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3UMMARY

This document give an overview of Telias OFDM based proposal for UTRA and should be considered as an
input to the OFDM concept group within SMG 2. The document describe the fundamental frame structure,
principles of the detection, modulation, coding and synchronisation. Further on the channel structure, the
resource management and handover principles are outlined.
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!BBREVIATIONS
ABR - Available Bit Rate

AGCH - Access Grant Channel

BCH - Broadcast Channel

BS - Base Station

CBR - Constant Bit Rate

CRC - Cyclic Redundancy Code

DCCH - Dedicated Control Channel

DICH - Dedicated Information Channel

ETSI - European Telecommunication Standards Institute

LLC - Link Layer Control

MAC - Medium Access Control

MAHO - Mobile Assisted Handover

MOHO - Mobile Originated Handover

MS - Mobile Station

OFDM - Orthogonal Frequency-Division Multiplexing

PCCH - Physical Control Channel

PCH - Paging Channel

PICH - Pilot Channel

QoS - Quality of Service

RACH - Random Access Channel

RLC - Radio Link Control

SCH - Synchronisation Channel

TCH - Traffic Channel

UMTS - Universal Mobile Telecommunication System

VBR - Variable Bit Rate
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��� )NTRODUCTION
/RTHOGONAL�&REQUENCY$IVISION�-ULTIPLEXING (OFDM) is a spectrum efficient
transmission technique that has proven functional in concepts and standards as:
• High performance modem for copper wire, twisted pair (ADSL and VDSL).
• High quality audio broadcasting (DAB).
• Broadcasting HD-TV (DVB).
This document describes a proposal for the UMTS air interface based on OFDM. It is a
follow up of [5]-[8]. The interest for OFDM and the associated research during the past
years has revealed properties with the OFDM concept that are particularly interesting for
UMTS:
• Each transceiver will have access to all subcarriers within a cell layer (this enable

very high bit-rates).
• The technique will support packet data services and mixtures of packet and circuit

services.
• The subcarrier modulation is performed with a Fast Fourier Transform (FFT) which

is a well known algorithm and can be interpreted as a compact digital modulator
which is easy to implement.

• The division of the spectrum in a large number of narrowband, flat-fading channels
allows for simple equalisation; even in environments with severe delay spread.

• Application of a dynamic channel allocation algorithm reduces the need for advanced
frequency planning within a cell layer.

• The division of the spectrum in a large number of more of less orthogonal channels
provides the flexibility needed in most of the foreseen future multimedia services
(variable-bit-rate services with different service quality).

The downlink follows the same paths as the broadcast concepts and has already proven
functional. Because users are multiplexed in the base station they are always orthogonal
to each other. In general, the system uplink contains most of the challenges concerning
OFDM as a multiple access concept. The main issue is to maintain the mobile’s
synchronisation to the base station’s time and frequency grid.

In the following chapters the OFDM proposal for the UMTS air interface is described.
In chapter 2 we present the basic parameter choice, followed by the detection and
synchronisation principles (section 3 and 4 respectively). Section 5 covers the channel
structure and Section 6 the resource allocation principles. Finally, the radio link control
and handover are considered in section 7 and 8, respectively.
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��� &RAME�STRUCTURE

���� #ELL�LAYER�STRUCTURE�AND�SPECTRUM�USAGE

As foreseen today, a total bandwidth of 230 MHz is allocated to the UMTS system in
the 2 GHz band [3]. Within this band the terrestrial services are allocated about 60 + 60
MHz (1920-1980, 2110-2170 MHz). Assuming a similar market competition as in the
GSM system, each operator will be allocated about 15 + 15 MHz for UMTS services.
This is the same bandwidth as the block structure in the PCS system. The assumption of
a three level hierarchical cell structure layer (macro, micro and pico cell layers) finally
yields about 5 + 5 MHz of bandwidth to be used in each cell.

