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CHAPTER 1
INTRODUCTION

1.1 Introduction

Mobile communications have come a long way till this date. It all started with the first
generation of mobiles which provided analog voice communication. The popular
standards of first generation were AMPS, TACS and NMT [1]. Eventually2G was
introduced, which provided digital voice communication and also data services of 9.6
kbps. All the 2G cellular communication systems (for example PDC/GSM/IS-54 and IS-
94) adopted digital technology. The major services provided by 2G were limited to basic
services as voice, facsimile and low bit rate data. The need was felt for wider services
which could provide high speed internet access and video/high quality image
transmission. Then the third generation was evolved. The evolution of 2G systems to 3G
was a smooth process with 2.5G as a bridge between both the generations of mobiles.
There was a rapid progress in the standardization of 3G. The services provided by 2G
were extended with high rate data capabilities. The third generation systems, called
Universal Mobile Telecommunications System (UMTS)/International Mobile
Telecommunications-2000 (IMT-2000) by ITU were designed to support wideband
services at data rates as high as 2 Mbps and provide quality as that of fixed networks [1].
A new wireless access technology was chosen to realize UMTS/IMT-2000. UTRA is
based on wideband 4.096 Mcps DS-CDMA technology. UTRA included both the
frequency division duplex (FDD) mode and time division duplex (TDD) mode. The main
features of UTRA were: (i) For paired bands 1920-1980 MHz and 2110-2170 MHz
wideband CDMA (WCDMA) was to be used in FDD operation, (i7) For unpaired bands
of total 35 MHz time division code division multiple access (TD-CDMA) was to be used
in TDD operation [2,3].

WCDMA was chosen as basic radio-access technology for UMTS/IMT-2000 in all
major areas of the world. UTRA based on WCDMA fully supported the UMTS/IMT-
2000 requirements, for example support of 384kbps with wide area coverage and 2Mbps
with local coverage. Compared to 2G narrowband CDMA, the WCDMA radio interface
offers significant improvements, in addition to the support of higher rate services [4].

These included improved coverage and capacity due to a higher bandwidth and coherent
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uplink detection; support of inter-frequency handover necessary for Hierarchical Cell

Structure (HCS), support for capacity, improving technologies such as adaptive antennas,

multi user detection and a fast efficient packet access protocol [3].

The main characteristics of WCDMA are:

1) Improved performance as compared to 2G systems, like improved capacity,
improved coverage.

2) Support wide range of services with maximum bit rate above 2Mbps and making
multiple parallel services possible in one connection.

3) High degree of operator flexibility and support of evolutionary technologies such as
adaptive antenna arrays and multi user detection.

4)  An air interface based on DS-CDMA and operation at a wide bandwidth gave the
opportunity to design a system with properties fulfilling the 3G requirements. One of
the important characteristics of WCDMA is that the power is the common shared
resource for users. In the downlink, the total transmitted power of an RF carrier is
shared between the users transmitting from the base station using code division
multiplexing.

WCDMA is flexible in handling mixed services and services with variable bit rate
demands. Various specifications of WCDMA are given in Table 1.1. Power is allocated
to each user depending upon the factor that maximum interference is not exceeded and as
a result radio resource management is achieved. To provide higher and variable data
rates, two schemes are proposed in the 3G wireless standard: multi code CDMA (MC-
CDMA) and orthogonal variable spreading factor CDMA (OVSF-CDMA). In MC-
CDMA, multiple orthogonal constant spreading factor (OCSF) codes can be assigned to
user. The maximum data rate a user can receive depends on the number of transceivers in
the device. Therefore, a higher rate implies higher cost. In OVSF-CDMA, a single OVSF
code is assigned to each user. Higher data rates are provided using lower spreading
factors. This flexibility is supported in WCDMA by the use of OVSF codes for
channelization of different users. These OVSF codes have the characteristic of
maintaining downlink transmit orthogonality between users even if they operate at
different bit rates. Prior to OVSF codes, only OCSF codes were used. All OCSF codes

have same number of chips (spreading factor). For higher data rate, more number of



Table 1.1: WCDMA Specifications

Parameters

WCDMA Specifications

Channel Bandwidth

5, 10,20 MHz

Downlink RF
channel structure

Direct Spread

Chip rate 4.096/8.192/16.984 Mcps
Roll-off factor 0.22
Frame length 10ms/ 20ms

Spreading
Modulation

Balanced QPSK (downlink), Dual channel QPSK (uplink), Complex spreading
circuit

Data modulation

QPSK (downlink)

Coherent detection

User-dedicated time-multiplexed pilot (downlink and uplink), common pilot in
downlink

Channel
multiplexing in
uplink

Control and pilot channel time-multiplexed I and Q multiplexing for data and control
channel

Multirate

Variable spreading and multicode

Spreading factors

4-256 (FDD), 1-16 (TDD)

Power Control

Open and fast closed loop (1.6kHz)

Spreading
(downlink)

Variable-length orthogonal sequences for channel separation

Gold sequences for cell and user separation

Spreading (uplink)

Variable-length orthogonal sequences for channel separation, Gold sequences 2" for
user and user separation (different time shifts in I and Q channel, cycle2'® 10ms
radio frame)

Handover

Soft handover, Interfrequency handover

codes were used. Usage of OCSF codes lead to increased hardware complexity because

the number of transceivers required were equal to the number of codes used.

UTRA/FDD is based on SMHz WCDMA with a basic chip rate of 4.096Mchips/s,

corresponding to a bandwidth of approximately SMHz [3,4]. Higher chip rates (8.192 and
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Core Network

U, (radio)

¥

User Equipment

Figl.1: UMTS (IMT-2000) general system architecture

16.384Mchips/s) were also specified for future evolution of the WCDMA air interface
toward even higher data rates (> 2 Mbps). For low delay speech and fast control
messages, the basic radio frame length is 10ms.

WCDMA carriers are located on a 200 kHz carrier grid with typical carrier spacing
in the range 4.2-5.0MHz. High degree of service flexibility of WCDMA air interface is
supported by OVSF codes. The OVSF codes preserve the orthogonality between
downlink physical channels even if they use different spreading factors and thus offer

different bit rates.

1.2 UMTS/IMT-2000 System Architecture

The general system architecture includes user equipment (UE), UMTS terrestrial radio
access network (UTRAN) and a core network as shown in Figure 1.1. Two interfaces are
included in general architecture - the I, interface between UTRAN and the core network
and the U, (radio) interface between UTRAN and the UE [1]. A functional layering of
UMTS/IMT-2000 has been agreed upon in ETSI SMG12, as shown in Figure 1.2. The
functional layering introduces the concepts of access stratum and non-access stratum. The
access stratum contains all radio-access-specific functionality. It offers services in the UE

and the core network to the non access stratum.



NAS NAS

protocol Non-Access Stratum protocol
r A

Y Y

A
A

AS entity Relay < P AS entity

Access Stratum

User Equipment UTRAN Core Network

UU 1U

Figure 1.2: Access and non - access stratum

The non-access stratum offers the UMTS/IMT-2000 services to the users [3]. The
functional layering of the UMTS/IMT-2000 system into the access and non-access
stratums implies a functional division between UTRAN and the core network. UTRAN
handles all the radio-specific procedures whereas the core network handles the service-

specific procedures, including mobility management and call control.

1.3 Radio interface protocol architecture for WCDMA

Figure 1.3 shows the protocol architecture for WCDMA. Layer 1 comprises the
WCDMA physical layer. Layer 2 comprises the medium access (MAC), radio link
control (RLC-C for the control plane and the RLC-U for the user plane) protocols, as well
as link access control (LAC) protocol [3]. MAC and RLC belong to the access stratum
and terminate within UTRAN whereas LAC belongs to the non-access stratum and
terminates in the core network. The network layer of the control plane is spilt into radio
resource control (RRC) sublayer and the MM and connection management (CM)
sublayers. CM and MM belong to the non-access stratum while RRC belongs to access
stratum [11]. The codec layer shown can either belong to the access or non-access

stratums.

1.3.1 WCDMA Physical Layer




WCDMA is based on wide-band direct sequence CDMA (DSCDMA) technology with a
basic chip rate of 4.096 Mcps [1]. The chip rate can be expanded to 8.192 and 16.384

C plane signaling

U plane data
M
MM U plane speech
RRC LAC
RLC-L RLC-U | Codec
MAC
Physical Layer

Figure 1.3: Protocol stack of WCDMA

Mcps in order to accommodate user bit rates above 2 Mbps. WCDMA uses FDD and has

a flexible carrier spacing of 4.4-5.0 MHz with a carrier raster of 200 kHz.

A. Physical Channels
Two types of dedicated physical channels are defined in WCDMA [2]:
1) Dedicated physical data channel (DPDCH): This is used to carry dedicated data

generated at layer 2 and above.
2) Dedicated physical control channel (DPCCH): This is used to carry layer 1 control
information.
Each connection is allocated one DPCCH and zero, one or two several DPDCH’s.
Additionally, common physical channels are defined:

e Primary and secondary common control physical channel (CCPCH) used to carry

downlink common channels.
e Synchronization channel (SCH) used for cell search.

e Physical Random Access Channel (PRACH).



Uplink DPDCH and DPCCH
In the uplink, the DPDCH and DPCCH are code and 1Q multiplexed within each radio
frame.
The uplink DPDCH carries layer 2 data, while the DPCCH carries pilot bits, transmit
power control (TPC) commands and an optional transport format indicator (TFI). A
certain TF defines how the layer 2 data carried on the DPDCH(s) is multiplexed and
coded and what SF is used. The TFI informs the receiver side when TF is used in the
current data frame in order to simplify detection, decoding and demultiplexing.

In Figure 1.4, each frame of length 10 ms is divided into 16 slots of length 0.625 ms,

each corresponding to one power-control period. Hence the power control frequency is

+————— 10ms (one frame) —
Slot 1 Slot i Slot 16
DPDCH Data
DPCCH Pilot TPC TFI

— 0.625ms »

Figure 1.4: Uplink DPDCH/DPCCH frame structure

1600Hz. Within each slot, the DPDCH and DPCCH are transmitted in parallel on the I
(in-phase) and Q (quadarature phase) respectively using different codes. The spreading
factors for the DPDCH and DPCCH can vary from 4 to 256, SF = 256,!’2", k=0,1,2....6,
carrying 10x 2% bits per slot each. The DPDCH and DPCCH use different codes and can
be of different rates. Hence the spreading factor will differ between the two channels. The
relative power between the DPDCH and DPCCH can be varied to control the amount of
overhead. Typically values for the relative power difference are 3 and 10 dB for speech

and 384 kbps data respectively. Spreading and modulation of the uplink dedicated
7



physical channels is shown in Figure 1.5. The DPDCH and DPCCH are mapped to the 1
and Q branch respectively, and spread to the chip rate with two different channelization
codes. The resulting complex signal is scrambled, and QPSK modulation with root-raised
cosine pulse shaping with a rolloff factor of 0.22 in the frequency domain is applied.
When multi code transmission is used, additional DPDCH’s are mapped to either the I or

Q branch. For each branch, each additional DPDCH is assigned a new channelization

Cp

1 Cocramb
DPDCH
1Q . |
. [+jQ To QPSK

mux Modulation

DPCCH Q

Ce

Figure 1.5: Uplink channelization and scrambling. Channelization
codes are C. and Cp, and scrambling code is C, .

code.

The channelization codes are used to spread the data to the chip rate, preserving
orthogonality between physical channels with different rates and spreading factors. These
OVSF codes are used as channelization codes. Each level in the code tree corresponds to
certain spreading factor. A physical channel spread by the code A4 is orthogonal to another
physical channel spread by code B if and only if B is not on the path to the root of the tree
from A4 or in the subtree below 4. Hence the number of available codes depends on the
rate and spreading factor of each physical channel. The uplink scrambling code can be
either short or long. The short scrambling code is a complex code built of two 256-chips-
long extended codes from the VL-Kasami set of length 255. The long scrambling code is
a 40960-chips segment of a Gold code of length 2*'-1. Both channelization codes and

UE-specific scrambling codes are assigned by the network. The set of channelization



codes used may be changed during the connection. Cells using advanced receivers, e.g.,
multiuser detection will typically use the short scrambling code to lower the complexity
of the receiver algorithm. When short codes are used, the cross correlation properties are
maintained between symbols making the updating of a cross-correlation matrix less
complex. However, short codes have worse interference averaging properties than long
codes. Hence, in cells where an ordinary rake receiver is used, the long scrambling code
s used [2]. The IQ multiplexing of control and data is used to ensure that electromagnetic
compatibility (EMC) problems are minimized in the UE. To minimize interference and
maximizing capacity, during speech silent periods no data is transmitted. However, pilot
bits and power-control commands are needed to keep the link synchronized and power
controlled. The 1Q multiplexing avoids pulsing the power with a given frequency. If time
multiplexing of control and data was used instead, a 1600-Hz tone would be emitted

during silent periods.

Downlink DPDCH and DPCCH
In the downlink, the DPDCH and DPCCH are time multiplexed within each radio frame.
As in the uplink, the downlink DPDCH contains layer 2 data, while the DPCCH carries

¢ 10ms (one frame) >

Slot 1 Slot i Slot 16

DPDCH/ ]
Pilot TPC | TFI Data

DPCCH

A J

4— 0.625ms

Figure 1.6: Downlink DPDCH/DPCCH frame structure

pilot bits, TPC commands, and an optional TFI as shown in Figure 1.6. Similar to the
uplink, each frame of length 10ms is divided into 16 slots of length 0.625 ms, each
corresponding to one power-control period. Within each slot, the DPCCH and DPDCH

9



are time multiplexed and transmitted with the same code on both the I and Q branches.
The spreading factor for the DPDCH and DPCCH can vary between 4-512, SF=512/2k,
k=0,1,...7. Figure 1.7 shows the spreading and modulation of the downlink dedicated
physical channels. The DPCCH/DPDCH bits are mapped in pairs to the I and Q branches,

and spreading to the chip rate is done with the same channelization code on both I and Q

Serial to

DPCCH/ parallel Ca Cecramb To QPSK
DPDCH ) modulation

Figure 1.7: Downlink channelization and scrambling. Channelization codes are C, and scrambling code is
C

soramb-

branches. Subsequent scrambling is then performed before QPSK modulating the
complex signal. Root raised cosine pulse shaping with a rolloff factor of 0.22 in the
frequency domain is used. Channelization is done using the same type of OVSF codes as
for the uplink dedicated physical channels, and the set of codes used can be changed by
the network during a connection. The downlink scrambling code is a 40960 chips
segment of a Gold code of length 2'® -1. There are 512 different segments used for
downlink scrambling. These are divided into 16 groups of 32 codes each in order to
simplify the cell-search procedure. Each cell is assigned a specific downlink scrambling
code at initial deployment. For multi code transmission, each additional DPCCH/DPDCH
is spread and scrambled in a similar way using a channelization code that keeps the
physical channels orthogonal. Taking into account the fact that all users share the
channelization codes in the downlink, the IQ multiplexing scheme where a whole code is
needed for the DPCCH only will use unnecessarily many codes. Hence, time

multiplexing is a logical choice in the downlink. The use of pilot bits on the WCDMA

10



dedicated physical channels ensures that adaptive antennas can be introduced in the
downlink. If a common downlink pilot signal is used for coherent detection, like in IS-95,
that pilot must have the same antenna diagram as the traffic channel. This prohibits the
use of downlink beam forming, where the traffic channels are transmitted in narrow

beams.

B. Transport Channels

The transport channels in WCDMA are classified into the dedicated and common
categories [3]. The dedicated transport channels are dedicated to specific UE in which the
UE is identified by the physical channel (that is, code and frequency for FDD and code,
time slot, and frequency for TDD). In the common transport channels, particular UEs are
addressed when there is a need for in-band identification of a UE. The transport channels
may carry user plane information or Control plane information. To each transport
channel, there is an associated Transport Format set. The dedicated transport channel
types are:

1) Dedicated Channel (DCH): A channel dedicated to one UE used in uplink or
downlink. The DCH channel can be used for the transmission of packet or circuit
data. Since the set up time for this channel is of the order of about 250ms, it is
suitable for transmission of data on long sessions.

2) Enhanced Dedicated Channel (E-DCH): A channel dedicated to one UE used in
uplink only.

The common transport channel types for the FDD mode are:

1) Random Access Channel (RACH): A contention based uplink channel used
for transmission of relatively small amounts of data.

2) Common Packet Channel (Uplink): This is an extension to the RACH channel
and 1s intended for uplink transmission of packet-based user data. The CPCH
transmission may last several frames in contrast to one or two frames for the
RACH. The main differences of this channel with RACH are the use of fast
power control and a physical layer-based collision detection mechanism.

3) Forward Access Channel (FACH): This is a common downlink channel

without closed loop power control used for transmission of relatively small
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amount of data. In addition, FACH is used to carry broadcast and multicast
data.

4) Broadcast Channel (BCH): A downlink channel used for broadcast of system
and cell-specific information.

5) Paging Channel (PCH): A downlink channel used for broadcast of control
information into an entire cell allowing efficient UE sleep mode procedures.

6) High Speed Downlink Shared Channel (HS-DSCH): A downlink channel
shared between UEs by allocation of individual codes, from a common pool

of codes is assigned for the channel.

