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Improving Efficiency in Wireless Network

Field

The invention relates generally to wireless networks. More particularly,

the invention relates to controlling the amount of discovery protocol messages.

Background

In some wireless networks, a device may use active scanning to find

out available networks for communication. Active scanning refers to a method

where the device transmits a scanning request message. If the device receives a

scanning response message from an access node, it may determine that there is a

network nearby to which the device may possibly connect. If the neighborhood

comprises a large number of devices and/or a large number of access nodes, f re

quent transmission of these scanning messages may cause congestion.

Brief description of the invention

According to an aspect of the invention, there are provided methods as

specified in claims 1 and 15 .

According to an aspect of the invention, there are provided apparatuses

as specified in claims , 3 1 , and 33.

According to an aspect of the invention, there is provided a computer

program product as specified in claim 34.

According to an aspect of the invention, there is provided a computer-

readable distribution medium carrying the above-mentioned computer program

product.

According to an aspect of the invention, there is provided an apparatus

comprising processing means configured to cause the apparatus to perform any of

the embodiments as described in the appended claims.

According to an aspect of the invention, there is provided an apparatus

comprising processing means for performing any of the embodiments as de

scribed in the appended claims.

Embodiments of the invention are defined in the dependent claims.

List of drawings

In the following, the invention will be described in greater detail with ref

erence to the embodiments and the accompanying drawings, in which



Figure 1 presents an example of an extended service set in a wireless

local area network (WLAN);

Figures 2A and 2B show examples of an active and a passive scanning;

Figure 3A shows a method according to an embodiment;

Figure 3B shows an example of a plurality of channels with different ut i

lization ratios;

Figure 4A illustrates an example way of determining a utilization ratio

for a channel;

Figure 4B shows an example of changing the transmission time of a

probe request, according to an example;

Figures 5 to 9A present methods according to some embodiments;

Figure 9B depicts an example of a plurality of channels with different

utilization ratios;

Figures 10 to 13A illustrate methods according to some embodiments;

Figure 13B shows an information element according to an embodiment;

and

Figures 14 and 15 illustrate apparatuses according to some embodi

ments.

Description of embodiments

The following embodiments are exemplary. Although the specification

may refer to "an", "one", or "some" embodiment(s) in several locations of the text,

this does not necessarily mean that each reference is made to the same embodi

ments), or that a particular feature only applies to a single embodiment. Single

features of different embodiments may also be combined to provide other embod-

iments.

The number of IEEE 802.1 1-enabled mobile devices is ever increasing.

The IEEE 802.1 1 is a set of standards for implementing wireless local area net

work (WLAN), also known as the Wi-Fi. One problem in the current specifications

may occur when a large number of stations (STAs) are constantly entering and

leaving the coverage area of an extended service set (ESS), possibly comprising

multiple access points (APs). In such scenario the network may become congest

ed due to large number of discovery protocol messages, for example. A task group

of the IEEE 802.1 1, namely TGai, focuses on the issue and tries to minimize the

time that STAs 108 to 114 spend in the initial link setup while maintaining secure

authentication. However, current solutions do not meet the requirements set for



scalability and resource efficiency in the scenario with large number of stations

and access points, for example.

In the nomenclature of IEEE 802.1 1, a service set comprises all the d e

vices associated with the WLAN/WiFi. Referring to Figure 1, a basic service set

(BSS) 102, 106 comprises a single access point (AP) 100 or 104, providing cover

age to a corresponding coverage or service area, together with all associated sta

tions (STAs) 108 to 114. As shown, the STAs 108 to 114 may comprise a mobile

phone, a palm computer, a wrist computer, a laptop, a personal computer, etc.

Thus, the STA 108 to 114 may be any device capable to access the WLAN radio

air interface. The AP 100s and 104, each acts as a master to control the stations

108 to 114 within the corresponding BSS 102, 106, respectively. The access point

100, 104 may be a WLAN base station, for example. The extended service set

(ESS) 120, on the other hand, is a set of one or more interconnected BSSs 102,

106 and integrated local area networks that appear as a single BSS to the logical

link control layer at any station 108 to 114 associated with one of the BSSs 102,

106. The set of interconnected BSSs 102, 106 may apply the same channel, or

communicate on different channels to boost aggregate throughput. Figure 1 also

shows a distribution system (DS) 122 for interconnecting the access points of the

ESS 120. The DS 122 may be a wireless or a wired network element allowing the

access points to communicate with each other.

