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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

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 
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, 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:
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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 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 interleaving, the bits input to the 2nd interleaver are denoted 
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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)
Set  the number of columns C2 = 30. The columns are numbered 0, 1, 2, …, C2-1 from left to right.

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

U ( R2 X C2.

(3)
The bits input to the 2nd interleaving are written into the R2 
[image: image35.wmf]´

 C2 rectangular matrix row by row. 
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(4)
Perform the inter-column permutation based on the pattern {P2 (j)} (j = 0, 1, …, C2-1) 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 yk.
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(5)
The output of the 2nd interleaving is the bit sequence read out column by column from the inter-column permuted R2 
[image: image38.wmf]´

 C2 matrix. The output is pruned by deleting bits that were not present in the input bit sequence, i.e. bits yk that corresponds to bits xk with k>U are removed from the output. The bits after 2nd interleaving are denoted by 
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, where v1 corresponds to the bit yk with smallest index k after pruning, v2 to the bit yk with second smallest index k after pruning, and so on.
4.2.11.2
Timeslot related 2nd interleaving

In case of timeslot related 2nd interleaving, the bits input to the 2nd interleaver are denoted 
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, 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)
Set  the number of columns C2 = 30. The columns are numbered 0, 1, 2, …, C2 - 1 from left to right.

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

Ut ( R2(C2.

(3)
The bits input to the 2nd interleaving are written into the R2 
[image: image47.wmf]´

 C2 rectangular matrix row by row.
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(4)
Perform the inter-column permutation based on the pattern P2(j) (j = 0, 1, …, C2-1) 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 yt,k.


[image: image49.wmf]ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

´

+

´

+

´

´

´

+

´

+

+

´

+

)

2

30

(

,

)

2

2

29

(

,

)

1

2

29

(

,

)

2

3

(

,

)

2

2

(

,

2

,

)

2

2

2

(

,

)

2

2

(

,

2

,

)

1

2

2

(

,

)

1

2

(

,

1

,

R

t

R

t

R

t

R

t

R

t

R

t

R

t

R

t

t

R

t

R

t

t

y

y

y

y

y

y

y

y

y

y

y

y

M

K

K

M

M

M

K

K


(5)
The output of the 2nd interleaving is the bit sequence read out column by column from the inter-column permuted R2 
[image: image50.wmf]´

 C2 matrix. The output is pruned by deleting bits that were not present in the input bit sequence, i.e. bits yt,k that corresponds to bits xt,k with k>Ut are removed from the output. The bits after 2nd interleaving are denoted by 
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, where vt,1 corresponds to the bit yt,k with smallest index k after pruning, vt,2 to the bit yt,k with second smallest index k after pruning, and so on.
Table 7
Column number C2
Inter-column permutation pattern
< P2(0), P2(1), …,P2(29) >

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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 are assigned to the bits of the physical channels 
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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, Scrambling, and Interleaving 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: Coding 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

In order to match the number of bits used for the transmission of the paging indicators with the number of bits available in the physical channel, the sequence e = {e1, e2, ..., eNPIB} is extended by four bits that are set to zero, resulting in a sequence h = {h1, h2, ..., hS}, where S = NPIB + 4 is the number of bits in one radio frame of the PICH:
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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 interleaved across the two data parts of the bursts by the following relations:
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The bits wk are mapped to the PICH so that the bits are transmitted over the air in ascending order with respect to k.



_1028110062.unknown

_1035794567.unknown

_1035883498.unknown

_1035883604.unknown

_1035884035.unknown

_1035895973.unknown

_1035898156.unknown

_1035890748.doc
[image: image1.wmf]i


irK


ir


ir


ir


o


o


o


o


,


,


,


,


3


2


1


K


[image: image2.wmf]i


iE


i


i


i


c


c


c


c


,


,


,


,


3


2


1


K


[image: image3.wmf]i


imA


im


im


im


a


a


a


a


,


,


,


,


3


2


1


K


[image: image4.wmf])


(


)


(


3


)


(


2


)


(


1


)


