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(57) Abstract: The present invention relates to a node and a
method in a cellular radio network telecommunication system for
assigning resources to users, comprising a network node having
resources to be allocated to users being present in a radio cell
served by the network node. The invention comprises: - assigning
a priority to each user in the radio cell, where a user consuming
a larger portion of the resources is assigned a lower priority than
a user consuming a lower portion of the resources, - receiving
a rate request, requesting a larger transmission rate, from a first
user having a first priority. If not sufficient free resources are
available to fulfil said first users rate request, the following steps
are performed: - selecting a second user having lower priority
than said first user, - sending messages to said first and second
users indication the scheduled grant, and - transferring resources,
assigned to said second user, from said second user to said first
user, to thereby decrease the consumed resources for said second
user and increase the consumed resources for said first user.
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Scheduler
TECHNICAL FIELD

The present invention relates to the field of radio
telecommunications, and in particular resource allocation in a

network node and a method therefore.

BACKGROUND

The present invention finds application particularly in third-
generation networks of Wideband Code division Multiple Access
(WCDMA) type. However, the techniques may be applicable also in

connection with other types of radio networks, such as GSM, CDMA

etc.

In radio telecommunications networks a base station or a node B
as it i1s named in WCDMA provides a radio, or air interface to a
mobile user terminal, or user equipment. This radio interface is
called the Uu interface in WCDMA. The node B is connected to a
Radio Network Controller (RNC) which is the network element
responsible for control of radio resources 1in the Universal
Mobile Telephony Network (UMTS) Radio Access Network (UTRAN).
The Node B and the RNC are connected through the lub interface.
The RNC is in turn connected to a Core Network (CN) which may
comprise a number of different network nodes, such as MSC/VLR,

SGSN etc.

In third-generation radio access networks increased transmission
rates has been a primary goal and new protocols and techniques
for achieving increased transmission rates has been developed. A
High Speed Downlink Packet Access (HSDPA) protocol has been
standardised in WCDMA release 5, and recently it has been
complemented by a High Speed Uplink Packet Access (HSUPA)

protocol in WCDMA release 6.

In HSUPA different wuser equipment 1s assigned different

transmission rates, or Grants, ranging from 0 kbps up to 5.76
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Mbps. That is, one user may have a larger Grant than another. To
support the transmissions, hardware in Node B is allocated in
hardware pools and hardware resources are allocated to a
particular user to support the transmission rate required. The

larger the transmission rates, the more hardware resources

required.

Obviously a user with a higher scheduled grant, that is a higher
assigned transmission rate, will also consume larger resources
from the limited air interface between the UE (user equipment)
and the radio base station (RBS), the Uu interface, and also
from the interface between the RBS and the RNC, the 1lub

interface.

These three resources, hardware, air interference in the cell
and available link capacity between the RBS and the RNC, are all
possible bottlenecks in capacity terms, and it is therefore
important to assign the resources to the potential users in an

effective manner.
SUMMARY

It is an object according to one aspect of the present
invention to provide such apparatus and method that
effectively distribute the available resources in a network

node to users.

One object according to an aspect of the invention is to
provide such apparatus and method that provides fast initial

uplink transmission in a WCDMA compliant network node.

One object according to an aspect of the invention 1is to
provide such apparatus and method that distribute limited

resources between users in a WCDMA network.

One object according to an aspect of the invention 1s to
provide such apparatus and method that assigns a target

transmission rate to users in a WCDMA network.
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These objects among others are, according to a one aspect of
the present invention, attained by a method in a cellular
radio network telecommunication system for assigning resources
to users, comprising a network node having resources to be

allocated to users being present in a radio cell served by the

network node.

The method comprises the steps: - assigning a priority to each
user 1in the radio cell, where a user consuming a larger
portion of the resources is assigned a lower priority than a
user consuming a lower portion of the resources, - receiving a
rate request, requesting a larger transmission rate, from a

first user having a first priority.

If not sufficient free resources are available to fulfil said
first users rate request, the following steps are performed: -
selecting a second user having lower priority than said first
user, - sending messages to said first and second users
indication the scheduled grant, and - transferring resources,
assigned to said second user, from said second user to said
first user, to thereby decrease the consumed resources for
said second user and increase the consumed resources for said

first user.

These objects among others are, according to another aspect of
the present invention, attained by a radio base station in a
radio telecommunication system comprising resources to be
allocated to users being present in a radio cell served by the

radio base station.

The radio base station comprises means for assigning a
priority to each wuser in the radio cell, where a user
consuming a larger portion of the resources 1is assigned a
lower priority than a user consuming a lower portion of the
resources, means for receiving a rate request, requesting a

larger transmission rate, from a first user having a first
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priority, means for selecting a second user having lower
priority than the first wuser and means for transferring
resources from the second user to the first user, to thereby
decrease the consumed resources for the second user and
increase the consumed resources for the first user if not
sufficient free resources are available to fulfil said first

users rate request.

