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2 References

<For clarity, this chapter will currently collect only the references that are needed in addition to the already existing
abbreviations. Initslast version this chapter hasto be modified, so that it includes the revisions with respect to the
latest versions of TS25.222.>

3 Definitions, symbols and abbreviations

<For clarity, this chapter will currently collect only the definitions, symbols and abbreviations that are needed in
addition to the already existing ones. In itslast version this chapter hasto be modified, so that it includes the revisions
with respect to the latest versions of TS25.222.>

3.1 Definitions
3.2 Symbols

3.3 Abbreviations

4 Multiplexing, channel coding and interleaving

4.1 General

Data stream from/to MAC and higher layers (Transport block / Transport block set) is encoded/decoded to offer
transport services over the radio transmission link. Channel coding scheme is a combination of error detection, error
correcting (including rate matching), and interleaving and transport channels mapping onto/splitting from physical
channels.

Inthe UTRA-TDD mode, the total number of basic physical channels (a certain time slot one spreading code on a
certain carrier frequency) per frameis given by the maximum number of time slots which is 15 and the maximum
number of CDMA codes per time slot.

4.2 Transport channel coding/multiplexing

Figure 1 illustrates the overall concept of transport-channel coding and multiplexing. Data arrivesto 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);

3GPP
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- multiplexing of transport channels (see subclause 4.2.8);
- physical channel segmentation (see subclause 4.2.9);

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

- mapping to physical channels (see subclause 4.2.11).

The coding/multiplexing steps for uplink and downlink are shown in figure 1.

3GPP
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Figure 1: Transport channel multiplexing structure for uplink and downlink_for 3.84Mcps TDD
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Figure X1: Transport channel multiplexing structure for uplink and downlink of 1.28Mcps TDD

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 servicesisto use multiple CCTrCHs (Coded Composite
Transport Channels), which corresponds to having several parallel multiplexing chainsasin figure 1, resulting in

several data streams, each mapped to one or several physical channels.
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4.2.3 Channel coding

Code blocks are delivered to the channel coding block. They are denoted by 0,,,,0, 5, 0,3, , O, , Wherei isthe
TrCH number, r is the code block number, and K; is the number of bitsin each code block. The number of code blocks
onTrCH i is denoted by C;. After encoding the bitsare denoted by Y1, Vir2 Yirssl » Yiry » WhereY; isthe number of
encoded bits. The relation between Ojrk and Yirk and between K; and Y; is dependent on the channel coding scheme.

The following channel coding schemes can be applied to transport channels:
- convolutional coding;
- turbo coding;
- nocoding.

Usage of coding scheme and coding rate for the different types of TrCH isshownintable 1. Thevaluesof Y; in
connection with each coding scheme:

- convolutional coding with rate 1/2:Y; = 2*K; + 16; rate 1/3: Y; = 3*K; + 24,
- turbo codingwithrate 1/3:Y; = 3*K; + 12;
- nocoding: Y; = K;.

Table 11: Usage of channel coding scheme and coding rate _for 3.84Mcps TDD

Type of TrCH Coding scheme Coding rate
= PCH Ys
. . 2
RACH Convolutional coding
1/3, %
DCH, DSCH, FACH, USCH Turbo coding 1/3
No coding

Table 22: Usage of channel coding scheme and coding rate for 1.28Mcps TDD

Type of TrCH Coding scheme Coding rate
BCH 13
PCH . . 1/3,1/2
RACH Convolutional coding —‘—1/_2
1/3,1/2
DCH, DSCH, FACH, USCH Turbo coding 13
No coding

4.2.11 Sub-frame segmentation for the 1.28 Mcps option

Inthe 1.28Mcps TDD, it is needed to add a sub-frame segmentation unit between 2nd interleaving unit and physical
channel mapping unit. The operation of rate-matching guarantees that the bit streamsis a even number and can be
subdivided into 2 sub-frames. The transport channel multiplexing structure for uplink and downlink is shown in

figure X1.

