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3.3

For the purposes of the present document, the following abbreviations apply:

Abbreviations

<ACRONYM> <Explanation>

ARQ Automatic Repeat on Request

BCH Broadcast Channel

BER Bit Error Rate

BS Base Station

BSS Base Station Subsystem

CBR Constant Bit Rate

CCCH Common Control Channel

CCTrCH Coded Composite Transport Channel
CDMA Code Division Multiple Access
CEN Connection Frame Number

CRC Cyclic Redundancy Check

DCA Dynamic Channel Allocation

DCCH Dedicated Control Channel

DCH Dedicated Channel

DL Downlink

DRX Discontinuous Reception

DSCH Downlink Shared Channel

DTX Discontinuous Transmission

FACH Forward Access Channel

FDD Frequency Division Duplex

FDMA Frequency Division Multiple Access
FEC Forward Error Control

FER Frame Error Rate

GF Galois Fied

JD Joint Detection

L1 Layer1

L2 Layer 2

LLC Logical Link Control

MA Multiple Access

MAC Medium Access Control

MS Mobile Station

MT Mobile Terminated

NRT Non-Rea Time

OVSF Orthogonal Variable Spreading Factor
PC Power Control

PCCC Parallel Concatenated Convolutional Code
PCH Paging Channel

PhCH Physical Channel

PI Paging Indicator

QoS Quiality of Service

QPSK Quaternary Phase Shift Keying
RACH Random Access Channel

RF Radio Frequency

RLC Radio Link Control

RRC Radio Resource Control

RRM Radio Resource Management

RSC Recursive Systematic Convolutional Coder
RT Rea Time

RU Resource Unit

SCCC Serial Concatenated Convolutional Code
SCH Synchronization Channel

SNR Signal to Noise Ratio

TCH Traffic channel

TDD Time Division Duplex

TDMA Time Division Multiple Access
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TFC Transport Format Combination

TFCI Transport Format Combination | ndicator
TPC Transmit Power Control

TrBk Transport Block

TrCH Transport Channel

TTI Transmission Time Interval

UE User Equipment

UL Uplink

UMTS Universal Mobile Telecommunications System
USCH Uplink Shared Channel

UTRA UMTS Terrestrial Radio Access

VBR Variable Bit Rate

4.2 Transport channel coding/multiplexing

Figure 4-1 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 section 4.2.1)
- TrBk concatenation / Code block segmentation (see section 4.2.2)
- Channel coding (see section 4.2.3)
- Radio frame size equalization (see section 4.2.4)
- Interleaving (two steps, see sections 4.2.5 and 4.2.10)
- Radio frame segmentation (4.2.6)
- Rate matching (see section 4.2.7)
- Multiplexing of transport channels (see section 4.2.8)
- Physical channel segmentation (see section 4.2.9)
- Mapping to physical channels (see section 4.2.11)

The coding/multiplexing steps for uplink and downlink are shown in figure 4-1.
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Figure 4-1: Transport channel multiplexing structure for uplink and downlink
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42.1.1 CRC calculation

The entire transport block is used to calculate the CRC parity bits for each transport block. The parity bits are generated
by one of the following cyclic generator polynomials:

Ocre2a(D) =D* +D®+D°+D°+D + 1
Ocres(D) =D* + D2+ D%+ 1
Ocreo(D) = D2+ D* + D3+ D?+D + 1
Ocres(D) = D2+D’ +D*+D3+D + 1
Denote the bits in atransport block delivered to layer 1 by end the perity bitsby

. A isthe length of atransport block of TrCH i, misthe transport block number, and L; is 24,
16, 12, 8, or 0 depending on what is signalled from higher layers.

The encoding is performed in a systematic form, which means that in GF(2), the polynomial

yields aremainder equal to O when divided by gcre24(D), polynomia

yields aremainder equal to O when divided by gcreis(D), polynomia

yields aremainder equal to 0 when divided by gcrei2(D) and the polynomial

yields aremainder equal to O when divided by gcres(D).

If no transport blocks are input to the CRC calculation (M; = 0), no CRC attachment shall be done.