If free resources are available, new users or users requesting
increased rate are primarily allocated available free
resources. Eventually, however, in a high traffic scenario,
all resources will already be allocated to users present in
the cell. To be able to serve new users, Or users requesting
increased transmission rate, the node B need to reduce the

rate for at least one other user.

By assigning a priority to each user consuming a resource for
which a capacity 1limitation has occurred and selecting a
second user, also know as rescheduling candidate, having lower
priority than the requesting user a fair distribution can be
achieved. The priority 1s selected so that a user consuming a
larger quantity of a resource 1is assigned a higher priority.
Thus, for rescheduling to occur, that 1s for the node B to
redistribute resources from one user to another, the
rescheduling candidate will always use more resources than a

requesting user prior to the rescheduling.

According to one variant of the invention a target
transmission rate is assigning to the cell, and a second user
having lower priority than the first user and a scheduled rate

which is larger than the target rate is selected.

By assigning a target rate, that is a specific transmission
rate which is the lowest rate any user in the cell should be
allowed to have, to the c¢ell and requiring that the
rescheduling candidate should have a larger rate than the
target rate, in the long term, in a capacity limited scenario,

all users will asymptotically approach the target rate. By
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selecting the target rate appropriately the operator of the
network node can optimise between having many users in the
cell each having lower transmission rates, or fewer users in

the cell each having higher transmission rates.

According to one variant of the invention a second user for
which, after the step of transferring, the rate is still equal

to or larger than the rate for the first user is selected.

According to one variant of the invention a higher priority 1is

assigned to a user having requested a higher rate for a longer

time.

If two users have consumed the same amount of resources, the
user having requested higher transmission rate for the longer

time is assigned a higher priority.

According to one variant of the invention a lower priority is
assigned to a user which has consumed a particular amount of
the resources for a longer time than a user which has consumed

the same amount of the resources for a shorter time.

If two users have consumed the same amount of resources, the
user having consumed the resources for the longer time 1is
assigned a lower priority. If a user has consumed the same
amount as another user for longer time, but also has been
requesting for even higher capacity for longer time, the user

is assigned a higher priority.

According to one variant of the invention, if the first user
has a scheduled rate which is lower than the target rate, and
there are no second user which after the step of transferring
would have a rate above the target rate, or 1f a maximum
number of simultaneously active users has been reached, a
second user having consumed the resources at least for a
defined time and having a rate equal to or above the target

rate 1is selected and all, or alternatively a portion, of the



10

15

20

25

30

WO 2007/133136 PCT/SE2006/050132

second users resources are transferred to the first user. This

process is called time scheduling.

In this scenario there are no available free resources to give
to a new user, or a user having not reached the target rate.
Further more there are no rescheduling candidates either, or
the maximum numbers of simultaneous user has been reached.
Since no rescheduling candidates can be found, all current
users are transmitting at the target rate or so close to the
target rate that the amount above 1s not possible to
reschedule with any efficiency. Obviously there would be a

minimum rate increase for which rescheduling is economically

defendable.

To be able to serve more users, a time scheduling is applied
according to the above. In time scheduling one user having a
scheduled rate equal to or above the target rate, and having
used this rate for a definable time is selected as the time
scheduling candidate. All of the resources, or alternatively a
large portion of the resources, allocated to the time
scheduling candidate are then transferred to the requesting
user, and thus the time scheduling candidate will have zero
rate, or alternatively some smaller rate, after rescheduling.
This time scheduled user will, provided the user has data to
transmit, eventually return with a rate request and will then
be allocated a new time slice from another user according to

the scheme outlined above.

In one variant of the time sgcheduling according to the
invention, where hardware 1s allocated for a scheduled rate,
but where the hardware is not the capacity limiting resource,
the hardware allocated to the time scheduling candidate is not

de-allocated at time scheduling.

By this arrangement, when the rescheduling candidate is once

again allocated the capacity limiting resources no new
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hardware need to be allocated. This is Dbeneficial since

hardware allocation may be time consuming.

According to one variant of the invention the actual
transmission rate for users located in the cell is measured
and a second wuser not utilising the scheduled rate 1is
primarily selected and a user having lower priority 1s only
selected for rescheduling, 1if no wuser not utilising its

scheduled rate is found.

Thereby, a better utilisation of the available resources can

be achieved.

According to one variant of the invention a first amount of
hardware resources 1s allocated during call set-up to all

users entering the cell.

By pre-allocating hardware, before any request for scheduled
data transmission is received from the user equipment, the
delay Dbefore start of transmission, when such a requests

arrive at the base station, can be minimised.

According to one variant of the invention the resources are

any of: Hardware resources, uplink air interface, uplink 1lub

link.

