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DESCRIPTION

Field of the Invention

[0001] The present invention generally relates to radio interfaces of wireless networks, and in
particular to air interfaces of mobile networks. More specifically, the invention relates to a
technique for performing a random access procedure over a radio interface.

Background of the Invention

[0002] Today, not only mobile telephones but also other mobile terminals, such as PDAs
(Personal Digital Assistants), notebooks, etc., exchange data with wireless networks via radio
interfaces. Typically, a radio base station of a network serves the mobile terminal by routing
data received from the terminal through the network towards the recipient, and by transmitting
data received from the network side over the radio interface towards the mobile terminal.

[0003] The available transmission resources such as frequency (bandwidth), time (timeslots
available in transmission frames) and transmission power are generally limited and therefore
have to be used as efficiently as possible. In this respect, the base station controls not only the
resource parameters for downlink transmissions (from the base station to the terminal), but
also for the uplink transmissions (from the terminal to the base station). For the uplink, the
base station has to ensure that the mobile terminal is synchronized with the transmission
scheme of the radio interface with appropriate accuracy. To this end the base station analyzes
a received uplink signal, derives appropriate adjustment values for the uplink transmission
parameters used by the terminal and sends synchronization information indicating the
necessary adjustments towards the mobile terminal, which then has to adjust its transmission
parameters accordingly. The synchronization information may comprise (for one or more of the
transmission parameters) either a value for the transmission parameter itself or an adjustment
value enabling the terminal to adjust the transmission parameter accordingly.

[0004] Whereas the synchronization of the mobile terminal may be performed in a
straightforward manner in case of an existing uplink connection during which signals from the
terminal are continuously received and analyzed at the base station, no such analysis is
possible in case the terminal wants to connect for the first time (for example at power-up or
during a handover) or from a standby status (in which the terminal only listens to the downlink).
In these circumstances a random access procedure has to be performed to achieve
synchronization.

[0005] The random access procedure serves several other purposes also. For example the
terminal needs an (at least temporary) identification to be addressable by the base station.
Further, the terminal needs to provide some information such that the base station can decide
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to grant access to the network. Additionally, some information regarding the required
uplink/downlink resources has to be exchanged.

[0006] Any resource allocation, for example the resource allocation for the random access
procedure itself, is based on the transmission scheme utilized over the radio interface. A
straightforward allocation scheme may comprise reserving in a semi-permanent way a
particular channel, which may be specified by particular orthogonal resources such as time
slot(s) and frequency band(s), which then may be used by the terminal for its uplink
transmission. However, the reserved resources are then blocked for use by other terminals,
which means that resources are wasted in case the mobile terminal does not use the reserved
channel to its full extent (for example because the transmission buffer is momentarily empty).
On the other hand, the reserved resources may not be sufficient to allow fast transmission of
data in case the transmission buffer is full. As a further drawback, this straightforward
allocation scheme is dimension-limited, i.e. only a particular number of users (determined by
the available orthogonal resources) can be served.

[0007] During the random access procedure, uplink transmission parameters such as time,
frequency and power are not accurately aligned with the transmission scheme as
predetermined by the radio base station. Therefore, in an orthogonal scheme additional
resources have to be provided for the random access to avoid interference of the typically
misaligned random access bursts with synchronized normal bursts, which are, for instance,
transmitted in neighbouring time slots. These extra resources comprise for example guard
periods and guard bands in the time and frequency dimension, respectively.

[0008] In another transmission scheme known for example from WCDMA (Wideband Code
Division Multiple Access) systems, the uplink channel provided to the terminal is based on non-
orthogonal resources, i.e. the terminal may sent its data using arbitrary time slots and/or
frequency bands. While such a system is not dimension-limited, inter-user interference
increases with increasing numbers of concurrently sending terminals, which degrades the
performance and thus the throughput. In addition, fast power control is required to accurately
control the transmission power of each terminal.

[0009] There is thus a need for a resource-efficient random access procedure which
addresses at least some of the drawbacks set forth above.