As said, there may be vast number of APs 100, 104 and stations 108 to

114 in one ESS 120, which may lead to congestion in the network. Congestion

may occur when the capacity of a shared resource is exceeded. Network conges

tion may occur due to several reasons, such as the number of the STAs 108 to

114, the arrival rate of the STAs 108 to 114, and local contention. An example

scenario where congestion may occur is in a discovery process for the AP 100,

104 to connect with. In particular, when any of the stations 108 to 114 enters the

ESS 120, the stations 108 to 114 may need to do an initial setup with an AP 100

or 104 to establish WLAN connectivity. The first step of the initial setup may be the

discovery of an A P 100/1 04. This may conventionally be performed by applying an

active scanning mode or a passive scanning mode.

In the active mode, as shown in Figure 2A with the station 108 and the

AP 100, the station 108 actively transmits a probe request frame 200 to the APs

100, or to a plurality of APs 100, 104. The probe request frame (or simply a re-

quest) 200 may comprise a request for the receiving party 100 to communicate

certain information back to the requesting party 108. For example, the station 108

may send the probe request frame 200 to determine which access points 100, 104



are within its range. After sending the request 200, the station 108 may wait for a

probe response frame (or simply a response) 202. The response 202 may co m

prise capability information, supported data rates, etc. In addition, the probe re

sponse 202 may be sent only upon meeting specific criteria (if any) with respect to

the probe request frame 200. Such exchange of the request message 200 and the

response message 202 may also encompass that of the generic advertisement

service (GAS) protocol. It is worth noticing that such active scanning procedure is

not used only for the initial access, e.g. when the STA 108 is in an unassociated

state, but the active scanning procedure may be applied also for a discovery of a

better AP, e.g. when the STA 108 is in an associated state.

In the passive mode, as shown in Figure 2B, the station 108 listens to a

beacon 204 (or some other predetermined signal such as a measurement pilot)

from the AP 100, for example. The beacon 204 may contain a service set identifier

(SSID), timestamp, and/or other pertinent information regarding the access point

100, for example, in order to enable the station 108 to associate with the AP 100.

The station 108 may be bounded by a MaxChannelTime duration when listening to

the beacon 204. In other words, the STA 108 may listen only up to the MaxChan

nelTime in a given channel. This may ensure that the STA 208 may switch to a n

other channel if no A P 100/1 04 exists in the given channel.

Such active/passive scanning mode may be adequate when the num

ber of new STAs and the number of responding APs in a given time period are

small. However, when the number of STAs 108 to 114 simultaneously entering an

ESS 120 and the number of responding APs 100, 104 in the ESS 120 are large,

efficient mechanisms that scale well with such a large number of STAs and APs

may be of use. Moreover, some specifications require the responding AP to pe r

form contention before the transmission of the probe response frame. Contention

may occur when there are at least two STAs competing for a shared resource,

such as frequency band. A listen-before-talk -approach is an example of a conten

tion based protocol.

There is currently no mechanism in the 802.1 1 specification or in the

proposals to the TGai to control amount of discovery protocol messages (such as

the request 200 and the response 202) based on the situation and operating envi

ronment. This implies that scanning STAs 108 to 114 may continue to transmit

probe request frames 200 when the medium is congested due to the retransmis-

sion of collided probe responses 202, for example. This may result in the collision

of probe request 200 and probe response frames 202. These collisions may drive

the medium into a state of saturation and cause high latency in active scanning



procedure which is undesirable. Thus, there is a need for an adaptive discovery

protocol message congestion control mechanism to control and self-regulates the

channel utilization of the ESS 120 in a distributed manner in the presence of a

large number of STAs 108 to 114 and responding APs 100, 104.

Therefore, as shown in Figure 3A, it is proposed that the station 108 (or

any of the stations 108 to 114, station 108 is used for simplicity reasons) is caused

to acquire, in step 302, knowledge of a medium usage indicator (MUl) with respect

to at least one channel applicable for transmission of a scanning request. The

scanning request may be seen as a general term for active scanning. One exam-

pie of a scanning request is the probe request 200. For the sake of simplicity, the

description is written so that the scanning request is the probe request 200. The

channel(s) applicable for the transmission of the probe request 200 may be prede

termined by the network or by the station, for example. The station 108 may also

determine a transmission time for the next probe request (as the scanning re-

quest) at least partly based on the acquired MUl in step 304. It is known that the

channel capacity varies over time in which the variation is dependent on both the