3GPP
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4.2.2.2 Code block segmentation

Segmentation of the bit sequence from transport block concatenation is performed if X;>Z. The code blocks after
segmentation are of the same size. The number of code blocks on TrCH i is denoted by C;. If the number of bitsinput to
the segmentation, X, is not amultiple of C;, filler bits are added to the last block. Thefiller bits are transmitted and they
are dways set to 0. The maximum code block sizes are:

convolutional coding: Z = 504
turbo coding: Z = 5114

no channel coding: Z = unlimited

The bits output from code block segmentation are denoted by , Wherei isthe TrCH number, r is
the code block number, and K; is the number of bits.

Number of code blocks: C, = éX; / ZU
Number of bitsin each code block: K; = éX; / Giu
Number of filler bits: Y; = GK; = X;

If X £ Z, then Oj1k = Xik, and K; = X;.

If X3 Z, then
k=12 ... K
k=12 ... K
k=12 ... K

k:(Ki—Yi)+1, (K, —Yi)+2, veny Ki

4.2.3 Channel coding

Code blocks are delivered to the channel coding block. They are denoted by , 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
on TrCH i is denoted by C;. After encoding the bits are denoted by . The encoded blocks are
serialy multiplexed so that the block with lowest index r is output first from the channel coding block. The bits output
are denoted by , Wherei isthe TrCH number and E; = GY;. The output bits are defined by the
following relations:

k=12 ...,
k=Y +1Y+2..,2Y

k=2Yi+1,2Y + 2, ..., 3Y,

3GPP
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k= (G-1Y+1(G-1Y+2..,CY

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

- No channdl coding
The values of Y; in connection with each coding scheme:

- Convolutional coding, Yzrate: Y; = 2*K; + 16; 1/3rate: Y; = 3*K; + 24

- Turbo coding, 1/3rate: Y; = 3*K; + 12

- No channd coding, Y; =K;

Table 4.2.3-1: Error Correction Coding Parameters

Transport channel type Coding scheme Coding rate
oo . 12
Convolutional code
RACH
1/3,1/2
DCH, DSCH, USCH, FACH Turbo code 1/3
No coding
Fransport-channeltype Coding-scheme Coding-rate
BCH
PCH . 12
EACH Convolutional-code
RACH
1342
DCH DSCH, - USCH Turbo-code 3
No-coding

If no code blocks are input to the channel coding (G = 0), no bits shall be output from the channel coding, i.e. E; = 0.

4231 Convolutional Coding

Convolutional codes with constraint length 9 and coding rates 1/3 and 1/2 are defined.

The configuration of the convolutional coder is presented in figure 3.

Output from the rate 1/3 convolutional coder shall be done in the order outputO, outputl, output?2, outputO, outputl,
output 2, output 0,...,output2. Output from the rate 1/2 convolutional coder shall be done in the order output O, output 1,
output O, output 1, output O, ..., output 1.

8 tail bits with binary value 0 shall be added to the end of the code block before encoding.

Theinitial value of the shift register of the coder shall be "all 0" when starting to encode the input hits.

3GPP
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Figure 3: Rate 1/2 and rate 1/3 convolutional coders

3GPP



3G TS 25.222 14 3G TS 25.222 V3.1.0 (1999-12)

4.2.3.2 Turbo coding

42321 Turbo coder
The turbo coding schemeis a parallel concatenated convolutional code (PCCC) with 8-state constituent encoders.

0% and-10° B

The transfer function of the 8-state constituent code for PCCC is
G(D)=

where,
d(D)=1+D*+D?
n(D)=1+D+D%.

3GPP
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4.2.7 Rate matching

Rate matching means that bits on a TrCH are repeated or punctured. Higher layers assign a rate-matching attribute for
each TrCH. This attribute is semi-static and can only be changed through higher layer signalling. The rate-matching
attribute is used when the number of bits to be repeated or punctured is cal culated.

The number of bits on a TrCH can vary between different transmission time intervals. When the number of bits between
different transmission time intervalsis changed, bits are repeated to ensure that the total bit rate after TrCH
multiplexing isidentical to the total channel bit rate of the allocated physical channels.