Hardware resources are typically decoding resources,
demodulating resources etc. The hardware resources are often
arranged in resource pools. Uplink air interface resources are
related to interference load in the air interface between the
radio base station and the terminal. Only a limited amount of
radio traffic can be carried over the air interface at the
same time. The uplink lub 1link, is the capacity of the 1link
between the radio base station and the radio network
controller. Other capacity limiting resources may also be

present in different network configurations.
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According to one variant of the invention the network node is
compliant to the standard WCDMA Release 6 and the users are
High Speed Uplink Packet Access, hereinafter referred to as
HSUPA, wusers and the step of receiving a rate request is

receiving a rate request for uplink transmission according to

HSUPA.

Further characteristics of the invention and advantages
thereof will be evident from the following detailed

description of embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood from
the detailed description of embodiments of the present
invention given herein below and the accompanying Figs. 1 to
8, which are given by way of illustration only, and thus are

not limitative of the present invention.

Fig. 1 is a schematic block diagram of a network arrangement

according to one variant of the invention;

Figure 2 1is a schematic diagram of network node in greater

detail according to one variant of the invention;

Figure 3 1s a schematic flow diagram of a method according to

one variant of the invention;

Figure 4 1is a series of schematic drawings illustrating
priority assignment of users according to one variant of the

invention;

Figure 5 1s a schematic diagram illustrating allocation of

resources to a user according to one aspect of the invention;

Figure 6 1is a schematic diagram illustrating rescheduling of

resources to users according to one aspect of the invention;

and
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Figure 7 is a schematic flow diagram according to one aspect

of the invention.

Figure 8 1is a schematic plot of allocated transmission rate

for a time scheduled user.

DETAILED DESCRIPTION

In the following description, for purposes of explanation and
not limitation, specific details are set forth, such as
particular techniques and applications in order to provide a
thorough understanding of the present invention. However, it
will be apparent to one skilled in the art that the present
invention may be practiced in other embodiments that depart
from these specific details. In other instances, detailed
descriptions of well-known methods and apparatuses are omitted
so as not to obscure the description of the present invention

with unnecessary details.

Figure 1 is a schematic block diagram showing two radio base
stations (RBS) 101 and 102 connected to a radio network
controller (RNC) 103. The RNC is further connected to a core
network 104, which may comprise a number of different network
nodes. The RNC 103 and the two RBSs 101 and 102 together forms
a radio access network (RAN). A general RAN may of course

comprise several more RBS and RNC nodes.

The RBSs supports an air interface 105 between the RBS and
user eqguipment 106 and 107. Again, only two user egquipments
are shown for simplicity. The air interface 105 is denoted the
Uu interface in wideband code division multiple access (WCDMA)
applications. The interface 108 between the RBS and the RNC 1is
denoted the lub interface in WCDMA applications.

Figure 2 1s a schematic block diagram showing the RBS 101 in
figure 1 in greater detail. In figure 2 the first user 106 and
the second user 107 are sending data to the RBS 101 through a
packet switched connection 202 and 203 according to the high
speed uplink packet access (HSUPA) protocol defined in WCDMA
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release 6 over the air interface 105. The first user 106 has a
scheduled grant of 128 kbps and the second user has a
scheduled grant of 64 kbps. To support this transmission rate,
and to be able to receive the data from the user equipments in
the RBS 101, the RBS 101 allocates hardware resources to each
user from a hardware pool 201. The data received from the
users 106 and 107 in the RBS are forwarded 204 through the 1lub
link interface 108 to the RNC. A scheduler process 1is
schematically shown in figure 2 and denoted 205. It will be
further described below.

The air interface Uu 105 is loaded with the transmissions from
the users 106 and 107. The air interface Uu may only carry a
certain amount of traffic determined by the specific
interference conditions prevailing. Likewise, the hardware in
the RBS 101 is also limited and may only support a specific

amount of user traffic, as is also valid for the lub link 108.

The amount of Thardware in an RBS 1is of —course an
implementation decision, as is the lub link capacity and these
may thus vary between different installations. The capacity of
the air interface Uu is not dependent on design
considerations, other than possibly locations of antennas etc,
but is limited by the amount of interference, as is known by

the man skilled in the art.

Thus it 1s clear that the distribution of the available
capacity between different users is of ocutmost importance with

respect to economy, fairness, quality of service etc.

Figure 3 1is a schematic flow diagram disclosing the general
workings of a scheduler in an RBS according to one aspect of
the invention. In a first step 301 users, or user eqgquipments,
the terms are used as synonyms in the present document, are

assigned priorities based on the current usage of the resource

in guestion.
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In a step 302 the scheduler receives a rate request from a
user located in a cell served by the RBS requesting an
increased grant. The scheduler checks, in a step 303, if there
are availlable resources and 1f so allocates resources in step
304 to the user and sends a grant message to inform the user
of the new increased scheduled rate. If there are no free
resources available to fulfill the users request
appropriately, the scheduler needs to reschedule resources

from one user to the requesting user 1s a suitable candidate

can be found.

