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Description

A method for fast radio link measurements of access point candidates for WLAN
handover, a mobile terminal, an access point and program modules therefore

The invention relates to a method for fast determination of the quality of a radio
link in a Wireless Local Area Network (WLAN) according to the preamble of claim 1,
a mobile terminal according to the preamble of claim 4, an access point according to
the preamble of claim 10 and program modules according to the preambles of claims 7
and 12.

The WLAN standards IEEE 802.11a/b/g are experiencing a successful de-
velopment. This success is mainly based upon the use of these standards in enterprise
networks, hot spots and at home, i.e. conference centers, railway stations, airports,
hotels and so on. In these environments, Voice over Internet Protocol (VoIP) and
Voice over WLAN (VoWLAN) are becoming attractive technologies with the main
goal to reduce the communication costs by merging data and voice networks.

Offering real time handover is an essential requirement for VOWLAN and other real
time services like video conferences and therefore the handover between two WLAN
access points is an active subject of research because the handover time has to be
drastically reduced in order to allow VoOWLAN seamless mobility between two IEEE
802.11 access points.

During a handover, one phase consists in measuring (scanning) the radio link
qualities of potential candidate access points. The IEEE 802.11 standard only defines
quite slow methods for passive and active scanning to perform these measurements.
Active scanning according to the IEEE 802.11 standard is the faster one, but it is still
too long to carry out a fast handover in accordance with real time service requirements.

The IEEE 802.11 standard active scanning is implemented in such a way that the
mobile terminal sends a broadcast probe request for each IEEE 802.11 channel and
awaits for each channel the responses from each potential candidate access point of
this channel. Each potential candidate access point may respond with a delay, so for
each channel the mobile terminal has to wait a significant delay to discover and
measure radio link quality of the access points that it can join. This significant delay is
dependent on the number of access points and has a value of about 15 ms in case of
three access points. A typical default value used for this significant delay is about 20
ms.

In order to speed up the probe exchange by means of enabling an access point to
send back faster the probe response, some contributions to the IEEE 802.11 standard
suggested that the access point does not wait for the time span of a so-called
distributed coordination function interframe space (DIFS) and a so-called backoff time
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but responds instantaneously only after the so-called short interframe space (SIFS).
The disadvantage of this kind of solution is that it introduces a non-standard behavior.

The object of the invention is to propose a solution for fast determination of the
quality of aradio link in a Wireless Local Area Network (WLAN).

This object is achieved by a method according to the teaching of claim 1, a mobile
terminal according to the teaching of claim 4, an access point according to the teaching
of claim 10 and program modules according to the teaching of claims 7 and 12.

The invention is based on the insight, that standard measurements with active
scanning solutions and existing proprietary solutions always imply that the probe
response from the candidate access points have to be awaited. The common
shortcoming of these solutions is, that the global measurement time is too long for real
time service requirements. Furthermore, when a mobile terminal performs mea-
surements over another channel than the one of its current access point, it can not
receive and send user traffic during the measurement time.

The main idea of the invention is that an access point that has received a probe
request message from a mobile terminal does not send back a probe response message
to the mobile terminal if the mobile terminal has indicated in the probe request
message that it intends to perform radio link measurements. Instead of sending a probe
response message, the access point only sends an acknowledgement message which
will be used by the mobile terminal to perform the measurements. In order that the
access point sends back an acknowledgement message, the probe request message
must be sent in unicast, 1.e. point-to-point and not in broadcast according to the IEEE
802.11 standard. A further embodiment could implement that the access point also
replies to a probe request message sent in broadcast with an acknowledgement
message.

The mobile terminal initiates a measurement procedure by means of sending probe
request messages for each candidate access point in unicast, i.e. a dedicated probe
request message will be sent to each candidate access point with a specific service set
identifier (SSID). For instance, this specific SSID could be composed in the following
way: “used SSID for traffic” + “_” + “MEASUREMENT”. By means of the keyword
MEASUREMENT, the access point does not send back a probe response message, but
only sends back an acknowledgement message as response to the unicast probe request
message. It is also possible to use no specific SSID and in this case the access point
will have a non-standard behavior.

Preferably, both the uplink and downlink radio links must be measured because the
uplink and downlink powers are not necessarily equal. For downlink measurements
from the access point to the mobile terminal, an acknowledgement message as
response to a unicast probe request message is sufficient. Thus, the solution supports
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power asymmetry deployment for the radio link between the access point and the
mobile terminal.