If no bits are input to the rate matching for all TrCHs within a CCTrCH, the rate matching shall output no bits for all
TrCHs within the CCTrCH.

Notation used in section 4.2.7 and subsections:

Nij: Number of bitsin aradio frame before rate matching on TrCH i with transport format combination j .

If positive — number of bitsto be repeated in each radio frame on TrCH i with transport format

combination j.
If negative — number of bits to be punctured in each radio frame on TrCH i with transport format
combination j.

RM;: _ Semi-static rate matching attribute for TrCH i. Signalled from higher layers.

PL: _ Puncturing limit. This value limits the amount of puncturing that can be applied in order to minimise the

___number of physical channels. Signalled from higher layers.

Naatajj: Total number of bits that are available for a CCTrCH in aradio frame with transport format
combination j.

number of physical channels used in the current frame

Number of data bitsin the physical channel pwithp=1...P

P

Prax: maximum number of physical channels allocated for a CCTrCH.
Up

I

___Number of TrCHsinaCCTrCH.

Zyj:  ___Intermediate calculation variable.

Fi: ___Number of radio framesin the transmission time interval of TrCH i.

n: __ Radioframe number in the transmission timeinterval of TrCH i (O£ n, < F).

g —Average puncturing or repetition distance(normalised to only show the remaining rate matching on

top of an integer number of repetitions).

[e(m): The inverse interleaving function of the 1% interleaver (note that the inverse interleaving function is
identical to the interleaving function itself for the 1% interleaver).

qn): The shift of the puncturing or repetition pattern for radio frame n;.
TF():  Transport format of TrCH i for the transport format combination j.
TFS(i): Theset of transport format indexes| for TrCH i.
€ni: Initial value of variable e in the rate matching pattern determination algorithm of section 4.2.7.3.
€olus Increment of variable e in the rate matching pattern determination algorithm of section 4.2.7.3.
€ninus Decrement of variable e in the rate matching pattern determination algorithm of section 4.2.7.3.
b: Indicates systematic and parity bits.

b=01: Systematic bit. X(t) in 4.2.3.2.1.

3GPP
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‘ Y- b=12: 1% parity bit (from the upper Turbo constituent encoder). Y(t) in section 4.2.3.2.1.
‘ ¥ b=23: 2™ parity bit (from the lower Turbo constituent encoder). Y'(t) in section 4.2.3.2.1.
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:

forali=1..1

forali=1..1

Puncturing can be used to minimise the required transmission capacity. The maximum amount of puncturing that can be
applied is signalled from higher layers and denoted by PL. The possible values for Ngaa depend on the number of

| physical channels Py , 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 bits in each physical channel by NUy s . where kp refers to the sequence number 1£ kpE
Pmax Of this physical channel in the allocation message, and the second index Skp indicates the spreading factor with the
possible values {16, 8, 4, 2, 1}, respectively. For each physical channel an individual minimum spreading factor Skpyin
is transmitted by means of the higher layer. Then, for Ny One of the following values in ascending order can be

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

SET1 ={ Ngaa such that isnon negative }

Ndataj =min SET1

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

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

Otherwise, the rate matching pattern is calculated with the algorithm described in section 4.2.7.3. For this algorithm the
parameters €y, Eyus, Eminus, aNA X; are needed, which are calculated according to the equations in section 4.2.7.1.1 and
42712
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4.2.7.3 Rate matching pattern determination

The bitsinput to the rate matching are denoted by , Wherei isthe TrCH and X; is the parameter

givenin section 4.2.7.1.1 and 4.2.7.1.2. Fhe bits-output from-the rate- matching-are deneted by ——————————————
whereiHsthe TrCH-number-and V4 =N+DN-

Note that the transport format combination number j for simplicity has been left out in the bit numbering.
The rate matching ruleis asfollows:
if puncturing isto be performed
e=g, --initia error between current and desired puncturing ratio
m=1 -- index of current bit
do whilem <= X;
€= €— Eminus -- update error
if e<=0then -- check if bit number m should be punctured
set bit x , to dwhere di {0, 1}
e=e+ s -- update error
end if
m=m+1 -- next bit
end do
else
e=g, --initia error between current and desired puncturing ratio
m=1 -- index of current bit

do whilem <= X;

€=e—Enns -- update error
dowhilee<=0 -- check if bit number m should be repeated
repeat bit X m

e=e+eys --updateerror
end do
m=m+1 -- next bit
end do
end if

A repeated bit is placed directly after the original one.

