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ADJUSTMENT OF RADIO DETECTION LEVEL FOR REQUEST SIGNALS
BASED OBSERVED FALSE DETECTION

TECENICAL FIELD OF THE INVENTION

The present invention relates to radio communication and in
particular to a radio base station, an O&M node and a method
for determining a threshold 1level for detecting access

signals as received.
BACKGROUND

3GPP LTE (Long Term Evolution), usually referred to just as
“LTE”, is a cellular radio access communication technology
for packet switched services. A cell is defined by a set of
resources for supporting terminals with communication. A
radio base station (RBS) provides the physical entities for
the cell resources. Figure la illustrates a cellular system
100, for simplicity only one cell, 130, one RBS, 110, and
one terminal 120 is shown, while in practice a cellular
system comprises a plurality of RBS each supporting one or
more cells, and there typically are a number of terminals in
each cell. The presence of a radio channel 140 between the
terminal 120 and the RBS 110 is also indicated in figure 1la.
A cell is often described as serving terminals within a
physical area, albeit, the service areas of different cells
may fully or partly coincide with each other. In LTE the
terminal is named UE (User Equipment) and the RBS eNodeB. In
the further description the terminal is named UE, while the

general acronym RBS is maintained.

In radio communication, and especially in cellular
communication, noise and interference from non-desired
signals are added to the received power of a desired signal.
The desired signal may be detected when the received power

of it exceeds that of noise and interference with a minimum
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level. Most transmissions from UEs are scheduled and
therefore the RBS knows many details on when and how to best
receive it. However, some UL (UpLink) radio channels are
non-scheduled and the RBS has no expections when the UEs may
transmit on the channel. Typically these types of channels
are used by the UEs to transmit an access signal to request
access to transmission resources. The uncertainty in timing,
if any reception will be made at all, in combination with no
error correction coding being available makes it difficult
for the RBS to detect the access signals. The RACH (Random
Access CHannel) is one example on these types of channels,
and the problems will be more elaborated with the RACH as
example, albeit the further problem description is also

relevant for other channels that carry access signals.

The RACH 1is a non-scheduled channel used by a UE to
communicate in the UL with the RBS. The RBS is typically not
aware of if/when a UE will need to access the network, in
particular for initial access, when the UE makes a first
contact with the network, and when it has UL data to
transmit after a period of non-transmission. The UE will
transmit an access signal, here named random access

preamble, as it wants to access the network.

The power control of the RACH in radio systems, i.e. the
ability to control that the received power level for the
RACH preamble is sufficiently high has always been a crucial
part of radio network control. It is essential that also UEs
on the cell edge can access the network. In case the
threshold in the RBS for detecting an access signal is set
too high, the cell range shrinks.

With the RACH type of channel, it is always a trade-off
between missed detections and false alarms, which is
illustrated in figure 1b. A missed detection on the RACH
means that the RBS does not detect a random access preamble

transmitted by a UE. If the UE has the capacity to increase
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the power it retransmits the random access preamble at
higher power until a response is received. In such a way,
access may eventually be achieved but at the expense of
delay. A false alarm on the RACH means that the RBS
incorrectly detects a random access preamble when none has
been transmitted, e.g. due to a high noise and possibly
interference peak. There 1is in other words a trade-off
between service coverage and access delay on the one hand

and false alarm load and resource consumption on the other.

In order to separate random access preambles which have
actually been transmitted by real UEs from those falsely
detected from noise and interference, a threshold parameter
is needed. Typically, the threshold should be set such that

a desired false alarm ratio is achieved.

It is normally a tedious work to designate the values of
such a threshold parameter, since the noise and interference
changes continuously over time and area and with that the
required signal to interference plus noise ratio (SINR). A
too high threshold as compared to the actually required SINR
implies the number of access attempts made before the UEs
succeed in getting access to the network will increase, and
this in turn generate further interference. Hence, traffic
can not be handled in the swift pace that would be desired.
A too low value, on the other hand, implies a sensitive
receiver that wastes its limited resources to serve noise
rather than serving true traffic. Again, traffic can not be

handled in the swift pace that would be desired.

Even though generally the RBS has no advance-knowledge of
if, or when a UE will need to access the network there are
some situations where the use of the random access channel
can be foreseen. For situations when the RBS knows in
advance when UEs will use the random access channel, e.g. at
incoming handover, the RBS can assign dedicated random

access preambles for explicit use by such individual UE. The
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random access procedure that applies with an assigned random
access preamble is here referred to as contention free
random access (CFRA), also called non-contention based
random access, while contention based random access (CBRA)
is used for the former where the UE randomly selects one

preamble from a set of preambles allocated for CBRA.

The inevitable result of a system that uses both of these
random access schemes, e.g. one that supports both public
CBRA and designated CFRA, 1is that the random access
preambles must be pre-partitioned in two groups: one group
broadly announced to the UEs as being available for random
selection in case a UE on its own initiative accesses the
network and a second group consisting of those used to
temporarily assign individual preambles as the CFRA users
occur, see figure 5. The second group need typically not be

broadly announced.

Problems with existing solutions on the RACH

There is an ever-changing trade-off between false alarm and
missed detection. The existing methods to determine the best
value of a threshold parameter are very much methods that

involve trial and error.
The problems with existing solutions are:

1. Lack of Observability; A missed detection can not be
observed since by definition it leaves no trace and
there is no evidence it did occur. A false detection
can not be observed in that way it can not easily be
distinguished from a detection of a true access
whenever such occurs on a channel that does not allow

the completion of the random access procedure.

