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Abstract 
This report presents a study of functionality, service dataflows, computation charac-
teristics and processing parameters for baseband processing in radio base stations.  The 
study has been performed with the objective to develop a programming model that is 
natural and efficient to use for baseband programming and which can be efficiently 
compiled to parallel computing structures. In order to achieve this objective it is 
necessary to analyse and understand the logical architecture of the application in order to 
be able to define processing characteristics and thereby requirements on languages as 
well as on physical system architectures. Moreover, to be able to test and verify 
programming and mapping of functions it is necessary to have realistic but still 
manageable test cases.  

The study is focused on the third generation partnership project (3GPP) standard 
specifications for 3G radio base stations. The specifications cover the complete 3G 
network-architecture and are quite extensive and complex. To make experiments 
manageable, it is necessary to abstract system functionality that is not directly relevant 
for the RBS baseband processing. Moreover, the standard specifications only describe the 
required processing functionality on an abstract logical level. In this report, the 
functionality of the baseband functions is explained and also described using illustrations 
of dataflows and abstract mapping of two 3G service cases.  

The results of the study constitute a comprehensive description of the processing flow 
and the mapping of user data channels in 3G radio base stations – spanning data and 
control input from layer 2 to physical channel output from layer 1. Data dependencies 
between functions are illustrated with figures and it is concluded that these dependencies 
are of producer/consumer type. It is discussed how different functions can be mapped in 
MIMD and SIMD fashion with regard to the data dependencies, the data stream lengths 
and the control operations required to handle bit stream processing on word-length 
processor architectures.   
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1. Introduction 
 
This report concludes a study of functionality, dataflows as well as computation 
characteristics and processing parameters for baseband processing in Universal Mobile 
Telecommunication Standard (UMTS) radio base stations (RBS).  The study is part of a 
research project where the objective is to investigate programming models and efficient 
mapping techniques for parallel and reconfigurable processing platforms. Efficient 
parallel mapping requires a programming model that is natural to use for application 
programming and which can be efficiently compiled to parallel structures. Thus, it should 
be possible to express parallelism and application-characteristic dataflows, which can be 
analysed and exploited at compile-time. Moreover, such a programming model should 
also be portable to different architectures. In order to achieve this objective it is required 
to analyse and understand the application, to be able to define requirements on a language 
and to be able to conduct realistic implementation experiments.  

There are two main purposes with this study. First, the standard specifications for third 
generation (3G) networks are quite extensive and complex and quite difficult to grasp. To 
make experiments manageable, it is necessary to abstract system details that are not 
directly relevant for the RBS data processing. The second purpose is to characterise the 
baseband functions, the computations and the dataflows to understand what kind of 
operations and logical functionality that must be expressed in a programming language.   

There are several 3G-enabling radio technologies, such as EDGE, CDMA 2000 (also 
called CDMA 2K) and WCDMA. WCDMA is an abbreviation for wideband code 
division multiple access and it is the radio technology chosen by the 3GPP organisation 
for UMTS networks [1]. Unlike earlier generations, 3G systems have been designed to 
support high bandwidth multimedia services and to support multiple simultaneous 
services, multiplexed on a single user channel [2].  

In an RBS, the term downlink denotes the transmitting part of a communication link 
and the receiver link is called uplink. FDD is an abbreviation for Frequency Division 
Duplex, in which separate frequency bands are used for uplink and downlink carriers. 
There is also a standard for Time Division Duplex (TDD) in UMTS, but the FDD 
standard is the technology used in existing telecommunication systems. This study is 
focused on the WCDMA FDD standard and the downlink processing in an RBS. The 
technical specification in the study document has been compiled from release 5 of the 
3GPP standard specifications [1].  

 This report is organized as follows. Section 2 describes the logical network 
architecture and how the RBS relates to the network. The RBS data input format, 
configuration parameters and the logical function flow for the baseband processing are 
presented in Section 3.  In section 4, the WCDMA code spreading technique and 
processing rates are discussed. Section 5 discuses two service examples used to describe 
data- and function-flows. The technical specifications of the studied baseband functions 
are presented in Section 6 which is the main section of the report. We explain the purpose 
the functions and illustrate dataflows and mapping characteristics using the service 
examples from Section 5. Finally, the study is summarised in Section 7.  
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2. The UTRAN architecture 
 
This section presents an overview of the modular UMTS network architecture. The logic 
modules and interfaces in the network architecture are briefly described to explain the 
role of an RBS in an UMTS network. The WCDMA baseband technology constitutes the 
core of the UMTS terrestrial radio access network (UTRAN) architecture [2]. The 
UTRAN architecture is a standardised, logical architecture comprising one or several 
radio network subsystems (RNS), see Figure 1. An RNS is in turn a sub-network 
comprising a radio network controller (RNC) and one or several Node Bs. Node B is the 
terminology used for an RBS by the 3GPP. 
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Figure 1 The UTRAN architecture 

 
The RNC controls the Node B radio access resources within an RNS, i.e. the lowest 

layer of the network layers – the physical layer (L1) – and the radio. The RNC is 
responsible for setting up physical radio links via the radio access resources – so called 
radio access bearers (RAB) – on user service requests. The RNC also manages 
congestion control and load balancing of the allocated channels and it constitutes the 
termination point between the RNS and the core network. This is illustrated with the CN 
interface in Figure 1. 

2.1 Node B 
The functionality of Node B can in general terms be described as a mapping procedure, 
between logical channels from higher layers (L2 and above) and the physical channels 
(L1). In the downlink, data frames from higher layer transport channels are encoded, 
grouped and modulated before being transmitted through the antenna. In the uplink, 
physical channels are demodulated, decoded and mapped onto higher layer data frames.  
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 The transport channels comprise channels of both dedicated and common type. The 
dedicated channels (DCH) are allocated for single users while the common channels are 
shared for several users. Several transport channels can be allocated for a single user and 
these are multiplexed into one coded composite transport channel (CCTRCH). Multiple 
transport channels can be allocated for one service and/or for multiple services running in 
parallel. For example, a user could be downloading e-mails in the background while 
speaking in the phone at the same time. In release 5 of the 3GPP standard, which is the 
standard release used for this report, it is only possible to allocate one CCTRCH for a 
single mobile user equipment (UE). 

2.2 The UTRAN interfaces 
There are two RNC interfaces to the core network (CN) ⎯ the IUPS interface for packet 
switched communication and the IUCS interface for circuit switched communication. 
The UTRAN CN interface is designed to be logically compatible with the GSM network 
infrastructure.   

The IUR interface is an interface for communication between RNCs of different 
RNSs. It is used for network relaying, or hand-over, of radio links when a mobile UE has 
relocated geographically in the network. The RNC that initiates a radio access link is 
denoted the serving RNC (SRNC). The SRNC is the owner of the link. When a mobile 
UE relocates to a different RNS, the RNC in the RNS to which the mobile has relocated 
to becomes a drift RNC (DRNC). The DRNC relays the radio link to the SRNC and no 
L2 processing is performed at the DRNC.  

The IUB interface is the L2 to L1 interface between a Node B and the RNC. This 
interface is the termination point for the RBS managed resources. The Uu interface is the 
WCDMA air interface between Node B and mobile UEs. The physical layer processing 
in the RBS is encapsulated between the Iub and the Uu interfaces. 
 

3. Transport channel multiplexing in Node B 
 
This section presents the L1 downlink logical function flow in the RBS and the frame 
format of input data from L2. Service payload is mapped on dedicated transport channels 
(DCH) and a transport block is the smallest data unit for input payload. Several transport 
blocks can be mapped on one transport channel and new blocks of data arrive by a 
deterministic time interval, Figure 2. This time interval is denoted as the transmission 
time interval (TTI).  