The proposed solution requires that the access point manages a specific SSID and
that the access point preferably ignores this specific SSID when it is probed in
broadcast, as in this case no acknowledgement message is sent. This solution also
enables to support mobile terminals that are not supporting this solution. It is also
possible that the access point responds to this specific SSID when it is probed in
broadcast which will enable a mobile terminal supporting the solution to test the
solution that is implemented in the access point.

A mobile terminal will be enabled by this solution to perform a measurement in 0.8
ms for each access point at a data rate of 11 Mbit/s instead of about 2 ms for the fast al-
ternative solution of a unicast probe request and a probe response. This delta time is
very important because it may be necessary that the mobile terminal performs several
measurements for each candidate access point.

The invention preferably uses the well-known principle of the so-called candidate
access point list and the corresponding channels, i.e. the mobile terminal knows its
adjacent access points together with their corresponding channels and can therefore
restrict the number of unicast probe request messages it has to send.

Further developments of the invention can be gathered from the dependent claims
and the following description.

In the following the invention will be explained further making reference to the
attached drawings.

The WLAN network in which the invention can be implemented comprises at least
two access points AP1, AP2 and at least one mobile terminal STA.

The access points AP1, AP2 are both connected to each other via a backbone
system and the mobile terminal STA is within the coverage of the radio links of said
access points AP1, AP2. The mobile terminal STA is connected via a wireless
connection to access point AP1 and can by means of the backbone system be further
connected to another mobile terminal within the same WLAN network. Furthermore,
said mobile terminal STA can also be connected by means of the backbone system and
via gateways to devices like e.g. terminals or servers located in further networks like
e.g. the Internet or another mobile or fixed network. Additional access points that can
be comprised in the WLAN network may also be connected to each other and/or to
said access points AP1, AP2 via a backbone system, and additional mobile terminals
that can be comprised in the WLAN network may also be connected to one or more of
the additional access points and/or said access points AP1, AP2.

The access points AP1, AP2 comprise the functionality of an access point of a
WLAN network, i.e. they provide the possibility for mobile terminals to get connected
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to the WLAN network. Furthermore, according to the invention the access points AP1,
AP2 comprise means to omit sending a probe response message PRE1 and PRE2 resp.
to said mobile terminal STA after having received a probe request message PRU1 and
PRU?2 resp. from said mobile terminal STA.

In another embodiment, the access points AP1, AP2 additionally comprise means
for sending an acknowledgement message ACK to said mobile terminal STA after
having received the probe request message PRU1 and PRU2 resp. from said mobile
terminal STA.

The mobile terminal STA comprises the functionality of a mobile terminal for a
WLAN network, i.e. it can be connected to a WLAN network by means of an access
point AP1 or AP2. Additionally, the mobile terminal STA comprises means for
sending the probe request messages PRU1, PRU2 at least to the access point AP1 and
AP2 resp. with said probe request messages PRU1, PRU2 comprising a specific
identifier requesting from the receiving access point AP1 and AP2 resp. notto respond
with a probe response message PRE1 and PRE2 resp. to the mobile terminal STA.

In another embodiment, the probe request messages PRU1, PRU2 sent from the
mobile terminal STA additionally comprise a specific identifier requesting from the
receiving access point AP1 and AP2 resp.to respond with an acknowledgement
message ACK.

In the following, by way of example the method according to the invention is
described in detail and compared with the prior art making reference to figs. 1 and 2.

Fig. 1 schematically shows the data transfer belonging to an active scanning
procedure according to the IEEE 802.11 standard between two access points AP1 and
AP2 and a mobile terminal STA all belonging to the same WLAN network and with
the mobile terminal STA being connected to the access point AP1 and also being
within the coverage of the radio link of the access point AP2.

The data transfer scheme according to the prior art depicted in fig. 1 shows in the
upper row data packets sent from the mobile terminal STA to the access points AP1
and/or AP2, in the middle row data packets sent from the access point AP1 to the
mobile terminal STA and in the lower row data packets sent from the access point AP2
to the mobile terminal STA all plotted against the timeline t.

The active scanning scenario of a radio channel depicted in fig. 1 starts with the
mobile terminal STA broadcasting a probe request message PRB. Subsequent, the
mobile terminal STA awaits probe response messages PRE1, PRE2 from the access
point AP1 and AP2 resp. that have received the probe request message PRB. If the
mobile terminal STA does not receive any probe response messages PRE1, PRE2
within a minimum time span MIN that is depicted by a double arrow in fig. 1, the
mobile terminal STA starts scanning another radio channel. Otherwise, the mobile
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terminal STA processes all probe response messages PRE1, PRE2 received within a
maximum time span MAX that is depicted by the large double arrow in fig. 1.