2. Coarse and uncertain estimations; There is no secure
method to select as threshold value one equilibrium

matching that specific SINR of detection which
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minimizes false detections as well as missed
detections. Rather the methods are typically based on
trial and error. Often a value that implies a
substantial amount of false detections must be selected
to achieve, if not optimal, so at least acceptable

service coverage.

3. Direct impacts on 1live traffic; As can be seen in
figure 1b, increasing the threshold used to detect real
accesses will immediately increase the amount of missed
detections. Missed detections imply longer delays and
increased call setup times. Decreasing the threshold
will directly increase the amount of false alarm

detections.

4. Tedious and ever-changing; The noise and interference
changes over time and area. It is a hard if not an
impossible quest to find the thresholds of equilibrium
that maximizes served traffic in different parts of the

radio access network.
SUMMARY OF THE INVENTION

The present invention addresses the problem of finding and
setting a detection threshold 1level that makes a good
balance between false detections and lost detections in an

environment with varying radio conditions.

The solution to the problem is based on the insight that one
or more access signal resources in a dgroup of possible
access signals resources in some situations is/are
guaranteed to not carry a true access signal in one or more
time slots on the radio channel. Detection of an access
signal on an access signal resource in a time slot when the
access signal resource cannot carry an access signal is
therefore known to be a false detection. The detection
threshold in the receiver is then adjusted to meet target

ratio of false detections.
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The invention includes a method that comprises the steps of:

e Identifying a plurality of time slots when one or more
of the access signal resources cannot be utilized for
carrying an access signal. A detection of an access
signal on an access signal resource in a time slot,
when the access signal resource cannot be utilized is

also identified as being a false detection.

e Adjusting the threshold level for detection of access
signals such that the ratio of false detections will

adapt to a predefined level.

The invention also relates to a radio base station adapted
for performing the method, and to an Operation and
Maintenance node that is arranged for performing some of the

steps of the inventive method.

An advantage with the present invention is that it enables
tuning of a detection threshold level until a fair/desired
balance between missed detections and false detections of

access signals is achieved.

A further advantage with the present invention is that the
threshold 1level may be continuously and autonomously
adjusted in the RBS to maintain the balance when the

conditions in radio environment change.

A further advantage provided by embodiments of the present
invention is while the threshold level is being tuned, the
detection of access signal/s which is the result of actual
traffic can continue without being negatively affected by

the tuning.
DESCRIPTION OF THE DRAWINGS

Figure la is a view illustrating a cellular system.
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Figure 1b is a graph illustrating the probabilities of false

alarm and of missed detection vs. SINR.
Figure 2 is a flowchart of the steps of an inventive method.

Figure 3a is a signalling chart illustrating the messages
exchanged between a UE and LTE RAN in relation to a

contention based random access procedure.

Figure 3b is signalling chart illustrating the messages
exchanged between a UE and LTE RAN in relation to a

contention free random access procedure.

Figure 4a is diagram illustrating a physical structure of an

LTE frequency carrier.

Figure 4b is diagram illustrating time slots on an LTE

frequency carrier and random access request formats.

Figure 4c is diagram illustrating time slots on an LTE
frequency carrier.Figure 5 1is a scheme illustrating the
total group preambles for random access, and its

partitioning into separate groups and use.

Figure 6 is a flowchart of the steps of a detection

threshold level tuning algorithm.

Figure 7 is a block diagram of an inventive RBS.
Figure 8 is a graph of received power over time.
DESCRIPTION OF PREFERRED EMBODIMENTS

Figure 2 is a flow chart of the steps of the invention. In a
first step 21 time slots are identified in which one or more
of a plurality of access signal resources is/are unavailable
to UEs and cannot be used by a UE for accessing the network.
The identification is based on at least some of the access
signal resources are possible to assign to UEs for use in

defined time slots. Assignable access signal resources that
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are not assigned to any UE for one or more time slots cannot
be used by any UE during those time slots. If an access
signal is received on an access signal resource in a time
slot when it is non-assigned, its detection is identified as

being false.

In the following step, 22, an access signal detection
threshold level is adjusted, such that the ratio of false
detections converges to a desired target ratio. The ratio of
false detection is calculated as the number of identified
false detections versus the number of potential false
detections. Any unavailable access signal resource in a time
slot is a potential false detection. The longer time period
false alarms are detected the higher number of time slots
for potential false detections and the better confidence in

the false alarm ratio.

The same threshold level for detecting all access signals
can be applied irrespective of if the access signal
detection is false or correct, and continuously adjusted
until the target ratio of false detections is obtained in
step 22. Alternatively, the detection 1level for access
signals other than the identified false detections is tuned
in a separate step 23, and not until the target level of
false alarm ratio is reached by the tuning in step 22, the
detection threshold level for correct detections is adjusted

in step 23.

There are at least two types of access signal resources:

e a preamble, for use by the UE when accessing the
network via a RACH (Random Access CHannel) during

a random access process, and

¢ a scheduling request resource, for use by the UE

when accessing the network via a PUCCH (Packet
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Uplink Control CHannel) during a scheduling

request procedure

The identification of unavailable access signal resources
will be described further down for the respective access

procedure.