In step 305 one or more rescheduling candidates is identified
and one is selected, as will be discussed in greater detail
below. In step 307 it is verified if a rescheduling candidate
could be found and, if so, in step 306 at least some of the
resources allocated to the rescheduling candidate are
transferred to the reqguesting user. If no rescheduling
candidate could be found, it is checked in step 308 if a time
scheduling candidate can be found, and if so its resources are
transferred in step 306. If no time scheduling candidate could

be found no action is taken and the request is scraped.

Figure 4 1is a schematic diagram showing the priority of six
different user equipments UEl to UE6. The user equipments are
located in three different cells served by one RBS and the top
most part of figure 4 disclose the respective priority of the
user equipments with respect to the air interface in the
respective cell. In cell 1 UEl has a scheduled rate equal to
the minimum hardware allocation rate and UE2 has a scheduled
rate equal to the target rate. Consequently, UEl has a higher
priority than UE2. In figure 4 priority increases towards the
left on the X-axis. In cell 2 UE3 has zero scheduled rate and
UE has a scheduled rate well above the target rate, and for
cell 3 UE5 has a scheduled rate equal to the target rate and

UE6 has a scheduled rate somewhat above the target rate.
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In the lower leftmost diagram in figure 4 a corresponding plot
is shown for the TIub interface. As can be seen UE3, which had
zero allocated rate in the cell also has zero TIub rate and
consequently the highest priocrity. UE4 has the lowest priority
since UE4 wutilizes the most of the resources in the Iub

interface.

In the lower rightmost diagram in figure 4 a corresponding
plot is shown for the hardware priority. As can be seen from
the diagram UE3 and UEl has the same priority since, in this
embodiment, a specific amount of hardware is pre-allocated,
even though no transmissions are ongoing. Therefore, hardware
is allocated for UE3 even though UE3 is not wusing any

resources at cell or Iub level.

Figure 5 1s a schematic diagram disclosing the process of

increasing the grant and thus the transmission rate of a user.

It should be noted that the terms grant, scheduled grant, rate
and scheduled rate are used 1nterchangeably through this
description and 1is wused to denote the transmission rate
allocated to a user equipment from the radio base station. The
terms transmission rate and rate are used to denote the actual
transmission rate used by a user eguipment. These are however
often the same. Whenever the term rate 1s used the context
should be sufficient to decide in which meaning the term is

used, if it would be necessary to differ the meaning.

In figure 5 a line 501 illustrates the scheduled grant changes
and a dashed line 502 denotes the transmission rate used by
the user equipment. A user sends a rate increase request 503
and 1is allocated a scheduled rate equal to the minimum
hardware allocation rate. At this first allocation the user is
only allocate a rate equal to the hardware already pre-
allocated to the user. No extra hardware is thus allocated

when the first rate increase 1s received, since a minimum
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hardware was already allocated at the call set-up procedure.
This allows for a quick start of transmission from the user

equipment.

After a small time the user equipment start utilizing the
scheduled grant as 1s seen by the dashed line. Any further
rate requests received from the user during this time 1is
ignored. The RBS can monitor the received transmission rate to
verify when the wuser equipment has adapted to the new
increased rate, or a timer can be used which 1s set to a
suitable time when the user equipment normally would have
adapted. The reason for ignoring further rate requests is that
it should be certain that the user equipment base its decision
to reguest further increase of transmission rate on the
correct allocated grant. Rate requests received too soon may
be sent from the user equipment based in the o0ld scheduled
grant, 1f a new further increased grant is sent instability
may occur or the user may use an unfair amount of the
available resources, and thus ‘“steal” resources from other

legitimate users.

The user sends a further rate request 505 which is ignored and
yvet a further rate request 506. At this time the RBS allocates
a maximum step rate increase 507, set in the RBS and sends the
new scheduled grant to the user equipment. The maximum step
rate increase is set in the RBS to a suitable value based on
the particular circumstances. It 1is provided to give a
substantial rate increase without allocating all resources to
only one user. Additionally, a too large step could increase
the interference in the cell too quickly, and may even cause
dropped calls. In this particular example the user 1is still

not satisfied so another maximum step rate increase 1is

allocated to the user.



10

15

20

25

30

14
WO 2007/133136 PCT/SE2006/050132

At this point one of the resources in the RBS, that is the Uu
interface resource, the TIub 1link resource or the hardware
resource 1is getting low. When the user sends a further rate

increase only a minimum step rate increase 508 is allocated.

After a while the user is finished with the transmissions as
is indicated by the dashed line 502. After a defined time 509
of inactivity resources are freed down to the minimum hardware
allocation rate and after yet a further time 510 a zero grant
is applied. It should be noted however that, even though the
resources for the Tub interface and the Uu air interface are
set to =zero, the hardware are only released down to the
minimum hardware allocation to be able to quickly start any

new transmissions if needed.