[0010] Document WO 01/63775 A2 may be construed to disclose a method for optimizing the
random access procedures in third generation CDMA cellular telephony systems. It concerns a
TD-SCDMA-TDD synchronous realization and includes a preliminary part charged to the
network (BSSC, MSC) only for establishing the following associations between the
configuration parameters of the involved physical channels: one signature burst (SYNC1) is
associated to one forward access channel (P-FACH) only, in order to avoid any ambiguity in
the mobile stations about where to look for the expected acknowledgement from the network;
one random access common channel (P-RACH) is associated to one forward access channel
(P-FACH) only, in order to reduce collision on the latter (P-RACH); one access grant channel
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(P/S-CCPCH, AGCH) only is associated to one random access common channel (P-RACH), in
order to avoid any ambiguity in the mobile stations about where to look for the expected
answer from the network with the indication of the dedicated service channels (DPCH); and
each complete associative link binding the involved physical channels is included in the system
information and broadcasted into the serving cell to be read by the mobile stations (MS, UE)
when entering an actual part of the procedure charged to exchange protocol messages with
the network (BSSC; MSC) through said associative links that being signalling at once to the
mobile stations the route towards the services offered by the network, simplifying the access
procedure consequently. Suitable groupings among: Downlink pilot sequences, Uplink pilot
sequences, scrambling codes, basic midambles, are carried out in a cell-discriminating way
and broadcasted into the cell to simplify the serving cell selection procedure.

[0011] Document WO 2004/102833 A1 may be construed to disclose a method for maintaining
uplink synchronization in P2P (Peer to Peer) communication, performed by a user equipment
in wireless communication systems, comprising: negotiating with a wireless communication
network system about the schedule and parameters for controlling the uplink synchronization
of the user equipment by the procedure of establishing P2P direct link; transmitting testing
signals to the network system via a customized uplink channel according to the negotiated
parameters; receiving the control information transmitted via a customized downlink channel
from the network system according to the negotiated schedule; and maintaining uplink
synchronization of the user equipment in P2P communication according to the control
information. Uplink synchronization can be realized through the customized channel, so the
present invention can overcome the problem of overload brought by implementing uplink
synchronization through the downlink common control channel and system performance
degradation caused by increasing the transmitting power of the user equipment to transmit
P2P signals.

Summary of the Invention

[0012] According to the disclosure, there are provided a method, a computer program product,
a computer-readable medium and an apparatus according to the independent claims.
Developments are set forth in the dependent claims.

[0013] According to a first aspect of the invention, a method of performing a random access
procedure over a radio interface is proposed. The method comprises the steps of transmitting
a synchronization request for synchronization information; receiving synchronization
information in response to the synchronization request; and transmitting, based on at least one
transmission parameter adjusted (e.g. set or changed) in accordance with the synchronization
information, a resource request for data transmission resources.

[0014] The radio interface may be the air interface of a mobile network, for example a GSM
(Global System for Mobile Communication) or UMTS (Universal Mobile Telecommunication
System) network. The method may be performed in a mobile terminal requesting access to a
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radio base station of a wireless network serving the radio interface or in any other device
during a random access procedure.

[0015] The steps of transmitting a synchronization request and of receiving synchronization
information may be performed with the intention to achieve symbol accurate synchronization
between the mobile terminal and the radio base station, i.e. any transmission of the terminal
during a particular time slot will have to fit into the corresponding time slot at the base station
such that none of the transmitted symbols exceeds the base station time slot.

[0016] The synchronization request may be represented by an access burst, which is formed
to enable the base station to analyze, e.g. based on the frequency band and time period
occupied by the access burst, the alignment of transmissions from the terminal with the
transmission scheme provided by the base station. Additionally the base station may be
enabled to provide (adjustment) values in the synchronization information to the mobile
terminal.

[0017] The synchronization request may carry only a limited amount of information which is
required for synchronizing the mobile terminal with the base station. For example, a temporary
or random identification (ID) of the terminal may be provided, which is particularly suited for the
synchronization steps. As, for example, the ID may only be used for the synchronization steps,
it may comprise only a small number of bits. On the other hand, information related to network
admission or requested resources may be omitted in the synchronization request.

[0018] A mobile terminal may adjust its transmission parameters according to the received
synchronization information. The resource request therefore may already be transmitted using
a normal burst with a symbol-accurate alignment over the radio interface. The resource
request may specify resources required for an exchange of user and/or control data. As an
example, for a location update the mobile terminal may request the assignment of a dedicated
control channel. As another example, for the transfer of user data (e.g., application data) the
terminal may request the assignment of a data channel with a particular bandwidth (e.g. for
streaming data) or may request the assignment of transmission resources for a specific
amount of data.