 

TB TB TB TB TB
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Figure 2 Examples of Transport block combinations 
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Transport blocks that are grouped within a TTI and belong to the same service constitute 
a transport block set [5]. A new transport block set is processed every TTI and the TTI is 
always a multiple of the 10 ms radio frame (10, 20, 40 or 80 ms). Transport blocks in 
different TTIs can have variable bit lengths (illustrated to the left in Figure 2), but within 
a transport block set, all blocks must be of equal length (illustrated to the right in Figure 
2). 
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Figure 4 Downlink processing functions  



There are two L2 frame format types for the DCHs – data frames and control frames 
[3]. All frames have a header field and a field for payload.  The structure of a data frame 
can be seen in Figure 3.The baseband processing in Node B constitutes a pipelined 
sequence of functions, as shown in Figure 4. The figure shows N parallel DCH transport 
channels, which are multiplexed to form a CCTRCH, and later, depending on the 
bandwidth requirements, de-multiplexed on M physical channels. The processing mode 
of the baseband functions is configured using a set of service parameters. These 
processing parameters must also be set at the receiver side. Different methods can be 
used to configure the processing mode parameters in the receiver – TFCI based detection, 
blind transport format detection or guided detection [4]. The mapping examples, 
described later in Section 5, assume TFCI based detection.  

The transport blocks transmitted within a transport channel in the same radio frame 
interval are combined with a transport format indicator (TFI). A transport format 
combination indicator (TFCI) combines the TFIs for the services that are multiplexed on 
a single CCTRCH. The TFCI is encoded and transmitted over the physical channel 
together with the DCHs which are multiplexed to form a CCTRCH. If several DCHs are 
used, only one TFCI is sent with one of the DCHs. At the receiver side, the TFCI can be 
decoded and the function parameters are then configured so that the data frames can be 
processed correctly.  

The TFI has two parts – a dynamic part and a semi-static part. The dynamic 
parameters can be altered each TTI, while the semi-static are configured once when a 
service is set up. The TFI parameters are listed in Table 1 below. 
 

Table 1 Transport Format Attribute options 

Dynamic 
Part 

Transport 
Block Size 

0 to 5000 bit 
 

 Transport 
Block Set Size 

0 to 200000 bit 

Semi- 
Static Part 

Transmission 
Time  Interval 

10, 20, 40, 80 ms 

 Channel 
Coding Type 

No coding, 
Convolution coding, 

Turbo coding 

 Code Rates 
(Convolution) 

1/2 or 1/3 

 CRC size 0, 8, 12, 16, 24 
 

 

4. Code spreading and processing rates 
 
The L1 processing is performed with different processing rates at different stages. These 
rates are categorised as symbol rate processing and chip rate processing. Symbol rate 
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corresponds to the rate of the information bits. That is, each bit processed in the physical 
layer corresponds to one information symbol (e.g. 1 or 0) in the payload. The WCDMA 
technology uses code spreading to enable transmission of multiple channels on the same 
frequency band. Symbols are spread using orthogonal channel codes.  A channel code is a 
finite sequence of 1’s and 0’s, which are denoted chips, and these sequences are selected 
so that they are orthogonal to each other. Each symbol is spread to a sequence of chips 
and the processing rate is higher after this spreading, since each logical symbol now is 
represented by a longer chip-sequence. This rate is referred to as chip rate.  

In the downlink, all baseband functions from the CRC attachment through the 
physical channel mapping are processed at symbol rate. The spreading operation is 
performed after physical channel mapping and the output after spreading are chip rate. In 
the uplink, parts of the RAKE1 receiver and the preceding functions are processed at chip 
rate. Functions proceeding to the RAKE receiver are processed at symbol rate.  

The chip rate on a physical channel in UMTS is 3.84 Mchips and this rate is constant. 
A radio frame is transmitted during a 10 ms interval and this corresponds to a length of 
38400 chips. Each radio frame is divided into 15 slots and each slot corresponds to 2560 
chips. The length of the spread factor (SF) determines the rate with which symbols are 
mapped on the physical channels. The spread factor is always a multiple of 2 and in the 
downlink the SF can vary between 4 and 512.  Dynamic bit rates can be allocated through 
configuration of the spread factor length and by using multiple channel codes. 
 

5. Service mapping 
 
This section presents two 3G service examples which are used to reason about mapping 
of data streams and about processing characteristics of the baseband functions in Node B. 
The first example is derived on a standard service for voice transmission. The second 
example is a more general case for high-bit rate services.  Only mapping and processing 
on DCH transport channels are considered and it is assumed that the required service 
RABs have been setup by the RNC.  

5.1 AMR voice  
Adaptive Multi Rate (AMR) is a technique used for coding and decoding of dynamic rate 
speech services in UMTS [5]. The bit rate can be altered by the radio network during the 
service session, hence the name Adaptive Multi Rate2. There are two standard AMR 
codecs included in the 3GPP specification – narrowband AMR [6] [7] and wideband 
AMR [8]. The wideband AMR is specified in release 5 of the 3GPP technical 
specifications. The main difference is that the wideband AMR coder offers higher voice 
quality by means of an increased sample rate (16 kHz for wideband compared to 8 kHz 
when using narrowband). 

Nine data rates between 6.60 kbps and 23.85 kbps are available in the wideband AMR 
standard. The narrowband AMR codec offers 8 data rates between 4.75 kbps and 12.2 
kbps, where some of these codec rates are compatible with the AMR codec used for the 
                                                 
1 The RAKE receiver is used in the uplink to decode the channel codes  
2 Current networks have been deployed with AMR that uses fixed bit-rates 
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GSM system. The radio access network can adaptively control the bit rate and for the 
narrowband AMR service the bit rate can be changed for each TTI. 

When the AMR encoder encodes data, the bits are arranged in different classes 
according to how important they are for speech quality. The encoded bits are categorized 
into three classes - A, B and C - where A are the most important bits and C the least 
important. Stronger coding and CRC attachment can be applied on the class A bits 
separately, while the less important bits can be transmitted using less coding strength and 
without CRC attachment. 

5.2 High bit-rate data transmission 
The standard specifies a set of UE classes with different radio access capabilities. These 
capability classes define what data rates and services that must be supported for a UE of a 
specific class. We have used parameters required for UEs of the highest capability class, 
which can handle bit rates up to 2048 kbps [9]. The maximum number of simultaneous 
transport channels for the 2048 kbps class is 16. It is assumed that all transport channels 
can be of DCH type. One CCTRCH using up to 3 physical channel codes can be received 
by a UE of this class. The maximum number of transport blocks within a TTI is 96 and 
the maximum number of bits that can be received within a 10 ms radio frame interval is 
57600. 
 

6. Downlink processing functions 
 
In this section we explain and discuss the baseband functions (shown in Figure 4) with 
focus on the downlink data channel processing in the RBS. We illustrate processing and 
mapping of services to these functions using the two cases of service transmissions that 
were presented in Section 5. The mapping is based on the logical specifications given by 
the 3GPP standard documents and test implementations that have been made for a sub set 
of these functions [1]. We use figure abstractions in connection to each of the described 
functions to abstractly reason about computations, potential parallelism and dataflow 
mapping. The mapping has been kept on an abstract level for each function separately 
and the specific services are discussed under the paragraphs AMR service and High bit-
rate data service in connection to each function sub-section.  

In first hand, we are interested in identifying data dependencies, potential parallelism 
and typical computations in order to define different function implementations which 
desirably should be possible express in a programming language.  

6.1 CRC attachment 
Cyclic Redundancy Check (CRC) is a function used to detect bit errors after 
transmission. At the sender side, a checksum is calculated and appended to the data to be 
transmitted, Figure 5. In the figure, Ai represents the length of the transport block before 
CRC attachment and Li the length of the checksum. At reception, the checksum is 
recalculated and if no errors have been introduced, this checksum will match the 
appended checksum. The CRC checksum is calculated using polynomial division [10]. 
The dividend corresponds to the bits in a transport block and the divisor is a specified 
generator poly-nomial, known both by the sender and the receiver. This polynomial 
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division results in a rest term - the checksum. The generator polynomials used for CRC in 
UMTS are of length 24, 26, 12, 8 or 0 bits. The generator polynomial to be used for a 
specific transport channel is signalled to the physical layer from higher layers in the TFIs.  