channel and network conditions. This may make the congestion level unpredicta

ble, In other words, the ESS 120 of the WLAN may saturate at different points

even in the case of sources with the same average data rate or constant arrival

rate. Thus, it may be of importance to acquire the level of the congestion by

means of the MUl. Without loss of generality, the MUl may be any local parameter

which may be measured or estimated by the STA and may provide feedback on

the channel condition. For example, channel utilization ratio, collision probability,

transmission probability, MAC service time, queue length, MAC delay, packet loss

rate, throughput efficiency, and number of retransmission attempts are such local

parameters which may indicate the prevailing channel conditions. One example

benefit of using the MUl such as the channel utilization ratio may be that it is a lo

cal parameter that can be used to control the global behavior of the system. It

should be noted that the stations and the access points perceive similar channel

utilization ratio of the medium, for example.

It should be noted that even though the description is written from the

point of view of the probe request as the scanning request, the proposed solutions

may be applicable for any frame to be transmitted, i.e. not only the probe request

frame. Similarly, even though the specification is written from the point of view of

the non-AP station 108 to 114, the embodiments are applicable also for the access

point 100/1 04.



In an embodiment, the medium usage indicator is obtained from the AP

100 and/or 104. When the congestion detection, which comprises determining the

medium usage indicator (or medium usage value), is performed by the AP 100

and/or 104, the AP 100 and/or 104 may broadcast the determined medium usage

indicator to the non-AP STAs 108 to 114. This may be advantageous as then the

STA 108 may acquire the information after entering the ESS 120 without the need

to determine the MUI itself.

In another embodiment, one or more of the non-AP STAs 108 and 114,

i.e. the scanning stations, may determine the MUIs for different channels in a dis-

tributed manner. The MUI may be determined by the STA 108, for example, based

on at least one of the following: a transmitting or receiving time, a clear channel

assessment (CCA), and/or a network allocation vector (NAV). Similarly, the AP

100/1 04 may apply the transmitting or receiving time, the CCA, and/or the NAV,

for example, to determine the MUI. The CCA procedure, as well as the NAV pro-

cedure, is known to a person skilled in the art. In short, the CCA may be pe r

formed on the channel to determine whether or not the channel is free prior to

transmitting a packet. The NAV is a virtual carrier sensing mechanism used with

wireless network protocols. The NAV may reduce the need for physical carrier

sensing at the air interface in order to save power.

In an embodiment, the MUI comprises a channel utilization ratio. The

channel utilization ratio (CUR) may be defined as
— ∑ bus Vperiod)

observation

where, referring to Figure 4A, busy periods include time periods 402,

404 and 406 during which the scanning STA 108 is transmitting or receiving, or the

channel is indicated as busy due to the CCA or the NAV analysis, for example.

The Tobservation is the observation period 400 in Figure 4A. Thus, the AP 100/1 04

and/or the STA 108 to 114 may apply Equation ( 1) to determine the CUR which

may be used as the indicator for the medium usage.

In an embodiment, the MUI comprises a collision probability. The scan-

ning station may determine the collision probability or the scanning station may

receive such information from any access point 100, 104 in order to apply the co l

lision probability metric as a feedback of medium condition. The collision probabil

ity may be determined as a closed-form solution through numerical analysis or

estimated through a measurement process which may distinguish between a colli-

sion and link error from an unsuccessful transmission by the AP 100/1 04 and/or

the STA 108 to 114.



In an embodiment, the MUI comprises a transmission probability which

may be defined as the probability that a STA transmits in a randomly chosen slot

time given that the STA has packets to transmit. The scanning station may deter

mine the transmission probability or the scanning station may receive such infor-

mation from any access point 100, 104 in order to apply the transmission probabil

ity metric as a feedback of medium condition. The transmission probability may be

determined as a closed-form solution through numerical analysis or estimated

through a measurement process by the AP 100/1 04 and/or the STA 108 to 114.

In an embodiment, the MUI comprises a MAC service time which may

be defined as the time when a head-of-line packet starts contending for medium

access to the time it is successfully received, i.e., contention delay. The scanning

station may determine the MAC service time or the scanning station may receive

such information from any access point 100, 104 in order to apply the MAC service

time metric as a feedback of medium condition. The MAC service time may be

determined as a closed-form solution through numerical analysis or estimated

through a measurement process by the AP 100/1 04 and/or the STA 108 to 114.

In an embodiment, the MUI comprises a queue length. The scanning

station may determine the queue length or the scanning station may receive such

information from any access point 100, 104 in order to apply the queue length met-

ric as a feedback of medium condition. The queue length may be determined as a

closed-form solution through numerical analysis or estimated through a measure

ment process by the AP 100/1 04 and/or the STA 108 to 114 .