[0019] In one variant of the invention, the method may comprise the further steps of receiving
resource information in response to the resource request and transmitting data using
resources in accordance with the resource information. The base station may provide further
control information along with the resource information to the mobile terminal, for example a
temporary ID which may replace an ID used during the synchronization steps and may
comprise, e.g., a larger number of bits.

[0020] The method may comprise the step of transmitting, in case further data is to be
transmitted, at least one further resource request. No preceding synchronization may be
required in this case.
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[0021] In one implementation of the invention, the method comprises the step of starting a
synchronization timer in response to at least one of the reception of synchronization
information and the transmission of data. Synchronization between terminal and base station
can often be maintained as long as the terminal sends data, as then the base station can
analyse the received signals. In case no data is transmitted, synchronization may fade away
within a particular time period. The synchronization timer may thus be set appropriately to
guarantee a predefined synchronization level.

[0022] The expiry time of the synchronization timer may be set according to a prediction of a
validity of the synchronization information. For example, the expiry time may be set according
to tolerances related to the electronic circuitries in the mobile terminal and the base station. In
one variant of the invention, the expiry time of the synchronization timer may be set according
to a measured relative velocity. For example, if a mobile terminal moves with a high velocity
relative to the base station, the expiry time may be set to a short value. The expiry time of the
synchronization timer may also be based on a prediction of a cell change of the terminal, which
requires synchronization with a new base station.

[0023] The method may comprise the transmission of a further synchronization request on
expiry of the synchronization timer. In this variant, the expiry time may take into account any
fading in the synchronization.

[0024] In some implementations of the invention, the method comprises the further step of
transmitting a ping signal for keeping synchronization. The ping signal may comprise an empty
or a dummy payload, but may also comprise signalling data which has been purposefully kept
in the transmission buffer for being transmitted with the ping signal. The ping signal may be
sent before synchronization has faded away, such that the signal may use a normal (regular)
transmission resource and ensures in a resource-efficient way that synchronization is
maintained over the radio interface. In case no signalling data is to be transmitted, the ping
signal may comprise the least possible amount of data (to not waste resources over the radio
interface).

[0025] The ping signal may be transmitted on expiry of the synchronization timer. In this case
the expiry time may be set to a value smaller than the synchronization fade away time.
Additionally or alternatively, the ping signal may be transmitted in response to a polling request
received over the radio interface. The base station may be configured to send - periodically or
on a need basis - the polling request to trigger the transmission of signals from the mobile
terminal.

[0026] According to a second aspect of the invention, a method of performing a random
access procedure for a radio interface is proposed, wherein the method comprises the steps of
receiving a synchronization request for synchronization information; transmitting, based on the
synchronization request, the synchronization information; and receiving, based on at least one
transmission parameter adjusted according to the synchronization information, a resource
request for data transmission resource.
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[0027] The method may be performed in a radio base station serving the radio interface. For
example, the radio base station may be a BTS (Base Transceiver Station) or BSC (Base
Station Center) of a base station subsystem in a GSM network, or the base station may be a
Node-B or RAN-controller in an UMTS network.

[0028] The synchronization request may have been transmitted over the radio interface by a
mobile terminal. The radio base station may analyze the received synchronization request
(which may be represented by an access burst) to calculate at least one transmission
parameter adjustment value and thus to determine synchronization information for aligning the
transmissions of the mobile terminal with the transmission scheme provided by the radio base
station. Based on the synchronization information, the terminal may adjust one or more of its
transmission parameters and may then transmit, based on the adjusted transmission
parameter(s), a resource request.

[0029] The radio base station may further perform the steps of transmitting resource
information in response to the resource request; and scheduling resources according to the
resource information. In one implementation of the invention, the method comprises the step of
receiving at least one further resource request for further data transmission. As long as the
mobile terminal and the radio base station are synchronized with each other, no repetition of
the initial synchronization steps is required.