. . . 1y Xy X, X . . .
The input bit sequence is denoted by X1 K20 % X'Xi wherei isthe TrCH number and Xi is the number bits.

H - i 1 )i v i 1D v Ji ..
The two output bit sequences per radio frame are denoted by Yinv Yinz: Yins Yinv where ni is the sub-
frame number in current radio frame and Yi is the number of bits per radio frame for TrCH i. The output sequences
are defined as follows:

3GPP
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Yink = Xz 22k ni=lor2.k=1..Yi

where

Yi = (Xi/2)isthe number of bits per sub-frame,

Xk i the kth bit of the input bit sequence and

y"“ Kis the kth bit of the output bit sequence corresponding to the nth sub-frame

) : o Vior Va2 Vieu . -
The input bit sequence to the sub-frame segmentation is denoted by O, xik = v(t)k and Xi = U(t).

H ’D b
9 G2 Yo, . where p is the PhCH

2v.
Yok 7 Yink gnd Up = Vi,

The output bit sequence corresponding to subframe n;_is denoted by

number and Up is the number of bits in one subframe for the respective PhnCH. Hence,

4.2.12 Physical channel mapping

4.2.12.11%  Physical channel mapping for the 3.84 Mcps option

<No changes will be madein this chapter in this CR, only thetitle and numbering have to be changed. [former section
4.2.11]>

4.2.12.2 Physical channel mapping for the 1.28 Mcps option

The bit streams from the sub-frame segmentation unit are mapped onto code channels of time slots in sub-frames.

Woo, Wy,

W L ) .
The bits after physical channel mapping are denoted by pL» ""p2 » . where p isthe PhCH number and Up
is the number of bitsin one sub-frame for the respective PhCH. The bits wpk are mapped to the PnCHSs so that the

bits for each PhCH are transmitted over the air in ascending order with respect to k.

. . gp]_lgp2!D !gpu . . . . . . .
The mapping of the bits P is performed like block interleaving, writing the bits into columns, but
aPhCH with an odd number isfilled in forward order, were as a PhCH with an even number isfilled in reverse
order.

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

gplfgpzi[l ’ng

in the current subframe. Therefore, the bits P are assigned to the bits of the physical channels

Wr1.ugrW21.u, 0 Wr

1-Un 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 factorsused for code 1 and 2, respectively. For the number of
consecutive bits to assign per code bsk the following ruleis applied:

if

SF1>=SF2 thenbsl =1 ;bs2= SF1/SF2:

else

SF2 > SF1 thenbsl = SF2/SF1; bs2=1;

endif

In the downlink case bsp is 1 for all physical channels.

3GPP
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4.2.12.2.1 Mapping scheme

Notation used in this subclause:

3G 25.222 Version 3.4.0 (2000-09)

P t:number of physical channelsfor timeslott , Pt = 1..2 for uplink ; Pt = 1...16 for downlink

Utp: capacity in bitsfor the physical channel p intimeslot t

Ut..  total number of bitsto be assigned for timeslot t

bsp: number of consecutive bits to assign per code

for downlink all bsp=1

for uplink

if SF1>= SF2 thenbsl =1 ;bs?2 = SF1/SF2;

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

fbp:  number of already written bits for each code

pos: _intermediate calculation variable

for p=1 to Pt -- 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 == Utp)

-- physical channel filled up already ?

p=(pmodPt) +1;

end do

if (pmod?2)==0

pos = Utp - fbp -- reverse order

else

pos=fbp+1 -- forward order

end if

wtp,pos = gt.k -- assignment

fop=fbp+1 -- Increment number of already written bits

If (fbp mod bsp) ==

-- Conditional change to the next physical channel

(omodPt) +1;

p

if

3
o

nd for

D

4.2 .221 3 Multiplexing of different transport channels onto one CCTrCH, and

mapping of one CCTrCH onto physical channels

3GPP
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4.2 1314 Transport format detection

<No changes will be madein this chapter in this CR, only the numbering has to be changed. >

4.3 Coding for layer 1 control_for the 3.84 Mcps option

<No changes will be madein this chapter in this CR, only the numbering has to be changed. >

4.4 Coding for layer 1 control for the 1.28 Mcps option

4.4.1 Coding of transport format combination indicator (TFCI) for QPSK

The coding of TFECI for 1.28Mcps TDD is same as that of 3.84Mcps TDD.Cf.[4.3.1 ‘ Coding of transport format
combination indicator’].