���� 4HE�TIMEFREQUENCY�GRID

In the OFDM transmission system the total system bandwidth is divided in 1024
subcarriers with a bandwidth of 5 kHz each (in correspondence with the assumptions
about frequency licensing). The subcarrier bandwidth of 5 kHz yields a symbol duration
of 200 µs. This is much larger than the maximum delay spread of the channel.
Therefore, can each subcarrier be viewed as a flat fading channel, and is thus easy to
equalise. Data symbols, transmitted on separate subcarriers or in separate OFDM
symbols are orthogonal.

Data transmission in this OFDM system concept is performed by blocks of several
subcarriers in several consecutive OFDM symbols. Which block of subcarriers and
which OFDM symbols are used for transmission is determined by a frequency hopping
pattern. This pattern is repetitive with a 15 ms period. We refer to this period as an
interleaving frame. Coding and interleaving is performed over all blocks of data
symbols transmitted during such an interleaving frame.

Thus, one way of interpreting the OFDM concept is by the time and frequency grid
shown in Figure 1, where each transmission block (rectangle) is orthogonal to all other
transmission blocks in the grid. The size of a transmission block depends on the choice
of parameters for the OFDM system.
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���� #YCLIC�PREFIX�AND�PULSE�SHAPING

The subcarriers in the OFDM transmission system efficiently use the available
spectrum. The out-of-band power of a system, however, decays with 1 / F . In many
applications this is too slow and the transmitted signal needs to be filtered to make it fit
the spectral requirements. Since such filtering may destroy the orthogonality of the
subcarriers, the use of pulse shaping has been proposed to spectrally shape the OFDM
signal instead. The transmitter first extends the OFDM symbol cyclically. The symbol is
then multiplied by a pulse shape in order for the transmitted signal to satisfy the spectral
requirements. If only the power of the samples in the cyclic prefix is affected, the
orthogonality of the subcarriers is maintained  in the receiver.

The OFDM proposal considers the Tukey pulse shape (see Figure 2) given by
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&IGURE� ���The grey area consists of the .  information samples and the white area
represents the cyclic extension.

The system uses . = 1024  subcarriers and a cyclic prefix of , = 128 samples. For the
Tukey pulse we have chosen+ = 27 .

���� 0ARAMETER�CHOICE�AND�MOTIVATION

RF Bandwidth Four competing operators with a three layer hierarchical
cell structure, gives 2*60 / 4 / 3 = 2*5 MHz

N Subcarrier spacing of 5 kHz gives about 1000 subcarriers
(1024).

L 128 samples=25 µs >> Channel Time Delay Spread

K 27 samples, yields a nice smooth profile.
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��� $ETECTION��MODULATION�AND�CODING

���� "ASIC�PRINCIPLES

 We have chosen coherent detection in the described system. There are three main
reasons for this choice. First, there is drawback of about 3 dB noise enhancement for
differential modulation [9]. Second, it is hard to efficiently use multi-amplitude
constellations in combination with differential systems. Finally, in a system designed for
coherent modulation, we have the opportunity to choose arbitrary signal constellations,
depending on the environment. In a high C/I environment, it may be desired to use
dense signal constellations to increase the bit rate. Moreover, coherent modulation
allows for future expansion to multi amplitude constellations as 16 QAM. Even if the
system is designed for coherent modulation, it is possible to use differential modulation,
as long as the transmitter and receiver agree upon a common scheme. This negotiation
can be a part of the call set-up.

 What we concentrate on in this description is the choice of how pilot information
(symbols known at the receiver) is transmitted. This pilot information is needed as a
reference for channel estimation. There are several parameters that affect the
performance of this estimation.

 The channel estimation method can be seen as a 2-dimentional extension of pilot-
symbol assisted modulation. The conceptual difference in this system is, since we are
addressing a multi-user system, that there are only a certain number of transmitted pilots
available to the channel estimator.

 After the channel estimation is performed, the channel estimate is used in the detection
according to standard principles. This involves feeding the FEC decoder with channel
estimates that are used as a basis for its decoding metric.