[0030] In one variant of the invention, the method comprises the step of starting a
synchronization timer in response to at least one of reception of the synchronization request,
reception of the resource requests and reception of data. The timer value may be predefined
or may be set according to information included in the received synchronization request. This
implementation may further comprise the step of transmitting, on expiry of the synchronization
timer, a request for a ping signal. In that case the expiry time of the timer might be set such
that synchronization is presumably still accurate enough and the ping signal may be sent in the
form of a normal transmission burst. Additionally or alternatively, the radio base station may
determine if a request for a ping signal is to be transmitted based on an analysis of regular
uplink traffic.

[0031] According to a further aspect of the invention, a computer program product is
proposed, which comprises program code portions for performing the steps of any one of the
method aspects of the invention described herein, when the computer program product is
executed on one or more computing devices, for example a mobile terminal or a radio base
station of a wireless network. The computer program product may be stored on any computer
readable recording medium, for example a harddrive, memory, CD-ROM or DVD. Additionally
or alternatively, the computer program product may be provided for download by a download
server. The downloading may be achieved, for example, via the Internet.

[0032] According to a further aspect of the invention, a mobile terminal is proposed, which is
adapted for performing a random access procedure over a radio interface. The device
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comprises a sync-request component adapted for transmitting a synchronization request for
synchronization information; a sync-response component adapted for receiving
synchronization information associated to the synchronization request; and a transmission
control component adapted for transmitting, based on at least one transmission parameter
adjusted according to the synchronization information, a resource request for data
transmission resource.

[0033] According to a still further aspect of the invention, a radio base station is proposed,
which is adapted for performing a random access procedure over a radio interface. The base
station comprises a sync-request component adapted for receiving a synchronization request
for synchronization information; a sync-response component adapted for transmitting, based
on the synchronization request, the synchronization information; and a resource request
component adapted for receiving, based on at least one transmission parameter adjusted
according to the synchronization information, a resource request for data transmission
resources. The sync-request component may comprise a sub-component adapted to calculate,
based on the received synchronization request, at least one transmission parameter
adjustment value.

Brief Description of the Drawings

[0034] In the following, the invention will further be described with reference to exemplary
embodiments illustrated in the drawings, in which:

Fig. 1: is a schematic illustration of an embodiment of a communication system;

Fig. 2 is a functional block diagram schematically illustrating an embodiment of a mobile
terminal;

Fig.3 is a functional block diagram schematically illustrating an embodiment of a radio base
station;

Fig. 4 is a flow diagram schematically illustrating steps of an embodiment of a method for
performing a random access procedure over a radio interface in a mobile terminal;

Fig. 5 is a flow diagram schematically illustrating an embodiment of a method for providing a
random access channel for a radio interface in a radio base station;

Figs. 6A, 6B schematically illustrate a first and second embodiment of a data transmission
scheme;

Fig.7 schematically illustrates a sequence of transmissions between a mobile terminal and a
base station.

Detailed Description of the Preferred Embodiments
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[0035] In the following description, for purposes of explanation and not limitation, specific
details are set forth, such as specific network types including particular network nodes,
communication protocols etc., in order to provide a thorough understanding of the current
invention. It will be apparent to one skilled in the art that the current invention may be practised
in other embodiments that depart from these specific details. For example, the skilled artisan
will appreciate that the current invention may be practised with wireless networks different from
the mobile network discussed below to illustrate the present invention. Rather, the invention
may be practised with any wireless network in which a random access procedure is performed
over the radio interface. This may include for example HIPERLAN networks (HI PERLAN is a
standard for wireless local area networks).

[0036] Those skilled in the art will further appreciate that functions explained hereinbelow may
be implemented using individual hardware circuitry, using software functioning in conjunction
with a programmed microprocessor or a general purpose computer, using an application
specific integrated circuit (ASIC) and/or using one or more digital signal processors (DSPs). It
will also be appreciated that when the current invention is described as a method, it may also
be embodied in a computer processor and a memory coupled to a processor, wherein the
memory is encoded with one or more programs that perform the methods disclosed herein
when executed by the processor.

[0037] Fig.1 schematically illustrates an embodiment of a communication system 100 including
a mobile terminal 102 and a radio base station 104 which may exchange data with each other
via a radio interface 106. The base station 104 belongs to a mobile network 108.

