,rpU, where p is the physical channel number and U is the number of bits in one radio sub-frame for one HS-PDSCH. The bits rpk are mapped to the PhCHs so that the bits for each PhCH are transmitted over the air in ascending order with respect to k.

4.6
Coding for HS-SCCH

The following information is transmitted by means of the HS-SCCH physical channel.

-
Channelization-code-set information (7 bits): 

xccs,1, xccs,2, …, xccs,7
-
Modulation scheme information (1 bit): 


xms,1
-
Transport-block size information (6 bits): 


xtbs,1, xtbs,2, …, xtbs,6

-
Hybrid-ARQ process information (3 bits): 

xhap,1, xhap,2, xhap,3

-
Redundancy and constellation version (3 bits): 
xrv,1, xrv,2, xrv,3
-
New data indicator (1 bit): 






xnd,1

-
UE identity (10 bits):







xue,1, xue,2, …, xue,10
4.6.1
Overview

Figure 19 below illustrates the overall coding chain for HS-SCCH.
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Figure 19: Coding chain for HS-SCCH
4.6.2
HS-SCCH information field mapping
4.6.2.1
Redundancy and constellation version coding

The redundancy version (RV) parameters r, s and constellation version parameter b are coded jointly to produce the value Xrv. Xrv is alternatively represented as the sequence xrv,1, xrv,2, xrv,3 where xrv,1 is the msb. This is done according to the following tables according to the modulation mode used:

Table 12: RV coding for 16 QAM

Xrv (value)
s
r
b

0
1
0
0

1
0
0
0

2
1
1
1

3
0
1
1

4
1
0
1

5
1
0
2

6
1
0
3

7
1
1
0

Table 13: RV coding for QPSK

Xrv (value)
s
r

0
1
0

1
0
0

2
1
1

3
0
1

4
1
2

5
0
2

6
1
3

7
0
3

4.6.2.2
Modulation scheme mapping

The value of xms,1 is derived from the modulation and given by the following:
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4.6.2.3
Channelization code-set mapping

The channelization code-set bits xccs,1, xccs,2, …, xccs,7 are coded according to coded according to the following:

Given P (multi-)codes starting at code O calculate the information-field using the unsigned binary representation of integers calculated by the expressions,

for the first three bits (code group indicator):

xccs,1, xccs,2, xccs,3  = min(P-1,15-P)

for the last four bits (code offset indicator):

xccs,4, xccs,5, xccs,6, xccs,7 = |O-1-(P/8( *15|

The definitions of  P and O are given in [3].
4.6.3
Multiplexing of HS-SCCH information

The channelization-code-set information xccs,1, xccs,2, …, xccs,7 and modulation-scheme information xm,1 are multiplexed together. This gives a sequence of bits x1,1, x1,2, …, x1,8 where

x1,i = xccs,i
i=1,2,…,7

x1,i = xms,i-7
i=8

The transport-block-size information xtbs,1, xtbs,2, …, xtbs,6, Hybrid-ARQ-process information xhap,1,xhap,2, xhap,3, redundancy-version information xrv,1, xrv,2, xrv,3 and new-data indicator xnd,1 are multiplexed together. This gives a sequence of bits x2,1, x2,2, …, x2,13 where

x2,i = xtbs,i
i=1,2,…,6

x2,i = xhap,i-6
i=7,8,9 

x2,i = xrv,i-9
i=10,11,12

x2,i = xnd,i-12
i=13
4.6.4
CRC attachment for HS-SCCH

From the sequence of bits x1,1, x1,2, …, x1,8, x2,1, x2,2, …, x2,13 a 16 bits CRC is calculated according to Section 4.2.1.1. This gives a sequence of bits c1, c2, …, c16. This sequence of bits is then masked with the UE ID xue,1, xue,2, …, xue,10 and then appended to the sequence of bits x2,1, x2,2, …, x2,13. This give a sequence of bits y1, y2, …, y29, where

