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6.2.3
Rate Matching

Rate matching means that bits of an encoded block on a transport channel are repeated or punctured. The number of bits on a transport channel can vary between different transmission time intervals. When the number of bits between different transmission time intervals is changed, bits are repeated or punctured to ensure that the total bit rate after TrCH multiplexing is identical to the total channel bit rate of the allocated dedicated basic physical subchannel.

Higher layers assign a rate-matching attribute to each transport channel. The rate matching attribute is used to calculate the number of bits to be repeated or punctured.

The input bit sequences before rate matching (encoded blocks) are denoted by 
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 where i is the TrCH number and Ci is the number of bits. Only one radio frame per TrCH is delivered to the rate matching block.

Notation used:


[image: image2.wmf]ë

û

x



Round x towards -(, i.e. integer such that 
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Absolute value of x.
 I
Number of TrCHs in the coded composite transport channel (CCTrCH).
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Total number of bits that are available in a radio packet for the CCTrCH.
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Number of bits in an encoded block before rate matching on TrCH i with transport format combination j.
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If positive, 
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 denotes the number of bits that have to be repeated in an encoded block on TrCH i with transport format combination j in order to produce a radio frame.


If negative,
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 denotes the number of bits that have to be punctured in an encoded block on TrCH i with transport format combination j in order to produce a radio frame.


If null, no bits have to be punctured nor repeated, i.e. the rate matching is transparent and the content of the radio frame is identical to the content of the encoded block on TrCH i with transport format combination j.
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Semi-static rate matching attribute for transport channel i.

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

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

 eminus
Decrement value of variable e in the rate matching pattern determination algorithm.
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Intermediate calculation variable.

R
Redundancy pattern index used for the transmission of signalling transport blocks on half rate channels (see subclause 6.2.8). In all other cases R = 0.
For each radio packet using transport format combination j, the number of bits to be repeated or punctured (Ni,j within one encoded block for each TrCH i is calculated with the following equations:
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for all i = 1 … I
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for all i = 1 … I

For the calculation of the rate matching pattern of each TrCH i the following relations are defined:

eplus  = 
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-- average distance between punctured bits
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-- average distance between transmitted bits
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end if

else  eini  = 1

The rate matching rule is as follows:

if 
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-- puncturing is to be performed
e = eini





-- initial error between current and desired puncturing ratio 

m = 1





-- index of current bit

do while 
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-- for each bit of the encoded block of TrCHi
e = e – eminus 


-- update error

if 
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-- check if bit number m should be punctured

puncture bit bim
-- bit is punctured

e = e + eplus

-- update error

end if

m = m + 1



--  next bit

end do

else if 
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-- repetition is to be performed

e = eini





-- initial error between current and desired puncturing ratio 

m = 1





-- index of current bit

do while 
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-- for each bit of the encoded block of TrCHi
e = e – eminus 


-- update error

do while 
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-- check if bit number m should be repeated

repeat bit bi,m 

-- repeat bit

e = e + eplus

-- update error

end do

m = m + 1



--  next bit

end do

else






-- 
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do nothing



-- no repetition nor puncturing

end if.

For each TrCH i, the bit sequences output from the rate matching are denoted 
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, where i is the TrCH number and Vi is the number of bits in the radio frame of TrCH i (
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6.2.4
Transport Channel multiplexing

For every transmitted radio packet, one radio frame from each active TrCH is delivered to the TrCH multiplexing. These radio frames are serially multiplexed into a coded composite transport channel (CCTrCH).

The input bit sequences 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. If TrCHi is inactive, Vi = 0. The number of TrCHs is denoted by I. The bits output from TrCH multiplexing are denoted 
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 where Ndata  is the total number of bits that are available in a radio packet for the CCTrCH, i.e. 
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The TrCH multiplexing is defined by the following relations:
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for k = 1,2,…,V1
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for k = V1 + 1,V1 + 2,…, V1 + V2
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for k = (V1 + V2 + … VI-1 ) + 1, (V1 + V2 + … VI-1 ) + 2,…, (V1 + V2 + … VI-1 ) + VI

NOTE: 
when I = 1, the TrCH multiplexing block is transparent for the only radio frame of the only transport channel i and consequently the output bit sequence is identical to the input one.

6.2.5 
TFCI Mapping

The TFCI informs the receiver about the transport format combination of the CCTrCH. As soon as the TFCI is detected, the transport format combination, and hence the transport formats of the individual transport channels are known. The size and values of the TFCI to be used on basic physical subchannels are configured by higher layers. The value of the TFCI can vary between different transmission time intervals. The size of the TFCI can only be changed through higher layer signalling.

The TFCI bit sequence is denoted by 
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The TFCI information bits are first block coded. The coded TFCI bit sequence is denoted by 
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. The block coding is done according to the following rules:

On GMSK full rate channels and 8PSK half rate channels, the coding of the TFCI shall be as follows:

-
1 bit TFCI shall be encoded to 8 bits according to Table 25;

-
2 bits TFCI shall be encoded to 16 bits according to Table 24;

-
3 bits TFCI shall be encoded to 24 bits according to Table 23;

-
4 bits TFCI shall be encoded to 28 bits according to Table 22;

-
5 bits TFCI shall be encoded to 36 bits according to Table 21.