[0038] In order to set up a connection for data exchange, the mobile terminal 102 has to get
access via the base station 104 to the network 108. A random access procedure has to be
performed for synchronizing the terminal with the transmission scheme of the radio interface
106 and for granting resources to the terminal (and possibly other purposes). As a preparatory
step, the terminal 102 listens to a downlink control channel (DCCH) 110, which is broadcasted
by the base station 104 into the served radio cell. The DOCH may announce, for example, cell
ID and network 1D, channel configurations related to the utilized transmission scheme, random
access related information, and parameters for connection setup.

[0039] Based on the broadcasted information, the mobile terminal 102 then performs the
random access procedure. The procedure includes the transmission of an access burst 112
representing a synchronization request for synchronization information. The radio base station
104 analyzes the access burst 112, determines transmission parameter settings or
adjustments to align the transmissions of the terminal 102 with the transmission scheme over
the radio interface 106 and sends synchronization information including appropriate
transmission parameter setting or adjustment values in a synchronization response 114 to the
terminal 102.
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[0040] The mobile terminal 102 extracts the transmission parameter setting or adjustment
values from the synchronization response 114 and sets or adjusts its transmission parameters
accordingly. Based on the new transmission parameters, the terminal 102 then transmits a
resource request 116 indicating requested transmission resources. The base station 104 then
may provide appropriate resources for data exchange (uplink, downlink) at the radio interface
106 to the mobile terminal 102.

[0041] Fig. 2 schematically illustrates functional building blocks of an embodiment of a mobile
terminal 200, which is adapted for performing a random access procedure over a radio
interface 202. The terminal 200 may be an implementation of the mobile terminal 102 of Fig. 1.

[0042] The terminal 200 comprises a transmission control component 204 which is adapted to
control transmissions via an antenna 206 over the radio interface 202. The terminal 200 further
comprises a sync-request component 208, which is adapted for transmitting a synchronization
request for synchronization information. The component 208 constructs the request and
provides it to the transmission control component 204, which then controls the transmission of
an access burst accordingly.

[0043] The terminal 200 further comprises a sync-response component 210, which is adapted
for receiving synchronization information in response to the synchronization request. The
component 210 receives a synchronization response from the radio interface 202, extracts the
synchronization information and provides an indication of adjusted transmission parameters to
the transmission control component 204, which controls subsequent transmissions accordingly.

[0044] A resource request component 212 prepares a resource request for data transmission
resources for transmission of data over the radio interface 202. The resource request is
provided to the transmission control component 204, which is adapted for transmitting the
request according to the adjusted transmission scheme, ie. based on at least one
transmission parameter adjusted according to the synchronization information, over the radio
interface 202.

[0045] Fig. 3 schematically illustrates the functional building blocks of an embodiment of a
radio base station 300, which is adapted for performing a random access procedure over a
radio interface 302. The base station may be an implementation of the base station 104 of Fig.
1.

[0046] The radio base station comprises an antenna 304 for receiving a transmission
information via the radio interface 302. The base station 300 further comprises a reception
control component 306, which may include, e.g., filters for separating the various uplink
transmission channels provided for the radio interface 302. The base station 300 further
comprises a sync-request component 308, which is adapted for receiving a synchronization
request for synchronization information. The component 308 analyses the received access
burst and determines misalignments with the transmission scheme provided by the base
station 300 for the radio interface 302. For example, the component 308 may determine the
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timing advance value required for proper alignment of the transmission timings scheme of a
mobile terminal with the time slot scheme supported by the base station 300. Another example
of such a misalignment is a frequency offset that should be corrected for proper alignment of
the transmission scheme of a mobile terminal with the transmission scheme supported by the
base station 300.

[0047] The sync-request component 308 provides an indication of transmission parameter
adjustments to a sync-response component 310, which prepares a synchronization response
including synchronization information indicating the transmission parameter adjustments. The
sync-response component 310 may be a sub-component of a transmission control component
(not shown) of the base station 300 which generally controls transmissions of the radio base
station over the radio interface 302.

[0048] The radio base station 300 further comprises a resource scheduling component 312,
which is adapted for receiving, based on at least one transmission parameter adjusted
according to the synchronization information, a resource request for data transmission
resources. One or more particular uplink channels may be provided in the transmission
scheme supported by the base station 300 for transmitting resource requests. The component
312 may then determine appropriate transmission resources and may trigger the transmission
of an indication of the provided resources to the requesting mobile terminal.