In an embodiment, the MUI comprises a MAC delay which may be d e

fined as the time when a packet is first inserted into the transmission queue to the

time it is successfully received, i.e., queuing delay plus contention delay. The

scanning station may determine the MAC delay or the scanning station may re

ceive such information from any access point 100, 104 in order to apply the MAC

delay metric as a feedback of medium condition. The MAC delay may be deter

mined as a closed-form solution through numerical analysis or estimated through a

measurement process by the AP 100/1 04 and/or the STA 108 to 114 .

In an embodiment, the MUI comprises a packet loss rate which may be

defined as the percentage of packet loss due to: (i) buffer overflow condition; (ii) a

packet exceeding its maximum retry limit; or (iii) a packet exceeding its useful

MSDU lifetime. The scanning station may determine the packet loss rate or the

scanning station may receive such information from any access point 100, 104 in

order to apply the packet loss rate metric as a feedback of medium condition. The

packet loss rate may be determined as a closed-form solution through numerical



analysis or estimated through a measurement process by the AP 100/1 04 and/or

the STA 108 to 114.

In an embodiment, the MUl comprises a throughput efficiency which

may be defined as the ratio of a STA's throughput and its data rate or normalized

throughput of a STA. The scanning station may determine the throughput eff icien

cy or the scanning station may receive such information from any access point

100, 104 in order to apply the throughput efficiency metric as a feedback of med i

um condition. The throughput efficiency may be determined as a closed-form so lu

tion through numerical analysis or estimated through a measurement process by

the AP 100/1 04 and/or the STA 108 to 114.

In an embodiment, the MUl comprises a number of retransmission a t

tempts. The scanning station may determine the number of retransmission a t

tempts or the scanning station may receive such information from any access

point 100, 104 in order to apply the number of retransmission attempts metric as a

feedback of medium condition. The number of retransmission at-tempts may be

determined through a measurement process by the AP 100/1 04 and/or the STA

108 to 114.

Note that the above example MUIs as seen by a STA, such as an AP or

a non-AP STA, may be different in the case of an infrastructure BSS due to the

asymmetric load difference between the AP and its associated STA, for example.

Therefore, the MUl derived from the AP and STA may be used jointly to provide a

better estimate of the prevailing channel conditions and to determine the resultant

MUl to be used. Such joint application of the information obtained from the AP and

the information determined by the station 108 may comprise taking a mean, mini-

mum, or maximum from the acquired MUIs of the AP and of the STA, and applying

that resultant MUl, for example.

The MUl may be acquired for one or more channels. In an embodiment,

the MUl is acquired for many channels. The scanning station may itself determine

the MUl for many channels or it may receive the information regarding the MUl of

some channels, or a combination of the above may take place. In Figure 3B it is

shown that different channels 310 to 3 14 on the frequency domain 3 16 may have

different levels of congestion, represented with the height of the block. The width

of the blocks 3 10 to 314 may be seen to represent different channel widths, for

example. However, the width of the channels 3 10 to 314 may be the same as well,

although not shown in Figure 3 . In some channels the level of congestion may ex

ceed the capacity of the channel, thus rendering those channels not optimal for



transmission of the probe request 200. Therefore, identifying those suboptimal

channels may by means of the MUI may be advantageous.

In an embodiment, the scanning station 108 may transmit a first probe

request before acquiring knowledge of the MUI, as shown in step 300 of Figure

3A. Thus, a scanning STA 108 may start by transmitting the first probe request

transmission even it does not yet have the medium usage measurements or est i

mates. This may be advantageous in that there may not be any unnecessary d e

lays required before the first probe request transmission. Then, the medium usage

indicator acquisition may be performed, for example according to Equation ( 1 ) .

The station 108 may, for example, determine whether the AP 100/1 04 is broad

casting any medium usage related information. If the AP 100/1 04 is not broadcast

ing the MUI, then the station 108 may itself determine the MUI. Thus, an estimate

of the medium usage may be available before the next probe request transmission

after step 302. This embodiment thus minimizes the time spent on active scan-

ning.

In another embodiment, the station 108 does perform the MUI acquisi

tion before transmission of the first probe request. In this embodiment, the deter

mination of the transmission time for the next probe request in step 304 refers to

the transmission time of the first probe request. Thus, the step 300 of Figure 3A

may be omitted.