The problems as described above in the prior art sections,

are solved by the following merits of the invention:

1. Enable Observability: By identifying, 21, time slots
and access signals resources that are not assigned in
the time slots, false detections can be observed since
a detection of an access signal carried on a non-
assigned access signal resource can not be

misinterpreted as detections of true accesses.

2. Matched and certain estimations: Based on a number of
identified false detections a SINR detection level is
tuned, 22, into equilibrium level that keeps the ratio

of false detections at a predefined level.

3. Minimal or no impact on 1live traffic: While the RBS
serves UEs with communication, the detection threshold
level for false detections can be tuned in a radio base
station, with no impact on the traffic served. The
detection level threshold for correct detections may be
tuned after the threshold level for false detections
has reached its equilibrium value, and thereby the risk
of temporary receiving a high number of false

detections or missing detections is eliminated.

4. Adaptive to ever-changing radio conditions: The present
invention enables the access signal threshold to be
adjusted, if and when radio conditions, such as noise
and interference 1levels, change. The invention allows

for the detection threshold level being adaptively and
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autonomously adjusted, with the constraint to keep the

ratio of false detections at the predefined level.

Physical channels in the LTE

Figure 4a illustrates the physical channel structure in the
LTE uplink. A frequency carrier is divided in the time
domain into subsequent radio frames, one of them illustrated
in top of figure 4a. Each radio frame is divided into time
slots that are paired into sub-frames. Lower part of figure
4a illustrates the two time slots of a sub-frame are
subdivided in the frequency domain into a plurality of
physical resource blocks. In the example of figure 4a, there
are 12 resource blocks on the frequency carrier, other
numbers are possible depending on the bandwidth of the
frequency carrier. In figure 4a only the resource blocks of
two of the time slots are illustrated, though it should be
understood all time slots on a frequency carrier comprises

the same number of physical resource blocks.

The Physical Uplink Control Channel (PUCCH) is allocated to
one physical resource block, e.g. PBl, positioned at the
edge of the frequency carrier, and the position alternates
to be at the upper or lower edge between subsequent time
slots. The PUCCH is used for signaling of HARQ ACK/NACK
reports, channel quality information feedback and scheduling
request. PUCCH from different users can be code-multiplexed
onto the same physical resources block. The PUCCH capacity
may be increased by at least a second physical resource
block PB2 being allocated in each of the time slots. If two
resource blocks PBl, PB2 they alternate their position in
frequency domain between subsequent time slots.

Similarly to the PUCCH the RACH is assigned resource blocks
in predefined time slots. There are plural alternative
schedules of assignment, and the selected assignment is

broadcasted as system information. In LTE the RACH is
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assigned to at least one sub-frame of two subsequent time
slots. There are plural alternative formats for the random
access signal, two of which are illustrated in figure 4b. In
a first format the random access signal format comprises a
cyclic prefix CP followed by preamble. The length of the
first format is shorter than the sub-frame of 1 ms, to give
room for a guard period that compensates for variations in
the propagation delay owing to if the random access signal
is sent from a UE on the cell border or from a UE in the
vicinity of the radio base station. Figure 4b discloses two
copies of the first format to illustrate the variations at
arrival timing at the RBS, and the need for guard time. As
an example of the various random access signal formats
second random access signal format is illustrated in two
copies in lower part of figure 4b. The second format
comprises a cyclic prefix and a random access preamble
repeated twice and requires two subsequent sub-frames to
accommodate its length. The type of random access signal
that shall be used in a cell 130 is predefined and

broadcasted as system information.

Random access procedure in LTE

The messages exchanged between UE and RBS during the CBRA
procedure for the LTE are shown in figure 3a. Before
initiation of the CBRA procedure, the UE has received the
system information of the cell. The UE starts the random
access procedure by randomly selecting one of the preambles
available for CBRA. The UE then transmits the selected
random access preamble on the physical random access channel
(PRACH) to the RBS. The RBS acknowledges any preamble it
detects by transmitting a random access response, as is
disclosed by MSG2 in figure 3a. The random access response
includes an initial grant to be used on the uplink shared
channel, a temporary C-RNTI and a time alignment update.

When receiving the response the UE uses the grant to
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transmit a message, see MSG3, that is wused to uniquely
identify the UE on the common channels of the cell, and for
the initial access case, also is used to trigger the
establishment of radio resource control. Since multiple UEs
may transmit the same preamble at the same time, the
procedure ends with the RBS solving any preamble contention
that may have occurred. The ending contention resolution
message, see MSG4, includes the UE identity of the single UE
that is granted access to the network in the random access

procedure.

The messages exchanged between UE and RBS during the CFRA
procedure for the LTE are shown in Figure 3b. In this
procedure, the RBS assigns a dedicated preamble to a UE and
that is available for that UE during the period it is
assigned. The UE transmits the assigned dedicated preamble
on the PRACH to the RBS. The RBS detects that it has
received a preamble that was dedicated to a specific UE and
is therefore able to identify the UE already at this stage,
as opposed to the CBRA procedure where the RBS can identify
the UE first after receiving MSG3. The RBS then acknowledges
that it has received the preamble by transmitting the CFRA
random access response message, see MSG2 in figure 3b, to

the UE, and that ends the procedure.