After the waiting time DIFS, the access point AP2 is the first to send a probe
response message PRE2 to the mobile terminal STA. As the mobile terminal STA
receives this response within the minimum time span MIN, the mobile terminal STA
has to wait for further probe response messages PRE1, PRE2 to arrive till the
maximum time span MAX has elapsed.

After the waiting time SIFS, the mobile terminal STA sends an acknowledgement
message ACK as a response to the access point AP2.

Subsequent, after the time span DIFS has elapsed, it is the turn of the access point
AP1 to answer the probe request message PRB, but the access point AP1 has to wait
till a backoff time BO has elapsed before it is allowed to send the probe response
message PRE1. The backoff time BO increases on average with the number of un-
successful attempts of the access point AP1 to transmit data and decreases every time
the sending is deferred caused e.g. by the use of the channel by the access point AP2.

After the time span SIFS has elapsed, the mobile terminal STA sends an ac-
knowledgement message ACK as a response to the access point AP1.

The mobile terminal STA begins with the processing of all received probe response
messages PRE1, PRE2 only after the maximum time span MAX has elapsed.

Fig. 2 schematically shows the data transfer according to one embodiment of the
invention between the two access points AP1 and AP2 and the mobile terminal STA all
belonging to the same WLAN network and with the mobile terminal STA being
connected to the access point AP1 and being within the coverage of the radio links of
the access points AP1 and AP2. Said data transfer scheme is used in order to perform a
method for fast radio link measurements according to the invention.

The data transfer scheme depicted in fig. 2 shows in the upper row the data packets
sent from the mobile terminal STA to the access points AP1 and/or AP2, in the middle
row the data packets sent from the access point AP1 to the mobile terminal STA and in
the lower row the data packets sent from the access point AP2 to the mobile terminal
STA all plotted against the timeline t.

The active scanning scenario of a radio channel depicted in fig. 2 starts with the
mobile terminal STA sending a probe request message PRU2 to the access point AP2
in unicast. The probe request messages PRU1 and PRU2 shall comprise a specific
identifier requesting from the receiving access point AP1 and AP2 resp. notto respond
with a probe response message PRE1 and PRE2 resp. to the mobile terminal STA. For
instance, the probe response messages PRU1 and PRU2 can comprise a specific SSID
with an additional keyword as already mentioned above.

Subsequent, after the waiting time SIFS has elapsed, the access point AP2 sends an
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acknowledgement message ACK to the mobile terminal STA.

The mobile terminal STA, after a waiting time DIFS and a backoff time BO have
elapsed, sends a probe request message PRUI to the access point AP1 in unicast.

After the waiting time SIFS has elapsed, the access point AP1 sends an ac-
knowledgement message ACK to the mobile terminal STA.

In another embodiment of the invention, the mobile terminal STA broadcasts the
probe request message PRU1 and said probe request message PRU1 comprises an
additional specific identifier requesting from the receiving access point AP1to respond
with an acknowledgement message ACK.

To perform the method according to the invention, the already mentioned principle
of the candidate access point list and the corresponding channels is preferably used.
Thus, the mobile terminal STA can restrict the sending of probe request messages
PREI, PRE?2 to its adjacent access points AP1, AP2.

The mobile terminal STA uses the acknowledgement messages received from the
access points AP1, AP2 to perform measurements to determine the downlink radio link
quality.

In case of the method according to the invention, the time that elapses till a
measurement can be performed is composed of the time span DIFS, a backoff time, the
time needed for a probe request message PRU1 or PRU2, the time span SIFS and the
time needed for an acknowledgement message ACK which sums up to about 0.8 ms at
a data rate of 11 Mbit/s.

In case of the prior art solution of a unicast probe request with a probe response, the
time that elapses till a measurement can be performed is composed of the time span
DIFS, a backoff time, the time needed for a probe request message PRU1 or PRU2, the
time span SIFS, the time needed for an acknowledgement message ACK, the time span
DIFS, a backoff time, the time needed for a probe response message PRE1 or PRE2,
the time span SIFS and the time needed for an acknowledgement message ACK which
sums up to about 2 ms at a data rate of 11 Mbit/s. As already mentioned, this delta time
compared to the method according to the invention is very important because it may be
necessary that the mobile terminal STA performs several measurements for each
candidate access point AP1 or AP2 to get an average measurement.

