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4.2
Transport channel coding/multiplexing

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 {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);

-
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 4.2.10);

-
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);

-
mapping to physical channels (see subclause 4.2.12).

The coding/multiplexing steps for uplink and downlink are shown in figure 1.
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Figure 1: Transport channel multiplexing structure for uplink and downlink

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 figure 1, resulting in several data streams, each mapped to one or several physical channels.

4.2.8
TrCH multiplexing

Every 10 ms, one radio frame from each TrCH is delivered to the TrCH multiplexing. These radio frames are serially multiplexed into a coded composite transport channel (CCTrCH).
The bits input to the TrCH multiplexing are denoted by 
[image: image3.wmf]i

V

i

i

i

i

f

f

f

f

,

3

,

2

,

1

,

,

,

,

,

K

, where i is the TrCH number and Vi is the number of bits in the radio frame of TrCH i. The number of TrCHs is denoted by I. The bits output from TrCH multiplexing are denoted by
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4.2.9 Bit Scrambling

The bits output from the TrCH multiplexer are scrambled in the bit scrambler.  The bits input to the bit scrambler are denoted by
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, where S is the number of bits input to the bit scrambling block equal to the total number of bits on the CCTrCH. The bits after bit scrambling are denoted 
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Bit scrambling is defined by the following relation:
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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 
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, where S 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 
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, where p is PhCH number and Up is the in general variable number of bits in the respective radio frame for each PhCH. The relation between sk and up,k is given below.
Bits on first PhCH after physical channel segmentation:

[image: image27.wmf]k

k

s

u

=

,

1



k = 1, 2 , …, U1

Bits on second PhCH after physical channel segmentation:
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Bits on the Pth PhCH after physical channel segmentation:
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k = 1, 2 , …, UP
4.2.11
2nd interleaving

The 2nd interleaving 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 2nd interleaving can be applied jointly to all data bits transmitted during one frame, or separately within each timeslot, on which the CCTrCH is mapped. The selection of the 2nd interleaving scheme is controlled by higher layer.

4.2.11.1
Frame related 2nd interleaving

In case of frame related 2nd interleaving, the bits input to the block interleaver are denoted by 
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, where U is the total number of bits after TrCH multiplexing transmitted during the respective radio frame with 
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The relation between xk and the bits up,k in the respective physical channels is given below:
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The following steps have to be performed once for each CCTrCH:
(1)
Assign C2 = 30 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 2, …, C2 - 1 from left to right.

(2)
Determine the number of rows of the matrix, R2, by finding minimum integer R2 such that:

U ( R2 X C2. 

The rows of rectangular matrix are numbered 0, 1, 2, …, R2 - 1 from top to bottom.
(3)
Write the input bit sequence 
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 C2 matrix row by row starting with bit 
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where 
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 for k = 1, 2, …, U and if R2 ( C2 > U, the dummy bits are padded such that 
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 = 0 or 1 for k = U + 1, U + 2, …, R2 ( C2.  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 
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 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 
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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 
[image: image44.wmf]´

 C2 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 
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 with k > U are removed from the output. The bits after frame related 2nd interleaving are denoted by 
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4.2.11.2
Timeslot related 2nd interleaving

In case of timeslot related 2nd interleaving, the bits input to the block interleaver are denoted by 
[image: image50.wmf]t

U

t

t

t

t

x

x

x

x

,

3

,

2

,

1

,

,

,

,

,

K

, where t refers to a certain timeslot, and Ut is the number of bits transmitted in this timeslot during the respective radio frame.
In each timeslot t the relation between xt,k and ut,p,k is given below with Pt refering to the number of physical channels within the respective timeslot:
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The following steps have to be performed for each timeslot t, on which the respective CCTrCH is mapped:

(1)
Assign C2 = 30 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 2, …, C2 - 1 from left to right.