[0049] Fig. 4 schematically illustrates the steps of an embodiment of a method 400 for
performing a random access procedure over a radio interface, which may for example be
performed in the mobile terminal 102 of Fig.2 or in mobile terminal 200 of Fig. 2.

[0050] The method is triggered in step 402, for example by a control signal indicating that a
random access procedure has to be performed in order to exchange data over a radio
interface. In step 404, a synchronization request for synchronization information is transmitted.
In step 406, synchronization information is received in response to the synchronization
request. In step 408, based on at least one transmission parameter adjusted in accordance
with the synchronization information, a resource request for data transmission resources is
transmitted. Based on the resource request, resource information may be received (not
shown) and data may be transmitted using resources in accordance with the resource
information. In case further data is to be transmitted (step 410), a further resource request is
transmitted. In case no data is to be transmitted anymore, the method ends in step 412 with
the mobile terminal going into, e.g., standby status.

[0051] Fig.5 schematically illustrates the steps of an embodiment of a method 500 of
performing a random access procedure over a radio interface, which may be executed in a
radio base station, for example the radio base station 104 of Fig.1 or base station 300 of Fig.3.

[0052] The method starts in step 502 with the reception of a synchronization request for
synchronization information. Based on the received request, at least one transmission
parameter adjustment value may be calculated. In step 504, synchronization information is
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transmitted based on the synchronization request. In step 506, a resource request for data
transmission resource is received, which is based on at least one transmission parameter
adjusted according to the synchronization information. In response to the resource request,
resource information may be transmitted (not shown) and resources may be scheduled in the
base station according to the resource information. In step 508 and possibly further
subsequent steps, a further resource request may be received for a further data transmission.
In step 510, the method ends.

[0053] Fig. 6Aillustrates an embodiment of a random access channel 600 with time extending
to the right and frequency extending upwards. Access bursts 602 are transmitted in time slots
604. Each access burst 602 may represent a synchronization request. As the timing of the
access bursts 602 is not exactly aligned with the timing of the time slots 604 of the base station
serving the radio interface, guard periods have to be provided within each access time slot
604. As a result, the time resources reserved for the random access channel 600 are used
with a lower efficiency.

[0054] Fig. 6B illustrates an embodiment of a transmission scheme 610 in which the
transmission bursts 612 are accurately aligned with the time slots 614. The time slots 614 may
be assigned to the transmission of user or control data. As an example, the time slots
designated as # 1, # 2 and # 3 may be assigned to transmissions of three mobile terminals.
The transmission parameters of each of the mobile terminals are accurately adjusted,
therefore only small guard periods are required. Vice versa, the transmission bursts carrying
the transmission data may fill the time slots to a large extent, such that the available
transmission resources are efficiently used.

[0055] Figs. 6A and 6B illustrate the inefficient and the efficient use of time resources over a
radio interface without and with proper alignment. Similar relations hold for other resources
such as frequency and transmission power.

[0056] Fig. 7 schematically illustrates communications between a mobile terminal 702 and a
radio base station 704 in an exemplary embodiment. In steps 706, a synchronization request is
sent by the terminal 702 to the base station 704 requesting adjustment values for transmission
parameters. As the access burst uses the transmission resources with low efficiency (see Fig.
6A), the information included in the synchronization request is restricted to a minimum. For
example, no transmission resources are requested with the synchronization request. In
response to the synchronization request, the network, i.e. the base station 704 and/or another
access control node of the network, analyses the access burst carrying the synchronization
request to determine transmission parameter adjustments. These adjustments are provided as
synchronization information to the terminal 702.

[0057] In the steps 708, a resource request is sent from the mobile terminal 702 to the base
station 704. The request may contain, for example, information regarding the terminal identity,
an amount of data and/or a required bandwidth, a priority assigned to the data (if any), the
amount of transmission power available, and further information related to the requested uplink
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data transmission. The resource request is transmitted using transmission parameters that
have been set in accordance with the synchronization information received from the base
station 704; therefore transmission resources are used efficiently (see Fig. 6B). In steps 710,
further data are transmitted using the scheduled resources.