Figure 6 is a schematic diagram disclosing the basic principle
of rescheduling, that is, the process of re-distributing
resources between users. Rescheduling will take place if there
is a wuser requesting increased rate, 1f a rescheduling
candidate exists which has a lower ©priority than the
requesting wuser in the limiting resource pool, if the
scheduled rate for the requesting user can be set to at least
the target rate and if the scheduled grant for the
rescheduling candidate, after rescheduling is at least a large
as the scheduled grant for the requesting wuser after

rescheduling.

In the top most diagram in figure 6 a first user 601 sends a
rate request for increased rate. A rescheduling candidate 602
is identified having the 1lowest priority in the limiting
resource pool. However, 1f the first wuser 601 would be
allocated the maximum step increase rate 603, and the
rescheduling candidate would thus have a corresponding
decrease, the rate for the rescheduling candidate 602 would be

lower than the rate for the first user 601. This 1is against
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the rescheduling rules above and so the rescheduling according

to these terms can not be achieved.

In the lower diagram in figure 6 a successful rescheduling is
illustrated. Here the requesting user 601 is allocated the
target rate and the rate for the rescheduling candidate 1is
larger than the rate for the requesting wuser 601. Thus,
rescheduling takes place and the resources are transferred
from the rescheduling candidate 602 to the requesting user

601.

Figure 7 is a schematic flow diagram according to one aspect
of the invention. In step 701 a user;, having sent a “UE rate
increase request” and having the highest priority is selected
for scheduling. Thus, in this embodiment all rate requests are
received 1in another process (not shown) and queued. In step

702 a resource headroom 1s calculated.

If the hardware rate for user; is equal to the scheduled grant

the resource headroom is equal to:

Resource headroom = minfavailable Uu resources, available Iub

resources, available hardware}

If the hardware rate for the user; is larger than the scheduled

rate the resource headroom is equal to:

Resource headroom = min{available Uu resources, available Iub

resources, hardware rate for user; - scheduled grant for user;}

The hardware rate is the transmission rate supported by the
currently allocated hardware for the user;. Since hardware 1is
often time consuming to allocate it can be beneficial to
allocate more hardware than what 1is scheduled for the
remaining resources to save time in later scheduling.

Sometimes it is also not possible to allocate hardware in so
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small qguantities as 1t 1s possible to allocate Uu and ITub

resources.

The (hardware rate for user; - scheduled grant for user;) is a
measure of how much hardware resources the present user has
allocated in hardware, but not scheduled in the other resource
pools. If this figure equals zero new hardware resources need

to be allocated to the user.

In step 703 a check is made to see if the scheduled rate or
the booked rate for user; is larger than or egual to the target
rate. Booked rate is a scheduled rate which has not yet been
sent out to the user. If the rate is larger than the target
rate the process continues in step 704 else the process

continues in step 705.

An evaluation regarding if either a minimum or maximum rate
step increase 1is possible for the user; is performed in step

704.

If the user has a booked grant equal to the target rate, and
since the maximum step rate increase normally should be
greater than the target rate, it 1is possible that the user
could get an additional raise up to the maximum step rate
increase if there is enough headroom. Thus, in a step 707, the

user is given a rate increase of:

Rate 1increase = min{headroom, max step - (Target rate -

scheduled rate) )

If the user; has no booked grant, that is the scheduled grant
is equal to or larger than the target rate, then if the
headroom is less than the minimum step rate increase it is not
possible to give any further rate increase and the present
user 1is removed and the possibilities for rescheduling 1is
evaluated in step 706. Else, in step 707, the user; is given a

rate increase of:
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Rate increase = min{headroom, max step}

In step 707 the rate increase for user; is booked, that is the
rate increased for user; is updated in the a resource view
keeping track of the utilization of the different resources
and a grant message is generated and gueued for sending to the

user; on a grant channel.

If the user has a scheduled or booked rate which is less than
the target rate it is evaluated in step 705 if a rate increase
to the target rate 1is possible. If the target rate 1is less
than the headroom the target rate is booked in step 708
similarly to step 707.

If any of steps 704 or 705 fails the process continues with
step 706 in which rescheduling 1is processed as disclosed
previously with reference to figure 6. In step 709 the new

grants for the requesting user and the rescheduling candidate

are booked.

If, in step 706 in figure 7, no rescheduling candidate can be
found, time scheduling can be applied according to one aspect
of the present invention. If the requesting user has a
scheduled or booked grant which is less than the target rate
and a rescheduling candidate can be found which has a lower
priority in the limited resource pool than the requesting user
and a scheduled rate which is equal to or larger than the
target rate, this rescheduling candidate may be used for
rescheduling even though the rescheduling candidate will not
have a higher scheduled grant than the requesting user after
rescheduling. Thus, time scheduling is the process where two
or more users share the available resources over time as 1is

disclosed in greater detail below.