(2)
Determine the number of rows of the matrix, R2, by finding minimum integer R2 such that:

Ut ( R2 ( C2.
The rows of rectangular matrix are numbered 0, 1, 2, …, R2 - 1 from top to bottom.
(3)
Write the input bit sequence 
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 into the R2 
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 C2 matrix row by row starting with bit 
[image: image59.wmf]1

,

t

y

 in column 0 of row 0:


[image: image60.wmf]ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

´

´

+

´

-

+

´

-

+

´

-

+

+

+

)

C2

R2

(

,

C2)

2

(

,

C2

,

)

3

C2

)

1

R2

((

,

)

2

C2

)

1

R2

((

,

)

1

C2

)

1

R2

((

,

)

3

C2

(

,

)

2

C2

(

,

)

1

C2

(

,

3

,

2

,

1

,

t

t

t

t

t

t

t

t

t

t

t

t

y

y

y

y

y

y

y

y

y

y

y

y

M

K

K

M

M

M

K

K


where 
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 for k = 1, 2, …, Ut and if R2 ( C2 > Ut, the dummy bits are padded such that 
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(4)
Perform the inter-column permutation for the matrix based on the pattern 
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 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 
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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 
[image: image66.wmf]´

 C2 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 
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Table 7 Inter-column permutation pattern for 2nd interleaving
Number of Columns C2
Inter-column permutation pattern
< P2(0), P2(1), …, P2(C2-1) >

30
<0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28, 1, 11, 21, 

6, 16, 26, 4, 14, 24, 19, 9, 29, 12, 2, 7, 22, 27, 17>

4.2.12
Physical channel mapping

The PhCH for both uplink and downlink is defined in [6]. The bits after physical channel mapping are denoted by 
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, where p is the PhCH number and Up is the number of bits in one radio frame for  the respective PhCH. 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 mapping of the bits 
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 is performed like block interleaving, writing the bits into columns, but a PhCH with an odd number is filled in forward order, were as 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 
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 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.

4.2.12.1
Mapping scheme

Notation used in this subclause:

P t:

number of physical channels for timeslot t , Pt = 1..2 for uplink ; Pt = 1...16 for downlink

Ut,p:
capacity in bits for the physical channel p in timeslot t

Ut.:

total number of bits to be assigned for timeslot t 

bsp:
number of consecutive bits to assign per code 

for downlink all bsp = 1 

for uplink

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


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

fbp:
number of already written bits for each code

pos:
intermediate calculation variable

for  p=1  to P t








-- reset number of already written bits for every physical channel

fbp = 0 

end for

p = 1











-- start with PhCH #1

for k=1  to Ut.
do while (fbp == Ut,p)
  





-- physical channel filled up already ?

p = (p mod Pt) + 1;

end do

if (p mod 2) == 0

pos = Ut,p - fbp







-- reverse order

else

pos = fbp + 1








-- forward order

endif

wt,p,pos = vt,k








-- assignment

fbp = fbp + 1








-- Increment number of already written bits

if (fbp mod bsp) == 0






-- Conditional change to the next physical channel

p = (p mod Pt) + 1;

end if

end for

4.2.13
Multiplexing of different transport channels onto one CCTrCH, and mapping of one CCTrCH onto physical channels

Different transport channels can be encoded and multiplexed together into one Coded Composite Transport Channel (CCTrCH). The following rules shall apply to the different transport channels which are part of the same CCTrCH:

1)
Transport channels multiplexed into one CCTrCh shall have co-ordinated timings. When the TFCS of a CCTrCH is changed because one or more transport channels are added to the CCTrCH or reconfigured within the CCTrCH, or removed from the CCTrCH, the change may only be made at the start of a radio frame with CFN fulfilling the relation

CFN mod Fmax = 0,

where Fmax denotes the maximum number of radio frames within the transmission time intervals of all transport channels which are multiplexed into the same CCTrCH, including any transport channels i which are added reconfigured or have been removed, and CFN denotes the connection frame number of the first radio frame of the changed CCTrCH.

After addition or reconfiguration of a transport channel i within a CCTrCH, the TTI of transport channel i may only start in radio frames with CFN fulfilling the relation

CFNi mod Fi = 0.