1.4 OVSF Code Tree
High data rate and variable bit rate transmission is provided by UMTS using OVSF

codes are used as channelization codes in the forward link of WCDMA systems.
WCDMA uses a fixed transmission chip rate of 3.84Mcps in order to approximately use
the SMHz frequency bandwidth of the channel. WCDMA can use the channelization
codes to transmit information at different bit rates, transmitting every bit of information
as a code at 3.84Mcps, the bit rate will depend on the length of the code. The shorter the
code the higher the information bit rate. If every bit of information is multiplied by the
spreading code with a chip rate of 3.84Mcps, it means that the bandwidth of the
information signal is spread along the bandwidth wused by the chip
rate (approximately SMHz). OVSF codes can be represented by a binary code tree. In
general 8 layer OVSF code tree is used for WCDMA system. A six layer OVSF code tree
is shown in Figurel.8. The code tree generation takes place according to the Walsh
procedure which produces orthogonal codes. If a code A is there, it will have two
children [A,-A] (say code B). Now this will again have two children [B,-B] and so on. In
WCDMA systems, the spreading factor (SF) is varied and the chip rate is fixed to
3.84Mcps. The SF is chosen in such a way that the product of SF and incoming data rate
is always equal to 3.84Mcps. The code tree is numbered from layer 1 to layer 8, with the
eighth layer being the top most layer or the root node.

In general, consider an L layer OVSF code tree. For a layer ‘/’, SF is 27" and the
capacity is 2'R. The possible rates for R, 2R, 4R....... 128R (where R= 7.5kbps for
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forward and 15kbps for reverse link). The spreading factor varies from 4, 8.....512 for the
forward link and 4, 8, ..... 256 for the reverse link. Each code is represented by (;,, where
[ is the layer number and # is the code id. The relationship of the spreading factor and the
data rate is shown in Table 1.2. In WCDMA, only quantized rates are possible, that is, the
rates in 2"R format are the quantized rates and rates not in this format are the non
quantized rates. The OVSF code tree exhibits two important properties:

1) Two codes are said to be orthogonal if and only if none of the two is ancestor or the

descendant of the other.
2) If a code is used to handle any call, then neither its parent nor its children can be used

to handle any other call, that is, they are blocked.

1.4.1 Code Blocking

The main drawback of OVSF codes is that they exhibit a property known as code

Layer SF  User Rate

6 1 32R
5 2 16R
4 4 8R
3 8 4R
2 16 2R
1 32 R

0 Vacant code . Busy code 0 Blocked code
Figure 1.8: 6 layer OVSF code tree
blocking. At any time instant, any code tree has three status of each code:
e Vacant code: This is the unused code which is available with its full capacity to

handle a new incoming call.

e Busy code: This is the code which is handling the call at present.
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e Blocked code: These are the parent or the children of the busy code, which cannot be
used to handle any new call. These are called blocked because they are unable to
handle the call themselves because of the busy code.

Code blocking is the inefficiency of the code tree to handle a new incoming call even if it

has enough capacity to handle the call. The code blocking property is illustrated using a

six layer code tree as shown in Figure. 1.8. The tree has five busy codes with code id

C1.16,C21, Caa1, (s, and Cy 4. The total capacity of the tree is 32R, out of which 17R is

currently used (due to five busy codes) and 32R-17R=15R is free. Despite of having 15R

free capacity, if a new call with rate 8R comes, it will be rejected by the code tree as there
is no 8R capacity vacant code available. Code blocking can be reduced by using

assignment and reassignment schemes.

1.4.2 Internal and External Fragmentation

An OVSF code tree can handle quantized rates efficiently. If a non quantized call comes,

then the problem of internal fragmentation occurs. A call is “overserved”, that is, the data

Tablel.2: Relationship between data rate and spreading factor

in the forward link of WCDMA

DataRate Spreading Factor Chip Rate
(kbps)
(SE) (Mcps)
7.5 512 3.84
15 256 3.84
30 128 3.84
60 64 3.84
120 32 3.84
240 16 3.84
480 8 3.84
960 4 3.84

rate allocated to the incoming call is more than requested. The reason being is that the

codes available in OVSF code tree are always in power of 2 (quantized). If a new call of
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rate 24R arrives, and is to be handled using a single code only, and the code assigned to
handle this call is 32R which results in 8/32= 25% wastage of bandwidth[5].

To avoid internal fragmentation, one solution is to break the incoming call into
quantized fractions so that multiple codes can be used to handle a single call. As in the
above case, 24R call can be broken into 16R and 8R which can be handled efficiently
using two different codes. As the number of calls arrive and leave the code tree,
eventually the code tree becomes so fragmented that it cannot handle any new calls even
if it has enough capacity. This is known as external fragmentation [6]. The solution to
this problem is code assignment(s) and reassignment(s) [7,8]. Code assignment refers
how to handle the new call by utilizing the best possible methods whereas code
reassignment refers to the process of reassigning the new codes to already ongoing calls
so that the new call can be handled efficiently reducing the external fragmentation [10].
The goal of all the schemes available in literature is to reduce external fragmentation so

that the code tree can be efficiently utilized.

1.5 Existing Schemes

The schemes can be divided into two categories, single code and multi code depending
on the codes used. The single code assignment schemes are simpler, cost effective and
require single rake combiner at the BS/UE.

These schemes lie in the following categories:

1) Static code assignment schemes: These schemes rely on efficient placement of the
code for the new call such that the available capacity of the tree is better utilized
[9,31]. Codes should be selected in such a way that the code tree fragmentation is
minimum. As a result there is less code scattering and the number of vacant codes
for higher rate calls increases.

2) Dynamic code assignment schemes: The main aim of these schemes is to reduce
code blocking [12-15]. The criterion to choose reassignments depends upon the cost
of reassignments. The reassignments increase the cost and complexity of the
transceivers. The vacant code is searched and once a minimum cost branch is found,
the root code of the branch is assigned to the new call. If the branch is vacant, the

root code is assigned to the call and the process of handling the call is complete. It
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3)

minimizes the number of OVSF codes that must be reassigned to support a new call.

The basic principle is “if a vacant code is not available and the net capacity is within

the maximum capacity, the call can be handled by reassignments of the busy codes”

[12]. To make code assignment optimal, the cost is checked for every blocked code

with rate equal to rate of incoming call. The code with minimum cost is picked. One

of the parameters of cost can be number of codes reassigned. All the children of the
minimum cost code are reassigned to other branched and the code becomes vacant.

Lesser is the number of code reassigned, less is the amount of overhead required to

send the information of the reassignments [34]. This vacant code can be assigned to

the incoming call. Other parameters are also considered while assigning a code to the
new call on the basis of cost.

Single code assignment schemes: These schemes use only one code from the OVSF

code tree, the use of single code requires single rake combiner in the BS and the UE.

Some such schemes are as follows:

a. Leftmost Code Assignment (LCA) scheme: This is one of the simplest schemes
in which availability of free code is checked from left side of the code tree [16].
As soon as a free code is found, the call is handled. If no free code is available
after thorough search, the call is rejected. The aim is to keep the right side of the
code tree vacant for the future calls. This schemes works well when traffic is
limited. If traffic is more, there is large code/call blocking.

b. Random Assignment (RA) scheme [16]: The vacant code which is capable of
handling the call is picked randomly from anywhere in the code tree. This
scheme also suffers results in larger code/call blocking.

c. Crowded First Assignment (CFA) scheme: The free code is picked from the
crowded portion of the OVSF code tree [16]. When a new call arrives and a
number of codes are available, the code whose ancestor has least free capacity,
that is, is most crowded is chosen. This assignment scheme produces less code
blocking as compared to LCA and RA schemes because the tree is less
fragmented. But this scheme is more complex than other two schemes discussed

above because the status of the code tree is to be monitored every time with the
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arrival of new call. This scheme can be used for medium to high traffic load
conditions.

d. Class Partition Assignment (CPA): In CPA scheme, the code tree is divided into
L, L<8 number of groups. Each of the L groups is assigned to one of the arrival
rate classes. The number of codes in each group depends on the data rate of the
classes. Main advantage of CPA scheme is that less number of codes is searched
for new calls [12-15]. Limitation is large code blocking and smaller throughput.
CPA scheme is also called Fixed Set Partitioning (FSP). Such similar scheme is
also given in [39].

e. Fast Dynamic Code Assignment (FDCA): In this scheme, cost is calculated for
the assignment of a single code to the incoming call. The cost is calculated by
keeping a track of the occupied and vacant codes of the code to be assigned to
the call. Cost is reduced by making reassignments of the children of the code to
be used.

f  Maximally Flexible Assignment (MFA): In this scheme, flexibility index is
defined to measure the capability of the set of codes to be assigned [19]. Two
schemes are there — non rearrangable and rearrangable. The goal of first one is to
keep the assignable codes in the most compact state after each code assignment
without rearranging the codes, that is, to maximize tree’s flexibility index.
Second is also called blocking triggered scheme because when the call cannot be
handled by the first scheme, and code blocking occurs, then this is applied.
Codes are rearranged in such a way that all the busy codes are moved to one side
of the code tree. Then the codes to be assigned are aggregated to one side and the

tree is maximally flexible.

There is also a variant to DCA, DCA-CAC (dynamic code assignment with call
admission control) [20]. Three different variants are there, first is resource partitioning,
second is optimal DCA-CAC and third is the hybrid of the both, which is done to get a
good tradeoff between throughput and complexity.

Multi code schemes are proposed in literature to reduce internal and external
fragmentation. The use of multiple codes for single call increases hardware complexity

[32, 50]. In addition to the internal fragmentation problem, while connections are arriving
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and leaving the system, an OVSF code tree may become too fragmented to support newly

arrived calls even if there are sufficient spaces in the code tree. In multi code schemes,

multiple codes are used to handle the calls [33,36-38, 41]. The non quantized calls are
handled by breaking them into quantized fractions. Different types of multi code schemes
are:

a. Multicode Multirate Compact Assignment (MMCA): In this scheme compact index is
calculated for the traffic with different QoS requirements [17]. It has following
important properties:

e MMCA does not perform code rearrangement and is therefore simple.

e MMCA provides priority differentiation between real time calls and data packets.

e MMCA supports mobile terminals with different multi-code transmission

capabilities.

e MMCA balances transmission qualities among the multiple codes assigned to the

same user.

e MMCA supports multi-rate real time calls and keeps the code tree as flexible as

possible in accepting new multi-rate calls

b. Time Based Code Allocation: In this scheme, service time is considered and based
upon that remaining time is calculated [18]. Then the remaining time of parent nodes
are compared and the maximum one is picked for assignment. Cost consideration is
also done while doing reassignments.

Along with the above code assignment and reassignment schemes, some more
assignment and reassignment strategies are given in literature. In the rotated single code
assignment scheme [40], linear code chains (LCCs) and non-linear code trees (NCTs) are
identified and the code assignment gives lesser blocking probability and reassignment
cost. It uses the unsequence property of linear code chains to design a new code
assignment and reassignment algorithm. The scheme initially attempts to allocate request
code to LCCs and then tries to allocate them to NCTs. The code blocking is reduced
along with the reassignment cost. In recursive fewer codes blocked (RFCB) [21] design,
code blocking can be reduced with careful selection of optimum code among possible
candidate codes during the assignment process. It works on the top of CFA design, and

the criterion for the selection of a candidate code is number of parents blocked which
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were free earlier. In fast dynamic code assignment (FDCA) [22], the code assignments
are done considering the cost for an OVSF code allocation, where the cost is determined
by keeping a track on the number of available and occupied descendant codes of the
code. The code is assigned by reassigning occupied descendant codes for a requested data
rate with least cost function. To improve the system throughput, a scheduling design is
given in [23, 30] that dynamically assign OVSF codes to mobile users on a timeslot basis
maximizing system throughput. Also, the average data rate guarantee is provided to each
mobile user. There is no need for a mobile user to overbook its required rate. In [24], a
code selection design is given that can be used in the assignment process with or without
reassignments. The selection is made using a simple measure which differentiates each
code irrespective of the incoming or reassigned call rate. It simply counts the number of
new codes that will be blocked due to a potential allocation of the candidate code. In [25],
the code assignment and reassignment is based on QoS requests. If there are multiple
options for the vacant code, the optimum code is one whose ancestor code has the
maximum free capacity. The used codes are scattered in the code tree, and therefore,
there is space for a call to raise its data rate without the need of a code reassignment.
Fairness Issues are also considered in [31, 35]. The rotated single code assignment
scheme is extended to multi-code rotated code assignment in [41]. The non-blocking
OVSF codes [42-45] reduce the code blocking to zero. There are three categories of
NOVSEF codes with the properties given below.
1. Time multiplexing is used to divide the code usage time into slots. The slots of the
code time can be used by one or more channels.
2. The OVSF codes are reorganized such that all the codes are orthogonal. The OVSF
code trees with initial 4 or 8 codes are generated.
3. In the third category, the OVSF codes are generated such that there is no limit on the
upper bound of SF.

The performance of fixed and dynamic code assignment schemes with blocking
probability constraint is given in [46, 52-58]. The throughput performance is proved to be
better. Non rearrangeable compact assignment (NCA) [47] makes the code assignment
compact so that the remaining assignable codes are most flexible to accommodate future

multirate calls.
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The code assignment scheme proposed in [48], the code with the least number of
parents blocked for a candidate code allocation is used for assignment. The recent

advancements in OVSF are given in [59-66].

1.6 Problem Formulation

All the schemes proposed in literature aim in efficient utilization of the OVSF code tree.
But the code blocking is not reduced in maximum cases. The thesis aims in reducing the
code blocking and handling maximum number of calls efficiently by utilizing the code
tree to its full capacity. The thesis is organized as follows:

Chapter 2 discusses single code as well as multi code approach to handle the calls. A
parameter called “scattering index” is defined for both the cases which gives the
information about the availability of vacant codes in a particular region of the code tree.
For multi code assignment, two algorithms are proposed based on the number of
available rake receivers and the particular layer in which the new code to be assigned lies.
Simulation is done using multi code schemes and varying the number of RAKE receivers
[28]. At the end the results are compared with existing single code and multi code
assignment schemes on the basis of traffic load and blocking probability and blocking
probability of the proposed schemes is found minimum.

Chapter 3 discusses compact code assignment schemes. Here we have reserved some
area for the incoming call depending on the priority number, which is called code
reservation scheme. Another scheme is proposed where assignment is done by choosing
the group leaders. The third compact code assignment scheme we have used the
aggregate capacity under the ancestors to assign a new code to the incoming call. Various
proposed schemes are compared with the existing schemes in terms of traffic load and
blocking capacity and the blocking capacity is reduced in all the proposed schemes.

Chapter 4 discussed the division of calls on the basis of type of call, i.e, real time calls
or data calls. Based upon the type of call, bandwidth is taken into account to assign a new
code to the incoming call. Guaranteed capacity and the available capacity of the code tree
are calculated and Code index is found for each code. Depending on the status of the
code index, code is assigned to the incoming call. Also, we have proposed a scheme here

to divide the code tree into three different regions — one for real time calls, second for
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data calls and the third one for the mixed calls. Algorithms are explained with the help of
flow charts and the results are calculated taking into account the average traffic load and
code tree utilization. The proposed schemes utilize the code tree most efficiently as
compared to existing schemes. Also, the results are found calculating the number of calls
handled and the average traffic load available. The number of calls handled is maximum
by the proposed schemes as compared to other existing schemes.
Chapter 5 discusses some more single code and multi code assignment schemes.

The thesis is concluded in Chapter V1. The aim of all the schemes proposed till date is the
efficient utilization of the code tree by handling maximum number of calls. Also the
blocking probability should be minimized. The proposed work takes into account various
such parameters and proves that the code tree can be efficiently utilized by reducing the

blocking probability.

21



CHAPTER 2

REDUCTION IN CODE BLOCKING USING SCATTERED VACANT
CODES

2.1 Introduction

OVSF codes are depicted in the form of a tree with the properties discussed in Chapter L
This code tree should be efficiently utilized so that maximum number of calls can be
handled. Any new call can use either a single code from this code tree of more than one
code. In this chapter we have proposed two compact code assignment schemes (a) Single
code (b) multi code. Multi code scheme is further divided into two categories

e Code/Rake limited scenario

e Minimum code blocking scenario, which uses maximum number of codes

Definition: Scattered vacant codes are the ones which lie in the neighborhood of occupied
codes in same layer. They are called scattered because they are distributed throughout the
code tree, and block more ancestors, which is undesirable for future calls. These scattered
vacant codes decrease efficiency and throughput of OVSF based CDMA systems. The
code scattering can be reduced using three different ways: 1) efficient code management,
2) reassignment of busy codes, and 3) using multiple codes for a call. The code
management reduces the code scattering by assigning optimum code from a set of
candidate codes at call arrival. Our compact single code assignment scheme allocate the
codes in such a way that congested part of tree becomes more congested, facilitating
some vacant area for future rate calls. The compact assignment is based on scattering
level and elapsed time of the already occupied codes. The design is similar to crowded
first scheme [16] but with a difference that while crowded first scheme is based on
branch wise compactness, our scheme is based on compactness at specific level. In
reassignment schemes, the reduction in scattering is obtained at the cost of more
overhead and complexity. The probability of reassignment is quite high for low to
medium traffic load conditions. The use of multiple codes for single call requires multiple
rake combiners at base station (BS) and user equipment (UE) which increases to cost and

complexity.
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2.2 Single code assignment

At a specific time instant the busy codes and vacant codes are known in the code tree. A

L. . r . . .
code C,, is part of group with b=2" (/' </)consecutive vacant codes if following is true.

Condition 1: Code C, , 3 and all its children in layer / are vacant.

