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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 egqualization (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 4.2.109);
- mapping to physical channels (see subclause 4.2.1112).

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
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Primarily, transport channels are multiplexed as described above, i.e. into one data stream mapped on one or severa
physical channels. However, an alternative way of multiplexing servicesis to 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.

3GPP
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4.2.8  TrCH multiplexing

Every 10 ms, one radio frame from each TrCH is delivered to the TrCH multiplexing. These radio frames are serialy
multiplexed into a coded composite transport channel (CCTrCH).

The bits input to the TrCH multiplexing are denoted by f,,, f; ,, f; 5,..., f;, , wherei isthe TrCH number and V; is

the number of bitsin the radio frame of TrCH i. The number of TrCHsis denoted by I. The bits output from TrCH

multiplexing are denoted by-S;7S,7S55-++7Ss hy, ., hs, ..., hg , where Sis the number of bits, i.e. S= Z:VI . The TrCH
- i

multiplexing is defined by the following relations:

_SK_=_fl,_k hk = fl,k k= 1, 2, ceny Vl
SK;fmhk = f2,(k7V1) k= V1+1, V1+2, Cany V1+V2

S=Fawvy Mk = fagevayy K= (ViHVo)+ 1, (VitVo)+2, ., (Vi Vo) + Vs

S=Frwwvr vy e = flacopvr vy K= (Vi Vak L+ Vi+ L (Vi Vok L4+ V)+2,
(Vi Vot .. +Vi )+,

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 hy, h,, hs, ..., hg, where Sis 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 S, S,,S;,...,Ss.

Bit scrambling is defined by the following relation:

—Sk :hk('B pk_k=:L2...,S

and P, results from the following operation:

16
pe= (Z d - P J mod2; p, =0;k<1: p,=1; g={0,00,0,0,0,0,0,00101101}

i=1

4.2.109 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 S, S,,S;,. .., Sg, where Sisthe number of bitsinput to the
physical channel segmentation block. The number of PhCHs is denoted by P.

The bits after physical channel segmentation are denoted Uy UposUpgse.s, Up,u,, » where p is PhCH number and U, is

the in general variable number of bitsin the respective radio frame for each PhCH. The relation between S¢ and Upk is
given below.

Bits on first PhCH after physical channel segmentation:

Bits on second PhCH after physical channel segmentation:
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Uy = Spewy k=12, Uz

Bits on the P" PhCH after physical channel segmentation:

Upk = Skitpestpy) K=12,.,Up

‘ 4.2.110 2nd interleaving

The 2" 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
al 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.

‘ 4.2.110.1  Frame related 2nd interleaving

In case of frame related 2™ interleavi ng, the bitsinput to the block interleaver are denoted by X, X,,X;,..., X, , where
U isthetotal number of bits after TrCH multiplexing transmitted during the respective radio frame with

S=U=>U,.
p

The relation between X and the bits Uy k in the respective physical channelsis given below:

X =U, k=12,..,U;

xwﬂk):qu k=1,2,...,U,

X(k+Ul+...+Up4) = uP,k k=1,2,...,Up

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 fromleft to right.

(2) Determine the number of rows of the matrix, R2, by finding minimum integer R2 such that:
U<R2XC2.

The rows of rectangular matrix are numbered 0, 1, 2, ..., R2 - 1 from top to bottom.

(3) Write the input bit sequence X, X5, X;,..., X, intotheR2 x C2 matrix row by row starting with bit Y, in
column O of row O:

Y1 Y, Y3 o Yoo
Yicon) Yicoi2) Yicor3) - Yo
Yire-xcory  Yiro-pxcor2)  Yire-necez) -+ Yiracc2)

where ¥, = X fork=1,2,...,Uandif R2 x C2> U, the dummy bits are padded such that Y, =0or 1for k=

U+1,U+2, .., R2x C2. Thesedummy bits are pruned away from the output of the matrix after the inter-
column permutation.
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(4) Perform the inter-column permutation for the matrix based on the pattern <P2(j )> cfox, .co) that isshownin

table 7, where P,(j) is the original column position of the j-th permuted column. After permutation of the
columns, the bits are denoted by Y’ .