The scanning station 108 may at any time or upon successful reception

of a probe response frame 202 abort the transmission of subsequent probe re

quest frame 200 at the next scheduled transmission interval. In this manner, no

unnecessary probe request is transmitted even though it has been scheduled. This

may allow for a reduction in the congestion of the channel, minimization of the

scanning duration and of power consumption. For example, when the scanning

station 108 has successfully discovered an AP 100/1 04 that met its requirements,

the station 108 may abort from transmission of further requests. Thus, the station

108 may associate with that AP 100/1 04. To associate means that the STA 108 is

registered with the AP 100/1 04 to gain access of all services of the infrastructure

BSS and that of the ESS 120 to which the associated A P 100/1 04 belongs to. E.g.,

the station 108 may then start to send and receive data frames to/from the AP

100/1 04. However, it is to be noted that the STA 108 may need to be authenticat

ed before association.

The proposed solution may be seen to regulate medium usage due to

the discovery messages and relieve network congestion in the presence of a large

number of discovering STAs, such as at least one hundred, and multiple APs,



such as at least five, in an ESS environment. The proposed adaptive discovery

protocol message congestion control mechanism may also be seen as a closed-

loop control mechanism which may serve to function as a feedback to regulate the

medium usage of the ESS 120. Further, one advantage appreciated by a skilled

person is that the embodiments are compatible with the earlier IEEE 802.1 1 speci

fications, and hence may also be applied for general congestion control purposes

in the WLAN networks of earlier specifications.

In an embodiment, the determination of the transmission time of the

next probe request 200 comprises, as shown in Figure 4B, transmitting the next

probe request 200 at a later 414 time when the MUI indicates that the channel is

congested. In another embodiment, the determination of the transmission time of

the next probe request 200 comprises transmitting the next probe request 200 at

an earlier time 4 12 when the MUI indicates that the channel is not heavily co n

gested. For example, it may be that the next probe request 200 is scheduled to be

transmitted at a time instant 4 10 . The determination of the transmission time of the

next probe request 200 at least partly based on the MUI may change the trans

mission time to be either earlier 4 12 or later 414 than the time instant 4 10 on the

time domain 4 16 . Whether the channel is congested or not may depend on a pre

determined threshold. There may be different levels of congestions and, thus, dif-

ferent thresholds for each congestion level.

In an embodiment, as shown in Figure 5, the determination of the

transmission time for the next probe request in step 304 of Figure 3A comprises

determining, in step 500, a probe request transmission interval (Tl) at least partly

based on the MUI. Moreover, the station 108 may, in step 502, determine a trans-

mission time for the next probe request at least partly based on the probe request

Tl. Thus, the transmission interval is scaled according to the prevailing medium

usage. It may be adapted according to current needs, for example. This may pro

vide several benefits over a static transmission interval which is non-optimal and

may not necessary fulfill the objective of congestion control.

In an embodiment, the station 108 may, as shown in step 600 of Figure

6, acquire knowledge of at least one medium usage threshold MU . The medium

usage threshold may be a channel utilization threshold, for example. Thus, the

acquired MU threshold may relate to any of the possible MUIs, such as to channel

utilization ratio, collision probability, transmission probability, MAC service time,

queue length, MAC delay, packet loss rate, throughput efficiency, and number of

retransmission attempts, for example.



The station 108 may further in step 602 determine whether or not the

MUI exceeds a certain one(s) of the acquired at least one MUj. The threshold(s)

may be acquired from the network, for example, which may have determined them

based on empirical or virtual derivation. In an embodiment, the acquired thresh-

old(s) may comprise an upper threshold MUT u beyond which the medium is con

sidered to be congested. In an embodiment, the acquired threshold(s) may com

prise a lower threshold MUT , which defined as 0 < MUT < MUT
U < 1. Above the

MUT , the medium may be considered to be moderately or highly loaded, but not

lightly loaded. Thus, when M U I is less than or equal to MUT u , it indicates the re-

gion where the load in the medium (i.e. in the channel) varies from lightly to mod

erate load. In the case of lightly loaded medium, all packets including the probe

request 200 may be transmitted almost instantaneously as the queue is empty

most of the time. In the case of moderately loaded medium, most packets, possi

bly also the probe request 200, may wait a variable time before they are transmit-

ted as the queue is non-empty. When the M U I is greater than MUT u , it indicates

the congestion region in which packet transmission delay increases, and some

packets are dropped due to buffer overflow or exceeding their retry limit.