���� 0ILOT�PATTERN�DESIGN

As mentioned previously, the bit-rate granularity of the system depends on the size of
the transmission blocks. The transmission blocks are of size N

T
 OFDM-symbols and N F

sub-carriers.

N
T

N F

&IGURE���  Transmission block of size N N
F T

× with N
P
pilots marked grey.
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Since one user is assigned at least one transmission block at the time, all pilots in the
entire block can be used for channel estimation. Estimation of the channel attenuations
between pilot positions can be performed by interpolation since, by design, there is a
strong correlation between attenuations in each grid point. This technique is described
in detail in [5].The design considerations involved in the choice of the block size ( N

T

and N )  and the number of pilots (N
P
) are the following:

1. The block must be small enough to provide a fine granularity in the assigned bit-rate
and to allow efficient frequency hopping to exploit channel diversity.

2. The block must be large enough to allow efficient use of the channel correlation in
the estimation.

3. The number of pilots and their positions must be chosen such that a minimal number
of transmitted symbols are designated pilots.

The investigation in [5] shows that transmission blocks of size 5x11 with 5 pilots is a
good choice with respect to the second consideration. However, after combining the
above considerations with demands from synchronisation algorithms and low-cost
implementations, the following parameters are more suitable: N

F
= 25 , N

T
= 3 and

N
P

= 14 . The design of this transmission block is shown in Figure 4. These parameters

results in a N N N
T F P

/ .= 18 7%  pilot density.

3

25

&IGURE�����Chosen block structure with pilots marked grey.

���� $IVERSITY��CHANNEL�CODING�AND�INTERLEAVING

The basic allocation principle gives time and frequency diversity in the system. This
diversity is recovered by the use of a ½ rate, constraint length 7, convolutional code as
the information is coded and interleaved within all used blocks in several interleaving
frame depending on the time requirements.
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In order to avoid long fading dips a frequency hopping scheme is applied, besides the
spreading of the blocks, on a 15 ms basis, see figure 1.

���� 0ERFORMANCE

There are performance benefits in using a coherent modulation, compared to differential
modulation. This has been shown by Cavers [10] for single carrier systems. His results
can be extended to the multi-carrier case. Although some of the available bandwidth is
occupied by pilot data, there is a performance gain measured in SNR per bit. In addition,
there are indications that coherent modulation with the proposed channel estimation
scheme is more robust against large Doppler shifts than differential systems. This has
not yet been investigated in detail.

���� 0ARAMETER�CHOICE�AND�MOTIVATION

PARAMETER COMMENT

N
F

= 25 The number of subcarriers was chosen to 25 to yield a large enough
bandwidth for the time synchronisation to work efficiently. Moreover,
this block size allows for low-cost 32-point FFT receivers.

N
T

= 3 Three OFDM symbols in each block in order to achieve a bit-rate
granularity supporting speech connections.

N
P

= 14 The required number of pilots has been found through a trial-and-
error investigation of many pilot configurations.
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��� 3YNCHRONISATION

���� "ASIC�PRINCIPLES

The transmitted signals from all mobiles must reach the base station with a certain
synchrony in order to maintain their orthogonality. Estimation of time and frequency
offsets has to be performed in order to have the mobiles synchronised to the time and
frequency grid described in Section 2.2.

One synchronisation algorithm is used in both the uplink and the downlink. The
downlink resembles a broadcast situation in the sense that data on all the subcarriers are
received synchronously at the mobile. Thus, in the downlink mobiles can synchronise
with the aid of the data transmitted to other users. The synchronisation in the uplink is a
more difficult task than in the downlink, since only the information from each mobile
can be used. In this case the transmitted signal is narrowband because the mobile only
transmits on some subcarriers.

The synchronisation in time and frequency is performed in two steps, the initial
acquisition and the tracking phase.

