(19 DANMARK (10 DK/EP 3169016 T3

(12) Oversaettelse af
europeaeisk patentskrift

Patent- og
Varamegerkestyrelsen

(51)  Int.Cl.: HO04 L 5/00(2006.01) HO04 W 72/14 (2009.01) HO04 W 72/04 (2009.01)
HO04 W 72/12 (2009.01) HO04 W 74/02 (2009.01) H 04 W 74/08 (2009.01)

(45) Overseaettelsen bekendtgjort den: 2018-12-17

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2018-09-19

(86) Europaeisk ansggning nr.: 16207142.7

(86) Europaeisk indleveringsdag: 2006-02-03

(87) Den europaeiske ansggnings publiceringsdag: 2017-05-17
(62) Stamansggningsnr: 06002248.0

(84) Designerede stater: AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IS IT LI LT LU LV MC NL
PL PT RO SE SI SK TR

(73) Patenthaver: Guangdong Oppo Mobile Telecommunications Corp., Ltd., No.18 Haibin Road , Wusha, Chang'an,
Dongguan, Guangdong 523860, Kina

(72) Opfinder: LOHR, Joachim, c/o Panasonic R & D Center Germany GmbH, Monzastrasse 4C, 63225 Langen,
Tyskland
SEIDEL, Eiko, c/o Panasonic R & D Center Germany GMBH, Monzastrasse 4c, 63225 Langen, Tyskland

(74) Fuldmaegtig i Danmark: NORDIC PATENT SERVICE A/S, Bredgade 30, 1260 Kebenhavn K, Danmark
(54) Benaevnelse: UPLINK-RESSOURCEALLOKERING | ET MOBILKOMMUNIKATIONSSYSTEM

(56) Fremdragne publikationer:
US-A1- 2002 142 749
"Digital cellular telecommunications system (Phase 2+); Mobile radio interface layer 3 specification; Radio
Resource Control (RRC) protocol (3GPP TS 44.018 version 6.12.0 Release 6); ETSI TS 144 018", ETSI
STANDARDS, EUROPEAN TELECOMMUNICATIONS STANDARDS INSTITUTE, SOPHIA-ANTIPO, FR, vol. 3-G2,
no. V6120, April 2005 (2005-04) , XP014028318, ISSN: 0000-0001



DK/EP 3169016 T3



DK/EP 3169016 T3

DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to a method and mobile terminal for requesting resources
for transmitting data on uplink within a mobile communication system. Further the invention
relates to a network entity for allocating uplink resources to mobile terminal.

TECHNICAL BACKGROUND

[0002] Third-generation mobile systems (3G) based on WCDMA radio-access technology are
being deployed on a broad scale all around the world. A first step in enhancing or evolving this
technology entails introducing High-Speed Downlink Packet Access (HSDPA) and an enhanced
uplink, also referred to as High Speed Uplink Packet Access (HSUPA), giving a radio-access
technology that is highly competitive.

[0003] However, knowing that user and operator requirements and expectations will continue
to evolve, the 3GPP has begun considering the next major step or evolution of the 3G standard
to ensure the long-term competitiveness of 3G. The 3GPP recently launched a study item
"Evolved UTRA and UTRAN". The study will investigate means of achieving major leaps in
performance in order to improve service provisioning and reduce user and operator costs. It is
generally assumed that there will be a convergence toward the use of Internet Protocols (IP),
and all future services will be carried on top of IP. Therefore, the focus of the evolution is on
enhancements to the packet-switched (PS) domain.

[0004] The main objectives of the evolution are to further improve service provisioning and
reduce user and operator costs as already mentioned. More specifically, some key
performance and capability targets for the long-term evolution (LTE) are inter alia:

= significantly higher data rates compared to HSDPA and HSUPA (envisioned are target peak
data rates of more than 100Mbps over the downlink and 50Mbps over the uplink)

= high data rates with wide-area coverage

= significantly reduced latency in the user plane in the interest of improving the performance of
higher layer protocols (for example, TCP) as well as reducing the delay associated with control
plane procedures (for instance, session setup), and

= threefold system capacity compared to current standards.

[0005] One other key requirement of the long-term evolution is to allow for a smooth migration



DK/EP 3169016 T3

to these technologies.

Uplink Access scheme for LTE

[0006] For uplink transmission, power-efficient user-terminal transmission is necessary to
maximize coverage. Single-carrier transmission combined with FDMA and dynamic bandwidth
allocation has been chosen as the evolved UTRA uplink transmission scheme. The main
reason for the preference for single-carrier transmission is the lower peak-to-average power
ratio (PAPR) compared to multi-carrier signals (such as OFDMA), the corresponding improved
power-amplifier efficiency and assumed improved coverage (higher data rates for a given
terminal peak power). In each time interval, Node B assigns users a unique time/frequency
resource for transmitting user data thereby ensuring intra-cell orthogonality. An orthogonal
access in the uplink promises increased spectral efficiency by eliminating intra-cell
interference. Interference due to multipath propagation is handled at the base station (Node
B), aided by insertion of a cyclic prefix in the transmitted signal.

[0007] The basic physical resource used for data transmission consists of a frequency
resource of size BWogrant during one transmission time interval, e.g. a sub-frame of 0.5 ms, onto
which coded information bits are mapped. It should be noted that a sub-frame, also referred to
as transmission time interval (TTI), is the smallest time interval for user data transmission. It is
however possible to assign a frequency resource BWgrant Over a longer time period than one

TTI to a user by concatenation of sub-frames.

[0008] The frequency resource can either be in a localized or distributed spectrum as
illustrated in Fig. 3 and Fig. 4. As can be seen in Fig. 3, localized single-carrier is characterized
by the transmitted signal having a continuous spectrum that occupies a part of the total
available spectrum. Different symbol rates (corresponding to different data rates) of the
transmitted signal imply different bandwidths of a localized single-carrier signal.

[0009] On the other hand, as can be seen in Fig. 4, distributed single-carrier is characterized
by the transmitted signal having a non-continuous ("comb-shaped") spectrum that is distributed
over system bandwidth. Note that, although the distributed single-carrier signal is distributed
over the system bandwidth, the total amount of occupied spectrum is, in essence, the same as
that of localized single-carrier. Furthermore, for higher/lower symbol rate, the number of
"comb-fingers" is increased/reduced, while the "bandwidth" of each "comb finger" remains the
same.

[0010] At first glance, the spectrum shown in Fig. 4 may give the impression of a multi-carrier
signal where each comb-finger corresponds to a "sub-carrier". However, from the time-domain
signal-generation of a distributed single-carrier signal, it should be clear that what is being
generated is a true single-carrier signal with a corresponding low peak-to-average power ratio.
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[0011] The key difference between a distributed single-carrier signal vs. a multi-carrier signal,
such as e.g. OFDM, is that, in the former case, each "sub-carrier" or "comb finger" does not
carry a single modulation symbol. Instead each "comb-finger" carries information about all
modulation symbol. This creates a dependency between the different comb-fingers that leads
to the low-PAPR characteristics. It is the same dependency between the "comb fingers" that
leads to a need for equalization unless the channel is frequency-non-selective over the entire
transmission bandwidth. In contrast, for OFDM equalization is not needed as long as the
channel is frequency-non-selective over the sub-carrier bandwidth.

[0012] Distributed transmission can provide a larger frequency diversity gain than localized
transmission, while localized transmission more easily allows for channel-dependent
scheduling. Note that, in many cases the scheduling decision may decide to give the whole
bandwidth to a single UE to achieve high data rates.

Uplink scheduling scheme

[0013] The uplink scheme should allow for both scheduled (Node B controlled) access and
contention-based access. In case of scheduled access the UE is dynamically allocated a
certain frequency resource for a certain time (i.e. a time/frequency resource) for uplink data
transmission.