Figure 8 1s a schematic time diagram disclosing time

scheduling. A first wuser has a transmission rate 801,
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indicated by the dashed 1line, egual to the min hardware
allocation rate and sends an increased rate reguest 803. The
scheduler 205 in figure 2 evaluates the situation and is
unable to find free resources or a rescheduling candidate and
thus seeks for a time scheduling candidate, which transmission

rate is indicated by the dash-dot line 802 in figure 8.

A grant message is sent to the time scheduling candidate to
reduce the scheduled grant down to zero kpbs. After a specific
time, or when the RBS detects that the time gcheduling
candidate has reduced its transmission rate to a configurable
rate, such as zero kpbs, an increased grant is sent to the
requesting user 801, which increases its transmission rate to

the new available rate.

Since the time scheduling candidate has more data to send it
will send increased rate requests 805. The time scheduling
candidate 802 1is now the requesting user. After a definable
time 806 the scheduler sends a new grant 807 to the user 801
setting the scheduled grant to a configurable rate, such as
zero kbps and the process repeats. Thus, user 801 and user 802

share the available resources over time.

In a more realistic example, even though the above example
involving a pair of users selected for time scheduling may be
preferable 1in some implementations, the scheduler would
probably find a third user which had already transmitted for
the definable time 806, when a new rate request 1is received
from the user 802 after the time scheduling is finished. This
third user would then be time scheduled with user 802. In this
way a definable number of users may simultanecusly share

resources over time in a round-robin fashion.

It should also be noted that 1f excess hardware is available

the scheduler may not necessarily release hardware between
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time scheduling to thereby perform time scheduling in a faster

way .

It will be obvious that the invention may be wvaried in a
plurality of ways. Such variations are not to be regarded as a
departure from the scope  of the invention. All such
modifications as would be obvious to one skilled in the art

are intended to be included within the scope of the appended

claims.
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CLAIMS

l. A method in a cellular radio network telecommunication

system for assigning resources to users, comprising a
network node having resources to be allocated to users

being present in a radio cell served by said network

node,

characterised in the steps:

- assigning a priority to each user in said radio cell,

where a user consuming a larger portion of said resources

is assigned a lower priority than a user consuming a
lower portion of gaid resources,
- receiving a rate request, requesting a larger
transmission rate, from a first user having a first
priority,
- if not sufficient free resources are available to
fulfil said first users rate reguest:

+ selecting a second user having lower priority than
said first user,

+ sending messages to said first and second users
indication the scheduled grant, and

+ transferring resources, assigned to said second
user, from gaid second user to said first user, to
thereby decrease the consumed resources for said second
user and increase the consumed resources for said first

user.

. The method according to claim 1, comprising the further

steps of:

- assigning a target transmission rate to the cell,
- in said step of selecting, selecting a second user
having lower priority than said first user and a

scheduled rate which is larger than said target rate.

PCT/SE2006/050132
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. The method according to claim 1 or 2, comprising the

further step:
- 1in said step of selecting, selecting a second user for
which, after said step of transferring, the rate is still

equal to or larger than the rate for said first user.

. The method according to any of claims 1 to 3, wherein

- in said step of assigning, a higher priority is
assigned to a user having requested a higher rate for a

longer time.

. The method according to any of claims 1 to 4, comprising

the further step of:

- in said step of assigning, assigning a lower priority
to a user which has consumed a particular amount of said
resources for a longer time than a user which has
consumed the same amount of said resources for a shorter

time.

. The method according to claim 4 when dependent on claim

2, comprising the further step of:

- if said first user has a scheduled rate which is lower
than said target rate, and, in said step of selecting, no
second user can be found which has a scheduled rate which
is larger than said target rate, or if a maximum number
of simultaneously active users has been reached:

- in said step of selecting, selecting a second user
having consumed said resources at least for a defined
time,

- in said step of transferring, transferring all, or a

part, of said second users resources to said first user.

. The method according to claim 1, comprising the further

steps of:

- measuring the actual transmission rate for users

located in said cell,
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10.

11.

12.

- in said step of selecting, primarily selecting a second
user not utilising the scheduled rate and secondarily

selecting a user having lower priority.

. The method according to claim 1, comprising the further

steps of:

- allocating, during user initiation, a first amount of

hardware resources to all users entering said cell.

. The method according to any of claims 1 to 7, wherein

- sald resources are any of: Hardware resources, uplink

air interface, uplink lub link.

The method according to any of claims 1 to 8, wherein
- said network node is compliant to the standard WCDMA
Release 6 and said users are High Speed Uplink Packet
Access, hereinafter referred to as HSUPA, users and said
step of receiving a rate request is receiving a rate

request for uplink transmission according to HSUPA.