Access signal resources for the random access procedure and

identification of unavailable access signal resources

For random access, the access signal resources are the
random access preambles available in a random access

channel, where each preamble is an access signal resource.

The RBS that serves both these RA schemes, i.e. one that
supports both public CBRA and designated CFRA, must
inevitably pre-partition the preambles in two groups. Figure
5 illustrates the total group of preambles for the random

access procedure partitioned into a group from which a UE
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120 randomly selects a preamble when performing a CBRA, and
another group of preambles any of which is to be assigned to
a UE when performing a CFRA. The RBS 110 assigns CFRA
preamble to UEs, 120, within the cell 130. The sub-group of
preambles for CBRA is either fixed, according to a standard
specification, or semi-statically broadcasted in the
coverage area of the cell. When the RBS assigns a CFRA
preamble to a UE the UE is informed over dedicated and

secure connection.

During the times when CFRA users either do not occur at all,
e.g. if the support for CFRA is switched OFF in the RBS, or
whenever the occurrence of users does not require the full
CFRA group of preambles, one or more of the preambles in the
group of CFRA preambles will not be assigned to any UE. The
non-assigned preambles, Pl, in figure 5 are illustrated by
the non-hatched squares, Pl. The non-assinged CFRA
preambles, Pl, are unavailable to the UEs in the cell and
known a priori not to carry a valid random access request
from any UE. Any detection of a unavailable CFRA preamble
will therefore always and inevitably be a false alarm. There
will be no missed detection of such a preamble since it is

known in advance not to be used.

A CFRA preamble will be assigned to a UE for a time duration
which is necessary to complete the procedure for which CFRA
preamble is needed. The assigned CFRA preamble is then
returned to the group of non-assinged CFRA preambles. The
CFRA process is included LTE standard and that implies the
RBS keep control of which of the CFRA preambles that are

currently allocated and which are free.

Unavailable preambles to be used for determining false

detections are;
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e The CFRA preambles, Pl, that are not designated to any
UE within a cell, 130, are used for finding false

detections within that cell.

¢ Optionally, the set of preambles for finding false
detections is restricted by neither being used in the

own cell nor in a neighbor cell.

e Optionally a preamble is allocated only for the
special purpose of identifying false detections. The
special purpose preamble will not be assigned to any
UE. An advantage is it can be used in a wide range of
cells and a false detection in one of the cells of the
special purpose preamble will not be caused by a UE in
the cell border sending it with intention to be

received in a neighboring cell.
Scheduling request procedure

A UE in active mode that has something to send in the UL
request the right to transmit data on the shared data
channel via a scheduling request message on the PUCCH
(Physical Uplink Control Channel). The scheduling request is
a request for access to the UL shared data channel and is as
such an access signal just as the random access preamble.
The UE only transmits a scheduling request on the allocated
resource when it has data to transmit in UL, i.e. when it
wants to request a scheduling grant from the RBS. When the
UE does not have a need to request a scheduling grant, no
scheduling request signal is sent on its assigned scheduling

request resource.
Scheduling request access signal resource

A scheduling request resource on PUCCH is defined by a
specific code and specific physical resource blocks in a
specific sub-frame on the LTE frequency carrier. The UE may

be assigned either or both of the first physical resource
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block PB1l, and the second physical recourse block PB2,
within the two time slots of the sub-frame. Plural UEs may
be assigned the same physical resource blocks, PBl, PB2,
albeit with different codes. The same code may be assigned
to two UEs on separate physical resource blocks PB1l, PB2
within the same time slot. A scheduling request resource
dedicated to a UE will typically be periocdically recurring,
for example in the first physical resource block, PBl, in a
sub-frame recurring with a 5 ms period. Figure 4c
illustrates a series of time slots that are grouped into
sub-frames, a first scheduling resource in first sub-frame,
SF1l, that 1is recurring with 5 ms period is assigned to a
first UE. The first scheduling resource is also assigned to
a second UE albeit in a second sub-frame, SF2, that is also
recurring. The first and second sub-frames, SF1, SF2, do not

coincide.

The LTE RBS possesses information on which scheduling
request resources that are available on PUCCH in each sub-
frame, and which of these that have been assigned to a UE
and which that are non-assigned, i.e. which scheduling
request resources that are unavailable to the UEs and cannot
carry a scheduling request. Scheduling requests detected on
a non-used scheduling request resource on the PUCCH, can
thus be identified as false detections by the RBS and be
used for tuning the detection level threshold for scheduling
request on the PUCCH.

Detection level tuning algorithm

Figure 6 is a flowchart disclosing the more detailed steps
of tuning the detection threshold level for access signals.
In an initial step 50, time slots with non-assigned signal
resources and for each time slots the respective non-
assigned signal resources are identified. In a following
step 51, access signals carried on the unused access signal

resources are detected and identified as being false alarms.
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Next, 52, the false alarm probability is calculated as the
number of detections divided by the total number of
potential false detections. In following step, 53, the
calculated ratio of false detections is compared to a
desired ratio. If the difference between calculated and
desired ratios exceeds a predefined range, the threshold
level for detection of false alarms is adjusted in step 54.
If, alternatively, the difference between the detected and
desired ratios is within the predefined range, the detection
threshold level for correct detections is adjusted to the
same value as was set for the incorrect detections, in step
55.