Yi Yren Yereny - Y(coare
Yo Yires Yerez -o-Y(caapre2)
Yo Yory Yery - Yier

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column
permuted R2 x 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 Y’, that correspondsto bits Yy, with k> U are removed
from the output. The bits after frame related 2™ interleaving are denoted by V;,V,,...,V{, , where V; corresponds

to thebit y', with smallest index k after pruning, V- to the bit ', with second smallest index k after pruning,
and so on.

4.2.110.2  Timeslot related 2" interleaving

In case of timeslot related 2™ interleaving, the bits input to the block interleaver are denoted by X110 X 21 X 3001 Xy,

wheret refers to a certain timeslot, and Uy is the number of bits transmitted in this timeslot during the respective radio
frame.

In each timeslot t the relation between X; x and U p k is given below with P; refering to the number of physical channels
within the respective timeslot:

Xk = Uk k=1,2,...,Uy

Xt,(k+uu) =U ok

X (ks Ut Uy ) — YRk k=12,...,Up
(R-1)

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:
U <R2x C2

The rows of rectangular matrix are numbered 0, 1, 2, ..., R2 - 1 from top to bottom.

(3) Writetheiinput bit sequence X, ;,X; 5, X 3..., Xy, iNtothe R2 x C2 matrix row by row starting with bit 'y, ,
in column O of row O:

Yia Yi,2 Yis o Y
Yt (co41) Yi(co+2) Yi(co+3) - Y
Yirenxcsy  Yirenxcz+2)  Yi(renxczes) - Yi(recc2)
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where Y, =X fork=1,2, ..., Uyand if R2 x C2> U, the dummy bits are padded such that Y, , =0 or 1 for

k=U+1 U+ 2 ...,R2x C2. Thesedummy 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 <P2(j )> that is shown in

je{0....,c2-1}
table 7, where P2(j) isthe original column position of the j-th permuted column. After permutation of the
columns, the bits are denoted by Y, , .

Yii Yireny Yieren o Yiczre
Yie Yirezy Yierez oo Yiczyre)
Yire Yiery Yiery - Yicxry

(5) The output of the block interleaver is the bit sequence read out column by column from the inter-column
permuted R2 x 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 ', that corresponds to bits Y, , with k> U, are removed
from the output. The bits after time slot 2™ interleaving are denoted by VirrVizre - Viy, » Where Vg
corresponds to the bit ', with smallest index k after pruning, 2 to the bit Y’ | with second smallest index k

after pruning, and so on.

Table 7 Inter-column permutation pattern for 2nd interleaving

Number of Columns C2 Inter-column permutation pattern

< P2(0), P2(1), ..., P2(C2-1) >
<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>

30

4.2.121 Physical channel mapping

The PhCH for both uplink and downlink is defined in [6]. The bits after physical channel mapping are denoted by

Wp1sWp 25---s Wy wherep is the PhCH number and Uy is the number of bitsin oneradio frame for the respective

PhCH. The bits W, x 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 ViyarVin,2 ’---’V(t),um is performed like block interleaving, writing the bits into columns, but a
PhCH 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 timedot t used in
the current frame. Therefore, the bits V, 1, V, ,,...,V;y are assigned to the bits of the physical channels

Wert.ug W21 0, WeR 10y, 1N 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 bs, the following ruleis applied:

if
SF1>=SF2 thenbs, =1 ; bs,= SF1/SF2;
else

SF2 > SF1 then bs, = SF2/SF1; bs,=1;
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end if

In the downlink case bs,is 1 for all physical channels.

4.2.4112.1 Mapping scheme
Notation used in this subclause:
P¢  number of physical channelsfor timedott, P, =1..2 for uplink ; P, = 1...16 for downlink
U, capacity in bitsfor the physical channel p intimeslot t
U;: total number of bitsto be assigned for timeslot t
bs,:  number of consecutive bitsto assign per code

for downlink al bs, = 1

for uplink if SF1>=SF2 thenbs, =1 ; bs,= SF1/SF2;

if SF2 > SF1 then bs; = SF2/SF1; bs, = 1;

fb,:  number of already written bits for each code

pos. intermediate calculation variable

for p=1 to P, -- reset number of already written bits for every physical channel
fb,=0

end for

p=1 -- start with PhCH #1

for k=1 to U,
do while (fb, == U;) -- physical channel filled up already ?