[0014] Some time/frequency resources can be allocated for contention-based access. Within
these time/frequency resources, UEs can transmit without first being scheduled.

[0015] For the scheduled access Node B scheduler assigns a user a unique frequency/time
resource for uplink data transmission. For example, the scheduler determines

= which UE(s) is (are) allowed to transmit,
= which physical channel resources (frequency),
= for how long the resources may be used (number of sub-frames)

= Transport format (e.g. Modulation Coding Scheme (MCS)) to be used by the mobile terminal
for transmission

[0016] The allocation information is signaled to the UE via a scheduling grant sent on the
downlink control channel. In LTE, for simplicity this channel is also referred to as
LTE_HS SCCH (Long Term Evolution - High Speed - Shared Control CHannel). A scheduling
grant message contains at least information on which part of the frequency band the UE is
allowed to use, whether localized or distributed spectrum should be used, the validity period of
the grant, and the maximum data rate. The shortest validity period is one sub-frame. Additional
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information may also be included in the grant message, depending on the selected scheme.

[0017] Uplink data transmissions are only allowed to use the time-frequency resources
assigned to the UE through the scheduling grant. If the UE does not have a valid grant, it is not
allowed to transmit any uplink data. Unlike in HSUPA, where each UE is always allocated a
dedicated channel there is only one uplink data channel shared by multiple users (UL SCH -
UpLink Shared CHannel) for data transmissions. Furthermore, there is only one mode of
operation for the uplink data access in LTE, the above described scheduled access, i.e. unlike
in HSUPA where both scheduled and autonomous transmissions are possible.

[0018] To request resources, the UE transmits a resource request message to the Node B.
This resources request message could for example contain information on the amount of data
to transmit, the power status of the UE and some Quality of Services (QoS) related information.
This information, which will be referred to as scheduling information, allows Node B to make an
appropriate resource allocation.

[0019] Resource requests are transmitted using the contention-based access compared to the
above described scheduled access. However, if the UE already has a valid grant, e.g., if a data
transmission is ongoing, the resource requests updates can be transmitted using the granted
resources, e.g., as part of MAC headers or MAC control PDU. Contention-based access can
be seen as a special case of the normal scheduled access, where Node B assigns a physical
resource to one user. In case of contention-based access a physical resource (subcarriers) is
assigned/shared to multiple UEs for uplink transmission. The allocation for the contention-
based channel, also referred to as random access channel, is for example signaled on a
broadcast channel, so that all UEs in a cell have access to this area.

[0020] Fig. 5 illustrates an exemplary allocation for contention-based access. The bandwidth of
the random access channel may for example depend on the estimated number of
simultaneous accessing users and on the size of the messages transmitted on the channel. In
the depicted example, the random access channel is allocated in a TDM fashion, one out of X
subframes forming a frame is reserved for contention-based access over the entire frequency
band. However it's also possible to allocate only part of the total bandwidth for random access
in a distributed spectrum, in order to benefit further from frequency diversity.

[0021] Since the access is not scheduled, there is a probability, that multiple UEs access the
random access channel simultaneously, leading to collisions. UE-specific scrambling and
processing gain can be used in order to separate the various transmissions. The contention-
based access should be only used for requesting resources in case UE has no valid grant
assigned or for the initial access (going from idle to connected mode).

[0022] Channel-dependent scheduling should be also supported by the uplink-scheduling
scheme in LTE. However, since there is no transmission from non-scheduled UEs, it's not
straightforward.
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[0023] The scheduler, typically located in the Node B for LTE, needs to know the users uplink
channel status before allocating resources by means of a channel-dependent scheduling
algorithm. Therefore UE may transmit pilot bits, which are known at the receiver side, prior to
the data transmission to support channel-dependent scheduling. Node B can consider the
measured C/I ratio (Carrier-to-interference ratio) of the pilots bits for the resource allocation.

Scheduling related control signaling

[0024] The Node B controlled scheduled access is based on uplink and downlink control
signaling together with a specified UE behavior with respect to the control signaling.

[0025] In the downlink a resource allocation message is transmitted from Node B to the UE
indicating the physical resources (time/frequency resource) assigned to this user. As already
mentioned above this allocation message, also referred to as scheduling grant, contains
information on the identification of the user the resource allocation is addressed to, the
reserved physical resource (time/frequency resource), some information on the maximum data
rate, modulation and coding scheme and also probably some HARQ related information
(redundancy version).

[0026] In the uplink UE sends a scheduling request to the Node B when data for uplink
transmission is available in the buffer. The scheduling request message contains information
on the UE status, e.g. buffer status, QoS related information, power headroom information.
This in turn allows Node B to make an appropriate allocation of resources considering also
QoS requirements of the data to be transmitted.

[0027] In parallel to the actual uplink data transmission, UE signals data related control
signaling, providing information on the current data transmission similar to the E-DPCCH
signaling in UMTS Release 6 (HSUPA). This control signaling contains information on the
chosen transport format (TFCI), which is used for decoding the data transmission at Node B,
and some HARQ related information, e.g.. Redundancy version, HARQ process ID and NDI
(New Data Indicator). The exact information depends obviously on the adopted HARQ
protocol. For example in a synchronous HARQ protocol there is no need to signal the HARQ
process ID explicitly.

Uplink Timing

[0028] To ensure orthogonality in the uplink, all UE transmissions must be time aligned at the
Node B within the cyclic prefix. This is implemented by the Node B measuring the timing
accuracy in a received signal and, based on the timing accuracy, transmitting a timing
adjustment command to the UE. The timing adjustment command is sent as control
information using the downlink SCCH. Note that a UE not actively transmitting may be out-of-
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sync, which needs to be accounted for in the initial random access. This timing control
information commands UE to advance or retract the respective transmit timing. Two
alternatives for the timing control commands are currently considered:

= Binary timing-control commands implying forward/backward of the transmit timing a certain
step size x ps [x TBD] transmitted with a certain period y ps [y TBD].

= Multi-step timing-control commands being transmitted on the downlink on a per-need basis.

[0029] As long as a UE carries out uplink data transmission, the received signal can be used
by Node B to estimate the uplink receive timing and thus as a source for the timing-control
commands. When there is no data available for uplink, the UE may carry out regular uplink
transmissions (uplink synchronization signals) with a certain period, to continue to enable
uplink receive-timing estimation and thus retain uplink time alignment. In this way, the UE can
immediately restart uplink-orthogonal data transmission without the need for a timing re-
alignment phase.

[0030] If the UE does not have uplink data to transmit for a longer period, no uplink
transmission should be carried out. In that case, uplink time alignment may be lost and restart
of data transmission must then be preceded by an explicit timing-re-alignment phase to restore
the uplink time alignment.

[0031] Efficient scheduling in an orthogonal uplink radio access requires Node B to rapidly
allocate resources, e.g. frequency/time symbols, among UEs having data for transmission
thereby meeting the QoS requirements of the corresponding data. Another demand on the
scheduling scheme is the support of channel-dependent scheduling in order to further improve
the efficiency, e.g. system throughput. Hence, a mechanism is required for UE to request
resources.

[0032] This resource request message transmitted by the UEs to request uplink resources
typically contains very detailed information on the UE status, e.g. buffer status, QoS parameter
and power headroom within its scheduling information. The scheduling information needs to be
very precise in LTE UL in order to enable Node B to make an exact and efficient resource
allocation. Therefore the message size is supposed to be much longer compared to HSUPA,
where Scheduling Information only comprised 18 bits. Since UE hasn't been assigned any
resources at the first step, scheduling information is sent on a contention-based access
channel.