3GPP
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4.2.10 2nd interleaving

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.

4.2.10.1 Frame related 2nd interleaving

In case of frame related interleaving, the bitsinput to the 2™ interleaver are denoted , where U isthe

total number of bits after TrCH multiplexing transmitted during the respective radio frame with

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

k=12,..,U

k=1,2,...,U;

k=1,2,...,Up

The following steps have to be performed once for each CCTrCH:
(1) Set the number of columns C, = 30. The columns are numbered O, 1, 2, ..., C,-1 from left to right.

(2) Determine the number of rows R, by finding minimum integer R, such that
U £ R,C,.

(3) The hitsinput to the 2™ interleaving are written into the R, C, rectangular matrix row by row.

(4) Perform the inter-column permutation based on the pattern { P.(j)} (j =0, 1, ..., C,-1) that isshownin table
4.2.9-1, where P,(j) isthe original column position of the j-th permuted column. After permutation of the

columns, the bits are denoted by Y.

(5) The output of the 2™ interleaving is the bit sequence read out column by column from the inter-column permuted
R,  C, matrix. The output is pruned by deleting bits that were not present in the input bit sequence, i.e. bits Yi
that corresponds to bits Xk with k>U are removed from the output. The bits after 2™ interleaving are denoted by

, Where V1 corresponds to the bit Yi with smallest index k after pruning, V2 to the bit Yk with
second smallest index k after pruning, and so on.

3GPP



3G TS 25.222 27 3G TS 25.222 V3.1.0 (1999-12)

4.2.10.2 Timeslot related 2™ interleaving

In case of timeslot related 2™ interleaving, the bitsinput to the 2™ interleaver are denoted , Wheret
refersto a certain timeslot, and U, is the number of bits transmitted in this timeslot during the respective radio frame

In each timeslot t the relation between Xy and Upk is given below with P, refering to the number of physical channels
within the respective timeslot:

k=12
1K E

The following steps have to be performed for each timeslot t, on which the respective CCTrCH is mapped:
(1) Set the number of columns C, = 30. The columns are numbered 0, 1, 2, ..., C,-1 from left to right.

(2) Determine the number of rows R, by finding minimum integer R, such that
U; £ RCo.

(3) The hitsinput to the 2" interleaving are written into the R,  C, rectangular matrix row by row.

(4) Perform the inter-column permutation based on the pattern { P,(j))} (j = 0, 1, ..., C,-1) that isshown in table
4.2.9-1, where P,(j) isthe original column position of the j-th permuted column. After permutation of the
columns, the bits are denoted by Vik.

(5) The output of the 2™ interleaving is the hit sequence read out column by column from the inter-column permuted R,
C, matrix. The output is pruned by deleting bits that were not present in the input bit sequence, i.e. bits Yik that
corresponds to bits X with k>U, are removed from the output. The bits after 2™ interleaving are denoted by
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4.2.12 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 multi plexed |nto one CCTrCh shedtdall have co—ordl nated timi ngw%heeeneethaktranspert

because atransport channel iis added to the CCTrCH or reconflqured within the CCTrCH, the TTI of transport
channel i may only start in radio frames with CEN fulfilling the relation

CEN; mod Fre = 0,

where Fi5 denotes the maximum number of radio frames within the transmission time intervals of all transport
channels which are multiplexed into the same CCTrCH, including transport channel i which is added or
reconfigured, and CFN; denotes the connection frame number of the first radio frame within the transmission time
interval of transport channel i.

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

CEN i mod F|:_0

2) Different CCTrCHs cannot be mapped onto the same physical channel.
3) One CCTrCH shal 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 aRACH 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 acommon channdl, 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
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