p=(pmodP) +1;

end do
if (p mod 2) ==
pos = U, - fbo, -- reverse order
else
pos=fb,+1 -- forward order
endif
Wi p,pos = Vik -- assignment
fbp=fbp+ 1 -- Increment number of aready written bits
if (fl, mod bs;) == -- Conditional change to the next physical channel

p=(pmodP) +1;
end if

end for
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4.2.1213 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). Thefollowing 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 aradio frame with
CFN fulfilling the relation

CFN mod F = 0,

where Fo denotes the maximum number of radio frames within the transmission time intervals of al transport
channels which are multiplexed into the same CCTrCH, including any transport channelsi 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 atransport channel i withina CCTrCH, the TTI of transport channel i may only
start in radio frames with CFN fulfilling the relation

CFN; mod F; = 0.

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

3) One CCTrCH shall be mapped onto one or severa 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 aBCH 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.

4.21213.1 Allowed CCTrCH combinations for one UE

42121311 Allowed CCTrCH combinations on the uplink
The following CCTrCH combinations for one UE are allowed, also simultaneoudly:
1) several CCTrCH of dedicated type;

2) severa CCTrCH of common type.

4,21213.1.2 Allowed CCTrCH combinations on the downlink

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

3GPP



3GPP TS 25.222 V3.5.0 (2000-12) 34

3) several CCTrCH of dedicated type;

4) several CCTrCH of common type.

4.2.1314 Transport format detection

Transport format detection can be performed both with and without Transport Format Combination Indicator (TFCI). If
aTFCI istransmitted, 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.

4.2.4314.1 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.

4.2.1314.2 Explicit transport format detection based on TFCI

4.2.4314.2.1 Transport Format Combination Indicator (TFCI)

The Transport Format Combination Indicator (TFCI) informs the receiver of the transport format combination of the
CCTrCHs. As soon asthe 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.
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4.3.2 Coding_and Bit Scrambling of the Paging Indicator

The paging indicator Py, 0 =0, ..., Np-1, P, € {0, 1} isanidentifier 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 P,. The length L, of the paging indicator is Lp=2, Lp=4 or Lp=8 symbols. Npig = 2* Np* Lp bits are used for

the paging indicator transmission in one radio frame. The mapping eeding-of the paging indicatorsto the bitse, i = 1,
..., Npig_is shown in table 10.

Table 10: Mapping Ceding-of the paging indicator

All-1! Set; P=1 There is-hecessity to-receive PCH-
Pq Bits {eo1pitg+1, €21pitg+2, -.. ,E21pit(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 Sof bitsin one radio frame available for the PICH is bigger than the number Npg of bits used for the

transmission of paging indicators, the sequence e = {ey, &,, ..., expe} IS extended by SNpg bits that are set to zero,
resulting in asequence h = {hy, hy, ..., hg}:

hk=ek, k=:L...,NP|B
hk=0, k=NP|B"""S

Thebitsh,, k=1, ..., Son the PICH then undergo bit scrambling as defined in section 4.2.9.

Thebitss, k=1, ..., S output from the bit scrambler are then transmitted over the air as shownin [7].
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4.2.7.1 Determination of rate matching parameters

The following relations, defined for all TFC j, are used when calculating the rate matching pattern:
Z,, =0

[[i RM <N, |» N]

7 = forali=1..1(1)
i, |
ZleM m>< Nm,j

ANy =2, ;=2 ;= N;; forali=1..1
Puncturing can be used to minimise the required transmission capacity. The maximum amount of puncturing that can be
appliedis 1-F, PL issignalled from higher layers. The possible values for Ngx, depend on the number of physical
channels P, alocated to the respective CCTrCH, and on their characteristics (spreading factor, length of midamble
and TFCI, usage of TPC and multiframe structure), whichisgivenin[7].