Note that it should be understood that step 50 and step 51
can be done in a different order, i.e. the access signals
could be detected on all access signal resources and
thereafter which of these that are unused could be
determined. It should also be understood that step 53 could
contain filtering and/or averaging of the measured false

alarm probability over a number of access signal detections.

It is possible to apply the same detection level for false
and correct detection of access signals, and tune it in step
54. If so step 55 is superfluous. Tuning the thresholds of
false and correct detection separately is preferred, because
during the tuning process, it is possible that the threshold
levels could become too high or too low, and applying the
same settings to the detection of real access signals could
therefore temporarily degrade performance of the real access
signals. Moreover, different threshold settings may be
applied to CFRA and CBRA preambles, since for assigned CFRA
preambles it is highly probable the CFRA preamble will
occur. By using different threshold settings it may be

difficult to tune both thresholds simultaneously.

The desired false alarm ratio is expected be selected within
a span of 10% - 0.001%.
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The ratio of false detections may alternatively Dbe
calculated as the ratio between the number false detections

versus the number of correct access signal detections.

Monitoring assignments and releases of access signal

resources

The assignment and release of dedicated access signal
resources shall be continuously monitored. In case of random
access preambles, their CFRA assignments may be updated
within intervals expected to be about 1 ms, depending on how
frequent handovers are into the cell. With respect to
scheduling request, the unused scheduling request resources
are expected to vary from sub-frame to sub-frame since
scheduling request resources in subsequent sub-frames will

rarely be assigned to the same UE.
Physical implementation in RBS and optionally in 0&M

The tuning process as disclosed by figure 5 is performed by
the RBS. Alternatively, an O&M server in a separate node
outside the RBS performs the comparison, and controls the
tuning of the detection threshold values, see steps 53-55.
In both alternatives, the RBS performs the detection,
identifies the false detections and calculates the false

alarm ratio, i.e. the actions of steps 51 and 52.

Figure 7 discloses a RBS, 110, adapted for performing the
inventive method. The functions of the RBS is organized
according a protocol stack, 712, comprising from bottom to
top, a physical layer, a MAC layer, a RLC layer and a RRC
layer in parallel with a PDCP layer. The protocol layers are
mainly implemented in software run on data processors, with
the physical layer as an exception. For that reason the
physical components transceiver, 711, and antenna unit, 713,
are indicated within the physical layer, albeit, the

protocol stack, 712, model traditionally indicates functions
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provided without the physical means required for the

implementation.

The MAC layer keeps control of the assignments of CFRA
preambles, and of assignments of scheduling request
resources on PUCCH. When a new assignment is made the MAC
informs the physical layer and when it cease also the
physical layer is informed. It is also possible to implement

these functions outside the MAC layer.

Detection of signals and data are performed by the physical
layer and a counter for respectively false and potential
false detections is introduced, preferably in software, let
be alternative in hardware is feasible. The physical layer
performs detections of access signals. The detection
threshold level/s on the physical layers is arranged for
being adjustable. The physical 1layer is updated with
information on assigned access signal resources and released
assignments for the PRACH and for the respective PUCCH. The
physical layer also has information on the total group of
assignable preambles and set of scheduling request resources
in each sub-frame. A detected assignable preamble that is
not assigned is identified as being a false detection by the
physical layer. In case of the RBS, 110, itself is arranged
for comparing of the ratio of false detections and for
controlling the tuning 1levels, these functions are

implemented in the physical layer software of the RBS, 110.

If alternatively, the comparing and adjusting steps, 53-55,
are controlled by an O&M system, the RBS sends the measured
figures on correct and false detections to the 0O&M server,
72, for example via an interface to an IP network that
conveys the information. The O&M server, 72, responds with
information on one or more detection threshold levels. O&M
servers controlling parameter settings in the RBS could be
commonly known and standardised within 3GPP, but typically

these will be proprietary. An inventive O&M server, 72, is
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implemented with software for determining detection
threshold values based on reports from the RBS on figures of

correct and false access signal detections.
Detection of an access signal

The detection of an access signal can for example be based
on that the detected signal power should exceed the
estimated noise and/or interference power by a specific
factor. Figure 8 1is a graph example of how the received
power varies over time and threshold levels for detection.
The minimum factor that the detected signal power should
exceed is given by the threshold value. In case of a random
access preamble, the timing of the preamble is also unknown
which means that the preamble detection algorithm needs to
evaluate a number of different time offsets. The detection
threshold could be based on the estimated average noise
and/or interference, but could also be based on the variance
of the noise and/or interference. For example: If the
variance of the noise and/or interference is large, a larger
threshold value may be required compared to if the variance

would be smaller.
Miscellaneous

It should be understood that also more false detections than
those identified and used for tuning the detection threshold
level occur during access signal detection. The purpose of
the tuning a setting of the detection threshold level is to
find a balance between missed detections of true access
signal on one hand and an on the other the number of false

detections that cannot immediately be identified as false.