���� %STIMATION�PROCEDURE

The Joint Maximum Likelihood estimator for time, $θ
-,

, and frequency, $ε
-,

, offset is

presented in [4]. The synchronisation algorithm is based on the redundancy introduced
by the cyclic prefix and makes no use of pilots. It is also independent of the modulation.
The joint Maximum Likelihood estimate of θ and ε  becomes:

{ }$ arg max ( ) ( )θ γ θ θ
θ-,

= + Φ

( )$ $ε
π

γ θ
-, -,

= −
1

2
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γ θ
θ

θ
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=

+ −
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R K R K .
1

Φ( ) ( ) ( )θ
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=

+ −

∑
2

1
2 2

K

,

R K R K .

and ρ = 
3.2

3.2 + 1
 is a constant depending the SNR.

In the uplink the received signal has to be bandpass filtered in order to extract the
information of the specific mobile. The narrowband properties of this signal reduce the
performance of the estimator. In order to improve its performance averaging of the ML-
function is performed.
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The performance of the estimator is also dependent on the instantaneous SNR, which
varies due to fading. This can be compensated for by weighting the ML-function with a
factor depending of the instantaneous SNR before averaging.

In order to reduce the complexity of the estimator the received signal can be quantised
in two bits, one sign bit for the real and one for the imaginary part. Performance will be
reduced but will still be sufficient.

���� )NITIAL�ACQUISITION

Before setting up a connection to a base station the time and frequency offset of each
mobile has to be estimated. The offsets in the initial acquisition can be larger than in a
tracking mode. The estimation of timing offset in the initial acquisition phase is
performed using the timing part of the joint ML estimator described above. To
synchronise in short time special sequences with proper correlation properties are
transmitted on the broadcasting channel. The SNR will be estimated and used to weight
the ML-function. Averaging will also be used in order to improve the performance of
the estimator.

In the acquisition phase the frequency offsets can be up to several carriers the frequency
part of the joint ML estimator has to be modified.

���� 4RACKING

The base station estimates the time and frequency offset based on the information sent
by each mobile. Assuming a successful initial synchronisation, the mobile enters the
time and frequency grid with a low offset in time and frequency. The offsets are mainly
due to fluctuations in the oscillators such as the sample clock and mixers, and a time-
varying signal propagation delay introduced by the movement of the mobile. Our
approach is to track these drifts and to lengthen the cyclic prefix to introduce some
margin against time jitter. Fast frequency fluctuations such as doppler shifts will not be
tracked. Timing advance and frequency offset will be sent regularly to the mobile to
prevent it from drifting outside its time and frequency window.

The time and frequency offset can be estimated jointly using the ML estimator described
above. As opposed to the initial acquisition the estimation will be performed using the
ordinary data instead of known sequences. However, the same kind of post-processing
(weighting and averaging) will be used. In tracking, averaging can be performed over a
longer period.

���� /NGOING�ACTIVITIES

Frequency offset estimation in initial acquisition is one activity that is presently
investigated.
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��� #HANNEL�STRUCTURE

���� 0HYSICAL�CHANNELS

The material in this section requires a number of further definitions and investigations.
1. 2&�BANDWIDTH� The RF bandwidth is the frequency band in which a signal is

allowed to be transmitted. In the concept proposal, the RF bandwidth equals 5 MHz.
This parameter is motivated by an assumption that each operator is allotted 2*15
MHz of bandwidth, and that it should be possible to deploy a three layer hierarchical
cell structure.

2. 2&�CARRIER�FREQUENCY. The RF carrier frequency is the carrier frequency of the
transmitted signal. In this paper it is assumed that the carrier is around 2 GHz.

3. 2&�CHANNEL� All signals are transmitted on one RF channel. The frequency range
covered by all the subcarriers equals the RF bandwidth of the RF channel.

4. "ASEBAND�CHANNEL� The baseband channel includes the modulation with RF carrier,
the RF channel and the modulation down to baseband. The bandwidth of the
baseband channel also equals the RF bandwidth.

5. /&$-�SYMBOL�STREAM� The OFDM symbol stream is the time domain data of the
information to be transmitted.