The method according to claim 1, wherein
- saild resources comprises Hardware resources and at
least one further resource, comprising the further steps
of:
- allocating hardware resources to the user at call set-
up to support a first transmission rate.
- 1f said user has a scheduled grant of 0 kbps allocating
sufficient resources, if available, from said second

resource to support said first transmission rate.

A radio base station in a radio telecommunication
system comprising resources to be allocated to users
being present in a radio cell served by said radio base
station,

characterised in:

- means for assigning a priority to each user in said
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13.

14.

15.

radio cell, where a user consuming a larger portion of
said resources is assigned a lower priority than a user
consuming a lower portion of said resources,

- means for receiving a rate request, requesting a larger
transmission rate, from a first user having a first
priority,

- means for selecting a second user having lower priority
than said first user,

- means for transferring resources from said second user
to said first user, to thereby decrease the consumed
resources for said second user and increase the consumed
resources for said first user, if not sufficient free
resources are available to fulfil said first users rate

request.

The radio base station according to claim 10,
comprising

- means for assigning a target transmission rate to the
cell,

- means for selecting a second user having lower priority
than said first user and a scheduled rate which is larger

than said target rate.

The radio base station according to claim 10 or 11,
comprising

- means for selecting a second user for which, after said
step of transferring, the rate is still equal to or

larger than the rate for said first user.

The radio base station according to any of claims 10
to 12, comprising
- means for assigning a lower priority tc a user which
has consumed a particular amount of said resources for a
longer time than a user which has consumed the same

amount of said resources for a shorter time.
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1l6.

17.

18.

19.

20.

The radio base station according to any of claims 10
to 13, comprising
- means for determining if said first user has a
scheduled rate which is lower than said target rate, and
no second user can be found which has a scheduled rate
which is larger than said target rate, or if a maximum
number of simultaneously active users has been reached:

- means for selecting a second user having the lowest
priority and having consumed said resources at least for
a defined time,

- means for transferring all, or a part, of said

second users resources to said first user.

The radio base station according to any of claims 10
to 15, comprising
- means for measuring the actual transmission rate for
users located in said cell,
- means for primarily selecting a second user not
utilising the scheduled rate and secondarily selecting a

user having lower priority.

The radio base station according to any of claims 10
to 15, comprising
- means for allocating, during user initiation, a first
amount of hardware resources to all users entering said

cell.

The radio base station according to any of claims 10
to 16, wherein
- said resources are any of: Hardware resources, uplink

air interface, uplink lub link.

The radio base station according to any of claims 10
to 17, wherein
- said radio base station is compliant to the standard

WCDMA Release 6 and said users are High Speed Uplink
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Packet Access, hereinafter referred to as HSUPA, users
and said step of receiving a rate request is receiving a

rate request for uplink transmission according to HSUPA.

21. A radio telecommunications system comprising a radio

base station according to any of claims 10 to 18.



WO 2007/133136 PCT/SE2006/050132
1/7

103 Core Network

RNC
o ZANEBAN
PN

RBS | [RBS |




WO 2007/133136 PCT/SE2006/050132
2/7

Assign priority /\}01

to users

Y
Receive rate /\}02
request

303 304

Available
resources?

Allocate
Resources

Selecte 305
rescheduling /\/

candidate

308
307

ime scheduling
candidate
avaliable?

Candidate
found?

Fig. 3

306
/\/

Transfer
resources

A




PCT/SE2006/050132

WO 2007/133136

3/7

Aol alempley £

Lotd qn

1
h=Ng} o50)

— | ¥ 81

| | | | | |
<+ _ _ _ _ i 1 0

dl
-

| | ] | Lr//\\‘WI sdqy 0197

-------.------u------MMMMNW”-MM”MWW------I--u-..n-l-lllnu-----l--l-n-l..I--MMﬂMNW“-UQI--l- ﬂhOmﬁﬂoﬁz—ﬂ }fﬁﬂ =med
_----.---.---%-*-----.------.---..-------.----%-%--.-----u-- ey Howhﬁr—;

2

2 %

v
Sgy ‘Y arempieH

Aiotid € 119D

Aol 7 112
mv LIOLId T 112D >
40 49N an 4N

19501
L L ™

3

v
S ey qng

Ao 1 113D

[ ! sdqy] 0097

d
~ I I

B ERANSEEEANEREENSANEBREANSRCRSNGRENUENLSSUNNSSUSIEREIEENESARFNRREARSEAREEROEDE

2
25

v A

€ 1190 =y nn

TIRD =iy N}

y v

1 119D "=1ieyd N



PCT/SE2006/050132

WO 2007/133136

g 01 Jopio Juesd Anjosqy H

_Jsonbau asealoul 9yl 7)., H

g I } I I A FT(%
+« !%Ev_ 0137
“ L Nos
| N uonedoe AAH Urin
1
016 Sj\“
v/ > ey 19318,

4/7

1
1
|
_ : LOS
N X

e N\

[}
%1{
I [P




PCT/SE2006/050132

WO 2007/133136

57

9 "8I

sdqy 0197

o«

uoneso[[e A\H UIN

ajey 1981e],

¥ |

09

sdqy 0137

A

owin

uonedoe MH UIA

Jjey] 19d1e],

209



WO 2007/133136
6/7

701

PCT/SE2006/050132

table)

In highest priority order - Select user that have sent “UE rate increase request”. (Update priority

Calculate (\7/02

resource head room

=>Target

A

rate?