In cellular communication systems the access signal
resources are assigned and radio channels provided per cell.
Accordingly the methods as described should be understood to
be performed per cell when the invention is applied in a

cellular communications system. For implementation in any
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future systems also non-cellular communication systems
should be considered. The invention is here described in
the context of LTE but it is straight forward to generalize
the description also to GSM, WCDMA, cdma2000, WiMAX or to
any present or future radio communication system that
controls assignment to UEs of at least some of available
access signal resource and that can monitor unused access
signal resources and thereby can assess a priori that any
detected access signal carried by a wunavailable signal
resource is a false detection. In principle, the embodiment
on the random access signal could be applied within the
current WCDMA standard.
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Abbreviations and acronyms

CBRA Contention Based Random

Access procedure

CFRA Contention Free Random Access
procedure
DL Down Link, 1i.e. transmission

direction from network to UE

MAC Medium Access Control

O&M Operation & Maintenance

PDCP Packet Data Convergence
Protocol

PRACH Physical Random Access
Channel

RACH Random Access Channel

RBS Radio Base Station, in LTE
the RBS 1is officially named
eNodeB

RLC Radio Link Control

RRC Radio Resource Control

SINR Signal to Interference and

Noise Ratio

UL Up Link, i.e. transmission

direction from UE to network

LTE RAN LTE Radio Access Network
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CLAIMS

1. A method related to receiving access signals from
terminals (120) over a radio channel (140) that is divided
into time slots, and wherein the access signals are
transmitted on predefined access signal resources, the

method c haracterisedby the steps of:

- identifying (21) a plurality of time slots when
one or more of said access signal resources (Pl)
are unavailable for carrying a access signal,
wherein a detection in any of said time slots of
an access signal carried by an unavailable access
signal resource is identified as being a false

detection;

- adjusting (22, 54) a threshold level for detection
of the access signals, such that the ratio of

false detections will adapt to a predefined level.

2. A method according to claim 1 wherein at least some of
the access signal resources are assignable to terminals
(120) for use in one or more time slots, and in the
identifying step (21) the non-utilized access signal
resources consist of non-assigned access signal resources

among the assignable access signal resources.

3. The method of claim 1 or 2 wherein the access signal
resources are a group of access preambles comprising a
subgroup of randomly selectable preambles and a subgroup

of assignable preambles.

4.The method of claim 3 wherein the radio channel (140) is

a random access channel.

5.The method of claim 1 or 2 wherein the access signals

are scheduling request signals.
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6. The method of claim 5 wherein the access signal
resource is a code and a resource block within a time
slot.

7. The method of claim 6 wherein the access signal
resource is assigned to a terminal (120) for aperiodically

recurring time slot.

8. The method of claim &, 6 or 7, wherein the radio

channel is a packet uplink control channel.

9. The method of claim 1 wherein the threshold level for
detection is based on the signal power relative to the

power of at least one of interference and noise.

10. The method of claim 1 wherein the ratio of false
detections is a number of identified false detections
versus a number of potential false detections, or is said
number of false detections versus a number of correct
detections, wherein the number of false detections and the
number of potential false detections or number of correct

detections are collected during the same period.

11. The method of claim 1 wherein the method is performed
for respective cell (130) in a cellular communications
network (100).

12.A radio base station (110) comprising, a radio receiver
(711), means for receiving (711, 712, 713) access signals
from a plurality of terminals (120) over a radio channel

’

characterised by further comprising:

e means for assigning one or more access

signal resources among plural access signal
resources to terminals;

e means for keeping a record on non-assigned
access signal resources and respective time

slots of the non-assignment;
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means for identifying detections of access
signals as being false detections if
detected on one of said access signal
resources that is not assigned in the

respective time slot of detection;

means for keeping count of the number of
false detections and the number of non-

assigned access signal resources; and

means for adjusting (22, 54) a threshold
level for detection of the access signals,
such that the ratio of false detections will
adapt to a predefined level.

radio base station of claim 12, wherein the

adjusting means further is arranged to:

compare the ratio of false detections with a

desired number of false detections; and

arranged for adjusting the detection
threshold in relation to the result of the

comparison.

14. The radio base station of claim 12, further comprising

a interface for communication with an O&M server, and

arranged to report the number of correct detections and

the number of false detections to the O0&M server, and

arranged for receiving an instruction on the level for the

access signal detection threshold and arranged to adjust

the access signal detection threshold level according to

the instruction.

15. An Operation and Maintenance node with an interface

for communication with a radio base station, being adapted

for:
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Receiving from the radio base station information

on a ratio of false access signal detections

Comparing the ratio of false access signal

detections with a desired ratio

Determine a detection threshold 1level for the
false alarm with the aim of adjusting the ratio of

false access signal detections to converge towards
the desired ratio.

Informing the radio base station of said

determined detection threshold level.



WO 2009/105003 PCT/SE2008/050201

1/7

100

120

130

Fig la



WO 2009/105003 PCT/SE2008/050201

2/7

False

detection
Threshold
—l

©
»

Missed
detection

SINR
Fig. 1b

identify non-used access — 21
signals

\ 4

tune first detection threshold till
predetermined false detection
ration is achived

(L 22

________________________ e
i adjust second detection threshold in 123
. relation to first detection threshold |

....................................................