Table 2.1: Deriving consecutive vacant codes groups in layer 2 to 8 from consecutive vacant code groups
in layer |

Layer ()
=1 2 3 4 5 6 7 8
N N2;=Ni 2 N31=Nj 4 Ny1=Nig Nsi;=Niis | Nei=Niz2 [ Noyj=Nigs | Ng1= Ny
Ni2 N22=Ni4 N3 2= Nig Na2= Nie Ns2=Nis | Ne2=Nigs | Noo= Ny
Nia N24=Nig N3 4= Nyj6 Ny4= Ny Ns4=Nigs | Nes=Nys
Nig N2g=Nis N;g= Nis2 Nag=Nigs | Nsg =Ny
Nite | Noigm=Nisa | N3je= Nigs [ Najg=Nijog
Nis | Noso= Niges | N3s= Ny
Nies | Nas=Niizs
Ny 128

Condition 2: Code C,_,. 1, ,-is blocked.
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Table 2.2: Listing codes in Figure 2.1 into groups according to number of consecutive vacant codes

Codes in Codes in Codes in | Codes in Codes in Codes in Codes in
Layer ()
group N;; | group Ny, | group N4 | group N;g| group Ny [group Nz | group Nyg
(_"l,()a(j'l,Sa(_"l,l‘b (-"l,‘;‘acl,ll-b

1 0 0 Cia....C1e 0 0

Ci20, Cr 31 Ch.25.C1 26

(.Y"_t 25, . ..(.YZ’
2 Cr5.C513 0 0 0 0 NA
32
Csa3,......C3,
3 0 0 0 0 NA NA
16

4 0 C47.Cag 0 0 NA NA NA
5 Cs4 0 0 NA NA NA NA
6 0 0 NA NA NA NA NA
7 0 NA NA NA NA NA NA

Let scattering index N;, denotes the number of the codes in layer / within a group of b
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consecutive vacant codes whose ancestors in layers/+log,(b) to L are same. For a new
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quantized call 2"'R the design identifies the vacant code Cj,, in layer / that is within the
group N, vacant code group, where b=min(1,2"'l)|N;,b¢ 0, i.e. the code with the
minimum consecutive vacant codes is the candidate for handling new call with rate 2""'R.
The index N is a measure of scattering in the OVSF code tree. The use of vacant code
from optimum N, group guarantees the code usage from the most congested portion.
This maximizes the probability of handling high rate calls in future. If N, is known for

layer /, it can be shown that for a layer/

=N, forl'< L1 @.1)

1+1612

Therefore it 1s sufficient to find the scattering index in layer 1, i.e., N as higher layer
indices can be derived from it. The relationship between Ny, and Ny, / €[2,L =8] is given
in Table 2.1 for WCDMA system with L=8 layers. Also, as the multiple candidate codes
are available in optimum vacant code group, the most appropriate vacant code can be
found by the elapsed time information of busy neighbor of codes within the minimum
consecutive vacant group. For a vacant code (7, in group N, define neighbor codes as

]. Find the

—~

those codes in the layer /, which are the children of the codec L 1og, (6] 1120

number of busy children of the code ¢ sty | (say N). For all N busy codes, find

+|ug2-’),|-n
the average elapsed timez'ﬁlf,-/ N, where 1#; represents the elapsed time of the call

handled by /" busy code. Repeat the procedure for all the codes in the group N, ;. The
children of the parent code of (';,, with minimum average elapsed time is the one used for
handling new call. Hence the code whose sibling(s) has the latest call arrival will be used
so that all these codes become vacant at similar time. Therefore the crowded portion
remains more crowded, increasing code utilization and better handling of high rate calls.
To illustrate the code assignment scheme, consider a 7 layer code tree in the Figure 2.1.
The consecutive vacant codes groups are given in the Table 2.2. If a 2R user arrives, the
vacant code from layer 2 is required. The vacant codes availability is with groups N, ; and
N, g. The assignment scheme picks any one code from the group N, ; (either code (5 s or
code ("313). Further, the new calls with rates 32R and 64R will not be handled due to

absence of vacant codes.
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For a new non quantized call AR, & =2"", there is no code with the code capacity AR
in the OVSF tree. The optimum code lies in the layer I'+1,]"=min(/") |k < 2" The code
wastage capacity is given by

WwC =2" -k)R (2.2)

For k close to 2", the single code assignment produces large wastage capacity and

hence multi code assignment is to be used to avoid this wastage.

2.3 Multi code assignment

The unused capacity in /” layer of the code tree (say4,) can be defined as

! .
A =%N, ., x2"'R (2.3)
i=1

If at the arrival of new call with rate 2"'R there is no vacant code in layer /, and 4, 2 27'R

, the single code assignment fails and the call can be handled only with multiple codes.
There are two ways to handle call with multiple codes, (i) use of minimum codes, (i7) use

of maximum codes.

2.3.1 Call handling with minimum number of codes

At the arrival of quantized call 2"'R in an m rake system, there are two
possibilities to handle new call, (/) /<m, in this case the codes with capacities
2'R,i [0,/ —1]are used, (ii) I~m where the codes with capacities 2’ R, i e[/ —m,l —1] are
eligible candidates. The code assignment is done using successive capacity reduction as
follows. Let p, , is the number of vacant codes in layer /-i to handle full/partial 2"'R call
capacity. Also, let P_,max( 7., )= 2 represents layer /-/ codes used to handle full/partial
call capacity. Starting with layer / the fraction of call capacity handled upto layer /-x is
Y0P %27 R and layer l-x needs to be checked if, Yo, P_, <m . The remaining capacity

to be handled by layers 1 to x-1 (sayQ,.;) is

27



0,,=(2"~%L, P x2")R 2.4)

Further, the codes used in different layers should be the ones which belong to

minimum consecutive vacant code groups. For a layer /-i, if there are j consecutive vacant

. k k —+i . .
code groups N, ba, Jkell,j] anda, =27 |2" <247 P number of codes in layer /-i

Table 2.3: Relationship between number of codes, capacity handled, and remaining capacity for new call

2"'R in various layers

Layer (i) Number of codes Capacity handled by Capacity handled by layers 1 to
i=[0..1] used (P.) layers i l-i-1
!' 0,1 }){xzfl 2”_R><2fl
2 ! I—(i+1
I-1 0.1.2 Py %207 2" -3 P %2
i=0
-3 n 2 I=(i+1)
-2 0,1,2,3.4 P_,x2" 2" -2 P, x2
i=0
1 0,1,2..2" P, Nil

should be used from the consecutive vacant code group N, ;, whered, =min(a, ). If
R

P,>N , some vacant codes are required from second optimum consecutive vacant
1

1—ia i

codes group N, i, wherea,, =min(a, )andda,, >d, . The procedure is repeated for
s > 2
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maximum F,_; steps. For any layer /-i, the relationship of number of codes, capacity

handled and remaining capacity is given in Table 2.3.

The non quantized rates in the form of kiR, &, = 2" (kiR is used instead of AR for

uniform notation) are converted to quantized as follows. Findmin(1,)|k122ﬁR‘

Calculate k, =k, —2%. Starting with /; and k,, the procedure can be extended to find
. I i . .
min(/,) |k, 22" R and k., =k, —2"till k,,=2". The quantized rates 24 R 2% R, 2% R

are handled as discussed earlier. Assume that the number of rakes required to handle rate

components 24 g 2% R 2k R are my, My, ..., n1. The new call can be handled only if
i+1 . N . .
> m, <m. The algorithm of the design is given as
J=1 -
1. Rejected calls=0;
2. Enter input parameters like user rate kR, number of rakes ‘m’, number of layers ‘L’
elc.
3. If (vate is quantized, i.e. kR=2"'R)
3.1 Find the number of codes required(P,),| <i <1 —11otal codes available(p,)
3.2 Use the vacant codes P; in layer I-i from least consecutive vacant code
groups
3.3 Gotostep 2
Else
3.1 Convert non quantized rate into quantized rate fractions2 R 2= R,... 2" R

requiring rakes mj, mo,..M;. .

i+l

32 If Sm;<m
J=r

3.2.1 Use codes from layers [;-1, [>-1,...1; to handle new call. All the codes
must be from the minimum consecutive vacant code group.
Else
3.2.1 Rejected calls=Rejected calls+ 1
End
3.3 Gotostep?2
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End

The flow chart for call handling using minimum number of codes is shown in Figure

2.2.

Rejected calls =0

A

A 4

Enter input parameters kR, m, L

Y

Find the number of codes required (7)), 1 = i< /-1,
total available codes (p;)

Y

Use vacant codes m layer /-i from least consecutive
vacant code group

Convert non-quantized rate into quantized
fractions

Use codes from layers [;-1, {>-1, ... [; to handle new
call

Figure 2.2 Flowchart for call handling using minimum number of codes.
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2.3.2 Call handling with maximum number of codes

At the arrival of new call 2"'R in m rakes system the essential requirements to reduce

code blocking are

e Maximum number of rakes should be utilized.

e Maximum low rate codes should be used.

e Each code selected in the multi code, is used from the consecutive vacant code group
N;» with minimum possible b.

For a new quantized call2’'R, if 2'r<.4 and m<2"', the code tree has enough
capacity to handle new call. There are two possibilities, (/) / >m and (ii) | < m

(7)) If I >m, the codes with capacities 2/ ' R i =[1,m] are the candidates to handle new call.
Construct a vector Z = [zy, z,.....2,,), where z; represents the capacity fraction handled by

I-m

i"™ rake in units of R kbps. Initially put the value of each coefficient in Z equal to 2™
Define B; as

B =2""'—(n—-1x2"" (2.5)

1

For integer P, find p, = max( 2)| 2% < B,. In vector Z, coefficient z; is assigned the value

equal to2” . The vector Z becomes Z=[2”2"" .. . .2". For2<i<m-2, calculate

B =2""—(m—i)x2"™" andz,=2"and p,max(P)|2" <B,. The vector Z is redefined as

I-m

Z =[2" 2% 272 2" 27" Therefore in maximum code scattering design, one code
is used from each of the layer /-1, /-2,.../-(m-2) and 2 codes are used from the layer /-(m-
1), and no vacant code is used from layers /-m to 1. Further, the vacant codes in each
layer should be used from least consecutive vacant code group(s).

(i) For I < m, the codes with capacities 2'R, 0 <i </ —1are the candidates to handle new
call. Considering 7 = [z,. z,.....z, ], find all j,1 < j <m—2for which(2™' =Y/ a,) >m—j

.....

where a_;:ZH/Z"_ The vector Z becomesZ =[2""/2,2"7/2",..2"7 /27 2 z 1.

P m

Find j, j=min[l,m—2] for which 27 =¥/ a.=m-j, where a; is in the form of 27,

ne[0,/—-2]. The coefficients z; in vector Z becomes
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z. =

i

aj? 1= l“.} (2,6)
1, i=j+1.m
The vector z; represents the capacity fraction handled by i rake.
Ifm=>2"", maximum2' 'codes of rate R are used to handle new call. The non

quantized rates are converted into quantized rates as discussed earlier. The algorithm of

the design is given as

1. Rejected calls=0;

2. Enter input parameters like user rate kR, number of rakes ‘m’, number of layers ‘L’

elc.
3. If (rate is quantized, i.e. !rR—,?“R)
3.1 fm=<2""
31.1Ifl>m
3.1.1.1 Construct vector Z=[z\,zs, .....z,], where z, =2
3.1.1.2 For rate fraction 2 e [1,m], assign codes from minimum
consecutive vacant group
Llse
3.1.1.1 Construct Z=[z1,za,....2n]= [2"'/2, 2M120 2H27 0 2F
".--"'2",z_f| Ieoowy Zie 1], where Z, =2
3.1.1.2  Assign codes from minimum consecutive vacant group
End
Llse
3.1.1 Use m codes of rate R to handle the call
End
3.2 Go to step 2
Llse

ny, Mo, M.
. i+l
<
3.2 If Em}. <m
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3.2.1 For each m; use step 3.
Llse

Rejected calls =0

r 3

Enter input parameters kR, m, L

\ N
If kR =2""1R

A

Use m codes of
rate R to handle
the call

Convert non-quantized rate into quantized

fractions 2 2% 2% .
requiring rakes

My, Mo .

Construct Z = [z, 2. .....zm] = [277/2, 25/2', 2
2%, ___._.2""‘.-"2"T Zitte . 2] Where zi = 27

y

Construct vector Z = [zy. Za. .....Zy]. Where z; = 2%,

Assign codes from minimum consecutive
vacant group

A

For rate fraction2', i € [1,m], assign codes from
minimum consecutive vacant group

End

Figure 2.3: Flowchart for handling the calls using maximum number of codes

3.2.1 Rejected calls=Rejected calls+ 1
FEnd
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3.3 Gotostep 2
3.4 End

To illustrate the multi code assignment scheme consider the 7 layer tree of Figure 2.1
assuming that the system is equipped with 4 rakes. If a new call with rate 16R arrives,
ie, /is equal to 5, and />m, for use of maximum scattered codes, the initial value
assigned to the four rakes are Z=[2,2,2,2].As per section 2.3.2, the value of pi, p2, p3 and
pabecomes 3, 2, 1, and 1 respectively. The vector Z becomes [8,4,2,2] and the codes (47,
(315, Cas and (13 are used to handle capacity portion 8R, 4R, 2R and 2R respectively. If
instead of 16R, the new call of rate 8Rarrives, i.e., /=4, then as/ <mand 2""' >m, the
vector Z becomes [4,2,1,1] as per section 2.3.2. The codes used are ('3 13, Ca5, C1 6, and
(¢ respectively. In the above two examples the effect of elapsed time of busy siblings is
not considered, otherwise the selected code may be different. The flow chart to handle

calls using maximum number of codes is given in Figure 2.3.

2.4 Simulation and Results

For simulation, 8 layer OVSF code tree (as per WCDMA specifications) is considered.
Only quantized rates 2'' R,/ <[1.8]are considered with rates R, 2R, 4R, 8R are treated as
real time calls and rates 16R, 32R, 64R, 128Rare treated as non-real time (best effort

calls). Let 2, (7 <[1,8D1is the arrival rate of 2'R calls. The total arrival rate is of the
system is A= %A},. The service time is assumed to be exponentially distributed with
1=1

average value 1/ u (service rate for all classes is assumed to be same equal to & ). For
simulation, total traffic load o (equal toA/u) is varied from 1 to 128 calls per unit of
time. The arrival rate is assumed to be varying between 1 to 128 calls per unit of time and
service time is assumed to be 1 unit of time and service time is 3 units of time. In the
single code assignment if rate kR, 2"* <k <2"", arrives the vacant code is required from

layer /. Also the current /” layer 1, is updated as

7

A =2, +1 (2.7
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In multi code assignment with m rakes, if rate KR, 22 <, <2/ arrives, finds k,

Non real-time calls=75%,Real-time calls=25%

0.4 : , . . | |
—+— FSP
0.35- =— LCA et
S— CFA 4 A
0.3-| —*— RFCB |
o R - )
£ g5 | — & MSG-1 J—
_g -~
E e
a 02 |
{=)]
£
E e
8 0.15
m .
0.1 |
0.05
0 - 1 | ) | |
20 40 60 80 100 120 140

Traffic load

FSP- Fixed Set Partitioning, LCA- Left Code Assignment, CFA- Crowded First Assignment, RFCB- Recursive
Fewer Codes Blocked, TC- Time Based Code Scheme, MSG-1- Maximum Scattered Group(ours)

Figure 2.4: Single code assignment, more non real time calls

ks,...kni1 as in section 3.2.1. If within m steps, fk:_ =k| p<m+1, use of least codes will
=

update the 2 .2

71> poza0-

4, ,, to value given by

s ApnsAy,, = van A, +a,. +a, (28)

0

In Equation (2.8) the coefficient a;,1< j <m can take values 0 or 1. The value of a; is 0 if
kiisOelsea;is 1.

If the multi code assignment with minimum future scattering is used, the codes within the
minimum consecutive vacant codes in each layer are picked. If the vector

Z =|z,.z,,..z,1,t <m, is calculated as per section 3.2.2, find/ =10g,(z,)+1 for each z;.

The arrival rate is updated as
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A=A +11<i<t
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o
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Blocking probability

o
-

0.05F

(2.9)
Non real-time calls=50%, Real-time calls=50%
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FSP- Fixed Set Partitioning, LCA- Left Code Assignment, RFCB- Recursive Fewer Codes Blocked, TC- Time Based
Code Scheme, MSG-1- Maximum Scattered Group(ours)

Figure 2.5: Single code assignment uniform distribution

Also for 8 layer code tree the number of servers (codes) in layer [/ are

G, =2%"1=[1,2..8] The total codes (servers) in the system assuming eight set of classes

are represented by vector G=[G1,G2,(3,G4,Gs,Ge,(G7,Gg]. Also, the maximum number of

servers used per calls is equal to the number of rakes ‘m’.

If the traffic load for the /”

class is denoted by 2, =1,J H, and the average traffic load is given by pZZ?ZI P, . The

code blocking for the /” class is defined by

Py PG

Py =5
Z;Ofn /n!