When there are many thresholds acquired, the station 108 may be pre-

coded to consider a certain one of them, such as the MUT u or the MUT , for exam-

pie. Alternatively, in some embodiment, the station 108 may consider many of

them and determine whether the M U I exceeds, for example, only the s MUT or

also the MUT u , for example.

Therefore, in an embodiment, as shown in Figure 7 , after it is deter

mined whether or not the MUI exceeds a certain threshold in step 602, the station

108 may in step 700 determine the transmission time for the next probe request.

The transmission time determination may comprise decreasing the transmission

rate (i.e. increasing the transmission interval) of the probe request 200 in step 702

when the M UTu is exceeded. In another embodiment, the transmission time de

termination may comprise increasing the transmission rate (i.e. decreasing the

transmission interval) of the probe request 200 in step 704 when the MUT u is not

exceeded. In yet another embodiment, the transmission time determination may

comprise increasing the transmission rate (i.e. decreasing the transmission inter

val) of the probe request 200 in step 704 when the MUT is not exceeded. In yet

one embodiment, the transmission time determination may comprise maintaining

the current transmission rate or interval of the probe request 200 in step 706 when

the MUI is between the MUT and the MUT
U. Thus, the scanning STA 108 may

transmit less frequently (or decrease its transmission rate) when the medium is



highly loaded (congested) and vice versa, according to the prevailing usage of the

medium.

For example, in an embodiment, the probe request 200 transmission in

terval Tljx may be computed as

TITX = (2)

where Tsuc is the transmission duration of a successful probe request

frame 200, which may be known by the station. Parameter a is an initial share of

the medium to be used by the STA 108 for probe request 200 transmissions. The

parameter a may be obtained via a broadcast message or it may be known to the

station beforehand. The parameter a may vary between 0 and 1. It is to be noted

that the T ITx of the probe request frame 200 may be changed by varying a . Hence,

a may be updated after each transmission of the probe request frame 200, or after

a predetermined time period, according to an additive increase principle as

a = a + β x TITx , (3)

when the medium is lightly or moderately loaded, i.e., MUl is less than

or equal to MUT u . However, when MUl exceeds the MUT u , i.e. when the medium is

congested or heavily loaded, a may be updated after each transmission of the

probe request frame 200, or after a predetermined time period, according to a mul

tiplicative decrease principle as

= β . 14)
MUl '

Thus, when the medium is heavily loaded, the scanning STA 108 (or

any of the STAs 108 to 114) may choose to increase its next probe request trans

mission interval according to (2) and (4). Parameter β may be seen as an add i

tional scaling factor to further control the rate of increase or decrease in (3) and

(4), respectively. The parameter β may be obtained from the network or it may be

precoded with the station 108. The parameter β may also vary between 0 and 1.

The value of β may be set to 1 by default. It may be adjusted by the non-AP STA

108 to 114 or the AP 100/1 14 to limit the rate of increase or decrease according to

the prevailing medium usage value.

As seen from (3) and (4) the proposed mechanism is adaptive which

may reduce the scanning latency when the medium is lightly loaded and may

throttle the medium usage when it is heavily loaded.

In an embodiment, as shown in Figure 8, after it is determined whether

or not the MUl exceeds the MUT
U in step 602, the station 108 may in step 800,

when currently applying the active scanning mode (depicted in Figure 2A), switch

to the passive scanning mode (depicted in Figure 2B) under heavily loaded or

congested medium. In another embodiment, under lightly or moderately loaded



medium (i.e. the acquired MUI does not exceed the MUT ) , the station 108 may in

step 802, when currently applying the passive scanning mode, switch to the active

scanning mode. These embodiments may all allow for an autonomous switching

between the modes, which may offer ease of implementation, for example.

In an embodiment, as shown in Figure 9A, after it is determined w heth

er or not the M U I exceeds the M UT
U in step 602, the station 108 may in step 900

decide to apply another channel applicable for the transmission of the probe re

quest 200 when the medium usage threshold is exceeded (i.e. the acquired M U I

exceeds the MUT u ) . A S shown in Figure 9B, it is possible that the M U I of the chan-

nel 902 that the station 108 is first going to scan exceeds the MUT u , marked with

reference numeral 904. When the condition of M U I exceeding the MUT u is detect

ed, the station 108 may switch to another channel 906 on the frequency domain

908. It may be that the M U I of the second channel 906 does not exceed the M UT
U,

thus making it more suitable for the transmission of the probe request 200. This

may allow the station 108 to associate to an AP 100/1 04 more quickly. The second

channel 906 may be any channel among the list of supported channels for the

probe request 200 transmission.