yi = x2,i





i=1,2,…,13

yi = ci-13  + xue,i-13
mod 2

i=14,15,…,23

yi = ci-13





i=24,25,…,29
4.6.5
Channel coding for HS-SCCH

Rate ½ convolutional coding, as described in Section 4.2.3.1, is applied to the sequence of bits x1,1,x1,2, …,x1,8. This gives a sequence of bits z1,1, z1,2, …, z1,32.
Rate ½ convolutional coding, as described in Section 4.2.3.1, is applied to the sequence of bits y1, y2, …, y29. This gives a sequence of bits z2,1, z2,2, …, z2,74.
Note that the coded sequence lengths result from the termination of K=9 convolutional coding being fully applied.
4.6.6
Rate matching for HS-SCCH

Rate matching for HS-SCCH shall be done with the general method described in 4.2.7.5.

4.6.7
UE specific masking for HS-SCCH

The rate matched bits r1,1,r1,2…r1,40 shall be masked in an UE specific way using the UE ID xue,1, xue,2, …, xue,10 to produce the bits s1,1,s1,2…s1,40.

Define intermediate code word bits bi by:
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where i = 0, …, 31 and the values of Mi,n are taken from table 8.

The masked output bits are denoted by sk, k = 1, 2, …, 40 and are calculated as follows:
s1,k = r1,k + bk-1
mod 2
for k = 1,2…32

s1,k = r1,k + bk-33
mod 2
for k = 33, 34…40
4.6.8
Physical channel mapping for HS-SCCH

The HS-SCCH sub-frame is described in[2].

The sequence of bits s1,1, s1,2,, …, s1,40 is mapped to the first slot of the HS-SCCH sub frame. The bits s1,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 sequence of bits r2,1, r2,2,, …,rs2,80 is mapped to the second and third slot of the HS-SCCH sub frame. The bits r2,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.


4.7
Coding for HS-DPCCH

Data arrives to the coding unit in form of indicators for measurement indication and HARQ acknowledgement.

The following coding/multiplexing steps can be identified:

-
channel coding (see subclause 4.7.1);

-
mapping to physical channels (see subclause 4.7.2).
The general coding flow is shown in the figure below. This is done in parallel for the HARQ-ACK and CQI as the flows are not directly multiplexed but are transmitted at different times.
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Figure 20: Coding for HS-DPCCH

4.7.1
Channel coding for HS-DPCCH

Two forms of channel coding are used, one for the channel quality information (CQI) and another for HARQ-ACK (acknowledgement).

4.7.1.1
Channel coding for HS-DPCCH HARQ-ACK

The 1 bit HARQ acknowledgement shall be repetition coded to 10 bits. The output is denoted w1, w2,…w10.

4.7.1.2
Channel coding for HS-DPCCH channel quality information

The channel quality information is coded using a (20,5) code. The code words of the (20,5) code are a linear combination of the 5 basis sequences denoted Mi,n defined in the table below.

Table 14: Basis sequences for (20,5) code

i
Mi,0
Mi,1
Mi,2
Mi,3
Mi,4

0
1
0
0
0
1

1
0
1
0
0
1

2
1
1
0
0
1

3
0
0
1
0
1

4
1
0
1
0
1

5
0
1
1
0
1

6
1
1
1
0
1

7
0
0
0
1
1

8
1
0
0
1
1

9
0
1
0
1
1

10
1
1
0
1
1

11
0
0
1
1
1

12
1
0
1
1
1

13
0
1
1
1
1

14
1
1
1
1
1

15
0
0
0
0
1

16
0
0
0
0
1

17
0
0
0
0
1

18
0
0
0
0
1

19
0
0
0
1
0

The channel quality information bits are a0 , a1 , a2 , a3 , a4 (where a0 is LSB and a4 is MSB). The output code word bits bi are given by:
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where i = 0, …, 19.

4.7.2
Physical channel mapping for HS-DPCCH

The HS-DPCCH physical channel mapping function shall map the input bits wk directly to physical channel bits in increasing order of k.

The HS-DPCCH physical channel mapping function shall map the input bits bk directly to physical channel bits in increasing order of k.
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