!

(2.10)
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Non real-time calls=25%,Real-time calls=75%
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FSP- Fixed Set Partitioning, LCA- Left Code Assignment,CFA- Crowded First Assignment, RFCB- Recursive Fewer Codes Blocked
TC- Time Based Code Scheme, MSG-1- Maximum Scattered Group(ours)

Figure 2.6: Single code assignment, more real time calls

The average code blocking for 8 class system is
Py =" (A )P, (2.11)

Let the arrival distribution for the eight classes is given by [p1, p2], where p; and p; is the
probability of arrival of real time and non real time calls. Three arrival distributions are
considered as given below

e [0.75,0.25], real time calls dominates the traffic

e [0.5,0.5], uniform distribution of real time and non real time calls

e [0.25,0.75], non real time calls dominates the traffic

The single code assignment blocking comparison for the proposed maximum scattered
group (MSG-1, and 1 indicates single code facility for new call) is done with fixed set
partitioning scheme(FSP)[16], leftmost code assignment(LCA)[16], crowded first
assignment (CFA)[16], fewer codes blocked scheme [20] and time code (TC) [18]
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schemes. Results in Figure 2.4, show the blocking in the proposed scheme with more non
real time calls and less real time calls.

Figure 2.5 shows the comparison of the proposed design with other single code

Non real-time calls=75%,Real-time calls=25%

0.18 : , : , — =
—— dux-2 S B
0.16 MMCA-2 P o
S MSG=2 A s
0.14 —— dux-3 */ /__(______x../ R _
o1pl| © MMCA3 N7 o oo °
. B / ) / _
£ 5— MSG-3 t / o of
8 01 e =
£ 0.08
&
[&]
g
@ 0.06
0.04 |
0.02 |
of
0 20 40 60 80 100 120 140

Traffic load

dux-#n- Decreasing , United, No reassignments (using n codes), MSG-n- Maximum Scattered Group (using # codes)(ours)

MMCA-n- Multicode Multirate Code Assignment (using n codes)

Figure 2.7: Multi code assignment, more non real time calls

schemes. In this there is uniform distribution of real time as well as non real time calls.

In Figure 2.6 the real time calls dominate and non real time calls are less. The multi code
assignment blocking comparison of the maximum scattered group (MSG-n), where n
indicates nOVSF codes facility for handling new call is done with multi code scheme
given in [6] and [17]. The multi code assignment in [6] is represented by five dux-n,
where d, u and x stands for decreasing strategy, united strategy and no reassignment used.

Also it uses CFA for code assignments. The multi code assignment in [17] called
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multicode multirate compact assignment is represented by MMCA-n where n denotes

number of codes in the multi code. The results show the reduction in code blocking in the

proposed single code assignment and reassignment schemes. The complexity of the

proposed design is less because using maximum scattered code groups in the first layer, it

is possible to derive the maximum scattered vacant codes groups in all remaining layers.

The results in Figure 2.7, 2.8 and 2.9 shows the reduction of blocking probability in the

Non real-time calls=50%,Real-time calls=50%
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dux-#n- Decreasing , United, No reassignments (using n codes), MSG-n- Maximum Scattered Group (using # codes)(ours)

Traffic load

MMCA-#- Multicode Multirate Code Assignment (using » codes)

Figure 2.8: Multi code assignment, uniform distribution

proposed multi code design compared to existing schemes.

2.5 Conclusion

140
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OVSF codes are limited resources in 3G and beyond WCDMA wireless networks. The
occurrence of scattered vacant codes in the code tree due to random call arrival and
departure, increase future high rate calls blocking. The compact single code and multi
code assignment schemes discussed in this chapter use the most scattered vacant code(s)

reducing code/call blocking. The multi code design gives the added benefit of handling

Non real-time calls=25%,Real-time calls=75%
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dux-n- Decreasing , United, No reassignments (using n codes), MSG-n- Maximum Scattered Group (using »n codes)(ours)

MMCA-p- Multicode Multirate Code Assignment (using » codes)

Figure 2.9: Multi code assignment, more real time calls

non quantized rates and reducing the code wastage capacity. The frequent call arrival and
completion requires regular update for the most scattered vacant group, which may
increase the computation/decision time for new calls. The work can be done to formulate
decision time (due to online calculation of most scattered codes) and finding the optimum
vacant code based on decision time and blocking probability. For real time calls the

vacant code search can be made offline but it requires large buffer size at the BS and UE.
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CHAPTER 3
COMPACT CODEASSIGNMENT

3.1 Introduction

As discussed earlier, the presence of scattered vacant codes in OVSF codes leads to code
blocking which leads to call blocking. As discussed in previous chapters, various
assignment and reassignment schemes are proposed in literature. In this chapter, four
single code assignment schemes are proposed. The use of assignment scheme depends
upon the type (data or real time) of input calls. The code reservation assignment (CRA) is
used to efficiently handle higher rate class calls. It assigns priority number to the children
of priority class codes such that the future availability of vacant codes in the priority layer
is the highest. The remaining three code assignment schemes favors low to medium calls.
The code assignment using group leaders uses busy codes (capacity) under predefined
leaders to handle future calls. The code blocking in group leader approach can be reduced
further if the used capacity of all the parents of the eligible vacant codes is examined and
the code whose parent has maximum used capacity is used for new call. In adjacent
vacant codes grouping scheme, the eligible vacant codes are listed to find the code with
least adjacent vacant codes. If unique result does not exists, the code (among the codes
producing same adjacent vacant codes) with the least elapsed time of the busy neighbors

is used for incoming call.

3.2 Code reservation assignment (CRA) scheme

Define P;, as the priority number signifying priority of the code » in layer /. Let the users
with rate 2'R.7<[1,7—2]be given higher priority. The value of / depends on the
application network (e.g. real time video conferencing may require layers 5 or 6 and
internet data may also require one or more layers close to root). The CRA schemes assign
priority to all the vacant codes in the layers 1 to /-1 (with rates R to2' R). When a new
user with rate 27 g, p <[1,/—1]arrives, the vacant code is assigned to user and some of its
relatives will be assigned priority such that future probability of priority class codes is

highest. For the layers 1 to /-1, the vacant codes with highest priority number are the
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candidates to handle new call. For a newly occupied code C,;, group of blocked codes

(Gg) in the OVSF code tree are given by

C ) 1<i<p

""" ‘:.‘2;; f‘rs

Gr=1c. p<i<L (3.1)

Define ,, :[ d ] The group of total codes (G7) which are the children of code C,,,, in the
- 2m P

layer m (C,, , should also be the parent of C,;) are given by

G, =C, LC o 1<) <m (3.2)

',2“—'; (y-1)+1 JJ'-- zm—_i‘v >

If the entire children codes under the code C,,,, are vacant prior to new call, the group of

codes which are assigned priority number (Gp) are

G,=G,-G,~C

pd (3.3)

As given in Equation (3.3), the relatives of the code C,; having capacity less than 2”"'R
are candidates for higher priority. The priority numbers are valid only for codes in layers
1 to /. If the entire children codes under the code C,,, are not vacant prior to new call, the

group of codes which are assigned priority number (Gp) are given by

where G is the sum of all the occupied (busy) codes under C,,,. The procedure is
repeated for every new call. So, the assignment scheme chooses the vacant code for non
priority calls whose busy brother(s) has the latest arrival. This is done to provide priority
class layer with most number of vacant codes. Therefore OVSF code tree scattering is
intentionally increased at the beginning of code assignment for better handling of priority
class users. This is exactly what was not done in previous compact code assignment
schemes. We divide the codes in OVSF code tree in three groups.

e Non priority class codes in layer 1 to m-1.

e Priority class codes in layer 2.

e Non priority class codes in layer m+1 to L.
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The code priority in above three categories has the following properties for code

assignment and code vacation.

a. Non priority class codes in layer 1 to m-1

When a code is assigned to the new call, the vacant codes which are the children of m"
layer parent of the assigned code are assigned priority higher than the highest current
value. When the existing busy code becomes vacant, all the relative codes and blocked
codes in layers 1 to m-1 are given priority equal to the highest priority value under the m"

layer parent.

b.  Codes in priority class in layer m

When a code is assigned to the new call, none of the codes are given priority. When the
codes are vacated, the codes in layer 1 to m-1 which are the children of assigned code are
given priority less than the lowest priority in layer 1 to m-1. No priority is given to the

codes in layer m to L.

c. Non-priority class codes in layer m+1 to L

When a code is assigned in this group, priority number in any layer is not affected. When
the codes are vacated, the codes in layer 1 to m which are the children of vacated code are
given priority less than the least priority number.

Define ay, 1, .(equal to 1/,,) as number of busy codes in layer /, inter arrival time,
arrival rate of users. The priority number is refreshed after every ¢, (threshold time) units
of time, where t,=kt,,,, 1<k<N, N<(ay+2a,+4a,+..128a;). The priority number is also
refreshed after every call completion and call arrival.

The code assignment scheme is illustrated in Figure 3.1 for an OVSF-CDMA system
with maximum capacity of 32R. The codes in layer 4 (corresponding to 8R users) are
given highest priority. Initially the code tree is assumed to be completely unused. Let a
new call with rate 4R is allocated a code ('3;. The code assignment, code blocking and
code reservation for future calls is shown in Figure 3.1(a). All the relatives encircled are
given priority number 1. For second 2R call, the code is searched which do not have any

priority number assigned. Starting from left code C;,; is used and all its relatives are
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given priority number 1 (as shown in Figure 3.1(a)). The priority number of codes in the
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layer of each relative which already has priority number is incremented by 1. In the
example considered such codes are ('3, (33, (a4, Cis, Ci6, C17, and Cyg. Their new
priority number becomes 2 (as represented in Figure 3.1(b). The codes ('35, (25, (1,17 and
(C2.11 are codes used for new calls. For next calls R and 2R using codes C; 17 and C,,3, the
priority number assignment is shown in Figure 3.1(c). Now considering status in Figure
3.1(c), if a new 4R call arrives, the highest priority code C; g will be used.

In case, the priorities need to be set for more than one class (say ¢ classes), the L layer
code tree is divided into ¢ groups. Each group belongs to one of the ¢ priority classes.

The algorithm for the CRA scheme is shown below.

1. Enter arrival rate, service time, data rates, number of groups, priority class layer(s)
2. Generate new call with rate kR, k=2"and I [1,8]
3. If (Cseqtrate of incoming call) < Cpax
o Do code allocation, code blocking and assignment of priority numbers according
to the Equations (3.1-3.4)
o Change the priority of codes in the code tree
o Goltostep?2
FElse

e  Discard call

End
4. if (elapsed time<threshold time)
o Refiresh the priority number
5. Go to step2

3.3 Code assignment using group leaders (GL)

In group leader approach, we divide the leaves of the code tree into 2" groups, where

q€[0,9,. Jand ¢, <N. There are 2% group leaders in layer ¢. For a group leader C;,,

define used capacity as sum of capacities of all the children of C;,. The capacity of each
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group and the group leader is 27. For a code C;,, the group leader is ¢ .Fora

qmﬂ.\._’r n - -‘
Qg max_;

code (.-qmax,n, the codes in the group are given by

C=C, C (3.5)

_ . o 1<G<q
?zqma.\ ql]n g max f;l]mls 2 q72q|nax f;lln q qrm.\

Lesser is the value of g, more is the number of groups making code tree compact for
assignment of low data rates. The division is performed to make the code assignment

most compact. The algorithm for assignment scheme is given below.

1. Enter arrival rate, service time, data rates, number of groups
2. Generate new call
3. If (Cseatrate of incoming call) < Cay

e List all the vacant codes

e For all the vacant codes, find the used capacities of group leaders. The vacant

code whose group leader has highest used capacity is the candidate for handling

Cig

) ) [ ) ) ) )
2203 20Ga Qays €
0 O T A O O A O AV I I
00000006000000000000000000000000
C|_| Cl,ﬁ CI,? C

1,12 CI.I(. CI,!n CI.‘.‘S

e Busy code 0 Blocked code 0 Vacant code
Figure 3.2: Code tree with capacity of 32 units

new call. If two or more vacant code leaders has same amount of used capacity,

anyone can be used for code assignment
Else

e Discard call

End
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4. Go to step2

The above procedure gives reduction in external fragmentation of the remaining capacity
making the code assignment compact. The code assignment in layers above group
leader’s layer (e.g. rates corresponding to layer 5, 6 and 7 in 8 code group example) can
be done like LCA and RA schemes.

For illustration consider code tree in Figure 3.2 where layer 4 codes are can be treated
as group leaders. If a new user with requirement of layer 1 code arrives, there are a large
number of vacant code options. The vacant code C,4 has a capacity of 4R (sum of
capacities of busy codes (1, (22 and (' 6) under its group leader C4 ;. Similarly vacant
codes (20, (211 has a capacity of 2RThe group leader capacity of (14, (23 and Cy 14 18

maximum and any of the two can be assigned to the incoming call.

3.4 Code assignment using aggregate capacity under ancestors of eligible vacant

codes

It is the most compact assignment scheme. The idea is to choose a vacant code such that
the availability of higher layer codes after code assignment is maximized. For a code C,
define used capacity as sum of capacities of all the children of C;,. Consider that a new
call with the requirement of vacant code in layer / arrives. The algorithm of code

assignment is divided into following steps.

. ¥ . L—x-1.
1. List all n vacant codes VC, , wherei €[l,n ],1 < p, <2 ““in layer x. For each vacant

code, calculate the used capacities of first parent P*'VC__.ie[l,n_,]in layer x+1

Xy ?

where ’_H_JQ-‘S n., S, If there exists a unique parent P*WC_ with the maximum

used capacity, the code VC +q 18 the candidate to handle new call. If no unique parent
with maximum used capacity exists in layer x+1, calculate the used capacities of all

the parents P VC Jin layer x+2 where|_n_\,+] / 2_|Snx+2 <n.,. Repeat

X.a; ?

ie(ln_,

the procedure for parents P-"V(.‘x__a[,fe[l,n_,] where |n;__1/2|gn;_ gnj_lf()l' all

j e[x+1,7]till unique parent exists.
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2.

If no unique parent exists with maximum used capacity in step 1, list all the parents in

' <n,

x4+l — "ix+l o

the layer x+1 given by P*'VC__ . ie[l,n. ],n with same maximum used

x.a;?

¥

capacity from the set PHIV(,X?@_,{ €[Ln,_,]. For all such parents, list number of busy

]. The parent P*'VC__ with

children in layer 1 to xdenoted by N “'+1V(7A.Taf_,i e[L,nl, a
the maximum number of busy children is the candidate to handle new call. This
results in assigning most scattered portion of the code tree to handle new call giving

highest number of vacant codes for future high rate calls. If all the parents
P"'”VCX_“‘_J €[l,n.,,]have same number of busy children, go to layer x+2 and so on
till we reach layer 8.

If both above steps leads to more than one parent, for all the parents in layer x+1,

P"'”V(_.*x_“‘_,i €[L,n.,,]find the parent with most number of busy codes in layer 1. If

unique parent exists, it is the candidate to handle new call. Otherwise check the

parents P/ VC-W; ,j€[x+28]and i € [l,ﬁ_:- Jtill unique parent exists.

If still no unique result exists, check the parents satisfying P/VC . _,je[x+1,8]and

i €[L,n;] for most number of busy codes. If unique parent exists, the code VC', is the
candidate for handling new call. If all the three steps do not give unique result, list the
vacant codes from the set V(' a ,i €[1,n] whose ancestors have busy codes with least

average elapsed time. It uses the fact that the code with least elapsed time will be
vacated in the end. This increases the availability of higher layer codes for future

calls.

For a code C,, let the parent exist in layer x with branch number y denoted by Ci.

Define scattering index S(/,7)

I—1my

Simy =3 3VC,, (3.6)

k=1i=1

Scattering index is a measure of number of busy codes under the parent C;, who is parent

Of (f‘a.b

The algorithm of the code assignment scheme is given below.
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1. Enter arrival rate, service time, data rates, number of groups
2. Generate new call

3. If (Cyseatrate of incoming call) < Cay

i€[l,n]

e List all vacant codesVC 4>

e Find the suitable codes using the steps 1 to 4
o Do code assignment and blocking
Else
Discard call
End
4. Go to step 2

To illustrate the ancestor cost assignment scheme, consider tree in Figure 3.2 with new
2R rate arrival. There are five vacant code options. While checking the first parent of
vacant codes, capacity tie occurs for codes (a4, C29 and Cz11 (with first parent (32, C3 5
and (36). If first parent is used for optimization, check the elapsed time of busy codes
under (35, Cs35 and Csgi.e. codes Cyg, Cia9 and C23. If the elapsed time of C¢, Ci20
and (123 is 4, 2, 3 units of time, code (4 is picked for new call because probability of its
parent remain blocked for longer time is highest (due to least elapsed time of ;). If
second parent of the candidate vacant codes are used for optimization, capacity tie occurs
for parents of candidate codes (54, (213 and ("5 14. The vacant code (", 4 is used for new

call as its second parent has more number of busy leaves.