705

papseoong

5

Evaluate if rate step to
Target Rate is possible

(Min/Max step) is possible

Evaluate if rate step

Succeéded

Book new grant and
HW Grant & update

resource view
708 \(

I—-— pajied ———

v

Succ?eded

Book or re-book new grant and

book or re-book HW grant
& update resource view

<
707

Failed
Reschedule
Uu/iub/HW
706
on
[
(93
(9]
(0]
2
709 &

Book or re-book new grant and
book or re-book HW Grant
& update resource view

Fig. 7



PCT/SE2006/050132

WO 2007/133136

717

oun

LO8

:_ _:m o

———T l_mne_ 0137

A

=LA Tmuonedo]je AAH UIA

908 908

_
_
. ey 1984k,
I
N e




INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2006/050132

International patent classification (IPC)
HO04Q 7/38 (2006.01)
HO4L 12/56 (2006.01)

Download your patent documents at www.prv.se
The cited patent documents can be downloaded at www.prv.se by
following the links:

e In English/Searches and advisory services/Cited documents
(service in English) or
* e-tjdnster/anfédrda dokument (service in Swedish).
Use the application number as username.
The password is OWSGVXGXIQ.

Paper copies can be ordered at a cost of 50 SEK per copy from
PRV InterPat (telephone number 08-782 28 85).

Cited literature, if any, will be enclosed in paper form.

Form PCT/ISA/210 (extra sheet) (April 2005)




INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2006/050132

A. CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet )
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched {classification system followed by classification symbols)

IPC: HO04L, HO4Q

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE,DK,FI,NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-INTERNAL, WPI DATA, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 20050030953 A1 (S.VASUDEVAN ET AL), 1-21
10 February 2005 (10.02.2005), [0036]-[0052],
figs.3 & H5A+5B,abstract

A LEE J.A. ET AL 1-21
A rate control algorithm for uplink high-speed
packet data transmission in UMTS".

The Sixth IEEE - Piscataway, NJ, USA

International Workshop on Signal Processing
Advances in Wireless Communications - 5-8 June 2005
PUB - The Sixth IEEE International Workshop on
Signal Processing Advances in Wireless
Communications. IRN - ISBN 0-7803-8867-4 PG-730-734
Sections 1,2.abstract

m Further documents are listed in the continuation of Box C. E See patent family annex.
*  Special categories of cited documents: “T" later document published after the international filing date or priority
“A" document defining the general state of the art which is not considered date and not in conflict with The application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“B" earlier application or patent but published on or afier the international X gocument of particular relevance: the claimed inyention cannot be
_ flingdae o o considered novel or cannol be considered to invelve an inventive
L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited 1o establish the publication date of another citation or other

"0" document referring 1o an oral disclosure, use, exhibition or other considered % involve an inventive step when the document is

e ) . . . . being obvious to a person skilled in the art

P*  document published prior to the international filing date but later than " on )
the priority date claimed &" document member of the same patent family

special reason (as specified) “Y* document of particular relevance: the claimed invention cannot be

means combined with one or more other such documents, such combination

Date of the actual completion of the international search Date of mailing of the international search report

1 March 2007 05 03 2007

Name and mailing address of the ISA/ Authorized officer

Swedish Patent Office

Box 5055, S-102 42 STOCKHOLM Elisabet Rselius / itw
Facsimile No. +46 8 666 02 86 Telephone No. +46 8 782 25 00

Form PCT/ISA[210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT International application No.

PCT/SE2006/050132

) C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

E

EP 1672941 Al (MATSUSHITA ELECTRIC INDUSTRIAL €O.,
LTD.), 21 June 2006 (21.06.2006), abstract

WO 2007017837 A2 (KONINKLIJKE PHILIPS ELECTRONICS
N.V.), 15 February 2007 (15.02.2007),
abstract

1-21

1-21

Form PCT/ISA/210 (continuation of second sheet) {April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

26/01/2007 | PCT/SE2006/050132

US 20050030953 Al  10/02/2005

o e et o Pt e et o e Bt B B B et i e

EP 1672941 Al 21/06/2006

e b e (o e S B O P S S el S Ot S Pt B it R P B

NONE
JP 2006191554 A 20/07/2006
US 20060182065 A 17/08/2006
WO 2006063642 A 22/06/2006
NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report
	Page 38 - wo-search-report