[0033] As indicated above, the scheduling information is sent on a contention-based access to
the scheduler. As a consequence in order to keep the collision probability at a sufficient low
level, the contention-based channel will consume a relatively large amount of resources. This
may lead to an inefficient usage of the uplink resources, e.g. less bandwidth can be spent for
the scheduled access. Since the size of the scheduling information message is rather long
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collisions may lead to an increased delay in transmission of the scheduling information, which
will hence delay the whole scheduling procedure. Short message sizes are in general
preferable in a contention-based access. In case the transport block size for a message
transmitted on a contention-based access is fixed, the error-protection could be increased for
smaller message sizes, e.g. more redundancy bits within the transport block. When transport
block size depends on the message size, e.g. coding rate is fixed, the collision probability is
smaller in case of smaller transport block sizes.

[0034] Another drawback of conventional scheduling schemes may be that reference signals,
required for the support of channel-dependent scheduling, are only transmitted once. However
the channel may change significantly for one user within the time instance of sending the
reference signals and the actual resource allocation for this user. Node B could for example
schedule another user, which may have a higher priority or better channel conditions, before
assigning resources to this user. Therefore the channel information may not be up-to-date,
which would lead to an inappropriate MCS selection.

[0035] 3GPP TS 44.018 version 6.12.0 (ETSI TS 114 018 V6.12.0) describes an immediate
assignment procedure to establish a radio resource (RR) connection between a mobile station
and a network. An RR entity of the mobile station sends channel request messages on the
RACH (Random Access Channel). The network may allocate a dedicated channel to the
mobile station by sending an immediate assignment message on the same CCCH (Common
Control Channel) timeslot on which it received the channel request.

SUMMARY OF THE INVENTION

[0036] The object of the invention is to propose a flexible scheduling scheme. Another object is
to propose a flexible scheduling scheme that allows overcoming at least one of the problems
outlined above.

[0037] The object is solved by the subject matter of the independent claims. Advantageous
embodiments of the invention are the subject matter of the dependent claims.

[0038] According to an embodiment of the invention, a method for requesting resources for
transmitting data on uplink within a mobile communication system is provided. On the uplink an
uplink scheme comprising transmissions on a scheduled shared channel and a contention-
based channel is utilized. The mobile terminal transmits a resource request to a network entity
responsible for resource allocation via a contention-based channel, and receives in response
thereto a resource allocation message granting resources for transmitting data via the
scheduled shared channel.

[0039] The resource allocation message received in response to the resource request
indicates a frequency band granted to the mobile terminal for repeatedly transmitting a
reference signal to the network entity.
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[0040] In another embodiment of the invention the resource allocation message received in
response to the resource request may grant resources for transmitting scheduling information
to the network entity responsible for resource allocation. The mobile terminal may transmit
scheduling information to the network entity responsible for resource allocation via the
scheduled shared channel in response to the resource allocation message. In response to the
transmission of scheduling information the mobile station may receive a second resource
allocation message granting resources to the mobile terminal for transmitting user data on the
scheduled shared channel.

[0041] According to another embodiment of the invention, the mobile station may repeatedly
transmit a reference signal to the network entity responsible for resource allocation upon
having received the resource allocation message in response to the resource request.

[0042] In an advantageous variation, the mobile terminal utilizes the resources granted for the
scheduled shared channel as indicated in the resource allocation message received in
response to the resource request for repeatedly transmitting the reference signal.

[0043] A further variation of the embodiment foresees that the frequency of the transmission of
the reference signal is configured by control signaling received from the radio access network
of the mobile communication system, or is controlled by the mobile terminal.

[0044] In another advantageous variation of the embodiment, the mobile terminal may stop
transmitting the reference signal upon having received the second resource allocation
message granting resources to the mobile terminal for transmitting user data on the scheduled
shared channel in response to the transmission of scheduling information.

[0045] According to a further embodiment of the invention the mobile terminal may receive in
response to the resource request, a timing adjustment command from the network entity
responsible for resource allocation, and may realign uplink timing according to the timing
adjustment command prior to transmitting the scheduling information on the scheduled shared
channel.

[0046] The timing adjustment command may be for example (but not limited thereto)
comprised in the resource allocation message received in response to the resource request.

[0047] In a further embodiment of the invention a single carrier FDMA scheme is used to
transmit data on the uplink. In this case, the contention-based channel may for example be
mapped to a distributed spectrum on the uplink access.

[0048] If a single carrier FDMA scheme is used to transmit data on the uplink, the bandwidth
utilized for transmitting resource request on the uplink access may be proportional to the
priority of the data for which resources for transmission is requested.
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[0049] Optionally, the bandwidth the mobile terminal is allowed to utilize for transmitting a
resource request is configured by control signaling received from the radio access network of
the mobile communication system.

[0050] The mobile terminal may determine the bandwidth to utilize for transmitting the
resource request based on the priority of the data for which resource allocation is requested.

[0051] According to a further embodiment of the invention the resources for transmitting data
on the scheduled shared channel are granted on a transmission time interval basis.
Accordingly, a resource allocation message may indicate the at least one transmission time
interval or the number of transmission time intervals for which the resource allocation message
grants resources.

[0052] Also disclosed herein is a method for allocating resources to a mobile terminal for
transmitting data on uplink within a mobile communication system. An uplink scheme
comprising transmissions on a scheduled shared channel and a contention-based channel is
used on the uplink. A network entity responsible for resource allocation of the mobile
communication system may receive a resource request from the mobile terminal via a
contention-based channel, and may transmit in response thereto a resource allocation
message granting resources for transmitting data via the scheduled shared channel to the
mobile terminal.

[0053] The resource allocation message transmitted in response to the resource request
grants resources for transmitting scheduling information to the network entity responsible for
resource allocation. The network entity may further receive scheduling information from the
mobile station via the scheduled shared channel, and may transmit, in response to the
reception of the scheduling information, a second resource allocation message granting
resources to the mobile terminal for transmitting user data on the scheduled shared channel.

[0054] The resource allocation message transmitted in response to the resource request may
indicate resources granted to the mobile terminal for transmitting a reference signal.

[0055] The network entity may repeatedly receive a reference signal from the mobile terminal
upon having transmitted the resource allocation message in response to the resource request.
The network entity may estimate the uplink channel quality of the shared scheduled channel
based on the received reference signals.

[0056] The network entity responsible for resource allocation may further transmit a timing
adjustment command to the mobile station in response to the resource request.

[0057] In a variation, the timing adjustment command may be comprised in the resource
allocation message transmitted to the mobile terminal in response to the resource request.

[0058] As indicated above, a single carrier FDMA scheme may be used for transmitting data
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on the uplink. In this case, the contention-based channel may for example be mapped to a
distributed spectrum on the uplink access.

[0059] The network entity responsible for resource allocation may grant the resources for
transmitting data on the scheduled shared channel on a transmission time interval basis. In a
variation, a resource allocation message may indicate the at least one transmission time
interval or the number of transmission time intervals for which the resource allocation message
grants resources.

[0060] The resource request received from the mobile terminal may not comprise scheduling
information.

[0061] The resource request may comprise an implicit or explicit identification of the requesting
mobile terminal.

[0062] Moreover, the resource request may comprise a flag indicating to the network entity
responsible for resource allocation that the mobile terminal requests the allocation of resources
for data transmission. In a variation, the mobile terminal may scramble the request message
with a user-specific scrambling code prior to its transmission.

[0063] Another alternative foresees that the resource request may comprise an identifier of the
mobile terminal indicating to the network entity responsible for resource allocation that the
mobile terminal requests the allocation of resources for data transmission.

[0064] In another alternative, the resource request may comprise resource information
indicating the uplink resources required by the mobile terminal for transmitting user data.

[0065] In a variation, the resource information may comprise a flow identifier of the data flow of
which the mobile terminal intends to transmit user data or the number of bits the mobile
terminal intends to transmit.

[0066] Alternatively, the resource information may also consist of a flag indicating to the
network entity responsible for resource allocation, when set, that the mobile terminal intends to
transmit data of a delay-critical service.