44.131 Mapping of TFCI word

Denote the number of bitsin the TECI word by Ntrc, and denote the code word bits by by, wherek = 0, ..., Ntpg-1

When the number of bitsin the TFCI is 8,16,32, the mapping of the TFCI word to the TFCI bit positions shall be as
follows.

b, bysy b b b b b

N/4 N/2-1 N/2 3N/4-1 3N/4 N-1

N2 V1Y Vv vV v

1st part of TF(

4th part of TF(

2nd part of TFCiI 3rd part of TF(

Figure [X1]: Mapping of TFCI word bits to TECI position in 1.28 Mcps TDD option, where N = NrecL.

When the number of bitsinthe TECI is4 , then the TECI word is equally divided into two parts for the consecutive two
subframe and mapped onto the end of the first datafieldin each of the consecutive subframes.The mapping for Ntrc.=4
isshow in figure[X2]:

3GPP
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b0 ,bl b2 ,b3

| |
v v

1st Part 2nd Part 3rd Part 4t Part

Figure [X2]: Mapping of TECI word bits to TFECI position in 1.28 Mcps TDD option, when Nrrc.=4

The location of the 1st to 4th parts of TECI in the timeslot is defined in [7].

If the shortest transmission time interval of any constituent TrCH is at |east 20 ms the successive TECI words in the
framesinthe TTI shall beidentical. If TECI istransmitted on multiple timeslots in aframe each timeslot shall have the
same TECI word.

4.4.2 Coding of transport format combination indicator (TFCI) for 8PSK

Encoding of TECI bits depends on the number of them and the modulation in use. When 2 M cps service is transmitted,
8PSK modulation is applied in 1.28 Mcps TDD option. The coding scheme for TECI when the number of bits are 6— 10,

and less than 6 are described in section 4.4.2.1 and 4.4.2.2, respectively.

442.1 Coding of long TFECI lengths

When the number of TECI bits are 6 — 10, the TECI bits are encoded by using a (64.10) sub-code of the second order
Reed-Muller code, then 16 bits out of 64 bits are punctured (Puncturing positions are 0, 4, 8, 13, 16, 20, 27, 31, 34, 38,
41, 44, 50, 54, 57, 61° bits). The coding procedure is shown in Figure [F1].

TFCI (64,10) sub-code i TFCI code word
(10 bits) —»| of second order > Puncturing — 5 b
ag A4y Reed Muller code 0, .24

Figure [F1]: Channel coding of long TFCI bits for 8PSK

The code words of the punctured (48,10) sub-code of the second order Reed-Muller codes are linear combination of 10
basis sequences. The basis sequences are shown in Table [T1].

Table [T1]: Basis sequences for (48,10) TECI code

3GPP
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where i=0...47. Nrrci=48.

44272 Coding of short TFCI lengths

4.4.2.2.1 Coding very short TFCls by repetition

When the number of TECI bitsis 1 or 2, then repetition will be used for the coding. In this case, each bit is repeated to a
total of 6 times qiving 6-bit transmission (N1rc= 6) for asingle TECI bit and 12-bit transmission (Ntec = 12) for 2
TFECI bits. For asingle TFCI bit by, the TECI code word shall be {bg, bo. bo. bo. bo. b} . For TECI bitsbg_and b, the
TECI code word shall be {bg, b1, bo, b1, bo. b1, bo. b1, bo. b1, bo. b1}.

