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Abstract: This paper concentrate on rearranging structure to improve the capacity in a wideband code 
division multiple access (WCDMA) in presence of GSM. The impact of various parameters in 
WCDMA over GSM is observed. Copyright © 2009 IFSA. 
 
Keywords: WCDMA, GSM, Structure 
 
 
 
1. Introduction 
 
The WCDMA standard has two modes for the duplex method, Frequency Division Duplex (FDD) and 
Time Division Duplex (TDD). The frequency bands allocated for UTRA are shown in Fig. 1. In 
UTRA there is one paired frequency band in the range 1920 –1980 MHz and 2110 –2170 MHz to be 
used for UTRA FDD. There are two unpaired bands from 1900 –1920 MHz and 2010 – 2025 MHz 
intended for the operation of UTRA TDD. At the time when this work was developed, only the 
standard of the FDD mode developed by ITU were at an advanced stage of standardization. The TDD 
mode standard started later. For this reason this work assumes the FDD mode of operation for the 
receiver. Table 3.1 lists the most important parameters of the UTRA FDD. 
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Fig. 1. The frequency spectrum allocations for UTRA. 
 
 

The chip rate for the WCDMA standard is 3.84 Mcps. Spreading consists of two operations. The first 
operation is the channelization operation where the spreading code is applied to every symbol in the 
transmitted data. Thus the bandwidth of the data signal is increased. In this channelization operation, 
the number of chips per data symbol is called the Spreading Factor (SF). 
 
The second spreading operation is the scrambling operation, where a scrambling code is applied to the 
already spreaded signal. Both of the spreading operations are applied to the so called In-phase (I) and 
Quadrature phase (Q) branches of the data signal. In the channelization operation, the Orthogonal 
Variable Spreading Factor (OVSF) codes are independently applied to I and Q branches [7], and [9]. 
The resultant signals on I and Q branches are then multiplied by a complex-valued scrambling code, 
where I and Q correspond to the real and imaginary parts respectively. 
 
For the channel coding, the standard suggests three options of coding for different Quality-of-Services 
(QoS) requirements. The bit interleaving is used to improve the Bit Error Rate (BER). The modulation 
scheme selected in 3GPP WCDMA standard is QPSK. An important characteristic of the WCDMA 
system is that it is an asynchronous system; i. e. there is no global synchronization between base 
stations in the system. i. e. For easy deployment, tight inter BS synchronization is not required. This 
means that each user can transmit independently of other users or base stations transmissions. This 
eliminates the need for global clock similar to the IS-95 system proposed by the USA. IS-95 uses the 
Global Positioning System (GPS) clock as a global clock for synchronization between base stations. 
 
 
3. Modeling a Rearrangeable Structure 
 
As with any other design problem, when designing a specific rearrangeable system it is necessary to 
perform two general steps. First, a deep understanding of the target application or set of applications is 
required. This would include analyzing algorithms of the target application(s), and simulation. Second, 
after designing the platform Structure, a faithful model of the architecture is required to perform a 
prototyping and functional as well as timing simulation. 
 
In DSP designs the first step is usually done with MATLAB. This works great since the underlying 
execution behavior of the DSP and the MATLAB (general purpose processor) are identical, i.e. both 
execute a set of instructions sequentially. But when designing a parallel and rearrangeable Structure, 
MATLAB will not provide correct information about the behavior of the overall system. 
 
When modelling a static system, VHDL is a very rich language that can easily describe the functional 
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and (with some additional steps) the timing characteristics of virtually any system. However, modeling 
dynamically changing systems in VHDL can become a burden to the designer. In modeling static 
systems, different components are designed to do a specific task and to interact with other system 
components in a specific way. When the full description of such a static system is completed, any 
functionality of a component can be modified without affecting the other parts. Eventually it will not 
require modification of the overall system. 
 
In the design of the rearrangeable Structure developed in this dissertation, a VHDL design model was 
developed. A number of compromises were taken during the design. For example, in the design of the 
litigating element (Dynamically Rearrangeable Litigating Unit DRLU), the routing of the input signal 
to the inside of the unit was limited to three signals selected from eight possible input signals. 
 
The decision of routing only three signals instead of routing all eight is imposed by components inside 
the DRLUs, i.e. by the maximum fan-in of all components. The selection of only three signals is also 
imposed by the number of configuration bits that will be needed by each component inside the DRLU. 
 
 
4. Dynamically Rearrangeable Structure (DRS) Model 
 
The DRS Structure is designed to be a part of a System-on-a-Chip (SoC) solution for the third and 
future generations of wireless mobile terminals. However, the enormous size of such a project and the 
time restrictions imposed on this dissertation compelled us to modify the design of DRS to a stand 
alone platform. 
 
The completion of the design and simulation of DRS as a stand alone platform will prove the 
applicability to implement rearrangeable computing platforms for the wireless mobile application. It 
will also enable us to experiment with architecture without the need for the complete SoC system. 
Additionally, DRS can be used as a prototyping platform for the development of algorithms for the 
mobile baseband litigating. 
 
Flexibility is well supported by DSPs. However, this type of flexibility is more than what is really 
needed for one selected area of application. The rearrangeable computing Structure is designed to only 
support the required flexibility within the target application. The ease of programming is still 
preserved through the proposed IP design and mapping methods. The redundant flexibility of DSP is 
traded for better performance in the DRS Structure. The IP design methods would be very similar to 
programming a DSP. 
 