[0067] A further embodiment provides a mobile terminal for use in a mobile communication
system utilizing an uplink scheme comprising transmissions on a scheduled shared channel
and a contention-based channel. The mobile terminal comprises a transmitter for transmitting
a resource request to a network entity responsible for resource allocation via a contention-
based channel, and a receiver for receiving, in response to the resource request, a resource
allocation message granting resources for transmitting data via the scheduled shared channel.

[0068] The resource allocation message received in response to the resource request grants
resources for transmitting scheduling information to the network entity responsible for resource



DK/EP 3169016 T3

allocation. The transmitter may be further configured to transmit, in response to the resource
allocation message, scheduling information to the network entity responsible for resource
allocation via the scheduled shared channel, and the receiver may receive, in response to the
transmission of scheduling information, a second resource allocation message granting
resources to the mobile terminal for transmitting user data on the scheduled shared channel.

[0069] In another embodiment of the invention the mobile station may further comprise means
adapted to perform the method for requesting resources for transmitting data on uplink within a
mobile communication system according to one of the various embodiments outlined herein.

[0070] Also disclosed herein is a network entity responsible for resource allocation. The
network entity may be located in a mobile communication system utilizing an uplink scheme
comprising transmissions on a scheduled shared channel and a contention-based channel.
The network entity may comprise a receiver for receiving a resource request from the mobile
terminal via a contention-based channel, and a transmitter for transmitting, in response to the
resource request, a resource allocation message granting resources for transmitting data via
the scheduled shared channel to the mobile terminal.

[0071] The resource allocation message received in response to the resource request may
grant resources for transmitting scheduling information to the network entity responsible for
resource allocation. The receiver of the network entity may be further configured to receive
scheduling information from the mobile station via the scheduled shared channel, and the
transmitter may be further configured to transmit, in response to the reception of the
scheduling information, a second resource allocation message granting resources to the
mobile terminal for transmitting user data on the scheduled shared channel to the network
entity responsible for resource allocation.

[0072] The network entity may comprise means configured to implement the steps of the
method for allocating resources to a mobile terminal for transmitting data on uplink within a
mobile communication system according to one of the various embodiments described herein.

[0073] According to another embodiment a computer-readable medium is provided that stores
instructions that, when executed by a processor of a mobile terminal, cause the mobile
terminal to request resources for transmitting data on uplink within a mobile communication
system utilizing an uplink scheme comprising transmissions on a scheduled shared channel
and a contention-based channel. The mobile terminal is caused to request resources by
transmitting a resource request to a network entity responsible for resource allocation via a
contention-based channel, and receiving, in response to the resource request, a resource
allocation message granting resources for transmitting data via the scheduled shared channel.

[0074] The resource allocation message received in response to the resource request grants
resources for transmitting scheduling information to the network entity responsible for resource
allocation. The computer-readable medium may further store instructions that, when executed
by the processor of the mobile terminal, cause the mobile terminal to transmit, in response to



DK/EP 3169016 T3

the resource allocation message, scheduling information to the network entity responsible for
resource allocation via the scheduled shared channel, and to receive, in response to the
transmission of scheduling information, a second resource allocation message granting
resources to the mobile terminal for transmitting user data on the scheduled shared channel.

[0075] The computer-readable medium further stores instructions that, when executed by the
processor of the mobile terminal, cause the mobile terminal to execute the method for
requesting resources for transmitting data on uplink within a mobile communication system
according to one of the various embodiments outlined herein.

[0076] Also disclosed herein is a computer-readable medium that stores instructions that,
when executed by a processor of a network entity responsible for resource allocation, cause
the network entity responsible for resource allocation to allocate resources to a mobile terminal
for transmitting data on uplink within a mobile communication system utilizing an uplink scheme
comprising transmissions on a scheduled shared channel and a contention-based channel.
The network entity may be caused to allocate resources to the mobile terminal to by receiving
a resource request from the mobile terminal via a contention-based channel, and by
transmitting, in response to the resource request, a resource allocation message granting
resources for transmitting data via the scheduled shared channel to the mobile terminal.

[0077] The resource allocation message received in response to the resource request may
grant resources for transmitting scheduling information to the network entity responsible for
resource allocation and the computer-readable medium may further store instructions that,
when executed by the processor of the network entity responsible for resource allocation,
cause the network entity responsible for resource allocation to receive scheduling information
from the mobile station via the scheduled shared channel, and to transmit, in response to the
reception of the scheduling information, a second resource allocation message granting
resources to the mobile terminal for transmitting user data on the scheduled shared channel to
the network entity responsible for resource allocation.

BRIEF DESCRIPTION OF THE FIGURES

[0078] In the following the invention is described in more detail in reference to the attached
figures and drawings. Similar or corresponding details in the figures are marked with the same
reference numerals.

Fig. 1 and 2
show two exemplary network architectures, in which the invention may be utilized,
Fig. 3 and 4
show an exemplary localized allocation and distributed allocation of the uplink bandwidth
in a single carrier FDMA scheme, and
Fig. 5to 10
show different exemplary embodiments of a resource allocation procedure according to
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different embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0079] The present invention suggests a flexible scheduling scheme for allocating resources
for uplink transmission to a requesting mobile terminal. According to one embodiment of the
invention, the mobile terminal requests the allocation of resources by sending a resource
request to a network entity in the mobile communication system responsible for resource
allocation. This request is transmitted on a contention-based channel.

[0080] The network entity may respond to this resource request in different fashions. For
example, depending on the content of the resource request, the network entity may allocate
resources for uplink data transmission to the requesting mobile terminal or, alternatively, may
first allocate resources to the mobile terminal to allow same sending scheduling information.
This scheduling information may for example allow the network entity to more accurately
schedule resources for the mobile terminal. In the latter case, the mobile terminal will send the
further information to the network entity as scheduled data, i.e. on a scheduled shared
channel. In response to the further information, the mobile terminal will receive a resource
allocation message granting resources for uplink user data transmission.

[0081] It should be noted that scheduling information is not considered user data herein. User
data may be any type of data of a user service or signaling radio bearer.

[0082] In one exemplary embodiment of the invention, user data may be defined as data of
services not being terminated in Layer 2 / MAC or Layer 1 / physical layer. In another
embodiment of the invention, user data may be defined as data of services not being
terminated in Layer 1 / physical layer. Hence, in these two exemplary embodiments, user data
is data of any service terminated in a higher layer than Layer 2 / MAC or Layer 1 / physical
layer, respectively.

[0083] According to this invention, a resource request is a message transmitted from a mobile
terminal to the network entity responsible for resource allocation, i.e. a network element that is
responsible for scheduling air interface resources. The resource request may be a single bit
(flag) that, when set, indicates the mobile terminal's desire to be allocated resources for uplink
transmission. However, also more information may be comprised in the resource request
depending on the scheduling scheme as will become apparent from the exemplary
embodiments of the invention described below.

[0084] According to one exemplary embodiment of the invention, a resource request message
is a Layer 2 / MAC signaling message or a Layer 1/ physical layer message.
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[0085] According to the invention, a resource allocation message contains at least information
indicating which resources the requesting mobile terminal may utilize for scheduled uplink
transmission.

[0086] For example, the resource allocation message may indicate which part of the frequency
band the requesting mobile terminal is allowed to use. In more specific examples, the resource
allocation message may further specify whether localized or distributed spectrum should be
used, the validity period of the grant, and/or the maximum data rate. The validity period
indicates for how many sub-frames the resource allocation is valid. The shortest validity period
is one sub-frame (or one transmission time interval).

[0087] Additional information may also be included in the resource allocation message,
depending on the selected scheme. The resource allocation message may also be referred to
as a scheduling grant.