3.5 Grouping adjacent vacant codes

The scattered vacant codes at a particular time are known to BS and UE. Mostly the
scattered codes in the levels are those vacant codes which lie between the busy nodes and
are less in number. The probability of finding more consecutive vacant codes is always
less than the probability of one or few vacant codes. The vacant codes which appear in
groups are not assigned to the new call because there vacant parents can be used for users
with higher rates. Therefore code assignment is done to use the vacant codes which do

not appear in groups.
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Table 3.1: Illustration of code selection using adjacent vacant code grouping scheme

(a) Group S (0, b, n), R rate call

Adjacencies Vacant codes Neighbor/ Elapsed time Code id
Cia C/15C6/15 Cy6/10 S(1,0,1)
Cis Cr1a/10 Cy 17 S(1,0.2)
b=0, Single vacant Ciio C16/2 S(1,0.3)
code (no adjacent Cin Ci20/5 S(1,0,.4)
vacant code) Cris Cy23/5 S(1,0,5)
Cuis S(1,0.6)
Cuiio S(1,0,7)
Cio S(1,0,8)
Cis Ci 415 S(1,1,1)
b=1,Two Cig C 615 S(1,1,2)
consecutive vacant Ciyr C20/5 S(1,1,3)
codes Ciis Cy20/5 S(1,1.4)
Cix Ci23/5 S(L1.5)
Ciz Cis/5 S(1,1.6)
b=3,Four Cias Cy29/10 C) 26/10 S(1,3.1)
consecutive vacant Cy a6 C29/10 C) 26/10 S(1.3.2)
codes Ciar S(1,3,3)
Crog S(1,3.4)
(b) Group S (1, b, n), 2R rate call

Adjacencies Vacant codes Neighbor/ Elapsed time Code 1d
b=0, Single vacant Coy C,4/15 S¢2,0,1)
code Cso Cayo/5 5(2,0,2)
Can Ca1af5 5(2,0,3)

b=1, Two
consecutive vacant Cais C215/10 S¢2,1,4)
codes Caua C215/10 5(2,1,5)
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Define S(/,b,n) as a group of codes in layer / accommodating all 5,1 <5 <2%" adjacent
vacant codes. Also » gives the vacant code number with b adjacent vacant codes. When
system finds a vacant code, it checks for the consecutive single vacant code in its vicinity
on either side of the vacant code. After finding single adjacent vacant code, the adjacent
codes in group of three (2%-1), seven (2°-1) and so on up to 271 are checked. Index
S(i,b,n) 1s a measure of scattering in the OVSF code tree. Lesser is the value of b, more is

the vacant code scattering and new call pick the code with least adjacent vacant codes.

For a code (', the adjacent vacant codes are

C L2 n+1)/2) 1]+ - - C 1.2[(n+1y/2] » TOT ONe simultaneous adjacency (3.7)

—

C‘g,4[((,,+3)_.-4]_|]+1 (-'3?4[( n+3)/4]» for three simultaneous adjacencies (38)

The result can be generalized as
Cf,;\-'|((n+A-'—1)..-u-\-*}1|+1 (:(.;\-’|(n+;’\-’—l).-";’\-’ |, for other N=1, 3, 7, 15 etc (3.9

Basically, the code assignment design is divided into two steps

e Group all vacant codes according to adjacent vacant neighbors. Pick the group code
with the minimum adjacent vacant codes. If tie occurs go to step 2.

e From all the candidate codes in group found in step 1, pick the vacant code with least
elapsed time of busy neighbors. If tie occurs for elapsed times, any code with same
least elapsed time is selected.

Let us deploy the above technique for allotment of codes to incoming rate R and 2R in

Figure 3.2. The busy codes are marked with dark shade while blocked codes are gray in

color. No color indicated vacant codes. The codes are demarked with there designation

and the elapsed duration in units. The elapsed duration for blocked codes is derived based
on the highest elapsed duration of the busy codes under it or of its ancestors.

Searching algorithm is employed for finding the codes with various adjacencies i.e.
for various values of b and is grouped under group S(/,5,n) where / is level, b are number
of adjacencies and # is the total no of codes with same adjacencies. The algorithm of the

code assignment scheme is given below.
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1. Enter arrival rate, service time, data rates, number of groups
2. Generate new call
3. If (Cyseatrate of incoming call) < Cay
o Arrange all the vacant candidate codes into groups S(1,b,n) , l<[0,7]. Pick
S(.j,n), j=min(b)
o Pick the vacant code with least elapsed time of busy neighbors as explained in
section 3

e Gotostep 2

Else
o  Discard call

End
4. Go to step 2

For incoming rate R searching algorithm depicts that there are eight codes possible
with adjacent zero vacant codes given by ()2, Ci5, Ci.10, Cr11, Cr13, Cras, Cri9 and Cy 4.
From within these eight codes the code which has lowest elapsed time of its neighbor is
selected. The elapsed times for busy codes at new arrival are illustrated in Table 3.1(b).
The neighbor for any code is the code which comes under same parent as we go up the
branch in OVSF tree. The neighbor who is adjacent but under different parent node is not
considered for comparison of the elapsed time. Neighbor/elapsed time(in time units) for
Ci2, Cis, Ciao, Cran, Cras, Cras, Crae and Chrag are Cr4/15, Ci6/15, Ci0/10, C112/10,
Cha4/7, Cr16/2, Ci20/5 and C)23/5 respectively. These eight entries are designated in
group S(/,b,n) as §(2,0,1), 5(2,0,2), and so on to S(2,0,8). Since 5(2,0,6) have the having
least elapsed time so this code is selected for accommodating new R rate call.

Similarly for same scenario and incoming rate of 2R, the searching algorithm
finds vacant codes (24, (29 and (,, as codes with least adjacency b=0.
Neighbors/elapsed time for vacant codes for 2R call are (C33/15, (3,10/5 and ('3 4/5 units
respectively. These are designated in group S(i,b,n) as §(2,0,1), 5(2,0,2), S(2,0,3). The
entries 5(2,0,2), $(2,0,3) equally probable and hence any of them is selected.
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3.6 Simulation and Results

3.6.1 Input parameters

e Call arrival process is assumed to be Poisson distributed with average value,

A =1-128 calls/time.

Quantized data rates: higher rate calls dominate traffic
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Figure 3.3: Quantized data rates with high rates dominating

e Service time is assumed to be negative exponential distributed with mean value
1/ =1 units of time.

e Two categories of rates, quantized and non quantized are assumed. In
quantized rates, there are eight classes of users with rates K, 2R, 4R ....128R
(R=7.5kbps). For non quantized rates, there are 128 classes of users with rates
R, 2R, 3R ....128R.

e The capacity of OVSF code tree is 128R with root in layer 8 (layer numbering

starts from leaves).
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3.6.2 Quantized data rates

Consider that there are G, =2,k =[1,2....8] servers in the k" layer corresponding to G

number of vacant codes. The total codes (servers) in the system assuming an eight set of
classes are given by G={G,G7,G3,G4,Gs5,G6,(G7,Gg}. The maximum number of servers

used to handle new call is equal to the number of rake combiners. Let 4, 4, 1s the arrival

rate, service rate of k" class of users. Traffic load for the &™ class of users is given by

p. = 4 / 1, . The code blocking for the " class is defined by

Quantized data rates: uniform distribution
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Figure 3.4: Quantized data rates with uniform distribution

Gy
0% /G,

PBkzin - k (3.10)
> pi/nl

n=1

The average code blocking for 8 class system is
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Quantized data rates: lower rate calls dominate traffic
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Figure 3.5: Quantized data rates with low rates dominating

We divide the eight classes of calls into two categories namely real time classes

(especially for speech signals with rates R, 2R, 4R and 8R) and non real time calls (with

rates 16R, 32R, 64R and 128R). The video conferencing comes in higher rate (although it

is real time category) class. Let the arrival distribution for the eight classes are given by

[p1, p2], where p; and p, is the probability of real time and non real time calls. Three

arrival distributions are considered as given below
e [0.75,0.25] for low rate calls dominating the arrival process
e [0.5,0.5] for uniform distribution of eight classes

e [0.25,0.75] for high rate calls dominating the arrival process
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The code blocking comparison of the proposed schemes is done with CFA [16], FCB

Non quantized data rates: higher rate calls dominate traffic
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Figure 3.6: Non quantized data rates with high rates dominating

[20] and TC [18] schemes discussed earlier. The nomenclature for the proposed scheme
is CRA (code reservation assignment), GLA (group leader assignment), ACA (ancestors
cost assignment) and AVCA (adjacent vacant codes assignment). Result in Figure 3.3,
34 and 3.5 shows that the performance improvement using proposed compact

assignment schemes.

3.6.3 Non quantized data rates

Consider there are 128 classes of users with rates R, 2R,....128R. The arrival rate and

service rate 1s jand ., , k<[1,128]. The internal fragmentation adds to the code blocking

due to code rate wastage with non quantized rates. The average code blocking is given by
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pP,=3x2kp (3.12)

The arrival distribution for the 128 classes is divided into two sets defined by [p1, p2,],

where p, is the sum of probabilities of rate arrival 4,7 €[1,2,.....15] assumed to be real

time calls and p, is the sum of probabilities of rate arrival 4,7 € [] 6, 28] assumed to be

non real time calls. Three distributions of rates are assumed
e [0.75,0.25] for low rate calls dominating the arrival process

e [0.5,0.5] for uniform distribution of four classes

Non quantized data rates: uniform distribution
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Figure 3.7: Non quantized data rates with uniform distribution

e [0.25,0.75] for high rate calls dominating the arrival process
Results in Figures 3.6, 3.7 and 3.8 shows that the performance improvement using

proposed compact assignment schemes.
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Non quantized data rates: lower rate calls dominate traffic
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Figure 3.8: Non quantized data rates with low rates dominating.

3.4 Conclusion

OVSF codes are the limited resources at the downlink of 3G and beyond CDMA based
mobile communication systems. The chapter discusses compact code assignment
schemes for the efficient use of OVSF codes. The code blocking can be reduced by using
code assignment scheme according to the arrival distribution of incoming calls. This also
increases throughput and code utilization. The complexity of all the code assignment

schemes is lower because single rake combiner is required at the BS and at the UE.
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CHAPTER 4
FLEXIBLE ASSIGNMENTOF DATA CALLS

4.1 Introduction

Broadly speaking, the calls fall into two categories, (a) real time calls with fixed rate
requirement, (b) data calls in which the call rate can be increased or decreased depending
upon availability of resources. The call handling and resource utilization differs
significantly depending upon whether the call flow involves single hop or multiple hops.
Based upon this, in this chapter the single hop and multihop networks are treated

differently.

4.2 Single hop networks

The single hop network is shown in Figure 4.1. If a new call with rate 2'R arrives, the

code assignment depends upon type of call (real time or data), code tree status and link

(@1) Bandwidth (B) m

A 4

Figure 4.1: Single hop communication

bandwidth. For real time call with rate 2'R, if the link bandwidth B>2'R, the call is

handled, otherwise the call is rejected.

If there are M bandwidth variations B i j €[l,M]for one call and G; represents data

transmitted in / bandwidth usage, the average bandwidth of channel for call 2'R is

given by

¥hB,
M

B=

(4.1)
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Also, the total transmitted data ‘G’ considering all rate variations can be represented as
¥ M ¥
G=2n0, (4.2)

For incoming data call with rate 2'R, if the maximum capacity of single vacant code is
2'R, the channel transmission rate can have following variants, (i) if 2" R>2'R, and
B =2"R, the transmission rate is 2'R with scaling factor 2'”, (ii) if 2" R>2'R, and
2'R<B<2'R, the transmission rate is 2"'*2”/Rwith scaling factor 2'*2*"' and the
vacant code with capacity 2"*2*'R is used, (iii) if 2" R >2'R and B <2'R, the call is
rejected because the channel has insufficient bandwidth to handle call, (iv) If 2" R <2'R
,and B>2'R , the call can be handled provided that the average traffic load is less than
the maximum capacity of code tree.

If there are total L call classes, and the average arrival rate and call duration of ™ class

is 2, and 1/, respectively, the traffic load for ™ class is given by

P =4 1 (4.3)
The average traffic load is
P= ZLI ()bf /luf) (4.4)

Let the maximum capacity of the code tree is C,,,,. If the system has zero code blocking,

the new call with rate 2'R can utilize low rate codes in layers 1 to /-1 if

Shp+2'RIC,, <1 (4.5)

If the system has average code blocking P, the code from lower layers can be utilized if
Yep+2'RIC, +P, <] (4.6)
This makes the overall utilization of the code tree close to 100%. Let capacity threshold
1, represents fraction of total capacity C,,. which prompts the use of codes in layers 1

to /-1. If total load p and Py are known, ideal value of 7 for zero blocking condition is

given by
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For blocking systems, 7, can be defined as

T,=C_ (1-(X5p,+P,))—aRaR<<C,_ (4.8)

If aR is high, the utilization deviates significantly from 100% and the algorithm is simple
as only few lower layer codes are used. If aR is low, the utilization is close to 100% but

the algorithm is complex. The new call is almost guaranteed to be accepted.

4.3 Multihop networks

The multihop wireless network is shown in Figure 4.2 for a single call flow with rate 2'R.

Considering total N links in multihop network the details of a particular link (say link 7) is

R SR S S

Y I L [~ 77777 N-1 Y
e —_ e e
Bandwidth B B, By By
Scaling factor/ R R R Ry

Suppression Factor

Figure 4.2: Multi hop communication

shown in Figure4.3. Let 2*Rrepresents the capacity corresponding to maximum rate

vacant code in the i link and B' is the bandwidth of i link. The rate scaling factor for /"

Figure4.3:i" multihop link

link is 2" . For a real time call with rate 2'R, the call is handled only if 2' R <2" R, and
2/ R < B'. On the other hand, for data call with rate ZIR, the transmission rate for i™ link
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can be calculated using steps similar to one used for single hop networks replacing B with
B'.i<[l, N|representing average bandwidth of i/ hop/link and 2 Rwith2" R
respectively. Additionally, for /™ link, define. R, = min\_2""R‘”i J If R=2"R, the
transmission rate is 2°=# g  The overall transmission rate between X and Y is
R, =min[R |.i e[LN] (4.9)

In general, if the scaling/suppression of data call at ™ link is denoted by A4;, for
1<i<L-1, following values of 4; are permitted.

2' datarateincreased due to excess resources
1

1/2', data rate reduced as instantaneous load is high but avgload

1s less than themaximum capacity of the code tree

(4.10)

For a new call with rate 2'R, for the M link if there are M, bandwidth variations

B 0 Ji € [1,M,]due to shared channel, the average bandwidth of /" link is given by

. Mi B!
B':%; 1<i<N 4.11)

1

If for i link, G,,J; €[LLM,]represents amount of data transmitted for j" bandwidth

variation, the total transmitted data G' at the /" link is given by
~i M; i . . .
G' =X 4B, ;1<i<N (4.12)

The propagation time for i link with length d;, is defined as 7, =d,/v where v is the

speed of light. If the total data size is D bits, the initial call duration for the single hop

system is
t,=D/2'R (4.13)

Ignoring the propagation time (which is generally very small compared to transmission

time), the new call duration is
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{ =1, x(2' R/ 21wt (4.14)

For N link multihop communication, the new call duration (ignoring propagation time

and data storage time) is

. J 1 1 1
1, =(,x2 Je‘i’z’N)x[zlJng2 o + 2|_|ug: 7 +..... 2|_|ug: ] (4.15)

4.4 Proposed Design

Consider an L layer OVSF code tree. If C;, represents a code in layer / with branch
number n, the code tree capacity assigned to a new call 2’ R can have two variants,(a)
Guaranteed capacity: minimum vacant code capacity required to handle real time call
(and 1s equal to 2"R)‘ If the code tree does not have guaranteed capacity, the call is
rejected. (b) Available capacity: capacity of the vacant code closest to the root code (the
root code exists in layer L). For data call 2'R(in layer /-1), the available capacity can
take values from 2° R <7 <7 —1)for rate suppression and /</'<L—1 (for rate

scaling), and if the call duration at call arrival is 7, the updated call duration due to rate
variation flexibility is given by

(2" /2"y =t (4.16)

For a code C;, let code index /;,, defines the status of the code. The code indices can

take values as follows,

a. I;,=0,if code C;, is free

b. I;,=1, if code C;, is blocked

c. I, =2, if code C;, is used for a call with guaranteed capacity 2'R and available
capacity 2'R

d I, =2+ -1, if the code C;, is used for call with guaranteed capacity 2'R and
available capacity 2" ./’ ~7, and (v) 1;, = (I'-I)(negative number), if the vacant
code is used from layer /' /'</, and it happens when the code tree does not have
vacant code in layer / due to high value of the instantaneous traffic load but the
average traffic load allows the use of vacant code in layer!'. For a new 2'Rcall (data

or real time), the flexible data rate algorithm works as follows.
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Case 1: Enough capacity available with highest capacity vacant code present in layer.

|1 =max(IM),1" e[1,L]

If the call is of data type, the vacant code in layer!’, say C;,,if,is assigned. The call rate is
intentionally increased by a factor 2" and subsequently the call duration is decreased by
a factor 2"’ . If there are multiple options for vacant code, the code with least code index
value / 1 18 the candidate code to handle the call. For real time call the vacant code with

capacity 2' R is assigned.