2)
Different CCTrCHs cannot be mapped onto the same physical channel.

3)
One CCTrCH shall be mapped onto one or several physical channels. 

4)
Dedicated Transport channels and common transport channels cannot be multiplexed into the same CCTrCH.

5)
For the common transport channels, only the FACH and PCH may belong to the same CCTrCH.

6)
Each CCTrCH carrying a BCH shall carry only one BCH and shall not carry any other Transport Channel.

7)
Each CCTrCH carrying a RACH shall carry only one RACH and shall not carry any other Transport Channel.

Hence, there are two types of CCTrCH.

CCTrCH of dedicated type, corresponding to the result of coding and multiplexing of one or several DCH.

CCTrCH of common type, corresponding to the result of the coding and multiplexing of a common channel, i.e. RACH and USCH in the uplink and DSCH, BCH, FACH or PCH in the downlink, respectively.

Transmission of TFCI is possible for CCTrCH containing Transport Channels of:

-
dedicated type;

-
USCH type;

-
DSCH type;

-
FACH and/or PCH type.

4.2.13.1
Allowed CCTrCH combinations for one UE

4.2.13.1.1
Allowed CCTrCH combinations on the uplink

The following CCTrCH combinations for one UE are allowed, also simultaneously:

1)
several CCTrCH of dedicated type;

2)
several CCTrCH of common type.

4.2.13.1.2
Allowed CCTrCH combinations on the downlink

The following CCTrCH combinations for one UE are allowed, also simultaneously:

3)
several CCTrCH of dedicated type;

4)
several CCTrCH of common type.

4.2.14
Transport format detection

Transport format detection can be performed both with and without Transport Format Combination Indicator (TFCI). If a TFCI is transmitted, the receiver detects the transport format combination from the TFCI. When no TFCI is transmitted, so called blind transport format detection may be used, i.e. the receiver side uses the possible transport format combinations as a priori information.
4.2.14.1
Blind transport format detection
Blind Transport Format Detection is optional both in the UE and the UTRAN. Therefore, for all CCTrCH a TFCI shall be transmitted, including the possibilty of a TFCI length zero, if only one TFC is defined.

4.2.14.2
Explicit transport format detection based on TFCI

4.2.14.2.1
Transport Format Combination Indicator (TFCI)

The Transport Format Combination Indicator (TFCI) informs the receiver of the transport format combination of the CCTrCHs. As soon as the TFCI is detected, the transport format combination, and hence the individual transport channels' transport formats are known, and decoding of the transport channels can be performed.

4.3.2
Coding and Bit Scrambling of the Paging Indicator

The paging indicator Pq, q = 0, ..., NPI-1, Pq ( {0, 1} is an identifier to instruct the UE whether there is a paging message for the groups of mobiles that are associated to the PI, calculated by higher layers, and the associated paging indicator Pq. The length LPI of the paging indicator is LPI=2, LPI=4 or LPI=8 symbols. NPIB = 2*NPI*LPI bits are used for the paging indicator transmission in one radio frame. The mapping of the paging indicators to the bits ei, i = 1, ..., NPIB is shown in table 10.

Table 10: Mapping of the paging indicator













Pq
Bits {e2Lpi*q+1, e2Lpi*q+2, ... ,e2Lpi*(q+1) }
Meaning

0
{0, 0, ..., 0}
There is no necessity to receive the PCH

1
{1, 1, ..., 1}
There is the necessity to receive the PCH

If the number S of bits in one radio frame available for the PICH  is bigger than the number NPIB of bits used for the transmission of paging indicators, the sequence e = {e1, e2, ..., eNPIB} is extended by S-NPIB bits that are set to zero, resulting in a sequence h = {h1, h2, ..., hS}:
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The bits hk , k = 1, ..., S on the PICH then undergo bit scrambling as defined in section 4.2.9.

The bits sk, k = 1, ..., S output from the bit scrambler are then transmitted over the air as shown in [7].
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