[0088] In one embodiment the invention is used in a mobile communication system in which
single carrier FDMA is used on the air interface for uplink transmission. In this exemplary
embodiment, the basic physical resource used for data transmission consists of a frequency
resource of size BWgant during one transmission time interval, e.g. a sub-frame, onto which
(optionally coded) user data bits are mapped. It should be noted that a sub-frame, also
referred to as transmission time interval (TTI), is the smallest time interval for user data
transmission. It is however possible to assign a frequency resource BWgant Over a longer time
period than one TTI to a user by concatenation of sub-frames. In this respect, Fig. 3 and Fig. 4
illustrate an exemplary allocation of uplink resources to a mobile terminal within a single carrier
FDMA system.

[0089] A scheduled shared channel according to the invention is - for example - either a
shared transport channel, which is shared by a plurality of users, or the corresponding physical
channel to which a shared transport channel is mapped.

[0090] In an exemplary embodiment related to the evolved UTRA uplink, there exists only a
shared uplink transport channel (UL-SCH) and a Random Access Channel (RACH).
Transmission on a scheduled shared channel in this embodiment means that a user is
assigned a specific frequency/time resource for the transmission of uplink data. The
assignment is done by a scheduler that schedules/allocates the bandwidth available for
scheduled access (e.g. scheduled resources as shown in Fig. 5) among the users under its
control. A contention-based channel according to this embodiment denotes either the Random
Access Channel (RACH), which is a transport channel, or the corresponding physical channel.
Transmission on a contention-based channel means that a user can transmit data on the
contention-based resources (as exemplarily depicted in Fig. 5) without being scheduled.

[0091] Before discussing the different embodiments of the invention in more detail, exemplary
network architectures in which the invention may be employed will be briefly described in the
following. It should be noted that the two network architectures are merely intended to give
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examples of networks in which the invention may be used and are not intended to limit the
invention to the use in these networks.

[0092] One exemplary mobile communication network in which the invention in its different
embodiments may be implemented is depicted in Fig. 1. The network comprises different
network entities that are functionally grouped into the Core Network (CN) 101, the Radio
Access Network (RAN) 102 and the User Equipments (UEs) 103 or mobile terminals. The RAN
102 is responsible for handling all radio-related functionality inter alia including scheduling of
radio resources. The CN 101 may be responsible for routing calls and data connections to
external networks. The interconnections of network elements are defined by open interfaces
that are denoted lu and Uu for exemplary purposes. A mobile communication system is
typically modular and it is therefore possible to have several network entities of the same type.

[0093] In this exemplary network illustrated in Fig. 1, the radio access network may comprise
one or more network entities responsible for resource allocation. Assuming that Fig. 1 shows a
high-level architecture of 3G networks, a network entity responsible for resource allocation is
commonly referred to as the radio network controller (RNC) which schedules air interface
resources within the cells of the Node Bs attached to the RNC. Alternatively, other
implementations may also foresee to utilize other RAN entities, such as the base stations
(NodeBs) to schedule/allocate air interface resources.

[0094] Another exemplary network architecture is shown in Fig. 2. The mobile communication
system according to the exemplary embodiment shown in Fig. 2 is a "two node architecture”
consisting of Access and Core Gateways (ACGW) and Node Bs. In comparison to the network
architecture shown in Fig. 1, the ACGW will handle CN functions, i.e. routing calls and data
connections to external networks, and also implements RAN functions. Thus, the ACGW may
be considered as to combine functions performed by GGSN and SGSN in today's 3G networks
and RAN functions as for example radio resource control (RRC), header compression,
ciphering/integrity protection and outer ARQ. The Node Bs may handle functions as for
example segmentation/concatenation, scheduling and allocation of resources, multiplexing and
physical layer functions.

[0095] The control plane (CP) and user plane (UP) known from today's 3G networks may be
terminated in the ACGW, which would enable support of seamless network controlled mobility
without the need for interfaces between the Node Bs. Both 3GPP and Non-3GPP integration
may be handled via the ACGW's the interface to the external packet data networks (e.g.
Internet).

[0096] As already indicated above, in the exemplary network architecture of Fig. 2, it is
assumed that the ownership of the cell resources is handled in each Node B. Having the cell
resource ownership outside the ACGW makes it possible to support pooling of ACGW (of both
CP / UP flows), allowing one Node B to be connected to several ACGWs for different terminals
(thus avoiding a single point of failure).
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[0097] Although not directly shown in Fig. 1 it is also possible to support an inter-ACGW
interface for the case of ACGW belonging to different pools.

[0098] Next, different embodiments of the invention will be described in more detail. It is to be
noted that in Fig. 6 through Fig. 10, a base station (Node B) is assumed to be the network
entity in the mobile communication system responsible for resource allocation for exemplary
purposes. The function within a network entity in the mobile communication system responsible
for resource allocation for planning and allocating resources to the mobile terminals is also
referred to as the scheduler.

[0099] Fig. 6 illustrates a resource allocation procedure according to one exemplary
embodiment of the invention. The main characteristics of proposed scheduling procedure is
that only a small resource request message is transmitted as contention-based data and
secondly that channel-dependent scheduling is efficiently supported by the scheduling
procedure.

[0100] In the first step, a mobile terminal (UE) sends 601 a resource request to the base
station (Node B) in order to request the allocation of uplink resources for the transmission of
data. For example, the mobile terminal will typically send this message when user data arrives
in a transmission buffer at the mobile terminal. In Fig. 6, it is assumed that the mobile terminal
hasn't been allocated any resources yet, so that no scheduled resources have been allocated
to the mobile station. The resource request message is transmitted on a contention-based
channel. For example, but not limited thereto, the resource request is a Layer-1 or Layer 2
message.

[0101] In order to keep the amount resources reserved for the contention-based access
channel low, only a short message should be transmitted in a contention-based manner.
Therefore, according to one exemplary implementation, the resource request could consist of
a flag only, which indicates to the base station that the requesting mobile station wishes to
transmit data on the uplink. If it should be necessary to identify the requesting mobile terminal,
a user-specific scrambling of the rate request message could be used. The user-specific
scrambling of the resource request thus provides an implicit identification of the mobile
terminal.

[0102] Alternatively, instead of a one-bit flag, the resource request message in another
exemplary implementation consists of a temporary or static identifier, e.g. C-RNTI (cell radio
network temporary identity) or IMSI respectively, of the requesting mobile terminal. In this case,
the identifier would on the one hand indicate that the mobile terminal wishes to send data on
uplink and simultaneously explicitly identifies the mobile terminal. This option would however
consume more bits compared to the single-bit flag solution proposed above.

[0103] In a further optional variation, the resource request may further include information
allowing the base station to prioritize resource requests from several users. For example, this
additional information in the resource request may be information on the urgency of the
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request. This information on the urgency of the request may for example be communicated in
form of QoS information of the user data the mobile terminal intends to transmit, e.g. the
priority of the data.

[0104] One possible advantage that may be achieved by providing only a limited amount of
information in the resource request message is to minimize collisions on the content-based
channel via which the resource request is transmitted.

[0105] In the exemplary resource allocation procedure shown in Fig. 6 it may be assumed that
the resource request only consists of information indicating that the mobile terminal intends to
transmit user data on the uplink. Upon reception of the resource request at the base station,
the base station issues and transmits 602 a resource allocation message to the mobile
terminal.

[0106] This first resource allocation message may grant resources to the mobile terminal for
transmitting more detailed information on the user data it intends to send. For example, this
first resource allocation message may grant the mobile terminal scheduled resources for
providing more detailed information to the base station. For simplicity this more detailed
information will be referred to as scheduling information (Sl) in the following. The first resource
allocation message (or grant message) may indicate to mobile terminal what resources (e.g.
time/frequency symbols) should be utilized on the uplink for transmitting the scheduling
information.