Case 2: Enough capacity is not available

Data call arrival: Check the code indices for all busy codes starting from layer /+1. If for
alayer/',/'> [, there is at least one busy code with code index greater than 2+ (/'-/) then
the call can be handled by reducing the rate of previous ongoing call by shifting this call

to lower layer code. More specifically, if there are », number of such busy codes in layer

[', pick the code C;,,if, with largest code index value/ 1 - Considering this code index

value 7, the code is currently handling a call with rate 2R and reducing this2~ times
the reduced capacity can be utilized by incoming call 2’ R. The code used to handle new

i i, for call2”* R Therefore the
Hp—2 +

2'Reall isC ., and the code C
12" np -2 -1

new call is handled applying code shifts (reassignments).

Real time call arrival: For the identified code C

1 With largest code index value/

Poage s
use one child with capacity 2'R (in layer/—1) for incoming call and one of the other

children with capacity 2’'Rfor previous ongoing call. The capacity 2" —2""Rcan be

used for future calls.

Case 3: Case 1 and 2 fails
Data call arrival: 1f both of the above cases do not provide a vacant code, reassignments
are required but the reassignments can be applied only if the total available capacity (sum

of capacities of vacant codes in all layers) is more than the capacity required by incoming
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call. The algorithm identifies layer 7'|/'=max(/"),I"e[2,1] for which at least one busy
code with code index greater than 2 exists. For this layer list all the busy codes along with

their code indices. Pick the code(

1 With highest code index /. This busy code was

initially handling an ongoing call with guaranteed rate 2" "> R . The algorithm reduces

the rate of this ongoing call by 2’ *times. The new code used to handle this call is

C, 2,y If 7 is the total call duration had the call being handled fully by
ey S/ L S i

code (.‘f._nf, and 1, is the call elapsed time at the arrival of new call 2'R, the new call

duration for ongoing call is given by

t'=t, +(I—I|)><21_2 (4.17)

If we take #-1,=t,, Equation (4.17) can be rewritten as

=t +1,x2"7? (4.18)

In general, if there are total N rate transitions for ongoing call, the total call duration can

be expressed as

=1+, x2"2 1, x 207 4 g, x 2

: , (4.19)
:3‘1"'2}\'1_] (fm x 2" H)
Also the average rate of the ongoing call becomes
R'= [:, )2V R+t x 2D Ry 2IR gy, x 2N "”R]/ t
(4.20)

=l %2V R+ 25, < 2 R

Real time call arrival: The call is handled as per Case 3 data call handling algorithm.

Case 4: Case 1 1o 3 fails

Data call arrival: The call can be handled using vacant codes in layer 1 to /-1 if the
average traffic load of the system is less than the maximum capacity of code tree. When
an ongoing call is completed, the vacant code with the highest rate is identified and the
codes which are currently handling the suppressed rate shift the call to the identified

vacant code when the identified code has capacity more than the currently used code. The

65



aim 1s to make code tree capacity utilization close to 100%. The utilization in Case 3 can
be further increased if we use code reassignments till utilization becomes 100%.
Typically there may be many such reassignments to make available capacity more than

s ., » the
=220 Cump_joa-20 741

2'R. If the suppressed call is currently handled by code C,

algorithm shifts the call assigned to this code to the appropriate location within the code

al

tree in a layer between /' to /'—(/ — 2) provided the new code is not C,.,  or its child.

'y
Real time call arrival: The call is rejected.

While Case 3 requires one reassignment per call, Case 4 requires large number of

For real time calls For mixed calls

For data calls

Figure 4.4: Code tree division according to call types.

reassignments (although greater utilization) even more than traditional DCA. In addition,
the code indices are updated at call completion. If any ongoing call occupied by code C;,
is completed, the code indices of the sibling (or children of sibling) has to be updated.

The design discussed so far does not divide code tree according to the type of traffic.
Although this increases throughput but complexity and cost of the design may be
inappropriate. In another approach, the code tree can have different portions for real time
calls, data calls and mixed (a connection where rate may be real or data type) calls. The
code tree utilization may not be 100% although the design is simple and cost effective.
The mechanism divide call rates into three categories (/) pure real time rate (i7) data call

(iii) mixed rate as illustrated in Figure 4.4. Consequently, the code tree is also divided
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into three portions to treat these three categories differently. The data portion of the code
tree can always be fully utilized as for pure data calls description given earlier. The
second portion of the code tree may provide wastage and the only way to optimize
utilization is to use full dynamic code assignment (DCA) [4] design. But too many
reassignments are not preferred for real time calls. The third region is the most complex
as far as code allocation is concerned. Let v, , v, and » represents total real time, data
and mixed classes. Also, N7 i e[ N,1, Nj,i €[LN,]and N, ,i €[, N, ] represents the i
call in each category. A particular wireless network may have one, two or all three
categories of rates. If (rfm denotes the maximum capacity reserved for i pure real time

rate, the portion of total code tree capacity used for real time calls is given by
Crae = 205 Cri (4.21)

Similarly if & and m represents data and mixed calls, we have

vd Ny vd.i

("max = i=‘i (‘ma; (422)
i N oy m,i

Chnx = 208 o (4.23)

Handling mixed rates require fairness among data and real time rates so that none of
the two is overserved or underserved.

The division of code tree into various regions is made proportional to the amount of
calls. The division changes frequently if arrival distribution changes rapidly.
Fairness issue

Due to the use of data calls for real time calls, some specific layer calls may be over
used or under used. Also for real time calls, some specific layer may be overserved,
which is unfair for other classes. To make the assignment perfectly good, the fairness is

required for following calls.

1. Fairness among real time and data calls.
2. Fairness within real time and data calls.
3. Class (layer) fairness.

Let /; denotes the fairness of code tree capacity which must be available for rate 2'R

calls (real time or data)
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The value of /; depends upon the ™ class average arrival rate A;. Ideally, /;1s defined

as
L
Fy = (A4 T2 2) % C oy (4.24)
i=]

’
Practically the fairness index F, can be chosen as

r

F, =aF,0<a<] (4.25)

000000000

Figure 4.5(a): A 6 layer OVSF code tree

The code assignments and reassignments are explained in Figure 4.5 using a six layer
code tree. In Figure 4.5(a), the tree is fully utilized by three ongoing calls occupying
codes Cs,, Cyy and Cy, with code indices /s,=4, 1,,=3, and /4,=4 respectively. If a new
call of rate 8R arrives, there is no vacant code available, and the algorithm searches for
busy code in layer 7 > log,(8) =3 with highest code index value greater than 2. The code
5> in the highest layer has an index equal to 4, and the ongoing call (s is shifted to Cs 3
making I, 3 =3 and (44 vacant. The call 8R can now be handled by C45 (with /43=2) as
shown in Figure4.5(b). If the current status of tree is as in Figure 4.6(a), and a new call of
16R arrives, there is no vacant code with capacity = 16R. The call handled by /s, will be
handled by /4. If the instantaneous traftfic load is high with average traffic load less then
8R, the call can be handled. The call currently using code Cs is shifted to C43. The call
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00000600000000000

00000000

Figure 4.5(b): 8R call handling

)!.|_|—2

MO 000000

Figure 4.6(a): A 6 layer OVSF code tree

Figure 4.6(b): 16R call handling

rate is intentionally

suppressed to 8R. The code (44 can now be utilized for the incoming 16R call as shown
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in Figure 4.6(b).

4.5 Simulation and Results

o | Generate a new call 2R
L

Find B i [LN]

A\ J

Find scaling vector 4

Call rejected as the available
bandwidth of some links is less
than the guaranteed rate

If average call completes
before time #;4;

Y

Update code indices

Find optimum code using steps 1 to 4 and do code

reassignments (if required).

Update code indices

Algorithm a

reassignments. Switch the codes if required and do ¢——

Reassign codes to make utilization
maximum, and if possible reassign
the codes for calls whose rate is
suppressed

Algorithm a

Figure 4.7: Flow chart of simulation model for real time calls
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The flowchart of simulation model for real time calls is given in Figure 4.7, and for data

calls in Figure 4.8. The simulation parameters used to compare proposed design with

Generate a new call

Find the scaling
factor A

Call handled »
P Call handled Call handled Rg;‘;‘

using case 37 using case 47

using case 27

Find the Find the suitable vacant code and do code reassignments

—p optimum code

and do code
assignments

A 4

Algorithm a

Update code |«
indices

Figure 4.8: Flow chart of simulation model for data calls

other existing designs are listed as follows.

= There are 5 classes of calls with rates R, 2R, 4R, 8R, 16R.
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* The maximum capacity of the tree is 128K, with R equal to 7.5 kbps, which require 8
layers in the code tree. The 128R code tree capacity is divided into three portions one
each for real time, data and mixed rates with capacity 32K, 32R and 64R respectively.

= Arrival rate A is Poisson distributed with mean value 0-4 calls/minute.

= Call duration is exponentially distributed with mean value 1/ of 3 minutes.

Distribution=[0.3,0.3,0.2,0.1,0.1]

o
- 4}""‘5’——‘%—__”)_ ¥ =

/ F|[_—_]HH++-‘|—+_H_F|_H
,L_i- {.—1---' : &

e e

0.8

Code tree utilization

DRE
—<— DCA
—+— FDA

5— MFA [

—+— CFA
| | L L L

1.5 2 2.5 3 3.5 4
Average Traffic load

DRE- Data Rate Expansion (ours), DCA- Dynamic Code Assignment, FDA- Fast Dynamic Assignment, MFA- Maximally Flexible
Assignment, TC- Time Based Code Scheme, CFA- Crowded First Assignment

Figure 4.9: Comparison of code tree utilization for [0.3,0.3,0.2,0.1,0.1] distributions

= Simulation is done for 10000 calls and result is average of 10 simulations.

Let 4.ie[1,5] is the arrival rate and 4, 1is service rate for i" class calls. Define

p, = A,/ u,as traffic load of the i class calls. The average arrival rate and average traffic

load becomesA=Y_ A and p=Y.,(A/u) respectively. In our simulation, we

consider average call duration of all the classes equal, i.e. 1/4 =1/, Define
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Distribution=[0.1,0.1,0.2,0.3,0.3]
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DRE- Data Rate Expansion (ours). DCA- Dynamic Code Assignment, FDA- Fast Dynamic Assignment, MFA- Maximally
Flexible Assignment, TC- Time Based Code Scheme, CFA- Crowded First Assignment

Figure 4.10: Comparison of code tree utilization for [0.1,0.1,0.2,0.3,0.3] distributions

[p1.p2.p3.p4,ps] as probability distribution vector where p; is the arrival probability for i"

class calls on average. Two distribution scenarios are investigated, (a)
[0.3,0.3,0.2,0.1,0.1] where lower rate calls dominate, (») [0.1,0.1,0.2,0.3,0.3] where
higher rate calls dominate. The performance of the proposed data rate expansion (DRE)
design is compared with the crowded first assignment CFA[16], dynamic code
assignment (DCA) [12], fast dynamic assignment FDA [16], time code design TC[18],
and maximally flexible assignment (MFA) [19] designs. The code tree utilization
comparison is shown in Figure 4.9 and 4.10 for both distributions. The code tree
utilization in the proposed design is always 1 because there is flexibility of rate expansion
or suppression for data calls. The code tree utilization in dynamic assignment designs
DCA and FDA is also close to 1 at higher loads as the code reassignments can make the
assignment as compact as possible. The use of DCA requires significant reassignment
overhead, which limits their use. The utilization for other designs deviates significantly

from 1. The MFA, TC, and CFA design suffers in utilization because there is no
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Distribution=[0.3,0.3,0.2,0.1,0.1]

Number of calls handled

H

4
¥

550 L 1 L L L
0 0.5 1 1.5 2 25 3 3.5 4

Average Traffic load

DRE- Data Rate Expansion (ours), DCA- Dynamic Code Assignment, FDA- Fast Dynamic Assignment, MFA- Maximally
Flexible Assignment, TC- Time Based Code Scheme, CFA- Crowded First Assignment

Figure 4.11: Number of calls handled for [0.3,0.3,0.2,0.1,0.1] distributions

differentiation in real time and non real time calls. Further CFA has least code tree
utilization compared to all other methods. The tree utilization further reduces for
distribution favoring higher rate calls. This is because the low rate codes are scattered in
the code tree, and the parents of these codes in higher layers are blocked. The total
number of calls handled by various designs is also compared for two distributions in
Figure 4.11 and 4.12. The total calls are assumed to be 10000. As expected, the proposed
data rate expansion (DRE) design handles highest number of calls for both distributions.
The calls handled in MFA, TC and CFA designs are significantly less as there is no
provision for rate scaling. Also, the vacant capacity is scattered in the code tree and the
calls are rejected due to the problem of external fragmentation. The number of calls
rejected further reduces when the higher rate calls are dominating. This is the reason why
the calls handled in Figure4.12) are lesser than the calls handled in Figure 4.11. The calls
handled in DCA can approach DRE if the reassignments are done frequently and in

addition at the arrival and departure of the call.
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Distribution=[0.1,0.1,0.2,0.3,0.3]
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DRE- Data Rate Expansion (ours), DCA- Dynamic Code Assignment, FDA- Fast Dynamic Assignment.
MFA- Maximally Flexible Assignment, TC- Time Based Code Scheme, CFA- Crowded First Assignment

Figure 4.12: Number of calls handled for [0.1,0.1,0.2,0.3,0.3]distributions

4.6 Conclusion
The occurrence of scattered vacant codes in the code tree due to random call arrival and
departure, increase future high rate calls blocking. The compact single code and multi
code assignment schemes discussed use the most scattered vacant code(s) reducing
code/call blocking. The multi code design gives the added benefit of handling non
quantized rates and reducing the code wastage capacity. The frequent call arrival and
completion requires regular update for the most scattered vacant group, which may
increase the computation/decision time for new calls.

In contrast to real time calls, data calls can be better handled because there is a
flexibility to increase or decrease their rates according to available codes in the OVSF
code tree. In this work, a code assignment design with rate variation flexibility is

investigated. Further, the rate of the non real time call can be increased only if the call is
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stored for sufficient time in the buffer available at BS and MS. The code tree utilization is
maximized as capacity of all the codes is fully utilized in the code tree. The rate of data
call can be increased or decreased depending upon available codes, instantaneous and
average traffic load. Both single hop networks and multiple hop networks can be
benefited. In the proposed scheme, the size of buffers increases as the design stores most
of the non real time calls before allocating codes. Hence, the complexity and cost factor
increases, and work can be done to limit the complexity while compromising some
utilization. Also, the fairness issue among various data call classes and for mixed system

(containing both real time and data calls) can be investigated.
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CHAPTER S

SOME OTHER NOVEL CODE ASSIGNMENT SCHEMES

5.1 Introduction

This chapter describes few multi code schemes for different requirements. The
multi code scheme uses multiple codes to handle each call. In the first multi code design,
two different scenarios are considered, first, the rake limited scenario and second, the
scattering limited scenario. In the latter two further categories are right code splitting and
left code splitting. Second multi code design does code assignment in two ways, first,

using higher rate codes and second, using lower rate codes.

5.2Multi code Design 1

5.2.1Rake limited scenario

Assume m rake OVSF WCDMA system for a new user arrival with rate AR1<k <128.
The procedure for finding the minimum rake required to handle rate 4R is given below.
Find max( 4,)| kR—k,R >0wherex, =2" 0<n, <6. IfkR—kR=0, a single rake is
sufficient to handle new incoming call, otherwise define wastage capacity for a single
rake system given by
W, = kR—k,R

(5.1
Therefore for non zero wastage capacity in single rake system, find
max(k,) | kR—kR—k,R=0where %, =2" 0<n,<5. The result can be extended to
maximum of m steps for m rake system. Afters | < m number of steps, wastage capacity
is

t
W, =kR—k,R—k,R.. k,R =kR-XkR (5.2)
i=1
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For m=38, there is no wastage capacity but the severe complexity in the BS and UE
requires m less than 8. As seen from Equation 5.2, the wastage capacity is the limitation

for non quantized rates (xR = 27)and it reduces as we increase number of rakes.

5.2.28cattering limited scenario

The efficient resource allocation is supreme requirement, so all the m rakes should be
used to handle new call (if possible) irrespective of the minimum number of rakes
required to handle new call. In OVSF based systems, the resource allocation can be made
efficient if code scattering is least. Code scattering is due to the lower rate calls arrival
and random arrival and departure time of calls. The aim of minimum code scattering
design is to break incoming rate into fractions such that future availability of high rate
codes is highest. The incoming rate is divided into fractions such that all the rakes

available are utilized. The minimum scattering design can have two categories.