PCT/SE2008/050201

WO 2009/105003

L R el S Ti 1o Tttt

A0V OdVH

asuodsal sse0or wopuey -7HOSIN

»i

eg¢ "1

asuodsa1 uoIssIsueI}
UoNN[OSAY UONUANU0)) (DS

asuodsar goIsstuasuetl pampayos ¢ HSIN

[

asuodsar ssa998 Wopury YHgD :ZOSIN

7 3

A[qUuedld SSAIVY Wopuey VidD

SS900Y WOPURY ‘UOIBULIOJUI WA)SAS

N~
Q/u Q[qUIBAIJ SS990Y Wopuey VH4D
JuwugIsse
olqueald VidD
NV ALT qn

NVY 411

Y

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/050201

WO 2009/105003

4/7

ey "bi4

owm

<t
%

(swy) sweyg-qns |

<t
-~k

S~ e O]
ad - ., x|
__ %oqo:wom\mwooﬁm
S]0|S 2 90JN0SY
ll
o#  std p# c# T 14 0#

sSWw Q| saweld olpey |

SUBSTITUTE SHEET (RULE 26)



PCT/SE2008/050201

WO 2009/105003

S/7

S]0[S s}

)

1d4S

Nn_w

N

s

Cl#

cl#

R

T T# Ol# cH
aiy "Bi4
a|queald a|quiea.d dd
9|qwieaud a|quiea.d do
a|qweaud dD
s|qweaid | 4o
“(swp)swegns
H # T# 0#

j
}

Jeuo)
vd Uig

Jewloy
vdisi

SUBSTITUTE SHEET (RULE 26)



WO 2009/105003

6/7

PCT/SE2008/050201

Randomly selectable preambles for

Preambles reserved CFRA CBRA
A
r e ™
Assigned to
UEA

Assigned to UE B P1 non-assigned preamble

Assigned to UE C

Fig. 5
f50

Identify time slots & non-used access signal resources |«

A

Detect false alarms

51

52
ALT Calculate false alarm ratio

Compr. calcaulated

ratio with desired

access signal detection

9/4

Tune detection thr'eshold for

false alarm detection

c-———

Adjust detection level for correct :



WO 2009/105003 PCT/SE2008/050201

712

Power#

777
IP- O&M 72
network server
110
;
/ v N4 RB
RRC PDCP
RLC
MAC
PHY
Antenna
RX/TX [ Unit
\ l/ //
7171 713
Fig. 7
Detected signal
Threshold Average interference + noise

Time offset

Fig. 8



1

INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2008/050201

A. CLASSIFICATION OF SUBIECT 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: HO04B, HO04Q

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 W0 2007052971 Al (LG ELECTRONICS INC.), 10 May 1-15
2007 (10.05.2007), figures 1-17, claims 1-20,
abstract, paragraphs [0052] - [0057]; [0118] -
[0122]; [0190] - [0193]

A WO 2007025970 Al (TELEFONAKTIEBOLAGET LM ERICSSON 1-15
(PUBL)), 8 March 2007 (08.03.2007), claims 1-15,
abstract

A US 20030095517 A1l (PROCTOR, JR), 22 May 2003 1-15

(22.05.2003), claims 1~19, abstract

EI Further documents are listed in the continuation of Box C. Izl 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 conilict with the application but cited to understand
10 be of particular relevance the principle or theory underlying the invention
E %?;'rllxerd:gcphcauon or patent but published on or after the international  «x+ gocument of particular relevance: the claimed invention cannot be
e g . - . Lo considered novel or cannot be considered to involve an inventive
L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other . . o ,
special reason (as specified) Y* document of particular relevance: the claimed invention cannot be

considered to involve an inventive step when the document is

e . , -
O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

ey, lcNS . . . . . being obvious to a person skilled in the art
P” document published prior to the international filing date but later than won ,
the priority date claimed &" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
25 November 2008 2 6 -{4- 2008
Name and mailing address of the ISA/ Authorized officer
Swedish Patent Office
Box 5055, 8-102 42 STOCKHOLM Elisabet Aseljus/PR
Facsimile No. +46 8 666 02 86 Telephone No. +46 8 782 25 00

Form PCT/ISA/210 (second sheet) {July 2008)



2
INTERNATIONAL SEARCH REPORT

International application No,

(PUBL)), 10 April 2008 (10.04.2008), page 4,

1ine 6 - page 6, 1ine 24; page 9,
1ine 16 - line 28, abstract

PCT/SE2008/050201
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
E WO 2008041916 Al (TELEFONAKTIEBOLAGET LM ERICSSON 1-15

Form PCT/ISA/210 (continuation of second sheet) (July 2008)




INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2008/050201

International patent classification (IPC)
H04B 7/005 (2006.01)
HO04Q 7/38 (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:
¢ TIn English/Searches and advisory services/Cited documents
(service in English) or
¢ e-tjanster/anfédrda dokument (service in Swedish) .
Use the application number as username.
The password is CFMQWPLJKK.