In case of the solution according to the IEEE 802.11 standard depicted in fig. 1, the
time that elapses after the probe request has been broadcasted till a measurement can
be performed is mainly composed of the time span DIFS, the backoff time, the time
needed for a probe response message PRE1 or PRE2, the time span SIFS and the time
needed for an acknowledgement message ACK. The main difference to the method
according to the invention with respect to the time consumption is that in case of the
solution depicted in fig. 1, the mobile terminal STA collects and processes all probe
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response messages PRE1, PRE2 that arrive within a certain time span MAX.. The
typical default value for the time span MAX that has to be awaited before the mobile
terminal STA begins with processing of all received probe response messages PREI,
PRE?2 is about 20 ms and therefore too high to allow for real time services.

Sending the probe request message PRU1 or PRU2 in broadcast with requesting not
to send a probe response message PRE1 and PRE2 resp., but to send an ac-
knowledgement message ACK could reduce the time needed for performing radio link
measurements using the acknowledgement message ACK even more, as only one
probe request message PRU1 or PRU2 must be sent. However, if the probe request
message PRU1 or PRU2 is sent in broadcast, the sending can not be restricted to the
preselected adjacent access points AP1 and AP2.

Unrecognized text
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Claims

A method for fast determination of the quality of the radio link from a mobile
terminal (STA) to an access point (AP1) in a Wireless Local Area Network char-
acterized in, that after having received a probe request message (PRU1) from
the mobile terminal (STA), the access point (AP1) does not send a probe
response message (PRE1) to said mobile terminal (STA).

A method according to claim 1, characterized in, that after having received a
probe request message (PRU1) from said mobile terminal (STA), said access
point (AP1) sends an acknowledgement message (ACK) to said mobile terminal
(STA).

A method according to claim 1, characterized in, that said probe request message
(PRU1) is unicast.

A mobile terminal (STA) for communicating within a Wireless Local Area
Network comprising means for sending a probe request message (PRU1) to at
least one access point (AP1) characterized in, that the probe request message
(PRU1) comprises a specific identifier requesting from the receiving access point
(AP1) notto respond with a probe response message (PRE1) to the mobile
terminal (STA).

A mobile terminal (STA) according to claim 4 characterized in, that said probe
request message (PRU1) comprises a specific identifier requesting from said
receiving access point (AP1)to respond with an acknowledgement message
(ACK).

A mobile terminal (STA) according to claim 5, characterized in, that said mobile
terminal (STA) comprises means to receive an acknowledgement message
(ACK) from said receiving access point (AP1) in response to said probe request
message (PRU1) that has been sent to said receiving access point (AP1).

A program module to be executed in a mobile terminal (STA) for sending a
probe request message (PRU1) to at least one access point (AP1) for com-
municating within a Wireless Local Area Network characterized in, that the
probe request message (PRU1) comprises a specific identifier requesting from
the receiving access point (AP1) notto respond with a probe response message
(PRE1) to the mobile terminal (STA).

A program module according to claim 7 characterized in, that said probe request
message (PRU1) comprises a specific identifier requesting from said receiving
access point (AP1) to respond with an acknowledgement message (ACK).

A program module according to claim 8 characterized in, that if the program

module is executed, it expects to receive an acknowledgement message (ACK)
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from said receiving access point (AP1) in response to said probe request message
(PRU1).

An access point (AP1) for communicating within a Wireless Local Area Network
comprising at least one mobile terminal (STA) characterized in, that the access
point (AP1) comprises means to omit sending a probe response message (PRE1)
to the mobile terminal (STA) after having received a probe request message
(PRU1) from said mobile terminal (STA).

An access point (AP1) according to claim 10 characterized in, that said access
point (AP1) comprises means for sending an acknowledgement message (ACK)
to said mobile terminal (STA) after having received the probe request message
(PRU1) from said mobile terminal (STA).

A program module to be executed in an access point (AP1) for communicating
within a Wireless Local Area Network comprising at least one mobile terminal
(STA) characterized in, that if the program module is activated, no probe
response message (PRE1) is sent to the mobile terminal (STA) after having
received a probe request message (PRU1) from said mobile terminal (STA).

A program module according to claim 12, characterized in, that if the program
module is activated, an acknowledgement message (ACK) is sent to said mobile
terminal (STA) after having received the probe request message (PRU1) from
said mobile terminal (STA).