6. 3UBCARRIERS� The RF channel is divided into subcarriers with the OFDM technique.
From a given subcarrier and a given symbol interval an OFDM transmission block is
well defined.

7. 2ESOURCE�CHANNEL� A resource channel is the data to be placed on specific resources
in the block allocation process.

Cyclic Prefix
and Pulse
Shaping

IFFT
Resource
Allocation

Channel
Coding and
Interleaving

Channel
Coding and
Interleaving RF Channel

RF Carrier

Baseband
Channel

SubcarriersResource
Channel

TCH1

TCH2

OFDM symbol
stream

&IGURE����An example of the physical channel structure. The TCH (DICH, DCCH and
PCCH) has been used as an example to illustrate how a logical channel (TCH) is
mapped to the physical channels. First the logical channels are divided to a number of
sequences. This number is dependent on the bit rate to be transmitted and the bit rate
each resource can transmit. Then these sequences are mapped to out on the subcarriers.
It is the DCA and frequency hopping pattern, that determines the mapping. Finally an
IFFT is derived and the signal is modulated to the RF channel and transmitted over
radio channel.

���� ,OGICAL�CHANNELS

1. 2ANDOM� !CCESS� #HANNEL� �2!#(	� The RACH is an uplink channel used for
random access.
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2. 0ILOT� #HANNEL� �0)#(	� The PICH is a downlink channel used for handover
decisions, channel estimates and synchronisation.

3. 3YNCHRONISATION� #HANNEL� �3#(	� The SCH is a downlink channel used for
synchronisation. The SCH is multiplexed’ together with the PICH.

4. $EDICATED�)NFORMATION�#HANNEL��$)#(	� The DICH is both an up- and downlink
channel used for transmission of user data.

5. $EDICATED� #ONTROL� #HANNEL� �$##(	� The DCCH is both an up- and downlink
channel used for control information such as handover information, channel
allocation information, slow power control information, measurements etc.

6. 0HYSICAL� #ONTROL� #HANNEL� �0##(	� The PCCH is both an up- and downlink
channel used for fast channel allocation information, fast power control information
(if used), measurements etc.

7. 4RAFFIC�#HANNEL��4#(	� The TCH is both an up- and downlink channel. The traffic
channel is the DICH, DCCH and PCCH multiplexed together.

8. "ROADCAST�#HANNEL��"#(	� The BCH is a downlink channel used for cell specific
information as: Operator identification, characteristics of the cell etc.

9. 0AGING�#HANNEL��0#(	� The PCH is a downlink channel used for paging.

10. !CCESS�'RANT�#HANNEL��!'#(	� The AGCH is a downlink channel used as a reply
channel after a random access. The BCH, PCH and the AGCH are multiplexed
together.
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��� 2ESOURCE�-ANAGEMENT

In this chapter a brief overview of the access scheme is given.

���� "ACKGROUND

The resources in the UMTS will be scarce. Therefore, they need to be used as efficient
as possible while fulfilling the QoS demands�� An access protocol designed for this
purpose is a necessity for a successful UMTS. Telia OFDM has several advantages for
designing an efficient access protocol:

• It is possible for each user/service to access ALL resources simultaneously.

• Dynamic channel allocation uses the resources efficient.

• The granularity is very high; from 3.9 Kbit/s up to 2.5 Mbit/s (for 5 MHz bandwidth)
in steps of 3.9 Kbit/s.

���� "EARER��SERVICE�CLASSES

The following classes are supported by the access protocol:
• CBR: A pure connection-oriented bearer service class allocating an arbitrary

number of blocks within an interleaving frame  (the number of allocated blocks
is constant during transmission).

• VBR: A variable bit rate bearer service class, which may reallocate/deallocate
blocks within an interleaving frame during call.

• ABR: A pure “best-effort” bearer service class that allocates available blocks
within the interleaving frame.

These bearer service classes will cover the foreseen services in UMTS. The CBR and
VBR bearer service classes have higher priority than the ABR class, in order to fulfill
the QoS demands.