(


,


,


,


,


t


U


t


t


t


t


v


v


v


v


K


[image: image5.wmf]p


pU


p


p


p


u


u


u


u


,


,


,


,


3


2


1


K


[image: image6.wmf]S


h


h


h


h


,


,


,


,


3


2


1


K


[image: image7.wmf]p


pU


p


p


p


w


w


w


w


,


,


,


,


3


2


1


K


[image: image8.wmf]i


imB


im


im


im


b


b


b


b


,


,


,


,


3


2


1


K


[image: image9.wmf]S


s


s


s


s


,


,


,


,


3


2


1


K


[image: image10.wmf]i


iV


i


i


i


f


f


f


f


,


,


,


,


3


2


1


K


[image: image11.wmf]i


iN


i


i


i


e


e


e


e


,


,


,


,


3


2


1


K


[image: image12.wmf]i


iT


i


i


i


d


d


d


d


,


,


,


,


3


2


1


K


[image: image13.wmf]i


iT


i


i


i


t


t


t


t


,


,


,


,


3


2


1


K




� EINBETTEN Equation.3  ���







� EINBETTEN Equation.3  ���







Radio frame segmentation







Physical channel mapping







� EINBETTEN Equation.3  ���







� EINBETTEN Equation.3  ���







� EINBETTEN Equation.3  ���







� EINBETTEN Equation.3  ���







� EINBETTEN Equation.3  ���







� EINBETTEN Equation.3  ���







Rate



matching







� EINBETTEN Equation.3  ���















� EINBETTEN Equation.3  ���







� EINBETTEN Equation.3  ���







TrCH Multiplexing







2nd interleaving







PhCH#2







PhCH#1







� EINBETTEN Equation.3  ���







Physical channel segmentation







Rate matching







1st interleaving







Radio frame equalisation







CRC attachment







Channel coding







TrBk concatenation / 



Code block segmentation











� EINBETTEN Equation.3  ���







Bit Scrambling















_995865400.unknown



_995868834.unknown



_996989038.unknown



_997745612.unknown



_997764074.unknown



_1009350112.unknown



_1035792711.unknown



_1035890726.unknown



_1009350127.unknown



_997765231.unknown



_997763803.unknown



_996992256.unknown



_997688166.unknown



_996989064.unknown



_996325565.unknown



_996385493.unknown



_995872496.unknown



_995866183.unknown



_995866548.unknown



_995868825.unknown



_995866410.unknown



_995865864.unknown



_995866134.unknown



_995865596.unknown



_995864613.unknown



_995864951.unknown



_995865233.unknown



_995864793.unknown



_995864239.unknown



_995864470.unknown



_995810781.unknown




_1035883864.unknown

_1035883600.unknown

_1035883602.unknown

_1035883599.unknown

_1035794714.unknown

_1035794937.unknown

_1035794975.unknown

_1035794891.unknown

_1035794651.unknown

_1028352253.unknown

_1028387364.unknown

_1028387679.unknown

_1028387998.unknown

_1028387507.unknown

_1028352675.unknown

_1028353809.unknown

_1028353847.unknown

_1028352591.unknown

_1028110478.unknown

_1028352162.unknown

_1028110319.unknown

_1028110469.unknown

_1028103579.unknown

_1028103952.unknown

_1028109988.unknown

_1028110041.unknown

_1028104088.unknown

_1028103792.unknown

_1028103909.unknown

_1028103662.unknown

_996907960.unknown

_997648196.unknown

_1009351803.unknown

_1009351962.unknown

_1010314823.unknown

_1009351820.unknown

_997805625.doc
How to create a CR
Michael Sanders, 3GPP support team, (last updated 2/09/99)

1)
Open the CR cover sheet with MS Word 97. The lastest version of the CR coversheet can be found at:


ftp://ftp.3gpp.org/information/3gCRF-??.DOC


2)
Fill out all areas that are relevant on the CR cover sheet - only the areas that have yellow shading shall be filled out. See Annex A of these instructions for further detail. 


3)
Open the specification to which you wish to make a change. It is very IMPORTANT  to ensure that you are using the latest version of the specification to make the change. The latest versions of all approved 3G specifications is located at:


for the 3GPP:  ftp://ftp.3gpp.org/specifications/      for SMG: http://docbox.etsi.org/tech-org/document/smg/specs

Do a "save as" using a file name related to the tdoc number (e.g. T3-99123.DOC).

4)
If the formatting looks incorrect (most easily noticed by the fact that there is no space between paragraphs), it may be because you do not have the correct document sheet in your MS Word style directory. All 3GPP specification use the style sheet 3GPP_70.DOT. This can be downloaded from:



ftp://ftp.3gpp.org/information/3gpp_70.dot

5)
Go to the beginning of the heading of the first subclause which you want to change. Press <CTRL><SHIFT><HOME> to select everything before that point and delete it.


6)
Switch to the window in MS word that contains your CR cover sheet and do a <CTRL>A   <CTRL>C to select and copy the entire sheet (including the section break at the end). Switch back to the other window with the specification to be changed and paste it in.