[0107] In a variation of this embodiment, the grant message may optionally also indicate the
frequency band/spectrum for the transmission of a reference signal, such as a pilot signal,
from the mobile station to the base station. The reference signal may be for example used by
the base station for uplink channel estimation (faciltating uplink coherent
demodulation/detection of data such as the scheduling information) and also for uplink
channel-quality estimation (facilitating channel-dependent scheduling). The reference signal
may or may not occupy at least a partly different spectrum than the spectrum used for
transmission of scheduling information. In case the reference signal occupies partly different
spectrum, the base station may also perform channel-quality estimation for other frequencies
than that used for transmitting the scheduling information and, as a consequence, allows for
uplink channel-dependent scheduling.

[0108] In the next step, upon having received the first resource allocation message, the mobile
terminal transmits 603 scheduling information on the allocated scheduled resources. The
scheduling information may for example contain very detailed information on the mobile
terminal status, such as for example buffer status per flow, QoS information per flow and also
the mobile terminal's power status. A flow could be for example logical channel or priority
queue. Since the scheduling information is transmitted as scheduled data via a scheduled
shared channel, no collision with other data from other mobile terminals will occur.

[0109] In addition to the transmission of scheduling information, the mobile terminal may also
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transmit a reference signal to the base station. The reference signal may be for example
transmitted on preconfigured or known uplink resources or the resources may alternatively
configured by the base station using the resource allocation message in step 602 or other
control signaling. In theory, one transmission of the reference signal would be sufficient. Since
the channel may change significantly for one user within the time instance of sending the
reference signal and the actual resource allocation for this user by the base station, the
information on the uplink channel at the base station may not be up-to-date at the time of
making the resource allocation for the requesting user. Therefore, the mobile station may
transmit 604 the reference signal repeatedly until a resource allocation message for the user
data is received (see step 605 described below). This would enable the base station to have
up-to-date channel status knowledge at the time of deciding on the uplink resources to be
allocated to the mobile terminal.

[0110] Based on the received scheduling information and the channel quality measured by the
base station on basis of the reference signal(s), the base station can make the resource
allocation for user data transmission. Upon having decided on the resource allocation, the
base station transmits 605 a second resource allocation message to the mobile terminal. This
second resource allocation message indicates to the mobile terminal the resources on the
uplink to be used for user data transmission. Upon having received this second resources
allocation message, the mobile terminal may start transmitting 606 the user data on the
allocated resources via the scheduled shared channel.

[0111] The exemplary resource allocation procedure described with respect to Fig. 6 above
may have several advantages. For example, the reduction of the size of the resource request
transmitted on a contention-based channel may reduce the probability of collision with other
data transmitted by other mobile terminals via the contention-based channel. Further, by
granting resources for transmitting scheduling information to the mobile terminal, the
potentially long and thus collision-prone scheduling information can be transmitted via
scheduled resources, so that no collision with other data from different users may occur. If
repeatedly transmitting the reference signal until reception of the second resource allocation
message, the base station may base its resource allocation on more accurate channel
estimations.

[0112] Next, another exemplary embodiment of a resource allocation procedure will be
described with reference to Fig. 7. The mobile terminal first sends 701 a resource request to
the base station. The resource request may comprise a flag or a mobile terminal identifier, as
described above with reference to Fig. 6, and may additionally include uplink resource
information. The purpose of the uplink resource information is to signal the category of user
data to be transmitted by the mobile terminal to the base station.

[0113] For example, the uplink resource information in the resource request may indicate to
that base station that the mobile station intends to transmit data of a delay-sensitive and/or low
data rate service, such as VolP (Voice over IP) or a signaling radio bearer (SRB). When
transmitting delay-sensitive and/or low data rate service data, it is desirable to have a fast
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allocation of resources in order to meet the delay requirements.

[0114] Depending on the load situation in the radio cell the mobile terminal is located in and
based on uplink resource information provided by mobile terminal, the base station may
allocate 702 resources for uplink user data transmission immediately in response to the
resource request or not.

[0115] In case the uplink resource information indicate to the base station that data of a
predetermined category is to be transmitted by the mobile terminal (for example data of a
delay-sensitive and/or low data rate service), the base station may allocate 702 resources for
transmitting the user data and returns 703 a resource allocation message to the mobile
terminal granting resources for the transmission 704 of the user data.

[0116] This exemplary operation would allow for reducing the overall delay of the scheduling
procedure significantly. Especially delay critical and/or low data rate services like VolP may
benefit from this delay reduction. Since for an application such as VolP the rate request may
need to be transmitted for every voice packet, e.g. every 20ms (depending on the resource
allocation by the base station), the uplink traffic load could be also decreased significantly in
comparison to the procedure outlined with respect to Fig. 6, if the VolP packet can be
transmitted directly after having received the first resource allocation message from the base
station, i.e. without having to send scheduling information to the base station first.
Furthermore, the gain of channel-dependent scheduling may not be that significant for such
low data-rate service..

[0117] In general, there are several options to indicate the uplink resource information. One
option is to signal the corresponding flow ID, e.g. logical channel ID or queue ID of the data to
be transmitted. Based on this flow ID base station may identify the service category for which
the mobile station requests resources, e.g. VoIP or a signaling radio bearer, and may use this
information for granting resources immediately. In case data of several flows is to be
transmitted, the flow ID may indicate the flow having the highest priority or QoS requirements.
Alternatively, the mobile station may indicate the amount of required uplink resources in a
predefined set of data sizes, e.g. number of bits. This predefined set would for example
contain the most common sizes for delay sensitive and low bit rate services. Another and
possibly the simplest option may be that the uplink resource information is a one-bit flag in the
resource request indicating that the mobile station has delay-critical data pending for
transmission. Certain rules may for example be defined, in which cases the mobile terminal is
allowed to set this flag.

[0118] Fig. 7 illustrates the case, where the mobile terminal indicates that it has to send user
data of a delay sensitive and/or low bit rate service which results in the base station already
indicating the allocated resources in the first resource allocation method sent.

[0119] In case the mobile terminal indicates in the resource request that it does not have to
send data of a delay sensitive and/or low bit rate service, the resource allocation may continue
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with steps 602 to 606 as outlined with reference to Fig. 6. For example, upon detection at the
base station that resources are not requested for a delay sensitive and/or high bit rate service,
the base station may only grant resources for transmitting scheduling information to the mobile
station as outlined and may proceed with the steps illustrated in Fig. 6.

[0120] In another embodiment of the invention, the resource allocation procedure as illustrated
in Fig. 6 is modified as will be described next. According to this embodiment, the resource
request sent 601 by the mobile terminal may additionally include uplink resource information as
described with respect to Fig. 7. The base station will determine whether the mobile terminal
requests resources for user data of a category that requires immediate allocation of resources
(e.g. data of delay sensitive and/or low bit rate service as outlined above). If this is the case the
base station allocates resources for the transmission of the data for which the request has
been received and indicates the allocated resources within the first resource allocation
message sent 602 in addition to the resources allocated for transmitting the scheduling
information.

[0121] The data for which the mobile terminal has requested resources may thus already be
transmitted by the mobile station in the same transmission with the scheduling information, so
that the delay is minimized. Based on the scheduling information and the transmitted 604
reference signal(s) the base station may reevaluate its previous resource allocation and may
update the resource allocation in the resource allocation message of step 605.

[0122] Alternatively, the base station may assign default resources to the mobile terminal for
the transmission of the user data when sending the resource allocation in response to the
resource request and may determine the appropriate resources based on the scheduling
information and reference signal measurements later, so as to allocate the appropriate amount
of uplink resources in step 605.

[0123] Next another embodiment of the invention will be described with reference to Fig. 8.
Fig. 8 shows another exemplary resource allocation procedure according to an embodiment of
the invention. Especially for single carrier FDMA systems, orthogonality in the uplink should be
ensured within the order of a cyclic prefix. This may be implemented by the base station
measuring the timing accuracy of a received signal and, based on the timing accuracy,
determining and transmitting a timing adjustment command to the UE. In case a user/mobile
terminal does not have uplink data to transmit for a longer period (e.g. a

predetermined time span), the uplink time alignment may be lost. In this case, the mobile
station needs to obtain time synchronization with the network through physical layer
synchronization before transmitting data on the uplink in conventional systems.