A. Right code first splitting
The first part of the algorithm is to find minimum number of rake combiners required to

handle new call according to Equations 5.1 and 5.2. Let 7| ¢ < m, number of steps leads

to zero wastage capacity, i.e. W, =kR—ik,.R =0.If x_ R=2R, replace ¢, R by

i=1

k:—1+;R and k,U-Rwherek,_H_,- :kﬁj :(k,_l)/Q. If (#+j/)<m-—1 and if kHJ-R >2 .
replace k. ,R by k., and k.., wherek,. =k, =(k.)/2, otherwise if
(t+j)<m—1 and if kH_;-RSl , find k:+_;-—c where 1<c¢ <7 such that kr+_;'—c >2 . Then

replace k., R by k. Randk,., Rwherek,.,. =k, =(k. _)/2. The procedure is

J

m-1

repeated until 7+j becomes equal to m. The wastage capacity is given by k\R— >k, R .
i=0

B. Lefi code first splitting
The first part of the algorithm is to find minimum number of rake combiners required to

handle new call according to Equations 5.1 and 5.2. Let 7| < m, number of steps leads
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f
to zero wastage capacity, i.e. W, = kR— Y k,R =0 .Then in this case, if 4, r > 2 , replace

i=1

k,R by klf}? and kR where k, = klt =(k,)/2. If t <m—1continue this until 7 becomes

Figure 5.1: [llustration of multi code assignment scheme using left code first

anlittino

m-1

equal to m. The wastage capacity is given by k\R— Y k,R.
i=1

To illustrate the multi code assignment schemes, consider an OVSF code tree with five
layers. For a new call with rate 6K, the multi code schemes works as follows. In multi
code utilizing minimum rakes, the 6K call can be split into two rakes with rates of 4R and
2R. If leftmost first assignment is considered, the vacant 4R and 2R codes from the left of
the code tree can be used and the new tree status is given in Figure 5.1. If multi code
assignment with fixed number of rakes (say 3) is employed, we have two options to
handle new call depending upon whether left splitting is used or right splitting is used.
For left split first category, the 6R call can be represented by 4R+2R and further by
2R+2R+2R (using all 3 rakes). For right split first category, the 6R call can be represented
by 4R+2R and further by 4R+R+R. After handling 6R call, the status of the code tree in

shown in Figure 5.2.

WA bl

Figure 5.2: [lustration of multi code assignment scheme using right code first
splitting
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5.2.3 Simulation and Results

distribution [12.5,12.5,25,25,25]
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Figure 5.3: Code blocking vs traffic load for rate distribution [12.5,12.5,25,25,25]

A. Input Data

e (all arrival process is Poisson with mean arrival rate, 2 =0-4 calls/ unit time.

e (Call duration is exponentially distributed with a mean value, 7/« =3 units of time.

e Possible OVSF code rates are R, 2R, 4R, 8K and 16R.

e For Fixed set partitioning scheme, the tree capacity given to R, 2R, 4R, 8R and 16R
users is 32R, 16R, 16R, 32R and 32R. This is done because R to 16R rates do not

divide the tree in equal portions.
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e The number of rakes used in multi rake scheme is 3.

0.14 . ;
&—LCA

> o4l CFA ) /
5 ~—+— ADA \ \,,
£ 008/ T MCCFA /oy
o >— NCPH
2006 ]
4
e 0.04
m * O
m +M* S <f + b O

0.02 = =) = = = ‘I—‘}u__E_BT_’r{ —H]

0 1 1 1 1 1
0 1.5 2 2.5 3 3.5 4

Traffic Load

LCA- Leftmost First Code Assignment, FSP- Fixed Set Portioning Scheme, CFA- Crowded First Assignment
ADA- Adaptive Code Assignment. MCCFA- Multi Code with Crowded First Assignment (ours), NCPH- Next Code
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Figure 5.4: Code blocking vs traffic load for rate distribution [25,25,25,12.5,12.5]

B. Results
We compare the code assignment and reassignment schemes for number of codes

searched and blocking probability.

Code blocking
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As assumed, we consider five different quantized rate arrival classes 2 {2,.4,.4,,4,.4,}

. The service time is 1/u for all traffic classes. The code blocking comparison is done for
different call rate distributions. Let the rate distribution is given by [po,p1,p2.03,04], where
pi is the probability of user with rate 2'R. The distributions considered are

o [125,12.5, 25,25, 25], i.e. the percentage probability for rate R, 2R, 4R, 8R, 16R is

distribution [25,12.5,12.5,25,25]
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LCA- Leftmost First Code Assignment, FSP- Fixed Set Portioning Scheme, CFA- Crowded First Assignment
ADA- Adaptive Code Assignment, MCCFA- Multi Code with Crowded First Assignment (ours), NCPH- Next Code
Precedence High

Figure 5.5: Code blocking vs traffic load for rate distribution [25, 12.5,12.5,25,25]

12.5,12.5, 25, 25, 25. High rates dominate in this distribution.
e [25,25,25,12.5, 12.5], i.e. low rates dominate traffic.
e [25,125,12.5,25,25] and
o [125,375,25, 12,5, 12.5]
The blocking probability for the code group k < {0,1....4} is given as

82



distribution [12.5,37.5,25,12.5,12.5]
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ADA- Adaptive Code Assignment. MCCFA- Multi Code with Crowded First Assignment (ours), NCPH- Next Code
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Figure 5.6: Code blocking vs traffic load for rate distribution [12.5, 3 7.5, 25, 12.5, 12.5]

Gy ~ ]
P, = w (5.3)
o py  nl

The code blocking comparison for various schemes is shown in Figure 5.3, 5.4, 5.5 and
5.6 respectively. If B, represents the code blocking in scheme x, the blocking in all the
schemes is given by Brsp>Baps>Brca>Bcra>Bpca>Byccra. It 1s a good practice to use
CFA, DCA or MCCFA for better results in terms of blocking. We can use hybrid of these

three schemes with FSP to incorporate decision time benefit.

Code Searches
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< 10 distribution [12.5,12.5,25,25,25]
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Figure 5.7: Number of code searches vs traffic load for rate distribution [12.5, 12.5, 25, 25, 25]
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Figure 5.8: Number of code searches vs traffic load for rate distribution [25, 25, 25, 12.5, 12.5] 84



The total number of codes in the system is, G, +G, +G, + G, +G, , whereG_ is the total

X -|04 distribution [25,12.5,12.5,25,25]
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Figure 5.9: Number of code searches vs traffic load for rate distribution [25, 12.5, 12.5, 25, 25]

number of codes corresponding to class xin the system. As discussed earlier, the
calculation of number of code searched is measure of speed of the code assignment
scheme. We consider same rate distribution as given in code blocking section. In adaptive
code assignment (ADA) scheme, the code reservation is done in advance for the codes of
lower layers. This requires less number of codes to be searched before getting suitable
vacant code. In next code precedence high (NCPH) scheme, the code next to the assigned
code as well as all of its ancestors and descendants are given a two dimensional
precedence number (n,y), where ‘n’ is the layer number and ‘y’ is the vacant code
priority number. The precedence number is to be used by next incoming calls. Also the
code blocking is smaller than the most of assignment schemes which do not incorporate

reassignment facility. The code searches results are given in Figure 5.7, 5.8, 59 and 5.10
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for leftmost first code assignment scheme (LCA), fixed set portioning scheme (FSP),
crowded first assignment (CFA), adaptive code assignment (ADA) [67] scheme, next

x 10* distribution [12.5,37.5,25,12.5,12.5]

No of searches
%]

0 0.5 1 1.5 2 2.5 3 3.5 4
Traffic Load

LCA- Leftmost Code Assignment, FSP- Fixed Set Portioning Scheme .CFA- Crowded First Assignment, ADA- Adaptive Code
Assignment, MCCFA- Multi Code with Crowded First Assignment (ours), NCPH- Next Code Precedence High

Figure 5.10: Number of code searches vs traffic load for rate distribution [12.5, 37.5, 25, 12.5, 12.5]

code precedence high (NCPH) scheme and multi code with crowded first assignment
(MCCFA) , which is the proposed scheme. If N, denotes number of codes searched in
scheme x, the various code assignment schemes searches can be listed as

Nrsp<Npca< Napa<Ncra<Nncpi<Nuccra.

5.3Multi code Design 11

The multi code design consists of two steps:

a. Division of incoming rate into quantized fractions depending upon the number of

rakes available

b. Assign code to each of the fraction using LCA or CFA. In most of our discussion we

use CFA scheme as it gives better results.
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The division of the incoming rate into fractions can have number of options .For & rake

multi code system with input rate rR, there are three multi code options.

5.3.1.Code assignment using higher rate codes (Algorithm 1)

Assumer =2". The vacant code with rate 2” is searched using CFA scheme and is given
to incoming call if at least one is available. If code is not available, use two vacant codes
with capacity2”'R. If two vacant codes are not available, number of codes with the

capacity 2" *Reach is used and is given by

an—z = (r _an—l X 2”_1 )/2”_1 (54)

where d; is the number of 2’ capacity codes required to handle complete or partial

incoming call. Also, if @, ,codes are vacant the call can be handled if d,_,+d,_, <k

Equation 5.4 can be generalized for finding the number of 2" R codes required given by

a,,=(r—Xa,  x2"7)/2"/" (5.5)

n—i
J=1

The call can be handled if kzlan <k .
i=1

In general the multi code used to handle rR can be represented by
C=la,a; ,.a; 3,...... a,.a,]-

The coefficient a; has following properties.
e forall r>n.d; = 0

o forall ; <,a =00r 27 max(m) = j2~ for layer n-j

5.3.2._Code assignment using lower rate codes (Algorithm 2)

For integers, i;, k and r, the new rate » can be handled by 7, leaves if i; < kand r <i;. If
the condition is not met, codes from layer 1 and 2 are searched. For integers/,, check for

2i, +i, = r|i, +i, <k, the procedure is generalized forjﬂ‘ layer and is given by

>2/ i = r| if <k (5.6)

J=1

87



The algorithm use more number of lower layer codes and utilize all 4 rates to handle the

call.

5.3.3Weighted code assignment(Algorithm 3)

In this design the selection of the multi code is done in such a way that the codes from
most of the layers are used for single call. The scheme does not favor lower rate or higher

rate codes and hence provide fairness to code assignment scheme. The algorithm of the

Consider code tree with

depth=L

> New call rate = rR.

Check N
Capacitv
Algorithm x, x<[L3]: Reject call and
Multi code 1s found increment
blocked calls

:

Refresh Choose individual
Tree codes using CFA

[ l

Assign codes and

increment calls handled

Terminate call

Figure 5.11: Flowchart for the proposed multi code scheme 88



code assignment is as follows.

Define a multi code C =[i,,7,,, .i, » wherel is the weight (number) of layer ;

------- r—1

codes used for incoming call.Find ,,| 27 = -. If n <k —1, the first multi code choice of! is

0

C|_| Cl.w

0

9 Busy code 0 Blocked code 0 Vacant code

Figure 5.12: 6 layer OVSF code tree

given by
2;j=1
j =<1, 2< j <n-l
[J' 0’ . .l n (5‘?)
Jj>n

If the vacant codes calculated in equation 5.6 are not available, the second multi code

0

9 Busy code 0 Blocked code 0 Vacant code

C‘1,1 CI,ED

Figure 5.13: Handling 16R call using Algorithm 1
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0

Cia Ciao

9 Busy code O Blocked code 0 Vacant code

Figure 5.14: Handling 16R call using Algorithm 2

scheme is #=2, =1 for 2<;<n—1and I, =0forn—1< j<Z. The procedure is

extended till multi code is found. In general the multi code after & steps consists of

0 0
IO (N G N G
HEREEERE SRR
0000000000000000000000000000000

. Busy code 0 Blocked code 0 Vacant code

Figure 5.15: Handling 16R call using Algorithm 3

coefficients 7 is given by

2 j=1
i, =11;2<j<nk 5.8)
0;j>n—k '
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If n>k . If n<k-1, the first multi code choice of /; is

0;,j<n—k+1
.. = * —]1 < i < 11~
i, =sn-1<j<nk+2 (5.9)
2, j=n—k+1
If the vacant codes calculated are not available, call is rejected. The individual code in
each of the multi code is chosen according to crowded first code schemes. The flowchart
of the multi code scheme is illustrated in Figure 5.11.
The multi code scheme is illustrated using a 6 layer code tree as shown in Figure

5.12. Figure 5.13, 5.14 and 5.15 illustrate the multi code scheme using algorithm 1, 2 and

3 respectively.

5.3.4 Simulation and Results

A. Input Data

+ Call arrival process is Poisson with mean arrival rate A =1-4 calls/time units.

Distribution [30,30.20,10.10]

—+— CFA
—~— FSP

0.15} —+— LCA 4
I S e jk}ff:: ==

—&— MCCFA |- -
—F— MCLCA ﬁ//ﬁ\%fa B
/Q\e— -

0.2

=

Blocking probability
o

D
0.05 1
L e +—++f\/
0 1 1 L s s s 1
0 0.5 1 1.5 2 2.5 3 3.5 4
Traffic load
CFA- Crowded First Assignment, FSP-Fixed Set Partitioning, LCA- Left Code Assignment, MCCFA-Multi code

Assignment with CFA (ours), MCLCA- Multi code Assignment with LCA (ours)

Figure 5.16: Blocking probability vs traffic load for [30, 30, 30, 10, 10]
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+ Call duration is exponentially distributed with a mean value //p=3 time unit.

« Possible arrival rates of users are K, 2R, 4R, 8R and 16R.

» The maximum capacity of the code tree is 128R with only five lower layer codes
utilized by new users.

+ For multi code schemes, number of rakes considered are 3.

B. Results
The input calls are divided into five classes 1 ,i=[1,5], which are the coefficients of

arrival rate vector 2, i.e.A=[4,4,4,4,,4]. The number of servers is

G, = 2 k=[1,2,3,4,5] in the A" layer corresponding to G number of vacant codes. The

formulae for the number of servers vary according to the arrival distribution. The total

codes (servers) in the system for five set of classes are given by set G = {Gy, G, G3, Gy,

Distribution [20,20,20,20,20)

0.12 . .
—+— CFA

01+ —=—FSP
- —+— LCA
= 0.08}| —&— MCCFA
S —B— MCLCA
S 0.06} -
£
S 0.04}
(s}

0.02F

0

0 0.5 1 1.5 2 2.5 3 3.5 4

Traffic load
CFA- Crowded First Assignment, FSP-Fixed Set Partitioning, LCA- Left Code Assignment, MCCFA-Multi code
Assignment with CFA (ours), MCLCA- Multi code Assignment with LCA (ours)

Figure 5.17: Blocking probability vs traffic load for [20, 20, 20, 20, 20]

Gs}. The maximum number of servers used to handle new call is equal to the number of

rake combiners. Traffic load for the A" class of users is given by P, = ﬁk /,H. The code
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blocking for the ™ class is defined by

Pt 1G,!

Gi
2 p; nt

n=1

P, = (5.10)

The average code blocking for five class system is

Distribution [10,10,20,30,30]

0-08 L T L] L] 1] L] L

—+— CFA
—— FSP

.. 0.06F| —+— LCA

= —&— MCCFA

% —B— MCLCA

a 0.04

(=]

=

"

38

D 0.02

0 05 1 1.5 2 2.5 3 3.5 4

Traffic load
CFA- Crowded First Assignment, FSP-Fixed Set Partitioning, LCA- Left Code Assignment, MCCFA-Multi code
Assignment with CFA (ours). MCLCA- Multi code Assignment with LCA (ours)

Figure 5.18: Blocking probability vs traffic load for [10, 10, 20, 30, 30]

s A, .
Py=2bP, (5.11)
The percentage code blocking is Pp>100. Let the arrival distribution for the five classes is

given by [p1, pa, p3, pa, ps], where p i=[1,5]is the percentage probability of ™ class of

users with rate 2°’R. The simulation is done for 10000 new calls and result is the
average of 10 simulations. Four arrival distributions considered are given below
e [30, 30, 20, 10, 10], i.e. the percentage probability for rate 16R, 8K, 4R, 2R, R is 30,
30, 20, 10, 10. High rates dominate in this distribution.
e |20, 20, 20, 20, 20], i.e. the uniform capacity distribution.
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e [10, 10, 20, 30, 30] and
e [5,5,20, 30, 40], i.e. low rates dominate.

Two configurations of the multi code design are considered (a) multi code LCA
(MCLCA) (b) multi code CFA (MCCFA). The scheme is compared with LCA, FSP and
CFA schemes discussed in Chapter 1.

Result in Figure 5.16 and 5.17 show that for high rates dominating scenario and

Distribution [5,5,20,30,40]
0-06 L} L3 L] L] T T T

—4+— CFA //\/\
0.05}| —=— FSP '\/‘H _ +

Cad

. —+—LCA //«T/

= 0.04L| —— MCCFA f ]

El —8— MCLCA EK&—EJ

o

S 0.03} == 1

[=>]

=

5 Ay i
0.01 .

2 2.5 3 3.5 4
Traffic load

CFA- Crowded First Assignment, FSP-Fixed Set Partitioning, LCA- Left Code Assignment, MCCFA-Multi code
Assignment with CFA (ours). MCLCA- Multi code Assignment with LCA (ours)

Figure 5.19: Blocking probability vs traffic load for [5, 5, 20, 30, 40]

uniform distribution, traditional CFA outperforms all code assignment schemes. In the
low rates domination scenario as shown in Figure 5.18 and 5.19, which is more practical
as there are large low rate real time calls, the multi code assignment with CFA (MCCFA)

gives best results.

5.4. Fair code assignment

5.4.1 Fair single code design
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Consider an L layer OVSF system. Let J; is the arrival rate of the i class user. We

divide the code tree into # different regions. The capacity of the i region (denoted by C)

is given by
¢, =2 Cme
>4
i=1
(5.12)

The vacant code is searched in layer /. If a new call with rate 2'R arrives, it can be
handled using following methods. The aim is to divide the code tree into portions
proportional to arrival rates of different classes. The design requires less number of codes
searches compared to existing single code scheme. Also the design is better than FSP
scheme in the sense that the portioning is proportional to the arrival distribution. For
illustration of single code design, we divide the code tree into 4 different regions with
capacity allotted to rate R, 2R, 4R and 8R users is 16R (16 vacant codes), 16R (8 vacant
codes), 32R (8 vacant codes) and 64R (8 vacant codes) respectively as shown in Figure
5.20. Assuming current status of code tree shown in Figure 5.21, if a new call with rate
8R arrives then it search the code in rate 8R portion and assign a code Cq;9 of 8R as
shown in Figure 5.22. For new call with rate 4R, the code in rate 4R portion is identified

and hence code (3 ois assigned to new 4R call.