���� 0ROTOCOL�ARCHITECTURE
The access protocol is divided into traditional sub-layers, as showed in Figure 6
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Layer 4-7
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Layer 2/LLC

Layer 2/RLC
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Layer 1

Data

Data

Header info CRC

RLC block RLC blockRLC blockRLC blockRLC blockRLC block

TCH1 TCH 2 ���� TCH M

LLC frame

&IGURE�����The shaded part are the layers outlined in this document. To the right in the
figure the data packet segmentation is described (ABR service only)

The layer 2 is divided into Link Layer Control (LLC), Radio Link Control (RLC) and
MAC. The MAC handles the access to the radio media resources according to service
types and QoS demands. The RLC may retransmit selective parts of erroneous blocks,
and the LLC decide weather a complete retransmission of the packet is necessary.

When the service is a packet based (non continuos) the data header information and a
cyclic redundancy code (CRC) is added to the LLC frame, as in Figure 6. The RLC layer
divides the LLC frame into several small RLC blocks, each RCL block also has a CRC
code. The RLC block corresponds to a Traffic Channel burst. The MAC layer assigns
the RLC blocks on one or several TCH. In the receiver an erroneous RLC block is
retransmitted. When all RLC blocks are correctly received, the LLC frame is
reassembled. The CRC for the LLC is also checked, and if an error is detected the whole
LLC frame must be retransmitted.

���� 0ROTOCOL�PHASES
The protocol is divided into three phases:
1. !CCESS�REQUEST�PHASE: Before a session/call, negotiation of the resources/bearers and

QoS must take place.
2. 3ESSION� The application/service is transmitted during this phase.
3. 2ENEGOTIATION� This phase is entered when, E�G�, the access protocol is not able to

fulfill the QoS demands.

������ !CCESS�REQUEST

The access request is sent on the RACH. Every base station sends information where to
find the RACH. Depending on traffic load dynamically number of RACH is employed.

The access request works as follows:

1. Send random access on the RACH (given by the BCCH)
2. Wait for Ack or Nack. If ack a CCH is dedicated for further negotiations.
3. Send ACCESS�REQUEST for the required bearer class
4. wait for an answer; the answer might be:
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• No answer within a threshold time�
• Not enough resources to fulfil the QoS demands
• Requested resources granted

If no admission is given to the requested resources for the continuos services, the
service will be BLOCKED� For the non-continuos services, the MAC protocol will wait a
random time, and then make a complete new access request, for a maximum of typically
5 access requests.

������ 3ESSION

The protocol distinguish from continuos and discontinuous traffic. The continuos traffic
is often a real-time application.

The MAC session protocol work as follows (assume access request phase is finished):

1. Discontinuous: Wait to send packet until SEND�MESSAGE (sent on CCH) from base station
arrives.

2. Inform LLC layer to send LLC frame
3. Include information in LLC frame if there are more packets to send.
4. Divide LLC frame into several RLC blocks
5. Send on TCH (assigned by the scheduler)
6. Wait for retransmit or ACK message
7. Retransmit selective RLC blocks (or whole LLC block,)
8. Pass the ACK to higher layers
9. When there are more packets to transmit, either notify the scheduler by including the

information in a LLC frame, or send a PACKET�REQUEST on CCH (note that the CCH is always
assigned to the ABR bearer, even if no data is transmitted and until DISCONNECTION)

10. Disconnect the CCH Continuos: If requested resources granted, do not wait for SEND
MESSAGE. Send burst of 2 blocks on assigned TCH:s every frame. Note that 2MIN���2���2MAX,
and that 2 may change for each frame. The blocks used for NEXT interleavingframe, must be
included in the burst if VBR service (used by the scheduling algorithm).

11. Disconnect

������ 2ENEGOTIATION�PHASE

This phase is, E�G., entered when the access protocol is not able to fulfil an
application/service QoS demands. The number of available blocks are constantly
varying because of interference and fading, which may affect the quality of the bearer.