In another embodiment, the utilization threshold 904 is a lower thresh

old MUT , which defines a level beyond which the channel is considered to be

moderately utilized, as described earlier. Thus, the station 108 may switch to the

next supported channel when the M U I exceeds the MUT , not necessarily the MU-

Tu . This may allow quicker association to an AP 100/1 04, as the station 108 need

not spend any time in scanning the first channel 902 which is at least moderately

loaded.

In an embodiment, as shown in Figure 10, after it is determined whether

or not the MUI exceeds the MUT
U in step 602, the station 108 may in step 1000

associate to a connectable sub-optimal access point when the medium usage

threshold is exceeded. In other words, when there is an AP 100 or 104 that does

not provide optimal performance for the STA 108, the STA 108 may nevertheless

temporarily associate with the sub-optimal AP 100 or 104 in order to get some ac

cess to the network in timely manner. The sub-optimal AP 100 or 104 may not be

able to meet all the requirements of the station 108, but the sub-optimal AP 100 or

104 may nevertheless be able to associate the station 108 and connect the station

108 to the network. Subsequently, a better or optimal AP may be discovered by

repeating the scanning procedures depicted in Figures 2A and 2B.

Referring now to Figures 3B and 11, in an embodiment, the scanning

station in step 1100 acquires, a priori, knowledge of MUIs for a plurality of chan-



nels 3 10 to 3 14 applicable for the transmission of the probe request. The station

10 8 may acquire the MUls for several channels from network, for example. Based

on either an increasing or a decreasing order of the MUls, the station may in step

1102 prioritize the order in which channels are scanned, i.e. applied for connection

establishment to the A P 100 and/or 104 of the WLAN . For example, the station

108 may first perform scanning on channel 3 12 . If not successful, the station 108

may proceed to channel 3 14 and finally to 3 10 . This may be advantageous so that

the station 108 rapidly established a connection to the A P 100/1 04 .

In an embodiment as shown in Figure 12 , the access point 100 of Fig-

ure 2A, for example, may be in step 1200 caused to determine the MUI with re

spect to at least one channel applicable for transmission of the probe response

202 . The determination may take place as described above, for example by apply

ing the transmitting or receiving time, the CCA, and/or the NAV. The A P 100 may

also, in step 1202, acquire knowledge of a medium usage threshold. The A P 100

may acquire the threshold from the network or it may determine such threshold

itself based on empirical experiments, for example. The threshold may be the up

per threshold MUT u , for example. Then, in step 1204, upon detecting that the M U I

exceeds the medium usage threshold, the A P 100 may increase the minimum

length of a contention window based on the M U I, the medium usage threshold and

the current length of minimum contention window.

The contention window may determine an additional random backoff

time that the contending A P 100 should observe before it is allowed to transmit so

that the probability of collision is minimized. The A P 100 may decrease the backoff

counter only during time when the medium is idle. Hence, the A P 100 may need to

determine the medium state, which may comprise one of the MUls, during the con

tention window period.

The new minimum length of the contention window may be determined

such that the ratio of the contention window is equal to the ratio of the medium

usage according to the following equation:

In other words, the minimum contention window size W is scaled by the

ratio of medium usage indicator M U I with respect to the upper medium usage

threshold MUT u to derive a new minimum contention window size W . The purpose

of such "recovery" mechanism is to ensure that, when medium is heavily loaded

(i.e. the M U I exceeds the MUT u ) , the medium recovers quickly. For example, the

responding A P 100, upon on its successful or unsuccessful transmission of probe

response frame 202, may select a longer contention window size on average so



that the congestion in the medium may recover faster. In an embodiment, such

recovery mechanism of increasing the minimum contention window size may be

interworking with the mechanism of determining the transmission time of the next

probe request 200 based on the MUI. The simultaneous application of the two

mechanisms may allow efficient congestion avoidance and recovery.

As shown, the proposed adaptive discovery protocol message conges

tion control mechanism may comprise any or all of the following. It may comprise

the congestion detection mechanism based on the feedback of the medium cond i

tion (e.g. the M U I) and a control threshold (e.g. MUT u ) . It may comprise the dis-

covery protocol message congestion control mechanism based on regulation of a

scanning STA's 108 probe request 200 transmission rate according to the prevail

ing medium usage (e.g. the MUI). Further, it may comprise the recovery mecha

nism to throttle a responding AP's 100 probe response frame 202 transmission

time when the medium is saturated to enable fast recovery to a non-saturation

state.