Denote the number of data bitsin each physical channel by U, s, , where p refers to the sequence number 1< p< Py, of
| thisphysical channel as detailed in section 4.2. 114ﬂ4heal+eeat+ewm&%ge and the second index Sp indicates the

spreading factor with the possible values { 16, 8, 4, 2, 1}, respectively. For each physical channel an individual
minimum spreadl ng factor Spmm |stransm|tted by means of the hlgher Iayers Ihaeare%w&epﬂens&eﬂe@mmethe

yThen, for Ny, ONe of the following values in ascending order

can be chosen:

U U U +U J +U U +U + +U U +U + +U
& Llor ’ J--b'l'min' J--b'l'min 2,167 ’ J-'b'l'min érbzmin' ’ J--b'l'min Z1b£min 'Jmax'lb' ’ J--b'l'min Z1b£min 'Jmaxr\wmax)min)

plrs‘-min 'U:LSI-min +U2132min ’U:LSI-min +U2182min + '"+Upma»<v(spmax)min}

Optionally, if indicated by higher layers for the UL -the UE shall vary enhy-usethe minimum-spreading factor
autonomously, so that fer-Ngaa i one of the following values in ascending order-can-be-chesen:

max/min

VsserYisr, Vis, +Usser-Yia,, *Uzsa, -Uisy,, +Uzsa,, +-+Up 16m-Uisr,, *Uzsa,, ++Up (o)., |

Naaia, j fOr the transport format combination j is determined by executing the following algorithm:

|
SET1 = { Ngxa Such that [J@Q{RM y}j X Ndata —PL x Z RM | x Nx,j isnon negative }

x=1
Ndata,j =min SET1

The number of bits to be repeated or punctured, AN;;, within one radio frame for each TrCH i is calculated with the
relations given at the beginning of this subclause for all possible transport format combinations j and selected every
radio frame.

If AN;; = 0 then the output data of the rate matching is the same as the input data and the rate matching algorithm of
subclause 4.2.7.3 does not need to be executed.

Otherwise, the rate matching pattern is cal culated with the algorithm described in subclause 4.2.7.3. For this algorithm
the parameters &, €yus, Eminus, aNd X; are needed, which are calculated according to the equations in subclauses 4.2.7.1.1
and 4.2.7.1.2.
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4.2.8  TrCH multiplexing

Every 10 ms, one radio frame from each TrCH is delivered to the TrCH multiplexing. These radio frames are serialy
multiplexed into a coded composite transport channel (CCTrCH).

The bitsinput to the TrCH multiplexing aredenoted by f,,, f; ,, f; 5,..., fi’\,i , wherei isthe TrCH id number and V;

is the number of bitsin the radio frame of TrCH i. The number of TrCHsis denoted by I. The bits output from TrCH

multiplexing aredenoted by S, S,,S;,..., Sy, where Sisthe number of bits, i.e. S= Z:VI . The TrCH multiplexing is
i

defined by the following relations:

s;=f, k=12..Vv
S = fz,(k_vl) k=Vi+1, Vi+2, ..., Vi+V,

S = fsy(kf(vﬁvz)) k= (VitVo)+1, (Vi+Vo)+2, ..., (Vi+Vo)+V;

s( = fl (K= (Ve +Vo ... 4V, 1)) k= (V1+V2+ ...+V|_1)+ 1, (V1+V2+ ...+V|_1)+2, vy (V1+V2+ ...+V|_1)+V|
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4.2.11 Physical channel mapping

The PhCH for both uplink and downlink is defined in [6]. The bits after physical channel mapping are denoted by

Wp1:Wp 050 W where p isthe PhCH number_corresponding to the sequence number 1< p< P, Of this physical

pYU p ’
channel as detailed below, and U, is the number of bitsin one radio frame for the respective PhCH. The bits W i are
mapped to the PhCHSs so that the bits for each PhCH are transmitted over the air in ascending order with respect to k.

The physical channel sequence number p are to be allocated by the physical layer in ascending order of the timeslotsin
which they appear. |If more than one physical channel appearsin atimeslot, they shall be allocated the sequence
number in order of the timedlot first and then of their channelisation codes. The channelisation codes shall be ordered
in ascending order of the spreading Factor (Q) and then channelisation index (k), as shown in [9].

The mapping of the bits Vi 1,Viy) 25+ Vit u,,, 1S Performed like block interleaving, writing the bits into columns, but a
PhCH 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 timedot t used in
the current frame. Therefore, the bits V, 1, V, ,,...,V;y are assigned to the bits of the physical channels

Wert.ug W21 0, Wm0y, 1N 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 bs, the following ruleis applied:

if

SF1>=SF2 thenbs, =1 ; bs,= SF1/SF2;
else

SF2 > SF1 thenbs, = SF2/SF1; bs, =1
end if

In the downlink case bs,is 1 for all physical channels.
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