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) (July 2008)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No,

01/11/2008 | PCT/SE2008/050201
WO 2007052971 A1  10/05/2007 EP 1949565 A 30/07/2008
EP 1949566 A 30/07/2008
KR 20080058464 A 25/06/2008
KR 20080066734 A 16/07/2008
WO 2007052972 A 10/05/2007
WO 2007025970 Al  08/03/2007 CA 2620614 A 08/03/2007
EP 1929807 A 11/06/2008
KR 20080048496 A 02/06/2008
US 20070049311 A 01/03/2007

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




INTERNATIONAL SEARCH REPORT

International application No.
Information on patent family members

01/11/2008 | PCT/SE2008/050201
US 20030095517 Al  22/05/2003 AU 2575899 A 15/09/1999
CN 1292188 A,T 18/04/2001
EP 1058987 A 13/12/2000
us 6236647 B 22/05/2001
us 6388999 B 14/05/2002
us 6452913 B 17/09/2002
us 6678260 B 13/01/2004
us 6707804 B 16/03/2004
us 6928064 B 09/08/2005
us 6940842 B 06/09/2005
us 7221664 B 22/05/2007
US 20010002904 A 07/06/2001
US 20020054581 A 09/05/2002
US 20020071409 A 13/06/2002
US 20020080742 A 27/06/2002
US 20030086399 A 08/05/2003
US 20040179497 A 16/09/2004
US 20040180696 A 16/09/2004
US 20040208147 A 21/10/2004
Us 20040213176 A 28/10/2004
WO 9944341 A 02/09/1999
AT 313924 T 15/01/2006
AU 750879 B 01/08/2002
AU 5203099 A 20/12/1999
CA 2333654 A 09/12/1999
CA 2636713 A 09/12/1999
CN 1257654 C 24/05/2006
CN 1304625 A,T 18/07/2001
CN 1882184 A 20/12/2006
DE 69929050 D, T 03/08/2006
DK 1084587 T 22/05/2006
EP 1084587 A,B 21/03/2001
SE 1084587 T3
EP 1631113 A 01/03/2006
ES 2253902 T 01/06/2006
HK 1034402 A 17/03/2006
JP 2002517941 T 18/06/2002
JP 2008079327 A 03/04/2008
KR 20070001287 A 03/01/2007
KR 20070046979 A 03/05/2007
KR 20070057279 A 04/06/2007
KR 20070102759 A 19/10/2007
KR 20080025214 A 19/03/2008
NO 323653 B 18/06/2007
NO 20006076 A 30/01/2001
NO 20070706 A 30/01/2001
us 6222832 B 24/04/2001
US 20020163898 A 07/11/2002
US 20050013284 A 20/01/2005
US 20050249168 A 10/11/2005
US 20050259624 A 24/11/2005
US 20070223426 A 27/09/2007
WO 9963682 A 09/12/1999
BR 0211016 A 10/08/2004
CA 2450670 A 19/12/2002

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




INTERNATIONAL SEARCH REPORT

International application No.
Information on patent family members

01/11/2008 | PCT/SE2008/050201

US 20030095517 Al  22/05/2003 CN 1264359 C 12/07/2006
CN 1528095 A 08/09/2004
EP 1396159 A 10/03/2004
IL 159261 D 00/00/0000
JP 2005504460 T 10/02/2005
JP 2008048454 A 28/02/2008
MX  PA03011589 A 28/10/2004
NO 20035557 A 13/02/2004
us D508595 S 16/08/2005
WO 02102098 A 19/12/2002
BR 0211006 A 21/12/2004
CA 2450680 A 19/12/2002
CN 1528094 A 08/09/2004
CN 1897751 A 17/01/2007
EP 1396158 A 10/03/2004
IL 159262 D 00/00/0000
JP 2004531148 T 07/10/2004
JP 2007097209 A 12/04/2007
MX  PA03011587 A 28/10/2004
NO 20035560 A 13/02/2004
WO 02102095 A 19/12/2002
AU 3805201 A 14/08/2001
CA 2437296 A 09/08/2001
CN 1228931 C 23/11/2005
CN 1430824 A,T 16/07/2003
EP 1256192 A 13/11/2002
JP 2003529979 T 07/10/2003
KR 20070078839 A 02/08/2007
KR 20070086288 A 27/08/2007
KR 20080045090 A 22/05/2008
us 7079523 B 18/07/2006
US 20020080024 A 27/06/2002
US 20060274711 A 07/12/2006
WO 0158043 A 09/08/2001
AT 403344 T 15/08/2008
AU 8259998 A 04/01/1999
DE 69839806 D 00/00/0000
EP 0990354 A,B 05/04/2000
EP 1983692 A 22/10/2008
us 6151332 A 21/11/2000
WO 9859447 A 30/12/1998
AT 230915 T 15/01/2003
AU 727495 B 14/12/2000
AU 8259198 A 04/01/1999
BR 9810196 A 08/08/2000
CA 2295438 A 30/12/1998
CN 1135011 B 14/01/2004
CN 1135012 C 14/01/2004
CN 1264522 A,T 23/08/2000
DE 69810623 D, T 11/09/2003
DK 990365 T 05/05/2003
EP 0990365 A,B 05/04/2000
SE 0990365 T3

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




INTERNATIONAL SEARCH REPORT International application No.
01/11/2008 | PCT/SE2008/050201

Information on patent family members

ES 2189201 T
HK 1029482 A
JP 2002510447 T
KR 20070046111 A

NO 318289 B
NO 996273 A
us 6081536 A
us 6526281 B

US 20030129990 A
US 20040157617 A
US 20040160910 A
WO 9859523 A

01/07/2003
02/07/2004
02/04/2002
02/05/2007
28/02/2005
17/02/2000
27/06/2000
25/02/2003
10/07/2003
12/08/2004
19/08/2004

WO 2008041916 Al  10/04/2008 NONE

30/12/1998

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




	Page 1 - front-page
	Page 2 - description
	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 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report