 

CRCTransport Block

Transport Block with CRC attached0 Ai+Li

Transport Block

0 Ai

 
Figure 5 A CRC checksum is appended to each transport block 

 
The polynomial arithmetic is performed in GF(2), where GF is an abbreviation for 

Galois Field and 2 represents a number field of width 2. In practice this means that 
addition and subtraction are performed modulo 2. (i.e. no carry is propagated) [11]. Thus, 
addition and subtraction can be implemented using simple XOR arithmetic. The 
following generator polynomials are specified for usage in the 3GPP UMTS standard 
 
GCRC24(D) = D24 + D23 + D6 + D5 + D +1 
GCRC16(D) = D16 + D12 + D5 + D +1 
GCRC12(D) = D12 + D11 + D3 + D2 + D +1 
GCRC8(D) = D8 + D7 + D4 + D3 + D +1 
 
In GF(2) each Di  term represents a ‘1’ at position i in the binary number format and the 
others are ‘0’. For example, the polynomial GCRC8 corresponds to the binary number 
110011011. 

Transport blocks are padded with a number of zeros, as many as the length of the 
generator polynomial. That is, if GCRC16 is used, 16 zeros shall be appended to the 
transport block. After zero padding, the entire transport block (the dividend), is divided 
by the generator polynomial (the divisor). If there are no transport blocks on the input, no 
checksum is calculated. If the input transport block size is of zero length, a checksum is 
still calculated (all checksum bits will be zero).   

AMR service 
The AMR bit classes are mapped using three RAB sub-flows; one transport block for 
each bit class, mapped on three separate DCH transport channels. CRC attachment is 
only applied for the class-A sub-flow using the CRC12 polynomial.  Thus, one transport 
block per user must be processed each TTI, see Figure 6. A possibility for exploitation of 
SIMD parallelism is to combine AMR class A channel streams from several users. 
However, efficient SIMD parallelization of the CRC function for AMR services will 
require that the channels are computed using the same CRC polynomial. This is because 
that many efficient CRC algorithms require that the input must be sliced according to the 
polynomial length [10]. Also, it will require that all users are using the same AMR data 
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rate encoding modes to ensure that all bit streams are equal in length. Input slicing and 
stream alignment require control operations. These control operations must be the same 
for all streams to be able to SIMD vectorize efficiently. 
 

DCH A DCH B DCH C CRC input

After CRC

42 - 81 53 - 103 0 - 60

12 0 - 6042 - 81 53 - 103  
Figure 6 Transport block lengths can take 8 different discrete values within the given bounds. Each 
value corresponds to a certain AMR bit-rate. 

High bit-rate data service 
Data can be mapped using multiple transport blocks distributed on several transport 
channels. All transport blocks within a transport channel are of equal length (n in Figure 
7) and the CRC polynomial is the same for all blocks. Since there are no data 
dependencies between transport blocks, it is possible to SIMD vectorize several blocks 
within a channel.  

Like in the AMR case, efficient SIMD vectorization of data from several transport 
channels will require that the transport block lengths and CRC polynomial are the same 
for these channels. Otherwise, more coarse-grained parallelism can be exploited by 
mapping the channel streams in a MIMD parallel fashion.  

For the 2048 kbps class, at most 96 transport blocks can be mapped to 16 DCH 
streams, as shown in the figure. The maximum sum of bits that can be received within a 
TTI (all DCH:s included) is 57600 ( channelsii nnm ×× ).   
 

DCH 1

CRC input of

After CRC
0-24 bits attached

0 - n1

0-240 - n1

DCH 2

0 - n2

0 - n2

DCH 16

0 - ni

0 - ni0-24 0-24

DCH 1 DCH 2 DCH 16

mi blocks of size ni
where i is 0 - 16

channels

1

m

 
Figure 7 Transport blocks are mapped on 0-16 channel streams. A CRC checksum of length 0 - 24 
bits is attached to each block 
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6.2 Transport block concatenation and code block segmentation 
Transport blocks mapped within a transport channel during the same TTI are 
concatenated to larger code blocks. If the resulting code block is larger than a maximum 
code block size, it will be segmented into several code blocks. The purpose with code 
block concatenation and segmentation is to build code blocks with a size that yields better 
coding performance of the channel [2]. Small blocks are concatenated to form blocks that 
yield lower coding overhead, and code blocks that are too large are segmented into 
smaller blocks to reduce coding complexities. The maximum code block size is 
dependent of the type of forward error coding (FEC) function that will be used in the 
following channel coding operation.   

Transport block Concatenation 
A transport block set is a finite bit sequence bim1, bim2, bim3, …, bimBi , where i is the 
transport channel, m is the transport block number and Bi is the number of bits in each 
transport block, including the previously appended CRC code, see Figure 8. The number 
of transport blocks on channel i is denoted Mi and the bit sequence after block 
concatenation is xi1, xi2, xi3, …, xiXi, where Xi = MiBi.  
 

CRCTransport Block

Code Block

Bi0

0 Xi

Mi1i 2i ...

 
Figure 8 Transport blocks are concatenated to code blocks 

Code block segmentation 
The maximum size of a code block for channel coding is denoted Z. For turbo coded 
channels Z = 5114 and for convolution coded channels Z = 504. Segmentation is 
performed only if Xi exceeds Z. If turbo coding is to be applied and the size of the block 
is less than 40 bits (Xi is < 40), the initial part of the code block must be padded with 
zeros so that the code block length equals 40 bits. All code blocks that are segmented are 
segmented to equal size. The number of code blocks after segmentation is denoted Ci, 
where Ci = ⎡ ⎤ZX i / .  The input Xi must be padded with zeros, in the beginning of the 
sequence, if Xi is not a multiple of Z. 
 

C1

Code block

C3 C4

0 Ci*Z

C2

Z  
Figure 9 First code block padded with zeros if the input length is not a multiple of Z 
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AMR service 
Block concatenation is not required for AMR transport channels; only one transport block 
is mapped on each channel, see Figure 10. Convolution coding is applied for all channels 
and, since each transport block is less than 504 bits, no segmentation is required either. 
Thus, no concatenation or segmentation processing is required for the AMR service.  
 

DCH A DCH B DCH C

After concatenation
and segmentation

54 - 93 53 - 103 0 - 60

Input from CRC

54 - 93 53 - 103 0 - 60  
Figure 10 No concatenation or segmentation performed on AMR data 

High bit-rate data service 
The maximum number of transport blocks that can be transmitted within a TTI for the 
highest UE capability class is 96. These blocks can be mapped using at most 16 allocated 
transport channels, see Figure 11 Concatenation and segmentation is performed for up to 
16 channels (transport block streams). Like in the previous CRC function, SIMD 
vectorization can be performed by arrangement of transport blocks within each channel in 
parallel. Multiple transport channels can be mapped and processed MIMD parallel, 
assuming that the channels contain transport blocks with different lengths. Thus, less 
consideration have to be taken of control operations required for alignment of different 
transport block lengths between channels.  
  

DCH
1

Input after CRC

After concatenation

0 - n1

Stream of m blocks of
size n where i is 0 - 16

channels

DCH
1

TB 1 TB 2 TB m1

DCH
2

0 - n2

DCH
2

TB 1 TB 2 TB m2

DCH
i

0 - ni

DCH
i

TB 1 TB 2 TB mi

CB 1 CB k1 CB 1 CB k2 CB 1 CB ki
After

segmentation

Z  k1*Z Z  k2*Z Z  ki*Z  
Figure 11 Concatenation and segmentation is performed for up to 16 channels (transport block 
streams) 

6.3 Channel coding 
The CRC operation can be used to detect bit errors but it is not possible to identify 
erroneous bit positions and thus be able to correct them. Forward error correction (FEC) 
is a coding technique that can be applied in order to, at some extent, restore distorted bits. 
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Redundancy bits are added to the transmitted bit sequence so that it is possible, to a 
certain degree, to correct bit errors when decoding the message in the receiver [12].  