5.4.2. Fair multi code design

Consider OVSF system with m rakes. The multi code design consists of the following

three steps:

a. Listing out the number of available codes in each layer of the tree.

b. Arranging the rates in descending rate according to their availability.

c. Use the available rate which has maximum availability and according to received call
rate, then again repeat step (2) and (3) until received call rate satisfies.

Let N, 1s the number of codes available in /" layer, then a vector N is formed such that N=

[N1, N2, N3, N4, N5, N6, N7, N8]. Arrange all N,, 1 <i < 8 coefficients in descending
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Consider code tree with
depth L.
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New call rate = 2'R
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Count number of codes
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Refresh
Tree .
Arrange the coefficients <
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v
Y
Do code
assignments and
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' Y m-1 steps followed?

]
Assign rate 2’ — >N, tomake

i=l

mith rake

Figure 5.23: Flow chart for proposed multi code scheme



order. Consider that in the first attempt the coefficient N » 18 largest. The first rake will
handle the rate fraction2™ R. The remaining capacity to be handled by (m-1) rakes is
(2" —27)R. Again all , coefficients are arranged in descending order. If Nr: is largest

in second attempt the second rate will handle rate fraction 2™ R. If x, + x, =2/, procedure

stops otherwise procedure is repeated maximum (m-1) times. After (m-1) steps, the

. Busy code O Blocked code O Vacant code

Figure 5.24: OVSF Code tree with six lavers

fraction of 2'R rate handled will bemzlz"" . Define r =2 —mz'zxf . Find min(k)| »< 2. The

pr =
rate fraction » will be handled by the m™ rake with capacity 2R .

The flowchart for the multi code assignment scheme is given in Figure 5.23. To
illustrate multi code design, consider a six layer tree with the status as shown in Figure
5.24. If a new call with rate 16R arrives and system is equipped with four rakes, the
algorithm search for the layers with most number of vacant codes. This is repeated for
maximum of 4 (equal to the number of rakes) steps. The codes with rates 8R, 4R and 4R
will be used for the new call for optimum fairness. The selection of codes is indicated

Figure 5.25.

5.4.3. Simulation and Results
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Figure 5.25: OVSF code tree for 1llustration of proposed scheme



A.  Input Data
e (all arrival process is Poisson with mean arrival rate, A=1-4 calls/ unit time.
e Call duration is exponentially distributed with a mean value, //u =3 units of time.
e Possible OVSF code rates are K, 2R, 4R, 8R and 16R.
e For Fixed set partitioning scheme, the tree capacity given to R, 2R, 4R, 8R and
16R users is 32K, 16R, 16R, 32R and 32R. This is done because R to 16R rates do
not divide the tree in equal portions.

e The number of rakes used in multi rake scheme is 3.

Code blocking for rate R

0‘2 T T T T T T T
—H—FSP
; LCA
> 0.15 #—— MC-fair
= SC-fair 5
§ —+— MC-I
a 01 e N
o [_f s
= -
i~ A
[5] o
8 y
18] =y
0.05 o
Yy
T
0 ,:E/l? L L L 1 1 1

Traffic load

FSP- Fixed Set Partitioning, LCA- Left Code Assignment, MC-fair-Multi code fair(ours)
SC-fair- Single Code fair(ours), MC-1- Multi code scheme

Figure 5.26: Blocking probability vs traffic load for R rate users

B.  Results
We compare the code assignment and reassignment schemes for number of codes

searched and blocking probability.

Blocking probability
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As assumed, we consider five different quantized rate arrival classes

refhg. A hy, ., ). The total number of codes in the system is Go+ G+ Gyt G+ Gy,

where G, is the total number of codes corresponding to class x in the system. The service

Code blocking for rate 2R

0.12 , r ' ' ' ==
& FSP oo
01+ ——1LcA T l
> 4 MC-fair
= 008 — SCHair - e
‘,g —+—MC-l | 0
o 006 - a o P oo
S / S Ny Y T
O 0.04 Vel A .
Q . - 7" "+ E + T —’_ o i_ T -
m A 1/ - k
| P ,_} TR
0.02 t/g; / R
o \u'»._\ A //‘I'\\
0 / NN N , '
0 05 1 15 2

Traffic load

FSP- Fixed Set Partitioning, LCA- Left Code Assignment, MC-fair-Multi code fair(ours)
SC-fair- Single Code fair(ours). MC-1- Multi code scheme

Figure 5.27: Blocking probability vs traffic load for 2R rate users

time is 1/u for all traffic classes. The blocking probability for the code group

k €{0,1....4} 1s given as

p - Pk /G,
£ Gy
S p! /! (5.13)
n=1
The rate distribution in the system can be considered as [pi.p2.p3.p4], wWhere p; is the
probability of arrival rate 2"'R. For our simulation we assumed distribution equal to

[0.25, 0.25, 0.25. 0.25]. We compare the code blocking of the proposed single code fair
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Code blocking for rate 4R
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FSP- Fixed Set Partitioning, LCA- Left Code Assignment, MC-fair-Multi code fair(ours)

SC-fair- Single Code fair(ours), MC-1- Multi code scheme

Figure 5.28: Blocking probability vs traffic load for 4R rate users

Code blocking for rate 8R
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SC-fair- Single Code fair(ours), MC-1- Multi code scheme

Figure 5.29: Blocking probability vs traffic load for 8R rate users
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(SC-fair), proposed multi code fair (MC-fair) scheme with the existing leftmost code
assignment (LCA), fixed set partitioning (FSP) and multi code (MC-I) [17] schemes. The
code blocking is compared for rate R, 2R, 4R and 8R. The simulation is performed for
2000 users and the result is the average of 10 simulations. The code locking comparison
for various schemes is shown in Figure 5.26, 5.27, 5.28 and 5.29 respectively. If B,
represents the code blocking in scheme x, the blocking in all the schemes is given by
Brsp>Br.ca>Bscair”Buc-Buc-ai. Therefore fair single code scheme is superior to LCA
and FSP with the added benefit of fairness. Also the fair multi code scheme is superior to

its counterpart MC-I scheme discussed in [17].

S5.5Hybrid code assignment
Consider an L (L=8 in WCDMA) layer OVSF system. Let C;,, represent code in layer /

with branch number n, 0 < n <27 Let /s, 1 1s the arrival rate and service rate for the M

Generate new
call

F 3

Discard call

Capacity
available?

Code
assignment

“apacity available
in region #,?

apacity available ('%dc assigl 1mcntt
in region R,? and reassignmer
in region f

Code assignment and
reassignment in regions R,
and R,

Figure 5.30: Flowchart for hybrid RDA and DCA design 104



user. Define , =4 /4 as traffic load for M class user. In the proposed methods, we

divide the full OVSF code tree in two regions. One region (region K;) always provides
codes according to traditional leftmost code assignment or crowded first assignment and
the other region (region K;) provides codes according to dynamic code assignment or
multi code assignment. Region R, provides simplicity to the code assignment mechanism
reducing decision time (number of code searched). Pure (LCA/CFA) usage may lead to
code blocking which can be reduced by region Ry(DCA/MC) usage. The capacity in R,
and R, region depends on the traffic conditions. Initially capacity of both regions is
assumed as 2°"'R. The aim is to identify the optimum capacity of region R, such that cost
and complexity (reassignments in DCA or number of codes in multi code) is least. If C,ur

is the maximum capacity of OVSF code tree, the selection of capacity in region R, is

0

Cia

. Busy Code O Blocked Code O Vacant Code

Figure 5.31: OVSF code tree with six layers

done as follows. For system with » different user classes, ifﬁ p, <1, 1.e. traffic load 1s less

i=1

than 1, only region R; is used. lffjp,;»l, the capacity of region Rsis
i=1

C,=C_ x(1-1 i p,) . Therefore the capacity of region R; is C,,,,~C;. This is essential
i=1

1 X

for a system with highly dynamic traffic conditions. The flowchart of the proposed design

is shown in Figure 5.30.

3.5.1 Region 1: LCA/CFA and Region 2: DCA
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If a new call 2/R arrives, the vacant code in the /* layer is checked in region R1. If code

is available, the call is handled and algorithm stops. If vacant code is not available in the

Region R, Region R,

Cy

2%

0

. Busy Code O Blocked Code O\"acant Code

Figure 5.32: Usage of DCA in region R,

region R;and the remaining capacity of the regions is more then the capacity of incoming
call, the code availability is checked in the /™ layer of the DCA region (region R2). If
vacant code is available, call is handled and algorithm stops. Otherwise, do code

reassignment in region K, and generate the vacant code in layer / using different cost

Cizs Cia

. Busy Code 0 Blocked Code O Vacant Code

Figure 5.33: Usage of MC in Region R; (4R)

functions used in [17]. If reassignments are not possible in region R,, the region R; can
also be utilized. This is generally the case when traffic is high where we can increase the
R, region capacity to kR, where k>2""' and region R; capacity becomes (2“-k)R. The
design is illustrated with 6 layer OVSF code tree shown in Figure 5.31. The 32R code
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tree is divided into two regions with capacity 16R each. If a call of rate 4R arrives, first
region Ryis checked. As we can see from the Figure 5.32, in region R; call of 4R cannot
be handled. Then region R; is checked. This region also cannot handle 4R call because of
blocking. So reassignment is done. We reassign (31 to C; 17 which is available. And thus

(55 can be assigned to handle 4R call as shown in Figure 5.33.

5.5.2. Region 1: LCA/CFA and Region 2: MC

As earlier, first go to region R1. Assume the system is equipped with » rakes. In this
design if the vacant code is not available and the incoming call rate is within the
maximum capacity of two region, the vacant code checked in the region R2 and the best
multi code is used according to traditional multi code [17] schemes. If the vacant multi

code is not available in region R2, region R1 can also be included for vacant multi code

' Busy Code O Blocked Code O Vacant Code

Figure 5.34: Usage of MC in Region R, and R> (6R)

search. Here also the choice of capacities of two regions depends upon traffic conditions.
To illustrate the design, consider the 6 layer tree shown in Figure 5.32. Let the system is
equipped with 3 rakes. If a call of rate 4R arrives. The same procedure is repeated first by
checking the RDA region. In this region, 4R call cannot be handled. Then in multi code
region code availability is checked. In this region this call cannot be handles as 4R. So we
break the 4R call into 2R+2R, which can be handled by ;4 and ;5 as shown in Figure
5.33. Now let us consider that a call of rate 6R arrives. As earlier, the region R; is

checked first. But it cannot handle 6R, so multi code region is checked. We break the 6R
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call into 3 parts of 2R each and then combine regions R; and R, to handle this 6R call.
Thus we assign the call to (";,, (39 and (5 and the code tree status is given in Figure

5.34.

5.5.3 Simulation and Results

A. Input Data
«  Call arrival process is Poisson with mean arrival rate, A = 1-4 calls/ unit time.
*  Call duration is exponentially distributed with a mean value, //u =3 units of time.
*  Possible OVSF code rates are R, 2R, 4R, 8R and 16R.
*  The total capacity of the code tree is 128R which is divided into two regions, R1
and R2. Both regions are assumed to have capacity 64R. Region 1 is for LCA and
region R2 is for DCA/MC.

1=[12.5,12.5,25,25,25] and 11=[25,25,25,12.5,12.5]
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Figure 5.35: Comparison of blocking probability for LCA and LCADCA

+  The number of rakes used in multi rake scheme is 3.
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*  The simulation is performed for 1000 calls and the result is the average of 10

runs.
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Figure 5.36: Comparison of number of code assignments vs traffic load for LCA and LCADCA

B. Results

As mentioned, we consider five different quantized rate arrival classes

Ae{Ay, A Ay, A, Ay} } The total number of codes in the system is, Go+ G+ G+ G+

(G4 where G, is the total number of codes corresponding to class x in the system. The
service time is 1/u for all traffic classes. Simulation was performed for leftmost code
assignment in region K; and DCA/MC in region R, For CFA scheme in region RI,
performance looks similar except code blocking performance is better. Therefore we
compare the results only with LCA scheme. The performance parameters evaluated for
LCA plus DCA combinations (denoted by LCADCA) are code blocking and number of
reassignments. The complexity of the DCA scheme always depends upon the selection of

minimum cost branch and number of reassignments. Figure 5.35 compares the traditional
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DCA with the proposed LCA plus DCA (region R1 is LCA and region R2 is DCA) for

1=[12.5,12.5,25,25,25] and 11=[25,25,25,12.5,12.5]
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Figure 5.37: Comparison of blocking probability for MC and MCLCA

two new call distributions (12.5,12.5,25,25,25) and (25,25,25,12.5,12.5), where
(p1,p2,p3.Pa.ps) represents rate distribution for five classes (16R, 8R, 4R, 2R, R) of users.

The code blocking in the proposed design is better than LCA and worse than pure DCA
(which 1s zero and not plotted) but as shown in Figure 5.36, the reassignments in
LCADCA scheme are significantly less than the traditional DCA which leads to lower
complexity and cost in the proposed hybrid scheme. For hybrid LCA and MC scheme
(denoted by MCLCA) the performance parameters considered are code blocking and
additional number of channels (rakes) compared to the LCA scheme. Higher is number of
the channels used for user (s), higher is the complexity. The LCA scheme is single code
scheme and requires number of channels equal to total accepted calls. In MC scheme, the
number of channels (rakes) used may differs as more than one channel can be used to
handle calls. Pure MC scheme may use too much channels which may lead to unfair

system. We compare the MC-LCA hybrid scheme with LCA and pure MC scheme for
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code blocking. The additional channels required are simulated for hybrid scheme and
pure MC scheme. As for hybrid DCA, we compare the traditional MC scheme with the
proposed LCA plus MC scheme (region Rl is LCA and region R2 is MC) for two
different new call distributions (12.5,12.5,25,25,25) and (25,25,25,12.5,12.5) in Figure
5.37. The results shows that though the code blocking performance suffers due to hybrid
scheme but the number of additional channels (plotted in Figure 5.38) required in the
hybrid scheme is significantly less than MC scheme. The saving in number of channels is

even more for system with more rakes.

[=[12.5,12.5,25,25,29] and 11=[25,25,25,12.5,12.5]

0.25 T
& LCAl '
0.2 #—— LCA-II
> —— MC-l
E MC-II
8 0157 —5— ucLead
o > MCLCA-II
8) 0 1 L
5 s
Q -
m
0.05- 4 .
'__;-l“_:. Z »
I =
0 1.5 2 2.5 3 3.5 4
Traffic Load
MC-LCA-Multi code LCA(ours) LCA- Left Code Assignment

Figure 5.38: Comparison of additional channels required for LCA, MC and MCL.CA

5.6 Conclusion
In this chapter, different code assignment and reassignment schemes are discussed so that
the maximum calls are handled and the code tree is efficiently utilized. Single code and

multicode fair designs are proposed for reduction in code blocking per class basis. Both
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the schemes are adaptive to the arrival rate distribution. The cost and complexity of the
mentioned schemes can be more than schemes which do not consider fairness. Also two
cost effective and comparatively less costly designs for WCDMA networks are
proposed. The code blocking may increase in the proposed designs but the limitation is

not too severe in low to medium traffic condition.
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CHAPTER 6

CONCLUSION AND FUTURE SCOPE

OVSF codes are limited resources in 3G and beyond WCDMA wireless networks. They
are used as channelization codes in the forward link of WCDMA. These codes are
represented in form of tree where each code is orthogonal to another code if one is neither
the parent nor the child of another. OVSF codes suffer from code blocking, due to which
a new call cannot be handled even if the tree has enough capacity to handle that call. The
main aim of all the schemes proposed in thesis is the efficient utilization of code tree so
that maximum number of calls can be handled. This is done by choosing either a single
code or multi code to handle the new call. Also type of call (data call or real time call) is
another factor to decide how the call is to be handled. Scattered codes are utilized in the
first approach, where the aim of the algorithm is to make the crowded area more crowded
so that a certain portion of the tree remains free for the new calls. Another approach
considered the reservation of codes by giving them priority number. The new call is
handled by the codes having the highest priority number. Group leader assignment
scheme divides the tree into leaves with group leaders.

In flexible assignment we have considered single hop and multi hop networks
separately and accordingly divided the code tree in terms of available capacity and
guaranteed capacity. Code index is calculated for each code and then the new code is
assigned according to the value of code index. In this design, we have divided the code
tree portion wise to handle the different types of calls, i.e., real time calls, data calls and
mixed calls so that whenever a new call comes, the tree assigns a code from the portion to
which it belongs.

In the penultimate chapter we have considered miscellaneous multicode schemes.
Throughout the thesis, only two performance parameters have been considered, namely,
code blocking and number of code searches. In future, work can be done to optimize the
performance depending upon various other parameters like interference and frequency
selective nature of the channel. Also the work can be extended in two dimensional OVSF

codes where the second dimension appears due to OFDM usage.
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