[0124] Instead of performing the synchronization procedure, according to this embodiment of
the invention, the base station could also use the received resource request message to
control the timing accuracy of uplink transmissions of a particular user. After having received
601 the resource request from the mobile terminal, the base station may determine 801 the
timing accuracy of the mobile terminal based on the received resource request message and
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may issue a timing adjustment command (TAC) to this mobile. For example, the TAC may be
transmitted 802 as a separate control message or can be combined with the resource
allocation message sent 802 by the base station.

[0125] Upon reception of the TAC at the mobile terminal, same may adjust 803 its uplink timing
based on the command and may finish the resource allocation procedure with the adjusted
uplink timing. It should be noted that for exemplary purposes only, Fig. 8 finishes the resource
allocation procedure by performing steps 603 to 606 as described above. Based on whether
the resource request transmitted in step 601 comprises uplink resource information, the base
station may grant resources for user data transmission in the resource allocation message or
for user data transmission and the transmission of scheduling information as has been outlined
above with reference to Fig. 6 and Fig. 7.

[0126] In this respect, Fig. 9 illustrates another exemplary resource allocation procedure
according to another embodiment of the invention. In this embodiment, the procedure
described with respect to Fig. 7 above is further improved in that the base station determines
801 the TAC and communicates 901 the TAC to the requesting mobile terminal. As indicated
above when discussing Fig. 8, the mobile terminal may use the TAC command to adjust 803 its
uplink timing prior to the next transmission on the uplink.

[0127] The TAC command may be either signaled 901 in a separate control message or may
be included in the resource allocation message transmitted by the base station in response to
the resource request. In this exemplary embodiment of the invention, the resource allocation
message comprises the TAC command and information on the resources allocated 702 to the
mobile terminal by the base station in response to uplink resource information comprised in the
resource request message. Optionally, the resource allocation message may further comprise
information granting resources for the transmission of scheduling information and/or a
reference signal to the base station.

[0128] In the embodiments described with respect to Fig. 8 and Fig. 9 above, the TAC may for
example include binary timing-control commands implying to forward or backward the
transmission timing a certain step size (e.g. x ys) transmitted with a certain period (e.g. y us).
Another option would be to include multi-step timing-control commands (for example changing
the transmission timing by multiple steps of a given size) being transmitted on the downlink on
a per-need basis.

[0129] When transmitting data on a contention-based access channel, there is a risk of
collisions with other mobile terminals trying to access the channel simultaneously. In order to
keep the collision probability sufficiently low, the message size transmitted as contention-based
data should be small as already outlined before. However there could still be situations where
several users are transmitting on the resource allocated for random access at the same time.
In this case intra-cell interference would be generated. The received SNR (Signal-to-Noise
Ratio) of one user needs to be sufficiently high in order to allow the base station to detect and
decode the transmitted data correctly. Therefore, a mechanism may be advantageous that
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ensures that a high priority resource request message is correctly received even in case of
intra-cell interference due to collisions.

[0130] According to a further embodiment of the invention the network may reserve resources,
e.g. frequency spectrum, for the contention-based access as already illustrated in Fig. 5. In
order to benefit from frequency diversity, the resources for contention-based access may be
allocated in a distributed manner, i.e. a "comb-shaped" spectrum may be allocated. In order to
prioritize resource request messages sent as contention-based data, high priority resource
requests (i.e. resource requests for the transmission of data having a priority above a given
threshold priority level) may use the whole allocated spectrum for contention-based access, i.e.
all combs in a distributed spectrum, whereas resource request of small priority (i.e. resource
requests for the transmission of data having a priority below or equal to a given threshold
priority level) may only use part of the allocated spectrum, i.e. only a subset of the "combs" in
the spectrum. For example, the bandwidth used for transmitting the resource request, i.e. the
number of "combs" in the spectrum, may be proportional to the priority of the user data for
which resources are requested.

[0131] Another option would be to group the priority levels into priority groups and to have the
mobile station to decide the number of "combs" to use for the transmission of the resource
request based on the priority group. The priority that may be utilized for determining the uplink
bandwidth to use for transmitting the resource request may for example correspond to an
average or the highest priority of logical channel(s) of which the mobile station intends to
transmit user data, the QoS requirements for the user data to be transmitted (for example
delay requirements, data rate, nature of the data - e.g. emergency calls may have highest
priority while background services have low priority), etc.

[0132] When prioritizing resource request messages as described above, the received SNR of
high priority resource requests may be improved and the high priority resource requests may
be correctly detected and decoded even in case of collision.

[0133] In a variation of this embodiment, the configuration of the usable bandwidth for
contention-based access could be for example signaled by the network, e.g. using control
signaling such as RRC signaling. High class mobile terminals may for example be allowed to
use the full allocated contention-based access spectrum. Alternatively the priority of the highest
priority logical channel may be used to determine the portion of the available spectrum a user
may use for contention-based access.

[0134] In another variation this mechanism for prioritizing the contention-based access
transmission is also beneficial for the initial access when mobile terminals do not have a cell
specific identity for communication in a cell yet. Considering for exemplary purposes the LTE of
UMTS, these situations would occur e.g. when transiting from LTE_DETACHED state to
LTE_ACTIVE state or from LTE_IDLE state to LTE_ACTIVE state.

[0135] As indicated in Fig. 6, Fig. 8 and Fig. 10, the mobile terminal may repeatedly send
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reference signals, e.g. pilots, to the base station until it receives a resource allocation message
granting resource for uplink user data transmission. By using the repeatedly transmitted
reference signals the base station may be aware of up-to-date channel state information
allowing for efficient channel-dependent scheduling. Generally the repeatedly transmission of
reference signals is not limit to a specific scheduling procedure, but should be seen as rather
independent feature. Repeatedly transmission of reference signals may be advantageous in
any uplink scheduling scheme which supports channel-dependent scheduling.

[0136] According to a further embodiment of the invention the frequency of the reference
signal transmission could be either network or mobile station controlled. In the first option the
network would be in control of the reference signal transmission frequency of a user for
example by signaling the periodicity of the reference signal transmission to the mobile, e.g. by
control signaling (for example RRC signaling). This option may enable the access network to
control the uplink load due to the reference signal transmissions of all users in cell.

[0137] In the second option, the mobile station may determine how often it transmits the
reference signal. This decision may for example consider the transmission power constraints of
the mobile terminal or the variation of the channel. A static or low-speed mobile terminal may
for example transmit reference signals less frequent than a mobile terminal moving fast (e.g. in
a vehicle or train), since the channel status doesn't change significantly over time.

[0138] In another embodiment of the invention, the mobile terminal may request uplink
resources for transmitting different user data (for example user data of different categories,
logical channels, etc.). The resource allocation procedure according to this embodiment will be
described with reference to Fig. 10. In the procedure illustrated in Fig. 10, it is assumed for
exemplary purposes that two different user data is to be transmitted, user data of a high-
priority service A and user data of a low-priority service B. In the resource request message
transmitted 1001 by the mobile station to the base station, there is included uplink resource
information that indicates the category of the user data. The purpose of the uplink resource
information is to signal to the base station the categories of user data to be transmitted by the
mobile terminal so as to allow the base station to appropriately schedule the transmission.

[0139] The base station determines that the user data of service A are of a category requiring
minimizing the delay for its transmission and/or of a low data rate. Therefore, the base station
decides to already grant resources to the mobile terminal for the transmission of this high-
priority user data. For the user data of service B, the base station decides not the immediately
assign resources, but to schedule only resources for the transmission of scheduling
information relating to the user data of service B. Optionally, in addition to the resource
allocation for user data of service A the base station may also allocate sufficient resources so
that scheduling information may also be transmitted for the user data of service A.