There are two types of coding techniques that can be used for FEC in UMTS; turbo 
coding and convolution coding. The coding rate is the main parameter that can be 
alternated when using these coding techniques. The coding rate corresponds to the bit 
redundancy ratio after the encoding procedure; i.e. the number of encoded bits inserted 
per original bit. Thus, with 1/2 rate coding each input bit is associated with two redundant 
bits and with 1/3 rate coding each bit is associated with three redundant bits. 

6.3.1 Convolution coding 
Two different coding rates can be applied for convolution coding in UMTS; 1/2 and 1/3 
ratio. The coding procedure is logically represented by an 8-stage shift register and a 
sequence of XOR operations. The 1/2 rate encoder is shown in Figure 12, and the 1/3 rate 
encoder is shown in Figure 13. When applying 1/2 rate coding, two redundant bits are 
produced for each bit fed into the register. When coding with 1/3 rate, three redundant 
bits are produced instead of two. The bits in the shift register must be set to zeros in all 
positions before the encoding of a new sequence is started. 

D D D D D D D D
Bit-serial

input

Output 1

Output 0

 
Figure 12 Convolution coding with 1/2 coding rate 

 
D D D D D D D DBit-serial

input

Output 1

Output 0

Output 2 
Figure 13 Convolution coding with 1/3 coding rate 

 
The output sequence from the 1/2 rate encoder is: output 0, output 1, output 0, output 1, 
… 
 
The output sequence from the 1/3 rate encoder is: output 0, output 1, output 2, output 0, 
output 1, output 2, … 
 
The shift register is one byte wide and each output bit is dependent on the input bit and 
specific bit positions in the register. The encoding procedure ends when the last bit has 
been passed through the register. When using 1/3 rate, the length of the encoded sequence 
will be 243 +× iX  bits, and for 1/2 it will be 162 +× iX  bits, where Xi is the length of 
the bit sequence before encoding. The 24 bits correspond to 3 bits times the length of the 
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shift register for the 1/3 rate coding, and the 16 bits correspond to 2 times the length of 
the shift register for the 1/2 rate coding. 

6.3.2 Turbo coding 
Turbo coding is performed using two parallel, concatenated convolution coders (PCCC), 
see Figure 14. The input sequence is interleaved before the second encoder encodes it. 
The purpose with the interleaving procedure is to spread the coding dependencies over 
longer bit sequences rather than using only adjacent bits, as is the case with a single 
convolution coder.     

D D D

D D D

Interleaver
1'st encoder

2'nd encoder

Xk

X’k

Xk

Zk

Z’k

X’k

 
Figure 14 Turbo encoder for UMTS 

 
The output sequence from the encoder is the sequence described in Eq 1. 
  

Eq 1 X1, Z'1, Z1, X2, Z'2, Z2, X3, Z'3, Z3, ..., Xn, Z'n, Zn   

6.3.4 Trellis termination 
The turbo-coded output is ended with a termination sequence. The termination sequence 
constitutes the sequence that is produced when shifting out the bits present in the shift 
register, after closing the feedback loop, as can be seen in Figure 14. This procedure is 
called Trellis termination and the termination sequence, described by Eq 2, is appended 
to the encoded bit sequence, described by Eq 1.   
 

Eq 2 X1, Z1, X2, Z2, X3, Z3, X'1, Z'1, X'2, Z'2, X'3, Z'3   

6.3.5 The Turbo Code interleaver 
The input bit sequence is arranged according to a matrix pattern before the interleaving 
procedure. The bit matrix is interleaved through an intra-row bit permutation and then by 
an inter-row permutation. The length of the input sequence determines the size of the 
matrix. A logical algorithm to perform the interleaving procedure and the arrangement of 
the matrix size is described in [4]. 
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AMR service 
The three transport channels used for the AMR service require convolution encoding, 
where the class A bit stream is encoded using 1/3 rate and class B and C bit streams are 
encoded using 1/2 encoder rate. The relation between the input data streams and the 
output after convolution coding is shown in Figure 15. SIMD vectorization is 
complicated by the fact that the lengths of the input streams are different for each channel 
and channels are encoded using different parameters. A possibility is to, like in the CRC 
function, SIMD vectorize according to groups of class A, class B or class C streams from 
different composite user channels. Thus, it is possible to take advantage of parameter and 
stream length equality. Another possibility is to map and process the transport channels 
simultaneously in MIMD parallel fashion.   
 

DCH A DCH B DCH C

After convolution coding

53-103 0-60

0-303 0-333 0-132

Input after concatenation

54 -93

 
Figure 15 Convolution coding for AMR channels 

High bit-rate data service 
In the high bit-rate service example, at most 16 parallel input streams, each carrying mi 
code blocks of size ni must be processed. The input and output relations for convolution 
and turbo coded streams are shown in Figure 16. Like in the previous functions, SIMD 
vectorization can be performed by grouping code blocks within a single transport channel 
since there are no data dependencies between blocks. Like in the AMR example, 
assuming that code block lengths and processing parameters can be unequal for the 
transport channels complicates SIMD vectorization through grouping of code blocks 
from several transport channels. A possibility is to process multiple in channels in MIMD 
parallel fashion.  
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Figure 16 Output after convolution or turbo coding. The tail variable takes the value 16 or 24 
depending on the coding rate  
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6.4 Rate matching 
Rate matching is performed to match the input data length with the available radio frame 
bits. The rate match pattern has to be calculated with regard to the input rates of all the 
channels, which are to be multiplexed to form a user CCTRCH. Bits are either repeated 
or punctured according to this rate-match pattern. 
 Rate matching is performed differently depending on whether a channel is transmitted 
using compressed or normal mode, and whether fixed or flexible positions are used (in 
this study only rate-matching for fixed positions are considered). Compressed mode is a 
technique that can be applied to perform channel measurements in UEs. Channel 
compression is used to create transmission gaps (transmission free slots), which can be 
used by the UE to perform measurements [13]. There are different compression 
techniques for the downlink transmissions; spread-factor reduction, bit puncturing and 
higher-layer scheduling.  With spread-factor reduction, the spread-factor is reduced so 
that the number of chips per symbol is decreased. In compressed mode by puncturing, 
bits are either punctured or repeated. Compression can also be handled through higher-
layer scheduling; only a sub-set of the possible transport format combinations can be 
transmitted during the compressed interval [4]. That is, in order to make room for gaps 
the input data rate is decreased through scheduling. In all compressed modes, a rate-
matching attribute that is used to calculate the number of bits that shall be repeated or 
punctured, is assigned by higher layers.  