[0058] A complete random access procedure as performed before a connection set-up of the
terminal 702 may comprise at least the synchronization steps 706 and the resource
assignment steps 708. In case further data are to be transmitted, the terminal 702 may
transmit in steps 712 a further resource request, which may be answered by the base station
704 with a further grant of resources in the uplink. It is assumed that at this time the uplink is
still in synchronization, thus a repetition of the steps 706 can be skipped. Further data may be
transmitted in steps 714.

[0059] The uplink will generally stay in synchronization as long as the terminal is transmitting
data in the uplink as the base station typically analyzes the received signals and determines
transmission parameter adjustment values. Updated parameter adjustments may then
continuously be provided to the terminal. This procedure cannot be performed in case the
terminal has stopped data transmission in the uplink. Accordingly, after a certain time the
transmission parameters will no longer be valid, i.e. synchronization has faded away.

[0060] A timer mechanism may be used in one or both of the mobile terminal and the base
station. This mechanism provides an indication related to the validity of the uplink transmission
parameters used by the mobile terminal. As an example, the timer may be (re)started in case
the terminal has just received an update of its transmission parameters or in case the terminal
has transmitted uplink data. In one embodiment, on expiry of the timer the uplink transmission
parameters are considered to be outdated and a (re)synchronization is required prior to any
(further) data transmission. The value of the timer may either be set to a fixed value, or may be
configurable by the network (the base station) or by the terminal. For example, the timer value
may depend on the velocity of the terminal relative to the base station. A smaller timer value
may be used in case the terminal moves with a high velocity.

[0061] In an alternative embodiment, which is illustrated in Fig. 7 , the timer is set to an expiry
value such that it expires with a high likelihood before the synchronization between terminal
702 and base station 704 has faded away. In this configuration, some arbitrary signal can be
transmitted to the base station, which only has to satisfy the requirement that the base station
may analyse the synchronization status. For example, a "ping" mechanism may be used in this
request: The terminal transmits a "ping"” signal (step 716), which - analogously to the "ping"
mechanism known from the Internet area - carries an empty payload or a dummy payload and
serves the only purpose to provide the basis for a measurement of the uplink synchronization.
The ping signal may be used in case no other data has to be transmitted in the uplink. In case
some uncritical data has to be transported over the uplink, transmission of these data may be
delayed until a ping signal is to be sent; in this case the ping signal may carry the uncritical
data instead of an empty or a dummy payload. As an example, the ping signal may be used for
the transport of channel quality reports.
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[0062] The ping signal may be transmitted at regular intervals as long as no other user data
are available for uplink transmission. The ping interval may be fixedly configured in the network
and/or the terminal, but may also be configured according to the terminal situation. For
example, the ping signal may be sent with a high frequency in case the terminal moves with a
high velocity. An estimation of the terminal speed may be based on measurements of the
network and/or the terminal or may be based on the size of the timing adjustment values
provided in the downlink.

[0063] If no signalling or user data has been scheduled for transmission during a particular
time period, which may be predetermined, the terminal may stop the ping procedure (step 718
in Fig.7), such that the uplink goes out-off-sync after some time.

[0064] In one embodiment, the transmission of ping signals by the mobile terminal may be
controlled by the network. For example, the base station may use an explicit polling
mechanism to thereby trigger transmission of data, e.g. dummy data, from the terminal at
suitable time instants. One implementation of a polling scheme may comprise to schedule a
zero-sized payload in the downlink, thereby forcing the terminal to respond with a feedback
signal such as an ACK (Acknowledgement) message or a NACK (Not Acknowledged)
message. The timing of the polling requests may be determined as has been described above
for the ping timer in the terminal. Both the ping timer in the terminal and the polling timer in the
network may be used in parallel.