[0140] Upon having determined the resources, the base station transmits 1002 a resource
allocation message to the mobile station. This resource allocation message may grant the
mobile terminal resources for the transmission of the user data of service A, the scheduling
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information for user data of service B and - optionally - for user data of service A.

[0141] The mobile station may next transmit 1003 the user data of service A and may provide
1004 scheduling information for the user data of service B (and for service A) to the base
station. Further, the mobile station transmits 1005 reference signal(s) to the base station.
Advantageously, the reference signal may be transmitted repeatedly by the mobile station.

[0142] It should be noted that the resource allocation message transmitted by the base station
may also include a grant of resources for the transmission of the reference signal as has been
outlined with reference to Fig. 6 above. The resources on which the reference signal is to be
transmitted should be chosen, i.e. cover a bandwidth of the spectrum, to allow the base station
an accurate estimation of the channel for both the resources to be used for transmitting the
user data of service A and B.

[0143] Based on the scheduling information and based on the channel estimate, the base
station may determine the resources to be utilized for the transmission of user data of service
B and may optionally revaluate the resource assignment for the user data of service A. The
resource allocation for the transmission of the user data of service B and optionally an update
of the resources allocated for the transmission of the user data of service A is then
communicated 1006 to the mobile terminal in another resource allocation message.

[0144] Upon having received this second resource allocation message, the mobile terminal
may transmit 1007 user data of service A and service B to the base station.

[0145] Another embodiment of the invention relates to the implementation of the above
described various embodiments using hardware and software. It is recognized that the various
embodiments of the invention above may be implemented or performed using computing
devices (processors). A computing device or processor may for example be general purpose
processors, digital signal processors (DSP), application specific integrated circuits (ASIC), field
programmable gate arrays (FPGA) or other programmable logic devices, etc. The various
embodiments of the invention may also be performed or embodied by a combination of these
devices.

[0146] Further, the various embodiments of the invention may also be implemented by means
of software modules, which are executed by a processor or directly in hardware. Also a
combination of software modules and a hardware implementation may be possible. The
software modules may be stored on any kind of computer readable storage media, for
example RAM, EPROM, EEPROM, flash memory, registers, hard disks, CD-ROM, DVD, etc.
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PATENTKRAV

1. Fremgangsmade til anmodning om ressourcer til datatransmission pa uplink i et
mobilkommunikationssystem ved anvendelse af et uplink-skema, der omfatter transmissioner
pa en planlagt delt kanal og en konfliktbaseret kanal, hvilken fremgangsmade omfatter
fplgende trin udfgrt af mobilterminalen:

transmission (601) af en ressourceanmodning til en netvarksenhed, der er ansvarlig for
ressourceallokering via en konfliktbaseret kanal;

og modtagelse, som reaktion pa ressourceanmodningen, af en ressourceallokeringsmeddelelse
med tildeling af ressourcer til datatransmission via den planlagte delte kanal, kendetegnet ved,
at ressourceallokeringsmeddelelsen indikerer et frekvensband til gentagen transmission (604)
af et referencesignal til netvarksenheden, hvilket referencesignal er et signal anvendt til
uplink-kanalestimering.

2. Fremgangsmade ifplge krav 1, hvor ressourceallokeringsmeddelelsen modtaget som
reaktion pa  ressourceanmodningen  tildeler = ressourcer til  transmission  af
planl®gningsinformationer til den netvarksenhed, der er ansvarlig for ressourceallokering, og
fremgangsmaden endvidere omfatter fglgende trin:

transmission (603), som reaktion pa ressourceallokeringsmeddelelsen, af
planlegningsinformationer til den netvarksenhed, der er ansvarlig for ressourceallokering via
den planlagte delte kanal, og modtagelse, som reaktion pa transmissionen af
planlegningsinformationer, af en anden ressourceallokeringsmeddelelse med tildeling af
ressourcer til mobilterminalen til transmission af brugerdata pa den planlagte delte kanal.

3. Fremgangsmade ifglge krav 1 eller 2, der endvidere omfatter trinnet med gentagen
transmission (604) af et referencesignal til den netvarksenhed, der er ansvarlig for
ressourceallokering efter modtagelse af ressourceallokeringsmeddelelsen som reaktion pa
ressourceanmodningen.

4. Fremgangsmade ifglge krav 3, hvor mobilterminalen anvender de ressourcer, der er
tildelt den planlagte delte kanal som indikeret 1 ressourceallokeringsmeddelelsen modtaget som
reaktion pa ressourceanmodningen til gentagen transmission (604) af referencesignalet.

5. Fremgangsmade ifglge krav 4, hvor frekvensen af transmissionen af referencesignalet
konfigureres ved styring af signalering fra modtaget fra mobilkommunikationssystemets
radiotilgangsnetverk, eller styres af mobilterminalen.

6. Fremgangsmade ifglge krav 4 eller krav 5, hvor mobilterminalen ophgrer med at
transmittere referencesignalet efter modtagelse af den anden ressourceallokeringsmeddelelse

med tildeling af ressourcer til mobilterminalen for transmission (606) af brugerdata pa den
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planlagte delte kanal som reaktion pa transmissionen af planl&gningsinformationer.

7. Fremgangsmade ifplge et af kravene 2 til 6, der endvidere omfatter fglgende trin:
modtagelse, som reaktion pa ressourceanmodningen, af en timing-justeringskommando fra den
netvaerksenhed, der er ansvarlig for ressourceallokering, og genjustering (803) af uplink-timing
ifglge timing-justeringskommandoen fgr transmission (603) af planleegningsinformationerne pa
den planlagte delte kanal.

8. Fremgangsmade ifglge krav 7, hvor timing-justeringskommandoen indgar i
ressourceallokeringsmeddelelsen modtaget som reaktion pa ressourceanmodningen.

9. Fremgangsmade ifglge et af kravene 1 til 8, hvor et enkelt barer-FDMA-skema
anvendes til datatransmission pa uplinket.

10. Fremgangsmade ifplge krav 9, hvor den konfliktbaserede kanal er kortlagt til et fordelt
spektrum pa uplink-tilgangen.

11. Fremgangsmade ifglge krav 9 eller krav 10, hvor den bandbredde, som mobilterminalen
kan anvende til transmission (601) af ressourceanmodningen, konfigureres ved styring af
signalering modtaget fra mobilkommunikationssystemets radiotilgangsnetvark.

12. Fremgangsmade ifglge et af kravene 1 til 11, hvor ressourcerne til transmission (606) af
data pa den planlagte delte kanal tildeles pa et transmissionstidsintervalgrundlag.

13. Fremgangsmade ifglge krav 12, hvor en ressourceallokeringsmeddelelse indikerer
mindst ét transmissionstidsinterval eller antallet af transmissionstidsintervaller, for hvilke
ressourceallokeringsmeddelelsen tildeler ressourcer.

14. Mobilterminal til anvendelse 1 et mobilkommunikationssystem, der anvender et uplink-
skema, der omfatter transmissioner pa en planlagt delt kanal og en konfliktbaseret kanal,
hvilken mobilterminal omfatter:

en transmitter til transmission af en ressourceanmodning til en netvarksenhed, der er ansvarlig
for ressourceallokering via en konfliktbaseret kanal;

en modtager til modtagelse, som reaktion pa ressourceanmodningen, af en
ressourceallokeringsmeddelelse med tildeling af ressourcer til datatransmission via den
planlagte delte kanal;

og midler konfigureret til at implementere trinnene fra fremgangsmaden ifglge et hvilket som
helst af kravene 1 til 13.

15. Computerlasbart medium, hvorpa der er lagret instruktioner, der, nar de udfgres af en
mobilterminals processor, bevirker, at mobilterminalen udfgrer fremgangsmaden ifglge et

hvilket som helst af kravene 1 til 13.
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