6.4.1 Bit separation and bit collection  
In Turbo coded channels, only the parity bits and some bits from the trellis termination 
sequence are rate matched, as shown in Figure 17. This means that no puncturing or 
repetition is performed on the systematic bits plus some of the trellis bits (see [4] and Eq 
6 in the previous channel coding section). These bits are passed through without any rate 
matching. For convolution-encoded channels all bits are rate matched, as seen in Figure 
18.    
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Figure 17 Rate matching for turbo coded channels 
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The variable iE  describes the number of input bits to the rate-matching function after 
channel coding. The relations between the number of input and output bits for turbo-
coded channels are  
 

3/,,3,2,11)1(3,,,1 iiikiki EXXkCX === +− K  
3/,,3,2,12)1(3,,,2 iiikiki EXXkCX === +− K  
3/,,3,2,13)1(3,,,3 iiikiki EXXkCX === +− K  

 
For convolution coded channels and turbo coded channels using repetition the relation is 
 

iiikiki EXXkCX === ,,3,2,1,,,1 K  
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Figure 18 Rate matching for convolution coded channels 

 
The bits are collected into a single output sequence after the rate matching. The bit 
positions that are punctured during the rate matching are marked with a third value, δ, 
where δ∉{0,1}. The δ bits can be removed directly after bit collection. For turbo encoded 
channels with puncturing the output sequence is 
 

ikik YkYZ ,,3,2,1,,11)1(3,1 K==+−  

ikik YkYZ ,,3,2,1,,22)1(3,1 K==+−  

ikik YkYZ ,,3,2,1,,33)1(3,1 K==+−  
 
For convolution encoded channels and turbo encoded channels using repetition the 
relation is 
 

ikik YkYZ ,,3,2,1,,1,1 K==  
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6.4.2 Calculation of rate matching parameters for fixed positions 
The rate matching parameters are used to compute puncture and repetition patterns. The 
pattern is computed as described by an algorithm, presented in sub-section 4.2.7.5 in [4], 
where also the equations required for calculation of intermediate variables (Eq 3 to Eq 6 
shown below) can be found. The number of available data bits within a CCTRCH is 
denoted jdataN , , where j is the transport format combination used. This variable is 
dependant on the number of physical channels and the spread factor used for the specific 
user CCTRCH. The number of physical channels is denoted by P. The total number of 
bits available for a user CCTRCH can be calculated as ( )21,* 15 datadatadata NNPN +××= , 
where 1dataN and 1dataN  depend on the slot format used. These slot formats are specified in 
Table 11 in [14].  
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6.4.3 Parameters for normal mode and compressed mode by spread factor reduction 
The number of bits to be punctured or repeated per TTI is denoted TTI

liN ,Δ , where i is the 

transport channel and l the transport format. A negative value of TTI
liN ,Δ  corresponds to 

the number of bits to be punctured and a positive number corresponds to the number of 
bits to be repeated. The output data rate is equal to the input data rate if 0max, =Δ iN  for 
TRCH i. Thus, the rate-matching algorithm, as specified in [4], shall not be executed. 
This means that the number of bits for all transport channels to be repeated or punctured 
is 0, as described by Eq 6.  

Eq 6 0, =Δ TTI
liN  )(iTFSl ∈∀ . 

The rate-matching algorithm shall be executed if 0max, ≠Δ iN , after calculation of the vari-
ables eini, eplus and eminus.  

Parameters for compressed mode by puncturing 
The variables ,*iN  and ,*iNΔ  are calculated in the same way as in the compressed mode 
by spread factor reduction, i.e. using Eq 3 to Eq 5. 

Eq 7 ,*max, ii
m
i NFN Δ×=Δ  
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The number of bits to be removed on TRCH i (to create the gap for compressed mode 
and to compensate for reduction of bits in the slot format compared to normal slot 
format), is denoted n

iNp max, . The value of n
iNp max, is calculated for each radio frame n of the 

TTI and ( )1max, −−= ii
n
i ZZNp  for i=1 to I 

Eq 8 
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The variable NTGL is the number of bits in each radio frame corresponding to the gap. The 
number of empty slots is denoted TGL and the first empty slot in the gap is denoted Nfirst.  
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The total number of bits in the gaps when applying compressed mode is calculated as 
( )

∑
−×+=

×=

=
11

max,
,

max,

i

i

Fmn

Fmn

n
i

mTTI
i NpNp  

AMR service 
Input and output data flows for rate matching of the AMR service, using the highest 
AMR data rate, are illustrated in Figure 19. The rate matching function is one of the more 
problematic functions in the baseband because the data streams must be manipulated on 
single bit level (puncturing and repetition of bits) according to the channel specific rate 
matching pattern. There is no obvious way to vectorize the matching computation since 
the bit stream lengths and rate match patterns are different for each transport channel.  
More obvious is that each transport channel stream can be calculated in MIMD fashion.  

After rate matching

333 132

326 338 176

Input after
convolution coding

DCH A DCH B DCH C

303

 
Figure 19 AMR output after rate matching 

 
The following fixed parameters can be used for implementation of the rate matching 
function for AMR 
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• Static rate matching parameter for 180 DCH A, 170 for DCH B and 215 for DCH C  
• Compression parameters used for punctured normal/punctured channels 

o Normal mode, bits per CCTRCH is ( )226151,* +××=dataN  
o Compressed mode, bits per CCTRCH is ( )4012151,* +××=dataN   

• Compression parameters for normal/spread factor reduction channels 
o Normal mode, bits per CCTRCH is ( )226151,* +××=dataN  
o Compressed mode, bits per CCTRCH is ( )4412151,* +××=dataN  

 

High bit-rate data service 
Like with the AMR data streams, there is no obvious way to vectorize computation of the 
data streams but the rate matching function be mapped in a MIMD parallel fashion. A bit-
rate of 2048 kbps requires a channel spread factor of length 4. Compressed mode by 
spread factor reduction is not supported for spread factors of length 4, which means that 
only normal mode, higher layer scheduling and compressed mode by puncturing can be 
applied.  The input constitutes 0 to 16 parallel channel streams, each with sM code blocks 
of length maxN , where ,*max datas NNM ≤× . ( ,*dataN  can maximally be 248 + 992 when 
using SF of length 4).  
 

DCH 1

0 - n1

DCH 1

After rate matching
rm bits added

mi blocks of size 0 - ni
where i is 0 - 16

channels
DCH 2

0 - n2

DCH 2

DCH i

0 - ni

DCH i

0 0 0 ni + rmn2 + rmn1 + rm  
Figure 20 Rate matching on data streams 

 

6.5 First insertion of discontinuous transmission (DTX) indication bits 
Unused bits in the radio frames are filled with DTX bits. The DTX bits are never 
transmitted over the air, they are used just to mark when transmission should be turned 
off. This first DTX insertion is performed only if fixed channel positions in the radio 
frames are used, see Figure 21. With fixed positions it means that a fixed number of bits 
are reserved for each transport channel in the radio frames. If bits were punctured in the 
rate-matching, the space required for the punctured bits should be reserved for later 
insertion of p bits. 
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Full rate

DCH A Half rate
 

Figure 21 Fixed channel slots with variable rate and insertion of DTX bits 

 
For radio frames in which flexible positions are used, the DTX insertion is performed 

after the multiplexing of the transport channels. The decision of using fixed or flexible 
positions is controlled from higher layers in the UTRAN. The bit output after the DTX 
insertion is three-valued {0, 1, δ}.  

The bits after rate matching are denoted
iiGiii gggg ,,,, 321 K , where Gi is the number 

of bits in one TTI of Trch i. The number of bits available for a radio frame in Trch i is 
denoted Hi and the number of radio frames per TTI for Trch i is Fi. The total number of 
bits after DTX insertion is denoted Di. If no compression or compressed mode by spread 
factor reduction is performed, then iii HFD ×= . If compressed mode by puncturing is 
used, space for the bits that were punctured in the rate matching function should be 
reserved. This space will be used for insertion of p bits in the proceeding interleave 
function. For compressed mode by puncturing, DTX bits should be inserted until 

mTTI
iiii NpHFD ,

max,−×=  and ,*,* iii NNH Δ+= . The variables ,,*iN  ,*iNΔ  and mTTI
iNp ,

max, were 
defined for the rate matching function. The bits after DTX insertion are denoted 

iiDiii hhhh ,,,, 321 K . The input and output relation after DTX insertion is: 
 

ikik gh =  for iGk ,,3,2,1 K=   
δ=ikh  for iiii DGGGk ,,3,2,1 K+++=   

AMR service 
In this specific case for the AMR service it is assumed that processing is performed in 
normal mode. Bit repetition is performed in the previous rate matching function to fill up 
the radio frames. Therefore no DTX insertion is required in this case. The output after 
DTX insertion are represented by two bits, thus, the output data size is doubled. Each bit 
after DTX insertion is three-valued and therefore each symbol is represented by two bits.  