The access protocol will report this to higher layers. Some sort of function which
enables the service to only transmit the important parts (for example ignore colours in a
video transmission) must exist in higher layers.

���� 4HE�!CCESS�AND�3CHEDULING�0OLICY

The base station (or the network) has an ACCESS� POLICY for every service. The access
policy decides which services may enter the system. The decision is based upon the
requirements that the other services QoS must still hold when a new service enters the
system. A service which has entered the system, will access a sufficiently number of
blocks  according to the SCHEDULING�POLICY� The scheduling policy takes into account the
priority of the service.

We define 2
MAX�I

 as the maximum number of requested blocks  by the continuos service I
(CBR and VBR), and 2

TOTAL

�as the total number of blocks  the system have.

Then every new service, both continuos and non continuos, is accepted if
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which states that there might be some unused blocks, due to the fact that the VBR
service will not use 2

MAX�I

�blocks all the time��The unused blocks may be used by the
ABR services though. The ABR service will be dealloacted if a VBR service needs
them.

The scheduling algorithms give blocks  to the highest  priority (VBR and CBR) first,
then to low priority services (ABR).

The VBR service will send the number of  required blocks the succeeding interleaving
frame.

The scheduling work as follows:
• give 2

REQUESTED

 blocks to each high priority service (for VBR services the
information is based on the previous  interleaving frame) .

• if there are enough blocks available give each low priority service the requested
amount of blocks, otherwise give all low priority services equal share of the
blocks left.

���� $YNAMIC�CHANNEL�ALLOCATION

The dynamic channel allocation (DCA) increases performance compared to a fixed
channel allocation (FCA) scheme, shown in for example [�] and [�].

The Telia OFDM system will use a distributed CIR measurement based DCA scheme.
Channel rearrangement per frame basis is also used, in order to improve performance.
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��� #ONTROL

Ongoing activities:

• Power control

• Timing advance
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��� (ANDOVER

An important requirement for the UMTS is that the handover should be unnoticeable
(seamless) to the user. The multi-cell layer structure, each cell layer being assigned an
individual RF bandwidth, requires inter-frequency handover (i.e. handover between
different cell layers with different frequencies). An inter-frequency handover is typical
dependent on the speed of the MS. MS with high velocity should preferably be in a cell
layer with large cells. Dual transceivers in the MS is a straightforward solution to
achieve seamless handover between different cell layers. Measurements on other
frequency bands and the establishment of a new link are easily performed with the
second transceiver without releasing the existing link. The drawback with such solutions
is the increased hardware complexity.

To avoid a requirement of dual transceivers the base station originated Pilot Channel
(PICH) is time divided in order to permit the transceiver to release an existing link,
switch to a new frequency band and perform required measurements. Information on the
existing broadcast channel (BCCH) about surrounding cells reduce the scanning
procedure after neighbouring cells.

In order to get an unnoticeable handover to the user, the old link is not released until the
new one is established. The base station synchronisation will affect the duration of the
interrupt on the existing link, required to perform measurements on other cell layers.
Synchronised base stations between different cell layers permit a shorter interrupt.

The transceivers ability to access all resources within the same cell layer admit true
seamless intra-frequency handover (i.e. handover within the same RF bandwidth).
Synchronised base stations and/or buffers within the MS to handle the transmission
jitters between two base stations permit measurements on surrounding cells within the
same cell layer (same frequency band) with a single RF unit. In environments with non-
synchronised base stations and/or for low complexity MS units with limited processing
capacity, the same procedure as for the inter-frequency handover is used also to perform
a handover within the same cell layer (RF bandwidth).

Irrespective the handover is intra- or inter-frequency based, two possible modes exist;
mobile assisted or mobile originated. In the mobile assisted mode the network controls
when the handover should be executed. The MS supports the network by sending
measurement results on the dedicated control channel (DCCH). In the mobile originated
mode the MS controls the execution of the handover.
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