WO 2006/045797

11

[Fig. 001]

M

PCT/EP2005/055531

-

MIN
. E—

DIFE EIFE ©DIFS
> » 4

P

STA-=2F1,AP2 | ERB LA

o ——

AP -50TA W

BP2 - »5TA PREZ |

5IFs

[Fig. 002]

B1vs DIFS 3IFS
4 4> o >
P P i

STh->APl, APZ | PRUZ I W/j PRU1L E

ADZ-wSTA P |acH

» t

t



INTERNATIONAL SEARCH REPORT

.

International application No

PCT/EP2005/055531

A. CLASSIFICATION OF S}JBJECT MATTER
HO4L12/28

According to International Patent Classification (IPC) orto both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

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

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

EPO-Internal, WPI Data, INSPEC, COMPENDEX

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

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

Relevant to claim No.

MOO RYONG JEONG ET AL: "Fast Active Scan
Proposals”

IEEE 802.11-03-623R0, ‘Online!

July 2003 (2003-07), pages 1-17,
XP002321625

Retrieved from the Internet:
URL:http://grouper.ieee.org/groups/802/11/
Documents/DocumentHolder/2003/
802wirelesswor1d/11-03-0623-00-000k-fast-a

ctive-scan—proposals.ppt>
‘retrieved on 2005-03-18!
Y page b - page 6

page 9
page 11
page 14

4’5’7’87
11

e

Further documents are listed in the continuation of Box C.

See patent family annex.

* Speclal categories of cited documents :

A" document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O' document refetring to an oral disclosure, use, exhibilion or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered 1o involve an inventive step when the
document is combined with one or more other such docu-—
meﬂts, ﬁuch combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the International search

6 February 2006

Date of mailing of the international search report

10/02/2006

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel, (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Rosenauer, H

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




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2005/055531

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Scanning for fast Handoff in Wireless LAN
using Neighbor Graph"

ITC-CSCC2004, ‘Online!

6 July 2004 (2004-07-06), - 8 July 2004
(2004-07-08) pages 1-4, XP002321627
Retrieved from the Internet:
URL:http://dali.korea.ac.kr/publication/in
t_pro/paper/IntPro085.pdf>

‘retrieved on 2005-03-18!

page 1, paragraph 1

page 1, paragraph 2.1

page 3, paragraph 3

figure 3b

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant o claim No.
Y WO 03/034669 A (BRITISH TELECOMMUNICATIONS 4,5,7,8,
PUBLIC LIMITED COMPANY; BONSMA, ERWIN, 11
REIN) 24 April 2003 (2003-04-24)
page 4, 1line 5 - Tine 10
page 25, Tine 2 - line 12
A EP 1 441 469 A (SAMSUNG ELECTRONICS CO., 1,10,12
LTD) 28 July 2004 (2004-07-28)
column 1, Tine 3 - line 8
column 3, Tline 30 - Tine 38
column 6, Tine 9 - line 58
X MOO RYONG JEONG ET AL: "Proposed Text for 1,10,12
Fast Active Scan”
IEEE P802.11-03-623R0, ‘Online!
10 July 2003 (2003-07-10), pages 1-6,
XP002321626
Retrieved from the Internet:
URL:http://grouper.ieee.org/groups/802/11/
Documents/DocumentHolder/2003/
802wirelesswor1d/11-03-0623-03-000k-fast-a
ctive-scan-proposals.doc>
‘retrieved on 2005-03-18!
page 2, paragraph 9.7
page 4, paragraph 11.1.3.2.1 - page 6,
paragraph 11.1.3.5.2
figures 2,3
table 21
A EP 1 345 370 A (TEXAS INSTRUMENTS 4
INCORPORATED)
17 September 2003 (2003-09-17)
claim 4
A HYE-SO00 KIM ET AL: "Selective Channel 1-13

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2005/055531
Patent document Publication Patent family Publication
cited in search report date membaer(s) date
WO 03034669 A’ 24-04-2003 CA 2460768 Al 24-04~2003
EP 1436957 Al 14-07-2004
US 2004246911 Al 09-12~-2004
EP 1441469 A 28-07-2004 CA 2449530 Al 23-07-2004
CN 1518390 A 04-08-2004
HU 0303768 A2 29-11-2004
JP 2004229276 A 12-08-2004
NZ 529424 A 29-10-2004
SK 14092003 A3 03-08-2004
us 2004224690 Al 11-11-2004
EP 1345370 A 17-09-2003 US 2004203781 Al 14-10-2004

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




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