After DTX insertion

338 176

2*326 2*338 2*176

Input after rate matchingDCH A DCH B DCH C

326

 
Figure 22 Output after DTX insertion. Each symbol is three-valued {0, 1, δ} and represented using 
two bits 
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High bit-rate data service 
The inputs for DTX insertion comprise 0 to 16 rate matched channel streams, each of 
length 0 to maxni , as can be seen in Figure 23. The channel number is denoted by i and 

maxni  is the maximal length that can be processed within a transport channel during a 
TTI. The DTX insertion function should be performed if compressed mode by puncturing 
is used.  DTX bits are inserted on the last positions in the data bit sequence. Thus, DTX 
bit insertion in the data streams can to some extent be SIMD vectorized. Some operations 
are likely required to handle different start indexes, because of different channel data 
lengths and space reserved for p bits. Like earlier stages, the channels can also be 
processed in MIMD fashion since there are no dependencies between the channels. 
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Figure 23 Output after DTX insertion. Each three valued symbol {0, 1, δ} is represented using two 
bits 

 

6.6 First Interleaving  
To reduce the effect of bit error bursts the bits are interleaved before transmission. After 
de-interleaving in the receiver, possible error bursts will be distributed throughout the 
frame. If compressed mode is applied, a fourth symbol value, p, is inserted at this stage to 
mark any bits used for creation of transmission gaps (if bits were punctured in the rate 
matching function). The p-bits are always inserted at the first bit positions in the radio 
frames. The bits after the interleaving procedure can take any of the four values {0, 1, δ, 
p}. 

6.6.1 Insertion of transmission gap bits 
This p-bit insertion should only be applied to radio frames that are compressed by 
puncturing. No p-bit insertion is performed for other frames. The punctured input 
sequence to the block interleaver is Xi = Zi + Np where Zi is the input data sequence after 
the previous DTX function and Np is the number of bits to be punctured.  

6.6.2 Column-wise block interleaving  
The block interleaving is performed only when TTI:s span over 20, 40 or 80 ms. The 
input bits to the block interleaver, Xi, are arranged in a matrix of size 11 RC × , where 1C is 
the number of bit columns. The number of columns is decided by the TTI as described in  
 
Table 2 below. The variable 1R  is the number of bit rows in the matrix. At this stage, the 
input bit length is always a multiple of the physical radio frame size, and 1R  can be 
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calculated as
i

i

C
X

R =1 . The input bits are arranged row wise in sequential order as shown 

in Figure 24. 
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Figure 24 Bit input arrangement before interleaving 

 
The bit matrix shall be interleaved column-wise. The permutation pattern that shall be 
used for interleaving is described in  
 
Table 2. The number sequence in the table corresponds to the original positions in the 
input matrix from where the bits should be read. As can be seen in the table, no 
interleaving is performed during TTIs of 10 ms. When the columns have been interleaved 
the output bits should be read column-wise in sequential order, starting with the leftmost 
column.  
 
Table 2 Number of columns and permutation pattern for interleaving 

TTI Number of columns (C1) Column-wise permutation pattern 
( ) ( ) ( )111,...,11,01 111 −CPPP CCC  

10 ms 1 0  
20 ms 2 1,0  
40 ms 4 3,1,2,0  
80 ms 8 7,3,5,1,6,2,4,0  
  

AMR service 
The interleaving function is performed for all three channel streams that are used to map 
the AMR data. The TTI is 20 ms and therefore, according to Table 2, the data must be 
arranged in a two-column bit matrix. The output after interleaving will be four-valued 
symbols ∈ {0, 1, δ, p}, which require two bits to represent each symbol, as illustrated in 
Figure 25. The column interleaving pattern is the same for three used transport channels 
and it is possible to SIMD vectorize parts of the interleaving function. Alternatively, the 
streams can be processed in MIMD fashion like the earlier functions. 
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After First Interleaving

2 * 338 2 * 176

Input after DTX insertionDCH A DCH B DCH C

2 * 326

2 * 338 2 * 1762 * 326  
Figure 25 After first interleaving. Each four-valued symbol {0, 1, δ, p} is encoded using two bits 

High bit-rate data servcie 
The interleaving function is performed on 0 to 16 channel streams, each of length 0 to ni . 
The output stream constitute four-valued symbols ∈ {0, 1, δ, p}, which require two bits 
to represent each symbol as can be seen in Figure 26. Like for the AMR service, it is 
possible to SIMD vectorize parts of the processing since the interleaving pattern is the 
same for all transport channels. The transport channels can also be processed in MIMD 
fashion. 
 

DCH 1 After First Interleaving

Input after DTX insertionDCH 1

DCH 2

DCH 2

DCH i

DCH i

0 - n1 0 - n2 0 - ni

 
Figure 26 Output after first interleaving. Each four-valued symbol {0, 1, δ, p} is represented by two 
bits 

 

6.7 Radio frame segmentation 
The bit streams must be sliced in segments when TTIs longer than 10 ms are used. Fi 
denotes the required number of consecutive radio frames. Data for one radio frame is 
sliced in segments each 10 ms interval in order to fill one radio frame of data after 
transport channel multiplexing.  

The input bit sequence is denoted xi1, xi2, xi3, …, xiX, where i is the transport channel and 
Xi is the number of bits. This input bit sequence is divided into Fi output bit sequences 
denoted yi,ni,1, yi,ni,2, yi,ni,3, …, yi, i, where ni is the radio frame number during the current 
TTI and ( )iii FXY /=  is the number of bits per segment. 
 
The relation between input and output bits is: 
 

( )( ) kYniknii ii
xy +×−= 1,,,  , ni = 1…Fi, k=1…Yi 
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AMR service 
The AMR input for the frame segmentation comprise 3 channel streams and the TTI is 20 
ms. Thus, the streams will be sliced in two segments which are distributed over two radio 
frames, as shown in Figure 27. The first segment comprises the bits 1 to 163 in DCH A, 
bits 1 to 169 in DCH B and bits 1 to 88 in DCH C. The second segment comprises the 
bits 164 to 326 in DCH A, is bits 170 to 338 in DCH B and is bits 89 to 176 in DCH C. 
The transport channels with a composite user channel (DCH A, DCH B and DCH C) 
comprise bit streams of different lengths. However, segmentation can be more efficiently 
SIMD vectorized by grouping channels from several user channels in groups of class A 
bits channels, class B bits channels and class C bits channels, i.e. DCH A channels from 
several users are combined and SIMD vectorized. Alternatively, the channels can be 
processed in MIMD fashion since there are no data dependencies between transport 
channels in the frame segmentation function.   