 
5. Dynamically Reconfigurable and Parallel Array Structure 
 
DRS consists of an array of parallel operating coarse-grained Dynamically Rearrangeable Litigating 
Units (DRLUs). Each DRLU is designed to execute all of the required arithmetic data manipulations 
for data-flow oriented mobile applications, as well as support necessary control-flow oriented 
operations. The complete DRS array Structure connects all DRPUs with reconfigurable local and 
global communication structures. 
 
The Structure provides an efficient and fast dynamic rearrangeable of DRLUs and interconnection 
structures, reconfiguring parts of Structure during run-time, while other parts are active. We began the 
bottom-up design approach of DRS by focusing on a list of the most complex and flexibility 
demanding application parts of future mobile receivers, e.g., RAKE receiving parts, filtering, searcher 
algorithms, turbo coding, and maximal ratio combining techniques. 
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Based upon the set of required arithmetic and control-flow operations, the performance/power 
optimized structure of the DRLUs and local communication units called Communication Switching 
Units (CSUs) was devised. As shown in Fig. 2. the DRS Structure consists of a scalable array of 
DRLUs that have 16-bit fast direct local connections between neighboring DRLUs. 
 
 

 
 

Fig. 2. A block diagram of the DRS. 
 
 
Every four DRLU sub-array shares one Configuration Memory Unit (CMU). The CMU holds 
configuration data for performing fast dynamic rearrangeable for every four DRLUs and is controlled 
by the nearest CSU. Each CSU controls two CMUs and four global interconnecting Switching Boxes 
(SWB). 
 
Dedicated I/O Units (DIOs) for fast and parallel transfers of the input/output data of DRS are placed 
around the DRLU array. Each DIO can be connected either to one DRLU at the border of the DRS 
Structure, and/or to DRLUs inside the array through the global interconnect lines. 
 
All CSUs communicate with one Global Communication Unit (GCU), which coordinates all dynamic 
rearrangeable steps of the DRPUs and the global interconnection structure. The GCU triggers the 
responsible CSUs to initiate the controllers of the corresponding CMUs for loading a new 
configuration to the selected DRLUs. This fast transfer process of rearrangeable code is then 
completed by an efficient burst-mode protocol between the CMU and the DRLU-controllers. The 
dynamic rearrangeable algorithm for various scenarios in future mobile communication systems is 
performed by the GCU. 
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6. Conclusions 
 
The DRLUs are the major hardware components of the DRS Structure for executing the arithmetic 
data operations. The DRLUs perform the required operations. The DRLU consist of CLFSR, CSDL, 
DRAL, RAM/FIFO, DRLU CONTROLLER, I/O Interface and other interfaces outputs. The algorithm 
for this DRLU is: 
1. Start the process by getting 64 bits of configuration and 6 data lines of each 16 bits and four 

carriers, four start-hold control signals are the input to the input interface. (Fig. 3). 
2. INPUT interface selects any 3 of the data lines due to the configuration bits as rpu_input_interface 

(1,2,3). (Fig. 4). 
3. Then that output is given to Configurable Spreading Data Path Unit Interface (CSDP), to give the 

output as spread data and PN value according to the configuration bits. (Fig. 5). 
4. Those outputs are taken as input for the Configurable Spreading Data Path Unit to give Spread 

output and PN sequence which is parallel data (one bit), which is given to the neighboring DRPUs. 
(Fig. 6). 

5. The spread out is given as input to the Dynamically Rearrangeable Arithmetic Litigating Unit 
Interface and also that three rpu input interface, ram out, rap values (each of 16 bits) as input. Due 
to the configuration bits (5 bits) it selects any two as interface output (X input, Y input). (Fig. 7). 

6. Those X from the interface is given to next stage as SRMU (Shift, Rotate and Multiplex Unit) then 
it produce the output due to the required operations. (Fig. 8). 

7. The same X, Y from the interface is taken as input to the next stage Dynamically Rearrangeable 
Arithmetic Litigating Unit (DRAL), which is used to do the arithmetic operations as required. 
These are done according to that configuration bits. The output is (rap_out) arithmetic or logic 
operation as required. (Fig. 9). 

8. All these process are control by the DRLU controller, it mainly control the storage process. 
9. Finally that all process output is given to the OUTPUT interface unit, according to the configuration 

bits and need of required operations it select the particular output then that given to the next DRLU. 
(Fig. 10 & Fig. 11). 

 
These are the process done in that DRS Structure’s DRLU Top Level, then the second Process is 
Configuration Memory Unit (CMU) which is used to hold the configuration bits (64 bits) for 
performing fast configuration between the four DRLUs. Then the third process is Communication 
Switching Unit (CSU) for fast switching between DRLUs. 
 
These are about the DRS Structure algorithm; Above all process are done for that DRS Structure 
VHDL simulation work outputs. 
 
 

 
 

Fig. 3. INPUT Interface. 
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Fig. 4. CSDL--- Configurable Spreading Data Path Unit Interface. 
 
 

 
 

 
 

Fig. 5. CSDP--- Configurable Spreading Data Path Unit Output. 
 
 

 
 

Fig. 6. DRSL--- Dynamically Rearrangeable Structure Litigating Unit Interface. 
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Fig. 7. DRLU Controller Unit. 
 
 

 
 

Fig. 8. OUTPUT Interface. 
 
 

 
 

Fig. 9. DSLU TOP LEVEL ---- Rearrangeable Litigating Unit. 
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Fig. 10. CMU ---- Configuration Memory Unit. 
 
 

 

 
 

Fig. 11. CSU --- Communication Switching Unit. 
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