7)
Between group of changed pages in the CR, insert a section break (insert / break / next page/)


8)
When all the changes have been made (using the "tools / track changes" feature of MS Word 97), the headers and page number need to be corrected other the headers will contain an error message like "error, reference not found". You can fix this by changing to page layout mode (view / page layout) to see the headers. Then, go to the menu item "view / header and footer", select the frame that contains the error message(s) ini the header and delete them (there are normally 2). Do not delete the page number in the middle. On the left side, write the spec name and current version number For example, "3G TS 21.111 version 3.0.0 (1999-04)". Go back to normal view.


9) 
For each group of changes, insert the correct starting page number. The number should be that which is a clean unmodified specification. It is only a guide to the reader only and so they can be +/- 1 page number wrong. Insert the page number using the following method. Go to the line following the first section break in your CR. Choose the menu item insert / page number / format / start at and insert the correct starting page number for that group of changes. click "OK" and then "CLOSE" (don't press "OK" at this last step). Repeat this step for each section break.


10)
When you have finished making all changes, go to "tools / track changes / highlight changes" and uncheck the "track changes while editing" box, otherwise the page numbers in the headers will be difficult to read. Make sure that the two other options in this box (highlight changes on screen" and "highlight changes in printed document" are both maked "X".


Examples of expressions of prevision in 3GPP specifications


To ensure that everybody else understands your proposed chnaged the same way that you do, it is very important to keep to the following rules:


SHALL: To be used to indicate a requirement. e.g. "The ME shall reset the USIM" is correct Do not use "The ME resets the USIM" or "the ME must reset the USIM"


SHOULD: To be used to indicate recommendation. i.e. if, among several possibilities one is recommended as particularly suitable, without mentioning or excluding others, or that a certain course of action is preferred but not necessarily required, or that (in the negative form) a certain possibility or course of action is deprecated but not prohibited.


MAY: To be used to indicate permission. To be used instead of phrases such as "is permitted", "is allowed" or is permissible". The opposite of "may" is "need not".


CAN: To be used to indicate possibility and capability. To be used instead of phrases such as "be able to", "there is a possibility of" or "it is possible to".


A more detailed guide to the 3GPP drafting rules can be found on the 3GPP server at:



ftp://ftp.3gpp.org/information/drafting-rules.pdf

ANNEX A   
The CR cover sheet


This annex provides further information on how to fill out the cover sheet of a CR.


The header:


a)
The header, including the TSG or Working Group, the tdoc number (normally obtinaed from the 3GPP support team) and the meeting location and date.


The title box:


b)
The change request number. This is a 3 digit number and is allocated by the 3GPP support team project manager of the relevant WG. For GSM specifications, it is prefixed with an "A"


c)
The 3G or GSM specification number (e.g. 21.111 for 3G or 12.05 for GSM).


d)
The TSG or SMG plenary meeting to which this CR will be submitted to if it gets agreed at the WG meeting. 


e)
for approval/for information: one box only shall be marked with an "X"


Proposed change affects:


f)
At least one box shall be marked with an "X"


Source:


g)
The company name of the author of the CR. If the CR has already been agreed at a Working groups or sub working group, meeting, the subgroup name ( and Tdoc number) should be used instead.


Subject:


h)
One line (only) of concise text that describes the subject of the CR. Details should be put under "reason for change"



good examples:
"Clarification to FETCH command"






"Alignment of operation and parameter names"



recently used



bad examples:
"correction"






"editorial correction"






"correction to TS xxx.yy"






"various improvements"


Work item:



h)
The name of the 3G work item for which the CR is relevant.


Category and release:


i)
Choose one category only


Reason:


j)
This should be 1 to 10 lines of text that describes in further detail the reasons why the change is necessary and how the change is done.


Clauses Affected:


m)
Each subclause that is affected by the change should be listed here. New subclause number can be followed by " (new) ".


Other specs affected:


n)
Other 3G core specifications: to be used if the CR is linked to a CR for another 3G specification.
Other 2G core specifications: to be used if a CR is also needed for a GSM or other 2G specification.



MS test specifications: to be used if a change is needed to the MS test specifications.



BSS test specifications: to be used if a change is needed to the base station test specifications.



O&M specifications: to be used if a change is needed to O&M specifications.



When listing other CRs in part n) use, for example, the form "21.111-CR001" or "12.05-A123"


______________________________________


How to create a CR for 3G or SMG specifications.


File location: http://ftp.3gpp.org/information/3gCRF-??.doc





_997648105.unknown

_997644885.unknown

_996326838.unknown

_996326851.unknown

_996387377.unknown

_995346714.unknown

_995809799.unknown

_987939871.unknown