[0065] The technique proposed herein comprises dividing a random access procedure into at
least two parts, namely a first part addressing a synchronization aspect and a second part
addressing a resource admission aspect. This allows an optimization of the transmission
schemes for each of the parts separately. Once synchronization has been achieved, no further
synchronization request is required as long as the terminal stays in synchronization. As the
access burst representing the synchronization request uses considerable transmission
resources, reducing the number of synchronizations according to the technique proposed
herein may save considerable transmission resources in the uplink. Resources provided at the
radio interface for random access (e.g. orthogonal random access channels) can be used
more efficiently. Vice versa, fewer resources may have to be reserved for random access.
Once pure synchronization has been achieved, any further information typically provided in the
uplink during a random access procedure can then be transmitted with efficient usage of the
uplink resources. As synchronization and resource admission are separated, the terminal can
easily be kept in a synchronization state, in case no data is available for transmission, using
various resource-efficient mechanisms; for example, a ping-type signal may be used.
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Patentkrav

1. Fremgangsmade til at udfgre en direkte tilgangsprocedure over en radio-
greenseflade (106, 202), hvilken fremgangsmade udfares af en mobilterminal
(102, 200) og omfatter folgende trin:

- at transmittere (404) en synkroniseringsanmodning om synkroniseringsinfor-
mation;

- at modtage (406) synkroniseringsinformation som reaktion pa synkronise-
ringsanmodningen;

- pa basis af mindst et transmissionsparameter, der er justeret i overensstem-
melse med synkroniseringsinformationen, at transmittere (408) en ressource-
anmodning om datatransmissionsressourcer og

- at starte en synkroniseringstimer som reaktion pd mindst en af modtagelsen
af synkroniseringsinformationen og transmissionen af data, hvor udlgbet af
synkroniseringstimeren er indstillet i overensstemmelse med en forudsigelse
af en gyldighed af synkroniseringsinformationen.

2. Fremgangsmade ifolge krav 1,

omfattende de yderligere trin

- at modtage ressourceinformation som reaktion pa ressourceanmodningen;
0g

- at transmittere data under anvendelse af ressourcer i overensstemmelse
med ressourceinformationen.

3. Fremgangsmade ifolge krav 2,
omfattende trinnet at transmittere (408), hvis der skal sendes yderligere data
(410), mindst en yderligere ressourceanmodning.

4. Fremgangsmade ifolge et hvilket som helst af de foregdende krav,
hvor udlebet af synkroniseringstimeren er indstillet i overensstemmelse med
en malt hastighed af mobilterminalen i forhold til en basisstation.

5. Fremgangsmade ifolge et hvilket som helst af de foregdende krav,
hvor der transmitteres en yderligere synkroniseringsanmodning ved udlgbet af
synkroniseringstimeren.
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6. Fremgangsmade ifglge et hvilket som helst af de foregdende krav,
omfattende det yderligere trin at transmittere mindst et ping-signal (716) til op-
retholdelse af synkronisering.

7. Fremgangsmade ifolge krav 6,
hvor ping-signalet omfatter signaleringsdata.

8. Fremgangsmade ifalge krav 6 eller 7,
hvor ping-signalet transmitteres ved udlgbet af synkroniseringstimeren.

9. Fremgangsmade ifalge et hvilket som helst af kravene 6 til 8,
hvor ping-signalet transmitteres som reaktion pa en forespargselsanmodning
modtaget over radiogreensefladen.

10. Computerprogramprodukt, omfattende programkodedele til at udfare trin-
nene ifglge et hvilket som helst af de foregaende krav, nar computerprogram-
produktet eksekveres i en eller flere computerindretninger.

11. Computerlaesbart registreringsmedium, som lagrer computerprogrampro-
duktet ifglge krav 10.

12. Mobilterminal (102, 200), der er indrettet til at udfere en direkte tilgangs-
procedure over en radiogreenseflade (106, 202), hvilken mobilterminal (102,
200) er indrettet til:

- at transmittere en synkroniseringsanmodning om synkroniseringsinforma-
tion;

- at modtage synkroniseringsinformation som reaktion pa synkroniseringsan-
modningen;

- pa basis af mindst et transmissionsparameter, der er justeret i overensstem-
melse med synkroniseringsinformationen, at transmittere en ressourceanmod-
ning om datatransmissionsressourcer; og

- at starte en synkroniseringstimer som reaktion pd mindst en af modtagelsen
af synkroniseringsinformationen og transmissionen af data, hvor udlgbet af
synkroniseringstimeren er indstillet i overensstemmelse med en forudsigelse
af en gyldighed af synkroniseringsinformationen.
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13. Mobilterminal ifglge krav 12, der endvidere er indrettet til at udfgre trinnene
ifglge et hvilket som helst af kravene 2 til 9.
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DRAWINGS
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Fig.2
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