  

After frame
segmentation

Input after first
interleaving

DCH A DCH B DCH C

Fra-
me 1

Fra-
me 2Frame 1 Frame 2 Frame 1 Frame 2

326 338 176

1 163 164 326 1 169 170 338 1 88 89 176  
Figure 27 After frame segmentation {0, 1, δ, p} 

High bit-rate data service 
The input which is mapped on 0 to 16 channel streams for the high bit-rate data service 
will be sliced in segments dependently on the TTI and the number of physical radio 
frames used. At maximum, three physical channels can be used for a single user. Each 

channel data stream will be sliced in m frame segments, where m is 
10

TTI  (10 ms multiple 

of the TTI). The frames are sliced in blocks of equal lengths, which makes it possible to 
SIMD vectorize the slicing operation. Like earlier functions, it is also possible to perform 
the slicing operation in MIMD fashion since there are no data dependencies between the 
channels.   
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Figure 28 After frame segmentation {0, 1, δ, p} 
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6.8 Transport channel (Trch) multiplexing 
Radio frame segments are delivered to the multiplexer function with a 10 ms interval, 
corresponding to the radio frame transmission frame rate. These frame segments from 
different transport channels are multiplexed to form a single user CCTRCH stream (only 
one CCTRCH is possible for one UE). The CCTRCH will later be mapped on one or 
several physical channels. The transport channels that are to be multiplexed to the same 
CCTRCH must use the same spreading factor. The input bits are denoted fi1, fi2, fi3,… fiVi 
where Vi is the number of bits for transport channel i. The number of transport channels is 
I. The bit output after channel multiplexing is s1, s2, s3,… sS  where S is the number of bits 
corresponding to the number of physical radio frames used, ∑=

i
iVS   

AMR service 
The multiplexing function constitutes a synchronization stage in the function pipeline. 
The input constitutes one segment from each of the three used transport channels for the 
AMR service. These are multiplexed into a single output stream, as shown in Figure 29. 
The TTI for AMR is 20 ms which means that multiplexing is performed twice during a 
TTI to fill two consecutive radio frames. If the previous functions were processed in 
MIMD fashion, the multiplex function will comprise a merge of multiple channel input 
streams.  If the previsous functions were processed by SIMD vectorizarion, the multiplex 
function will comprise rearrangement and merging of vectorized data, dependently on 
how the streams were SIMD vectorized.  
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CCTRCH stream
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After Frame
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420420

DCH
C

DCH
CDCH A DCH ADCH B DCH B

DCH A DCH B DCH
CDCH A DCH B DCH

C

10 ms 10 ms

First radio
frame

Second radio
frame  

Figure 29 Before and after transport channel multiplexing in AMR processing 

High bit-rate data service 
The input constitutes I segments, one from each of I channel streams, and which are 
multiplexed into a single output stream, as shown in Figure 30.  Like with the AMR 
processing, the multiplexing constitutes a synchronization stage in the function flow. If 
the previous functions were processed by SIMD vectorizarion, the multiplex function will 
comprise rearrangement and merging of vectorized data, dependently on how the streams 
were SIMD vectorized. If the previous functions were processed in MIMD fashion, the 
multiplex function will comprise a merge of multiple channel input streams. 
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Figure 30 Before and after transport channel multiplexing in high bit-rate processing 

 

6.9 Second insertion of discontinuous transmission (DTX) indication bits 
The second DTX insertion is not performed on transport channels using fixed positions or 
compression by puncturing. The DTX bit insertion at this stage is applied for transport 
channels using flexible positions and the DTX bits will be inserted at the end of the 
multiplexed frames. The output bits are denoted w1, w2, w3, …, wPR, where P is the 
number of physical channels used and R is the amount of available bits in the radio frame 
format used.  The input bits are denoted S1, S2, S3, …, SS, where S is the number of bits 
after transport channel multiplexing. Thus the number of DTX bits to insert 
is ( ) SRP −× . The R variable is calculated differently depending on if frames are non-
compressed or compressed by spreading factor reduction or higher layer scheduling. 
 

For non compressed frames, ( )21
,* 15 DataData

Data NN
P

N
R +×== .  The variables 1DataN  

and 2DataN  constitute the number of data bits available for payload in each slot. The 
possible values are listed in Table 11 in [14].   
 
For compressed frames, ( )21,* ''15' DataDatadata NNPN +××= , where 1'DataN  and 2'DataN  are 
specific slot formats used for spreading factor reduction and higher layer scheduling 
respectively. The possible slot formats can be found in table 11 in [14]. Thus, ,*'DataN  is 
the number of data bits plus the bit space required for the transmission gap. The number 

of available data bits for transport channel multiplexing is
P

N
R

cm
data,*= . For compression 

by spread factor reduction, 
2

' ,*
,*

datacm
data

N
N = , and for compression by higher layer 

scheduling, TGLdata
cm
data NNN −= ,*,* ' . The variable TGLN  represents the number of 

consecutive idle slots used to create the transmission gap.  TGL and Nfirst are defined in 
section 4.4 in [4].  
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The relation between the input bits and output bits is: 
 

Sksw kk ...,,3,2,1==  
RPSSSkwk ×+++== ...,,3,2,1δ  

 
DTX indication bits are denoted by δ { }p,1,0∉  and non DTX bits Sk { }p,1,0∈ . 

AMR service 
The AMR input constitutes a single stream of data segmented into two radio frames, see 
Figure 31. In the AMR service it was assumed that fixed frame positions are used and 
therefore no DTX insertion is required at this stage.  
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Figure 31 After second DTX insertion 

High bit-rate data service 
The input constitutes a single stream of data segmented into n frames, where n is a 10 ms 
multiple of the TTI, see Figure 32. Fixed frame positions are assumed to be used, so no 
DTX insertion is required at this stage. 
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Figure 32 Output after second DTX insertion. 
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6.10 Physical channel segmentation 
When several physical channels are used, the input must be segmented in blocks, as many 
as the number of physical channels used for the user CCTRCH. If compressed mode by 
puncturing is used, the p-bits inserted earlier, during the interleaving procedure, are 
removed before they are mapped on physical channels. For all other modes, all bits are 
mapped onto the physical channels. 1-8 simultaneous DPCH codes can be received 
simultaneously [4]. The input bits are denoted x1, x2, x3, …, xM, where M is the total 
number of bits before physical channel segmentation. The bits after channel segmentation 
are denoted U and the number of physical channels P. For all modes, except compressed 

mode by puncturing, the relation is 
P
XU = .  For compressed mode by puncturing, the 

relation is ( )( ) PNNNXU datadataTGL /' ,*,* −−−= . The variables are explained above in 
subsection 6.9.  

AMR service 
Only one physical channel is required for the AMR service and therefore no physical 
channel segmentation is required. Thus, the channel stream is unmodified at this stage, as 
shown in Figure 33. 
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Figure 33 After physical channel segmentation 

High bit-rate data service 
The maximum number of physical channels that can be used for the studied UE class is 
limited to three. See Figure 34 for an illustration of the physical channel segmentation.  
 

After Physical Channel
Segmentation

First radio frame in CCTRCH Second radio frame in CCTRCH

Phy 1 Phy 2 Phy 3

Frame 2

Frame 1

Frame n

Third radio frame in CCTRCH  
Figure 34 Frames are segmented on separate on maximum 3 physical channels 
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The segments can either be distributed in MIMD fashion, into separate data streams for 
each channel, or kept in a single stream in order to process the data using SIMD 
vectorization in the following functions.    

6.11 Second Interleaving 
Before radio frames are mapped onto physical channels, a second interleaving procedure 
is performed. This interleaving is performed for each physical channel, if multiple 
physical channels are used. The bits in the radio frames are arranged in a bit matrix. The 
number of columns in the matrix, denoted C2, is always constant. Thus, the number of 
rows in the matrix is determined by the input length. If the number of input bits is not 
equal to the minimum possible matrix size, bits with zeros or ones are padded to the bit 
positions which correspond to the end of the frame. These pad bits will be removed after 
the interleaving. The interleaving is then performed by swapping whole columns in the 
matrix according to a constant interleaving pattern. After the interleaving, the bits are 
read in a transposed matrix order (i.e. column-wise instead of row-wise).  

Interleaving Algorithm 
 
I. The number of columns are numbered 0, 1, 2, …, C2-1, where C2 always is 30 

and the order is from left to right. 
 
II. The number of rows in the bit matrix, denoted R2, is determined by finding the 

minimum R2 such that 22 RCU ×≤ , where U is the number of input bits on the 
physical channel p. The rows are numbered 0, 1, 2, …, R2-1, from the top to the 
bottom. 