On 8PSK full rate channels, the coding of the TFCI shall be obtained by repetition of the coding defined for GMSK full rate channels:

-
1 bit TFCI shall be encoded to 16 bits (concatenation of two identical coded sequences of 8 bits);

-
2 bits TFCI shall be encoded to 32 bits (concatenation of two identical coded sequences of 16 bits);

-
3 bits TFCI shall be encoded to 48 bits (concatenation of two identical coded sequences of 24 bits);

-
4 bits TFCI shall be encoded to 56 bits (concatenation of two identical coded sequences of 28 bits);

-
5 bits TFCI shall be encoded to 72 bits (concatenation of two identical coded sequences of 36 bits).

On GMSK half rate channels, the coding of the TFCI shall be obtained by using only the middle segment of the coding defined for GMSK full rate channels:

-
1 bit TFCI shall be encoded to 4 bits;

-
2 bits TFCI shall be encoded to 8 bits;

-
3 bits TFCI shall be encoded to 12 bits;

-
4 bits TFCI shall be encoded to 14 bits;

-
5 bits TFCI shall be encoded to 18 bits.

The coded TFCI is then attached at the beginning of the CCTrCH. 

The input bit sequence to the TFCI mapping is denoted by 
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 where Ndata  is the total number of bits that are available in a radio packet for the CCTrCH. After TFCI mapping the bits are denoted by 
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 where Nradio is the total number of bits that are available in a radio packet:

On GMSK full rate channels, Nradio = 464;

On GMSK half rate channels, Nradio = 232;

On 8PSK full rate channels, Nradio = 1392;

On 8PSK half rate channels, Nradio = 696.

The result of TFCI mapping is a radio packet of Nradio bits {
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for k = 0,1,2,…,NCTFCI – 1 
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for k = NCTFCI , NCTFCI  + 1, …, Nradio – 1
6.2.6
Interleaving

The interleaving type (block rectangular, block diagonal) and interleaving depth are configured by higher layers. The input bit sequence to the interleaving is denoted by 
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 where Nradio is the total number of bits that are available in a radio packet. Interleaved bits are noted i(B,jk) where B denotes the burst number and jk the position of the bit within the burst.

The interleaving for the nth radio packet is based on the following equations:

i(B,jk) = hk

for k = 0,1,2, …Nradio-1

n = 0,1,…,N,N+1,…
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for block diagonal interleaving:

if   
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for block rectangular interleaving:

 if   
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where: 

jk
is the position of the bit k within the burst B;

D 
is the interleaving depth in bursts;

J 
is the burst size in bits;

M
is the size of the radio packet in bursts (M = Nradio / J ).
On 8PSK channels, bit swapping for the coded bits of the TFCI is performed:

cpt = 0









-- counter of the swapped bits
for k = 0,1,2,3,…,NCTFCI  - 1

if 
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-- the coded bit is to be mapped on a weak bit of the 8PSK symbol

cpt = cpt + 1






-- increment the counter of swapped bits

if 
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Swap bit hk with bit hk+80
else

Swap bit hk with bit 
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end if

end if

The value of Nradio is specified in section 6.2.5. On GMSK channels J = 116, whereas on 8PSK channels J = 348.

For diagonal interleaving over 8 bursts (used on full rate channels), D = 8. The result of the interleaving is then a distribution of the reordered bits over 8 bursts, using the even numbered position of the first 4 bursts and the odd positions of the last 4 bursts. 

For diagonal interleaving over 4 bursts (used on half rate channels), D = 4. The result of the interleaving is then a distribution of the reordered bits over 4 bursts, using the even numbered position of the first 2 bursts and the odd positions of the last 2 bursts. 

For block rectangular interleaving over 4 bursts (used on full rate channels), D = 4. The result of the interleaving is the distribution of the reordered bits over 2D = 8 blocks as in the case of block diagonal interleaving over 8 bursts, and the first 4 blocks are combined with the last 4 blocks: block 0 is combined with block 4, block 1 is combined with block 5, block 2 is combined with block 6, block 3 is combined with block 7.

6.2.7
Mapping on a Burst

The mapping is given by the rule:

e(B,j) 
= i(B,j) 
for j = 0,1,…,115 on GMSK channels;






for j = 0,1,…,347 on 8PSK channels.

NOTE:
No stealing flags are used with FLO.

6.2.8
Signalling on Half Rate Channels

When a signalling transport block is sent on half rate channels, the value of the redundancy pattern index (R) to be used in rate matching is given by the TDMA frame number (see 3GPP TS 45.002) of the first burst carrying coded bits of the corresponding radio packet, and table 6.2.8 below.
NOTE:
A radio packet containing a signalling transport block is indicated by TFCI=0.

Table 6.2.8: R and TDMA frame number modulo 26

	TDMA frame number
	R

	0, 1, 2, 3
	0

	4, 5, 6, 7
	1

	8, 9, 10, 11
	0

	13, 14, 15, 16
	1

	17, 18, 19, 20
	0

	21, 22, 23, 24
	1


NOTE:
For a given signalling transport block, this could result in R=1 being used in rate matching during the first transmission and R=0 during the subsequent retransmission.
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