442272 Coding short TFCIs using bi-orthogonal codes

If the number of TECI bitsareis in the range of 3 to 5, the TECI bits are encoded using a (32.5) first order Reed-Muller
code, then 8 bits out of 32 bits are punctured (Puncturing positions are 0, 1, 2, 3. 4, 5, 6, 7" bits). The coding procedure
isshown in Figure [F2].

TFCI _
_ (32,5) First order o _ TFCI code word
(5 bits) —> Reed-Muller code > Puncturing ———- bO N _b23

a, .4

Figure [F2]: Channel coding of short TECI bits for 8PSK

The code words of the punctured (32.5) first order Reed-Muller codes are linear combination of 5 basis sequences
shownin Table[T2].

Table [T2]: Basis sequences for (24,5) TFCI code

=
o
=
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S
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Let'sdefinethe TECI information-bitsasag, &y, &, as_, as, Where apisthe LSB and a4 isthe MSB. The TECI
information bits shall correspond to the TEC index (expressed in unsigned binary form) defined by the RRC layer to
reference the TEC of the CCTrCH in the associated DPCH radio frame.

The output code word bits b; are given by:

4
b??@?M,,)mod2
n?0

where i=0...23. Nrrci=24.

4423 Mapping of TFCI code word

Denote the number of bitsin the TFCI code word by Nrrci, and denote the TECI code word bits by by, wherek =0, ...,
NrroizL.

When the number of bitsin the TECI code word is 12, 24, or 48, Fhethe mapping of the TECI code word to the TECI
bit positionsin atime slot shall be asfollows.

b, bysy b b b b b

N/4 N/2-1 N/2 3N/4-1 3N/4 N-1

1st part of TF(

4th part of TF(

2nd part of TF+ 3rd part of TF(

Figure [F3]: Mapping of TFCI code word bits to timeslot in 1.28 Mcps TDD option, where N = NrgcL.

When the number of bitsin the TECI code word is 6, the TECI code word is equally divided into two parts for the
consequtive two sub-frames and mapped onto the first datafield in each of the consecutive sub-frames. The mapping of
the TECI code word to the TECI bit positions in atime slot shall be as shown in figure [F4].

bO, b, b b3, b, b
N2 v
1st part of TFCI 2nd part of TFCI 3rd part of TFCI 4th part of TFCI

Figure [F4]: Mapping of TFCI code word bitsto timeslot in 1.28 Mcps TDD option when Ntrc =6

The location of the 1st to 4th parts of TECI in thetimeslot is defined in [7].
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4.4.3 Coding of Paqging Indicator (PI)

The coding of Paging Indicator for 1.28Mcps TDD issame asthat for 3.84Mcps TDD, c¢f.[4.3.2 ‘ Coding of Paging
Indicator’].

4.4.4 Coding of the Forward Physical Access Channel (FPACH)
information bits

The FPACH burst is composed by 32 information bits which are block coded and convolutional coded, and
then delivered in one sub-frame as follows:

1. The 32 information bits are protected by 8 parity bits for error detection as described in sub-clause 4.2.1.1.

2. Convolutional code with constraint length 9 and coding rate % is applied as described in sub-clause
4.2.3.1.
The size of data block c(k) after convolutional encoder is 96 bits.

3. To adjust the size of the data block c(k) to the size of the FPACH burst, 8 bits are punctured as described
in sub-clause 4.2.7.
The 88 bits after rate matching are then delivered to the intra-frame interleaving.

4. The bits in_input to the nterleaving unit are denoted as {x(0), ..., x(87)}. The coded bits are block
rectanqular_interleaved according to the following rule: the input is written row by row, the output is read
column by column.

?x(0) x@@) x(2 0O x(7)2
2x@® X9 x(10) 0 x(15)7
0 0 0 0 0O°@2
@E0) x(8) x(82) [ x(87)3

Hence, the interleaved sequence is denoted by vy (i) and are given by:

y(0), v(1), .... v(87)=x(0), X(8). ....X(80).x(1), ..., X(87).
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