 
III. The input bit sequence up,1, up,2, up,3, …, up,U is written in sequential order, row- 

wise into the bit matrix starting at column 0, row 0: 
 

 ( ) ( ) ( ) ( )

( )( ) ( )( ) ( )( ) ( ) ⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

×+×−+×−+×−

×+++

22,3212,2212,1212,

22,32,22,12,

2,3,2,1,

CRpCRpCRpCRp

CpCpCpCp

Cpppp

yyyy

yyyy
yyyy

L

MLMMM

L

L

  

 
IV. The bit matrix shall be permuted according to the pattern ( )

}12,...,1,0{
2

−∈ Cj
jP  where 

j is the original column position. The permutation pattern is shown in Table 3, 
where )(2 jP is the value at the original position j, and the column position after 
interleaving is determined by the corresponding index in the sequence in Table 3 
(on row 2). 
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Table 3 Inter-column permutation pattern for second interleaving 

Number of columns (C2) Permutation pattern )12(2),...,1(2),0(2 −CPPP  

30 

〉
〈

17,27,22,7,2,12,29,9,19,24,14,4,26,16,6
,21,11,1,28,18,8,23,13,3,25,15,5,10,20,0

 

   
V. The output after block interleaving should be read column-wise from the bit 

matrix. After the interleaving, bits in the 22 RC ×  bit matrix are denoted kpy ,' .   
 

 ( ) ( ) ( ) ( )

( )( ) ( )( ) ( )( ) ( ) ⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

×+×−+×−+×−

×+++

22,3212,2212,1212,

22,32,22,12,

2,3,2,1,

CRpCRpCRpCRp

CpCpCpCp

Cpppp

yyyy

yyyy
yyyy

L

MLMMM

L

L

  

 
The pad bits that were added in order to compensate the size if 22 RCU ×< should be 
deleted before the interleaved bits are mapped on the physical channels.  

AMR service 
The input constitutes one single channel stream of new radio frame data each 10 ms, two 
radio frames per TTI as shown in Figure 35. It is possible to perform parts of the 
interleaving procedure in SIMD vectorized fashion, depending on how the input data is 
arranged and how the output data must be arranged for the following function.    
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Figure 35 After second interleaving 

High bit-rate data service 
The input comprises one single channel stream of maximum three radio frames, or three 
separate streams (one frame mapped on each stream), delivered for each 10 ms interval 
dependent on how data was arranged after the segmentation function, see Figure 36.   
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Figure 36 After second interleaving 
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Like with the AMR service, parts of the interleaving function can be performed in SIMD 
parallel fashion depending on the arrangement on the input data and how the data is 
required to be arranged for the following function.  

6.12 Physical channel mapping 
After the second interleaving, the bits are ready to be mapped on the physical 

channels [14]. The input bits for physical channel mapping are denoted Uppp vvv ,2,1, ,...,, , 
where p is the number of physical channels used and U is the number of bits to be 
transmitted in one radio frame (for each physical channel).  The bits are mapped so that 
they are transmitted in ascending order via the air interface. Not all bits are necessarily 
sent over the air. Bits that have values { }1,0, ∉kpv  correspond to DTX indicators or p-bits. 
The DTX indicators are mapped on the frames but the transmission is turned off. When 
compressed mode is applied, certain slots will be empty, i.e. no bits are mapped to those 
slots (the p-bits inserted in the interleaving function). If 15<+TGLN first , all empty slots 
are mapped within a single frame. When 15>+TGLN first , the empty slots are mapped 
over two consecutive frames. If the TGL span over two frames, the empty slots in the first 
frame should be 14,,, ,...21 ++ firstfirstfirst NNN  . In the second frame the empty slots shall 
be lastN,...,2,1,0 . When compressed mode by spread factor reduction is used, bits are 
mapped only using 7.5 slots.  

AMR service 
One composite input stream; one radio frame per 10 ms is mapped on 15 physical slots, 
see Figure 37. 
 

After Physical Mapping

After 2'nd Interleaving

15 radio frame slots

First radio frame in
CCTRCH

Second radio frame in
CCTRCH

Frame 1 Frame 2

15 radio frame slots  
Figure 37 After AMR physical channel mapping 

High bit-rate data service 
The input comprise of up to 3 channel streams depending on the bit-rate requirements; 
one frame for each 10 ms interval is mapped using 15 slots, for each physical channel, 
see Figur 38.  
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After 2'nd Interleaving

15 radio frame slots
Phy channel 1

Phy Frame 1 Phy Frame n

15 radio frame slots
Phy channel n  

Figur 38 After data physical channel mapping 

7. Summary 
 
This report concluded a study performed of required baseband processing in 3G UMTS 
radio base stations. The study is focused on the processing required for certain 
transmission modes in the RBS downlink using downlink dedicated transport channels 
(DCH:s). Two examples of user services – an AMR voice call service and a generalised 
case of high bit-rate data transmissions – have been used to abstractly describe and 
discuss processing characteristics and different ways of mapping the dataflows and 
dependencies through the baseband function flow. The service examples can be used as 
test cases for evaluation and mapping of software implemented baseband functions.   
 The functions are logically arranged in a pipelined sequence, operating on periodic 
input and output bit streams of user data. The 3G network standard is designed to support 
simultaneous service transmission by allocation of multiple parallel transport channels for 
a single mobile user. It was illustrated through abstract mapping of the two presented 
service examples that the function interdependencies are of producer/consumer type. 
Moreover, it was discussed how different kinds of parallelism can be exploited in the 
functions, with respect to the data stream-lengths, the number of transport blocks and 
allocated channels, as well as requirements for control operations to map bit stream data 
processing on word-length architectures. Thus it was concluded that several functions has 
the potential to be mapped in parallel; both in the time and the spatial domain, through 
exploitation of SIMD or MIMD parallelism. 

Transport channels are multiplexed in the function pipeline to form a single composite 
transport channel. Depending on bandwidth requirements, it was illustrated that the 
composite channels are segmented and mapped on multiple physical channels. These 
multiplex, de-multiplex functions require synchronisation of data streams at several 
processing stages.   

The operations performed by the baseband functions (in the down link), are of logical 
rather than arithmetical nature. Seen from an abstract functional level, the required data 
operations are dominated by shuffling, padding and logical manipulation on bit-field 
data. To be able to efficiently implement and compile the baseband functions to an 
architecture abstraction, based on parallel and reconfigurable processor architectures, it 
must be possible express the application characteristic properties in the supported 
programming model. Desirably, it should be possible to express bit field data types and 
operations as well as data and instruction parallelism on several granularity levels; 
function- and instruction-level parallelism.  
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Appendix A: Glossary 
 
3GPP   3G Partnership Project 
AMR   Adaptive Multi Rate 
ASIC   Application Specific Integrated Circuit 
CCH   Control Channel 
CCTRCH Coded Composite Transport CHannel  
CDMA  Code Division Multiple Access 
CN   Core Network 
DCH   Dedicated Channel 
DSP   Digital Signal Processor 
DTX   Discontinuous Transmission bits 
EDGE  Enhanced Data rate for GSM Evolution 
FACH  Forward Access Channel 
FDD   Frequency Division Duplex 
FEC   Forward Error Correction 
FPGA  Field Programmable Gate Array 
MAC   Medium Access Control 
MIMD  Multiple Instruction Multiple Data 
PCH   Physical Channel 
RAB   Radio Access Bearer 
RACH  Random Access Channel 
RNC   Radio Network Controller 
RNS   Radio Network Sub system 
RRC   Radio Resource Control 
SF    Spreading Factor 
SIMD  Single Instruction Multiple Data 
TDD   Time Division Duplex 
TFCI   Transport Format Combination Indicator 
TFI   Transport Format Indicator 
TFS   Transport Format Set 
TGL   Transmission Gap Length 
TTI   Transmission Time Interval 
UE   User Equipment 
UMTS  Universal Mobile Telecommunication Standard 
UTRAN  UMTS Terrestrial Radio Access Network 
WCDMA Wideband Code Division Multiple Access 
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