Although the embodiment of Figure 12 is written from the point of view

of the access point, the scanning non-AP station 108 may also perform the deter

mination of the minimum contention window size. The scanning station may apply

the new contention window when determining the transmission time of the probe

request 200, instead of the probe response 202, for example.

In an embodiment, referring to Figures 13A and 13B, the AP 100 and/or

104 may generate, in step 1300, an information element 13 10 to be transmitted to

at least one station 108 to 114 in step 1302. The AP 100/1 04 may transmit the

generated information element in at least one of the following: a beacon, a probe

response 202, and an advertisement frame. Such information element, when re

ceived by the station, may ease the implementation of the functionalities regarding

the determination of the transmission time of the probe request 200, for example.

As shown in Figure 13B, the information element 13 10 may comprise

an element ID 13 12 for identifying the element by the receiver. Further, the ele-

ment 13 10 may indicate the length of the element 13 10 in field 1314, for example.

Further, the information element 13 10 may comprise at least one of the following

fields: a predetermined maximum share of channel resources a for transmitting at

least one probe request 200 by the station in field 13 16, a scaling value β applica

ble by the station for changing a transmission interval of the probe request 200 in

field 1318, the medium usage indicator (MUI) with respect to at least one channel

applicable for transmission of the probe request 200 in field 1320, at least one



medium usage threshold in fields 1322 and 1324. Let us take a look at these fields

in more detail.

The Initial Probe Request field 13 16 may be defined as an initial pe r

centage of time, linearly scaled from 0 % to 100 %, which defines the share that

the probe request frames 200 are allowed to be transmitted by the STA in the me

dium. This field may thus be used to carry the value of a .

The additional scaling value β may be carried in field 13 18 and it may

be used by the station according to Equations (3) and (4), for example. It should

be noted that this field 13 18 is optional as β may be predefined, for example, as

one.

The field 1320 indicating the MUI is optional as the station may also de

termine the MUI itself. If comprised in the element 13 10, the MUI may be defined

as the percentage of time, linearly scaled from 0 % to 100 %, that the medium is

sensed to be busy. The MUI may be acquired by applying the transmitting or re-

ceiving time, the CCA, and/or the NAV mechanism, for example. If comprised in

the element 13 10, the indicated MUI may be used by the station as the feedback

of the medium condition and the need for an explicit estimation of the MUI by the

station may be avoided.

The fields 1322 and 1324 may carry at least one MU threshold, such

as the lower threshold and the upper threshold. These fields may be optional, if

the station acquires that data in an alternative manner. These fields 1322 and

1324 may be defined as the percentage of time, linearly scaled from 0 % to 100 % .

The upper threshold may denote a level of congestion beyond which the medium

is considered as congested. It may function as the set point of the congestion con-

trol mechanism and normalizing constant of the congestion recovery mechanism.

The lower, i.e. a pre-congestion, threshold field defines a level beyond which the

medium is considered as moderately loaded. It may function as a pre-congestion

warning from the congestion control mechanism to trigger remedial actions as d e

scribed above, such as switching to scan the next channel.

An embodiment, as shown in Figure 14, provides an apparatus 1400

comprising a control circuitry (CTRL) 1402, such as at least one processor, and at

least one memory 1404 including a computer program code (PROG), wherein the

at least one memory 1404 and the computer program code (PROG), are conf ig

ured, with the at least one processor 1402, to cause the apparatus 1400 to carry

out any one of the above-described functionalities. It should be noted that Figure

14 shows only the elements and functional entities required for understanding a

processing system of the apparatus 1400. Other components have been omitted



for reasons of simplicity. It is apparent to a person skilled in the art that the appa

ratus may also comprise other functions and structures.

In an embodiment, the apparatus 1400 may be or be comprised in a

station applicable of communication in an IEEE 802.1 1 network. It may be an IEEE

802.1 1ai-capable station. It may be a non-AP station, such as stations 108 to 114

of Figure 1. The apparatus 1400 may be or be comprised in a terminal device, e.g.

a computer (PC), a laptop, a tabloid computer, a cellular phone, a communicator,

a smart phone, a palm computer, or any other communication apparatus. Further,

the apparatus 1400 may be or comprise a module (to be attached to the station)

providing connectivity, such as a plug-in unit, an "USB dongle", or any other kind

of unit.

As said, the apparatus 1400 may comprise a control circuitry 1402, e.g.

a chip, a processor, a micro controller, or a combination of such circuitries causing

the apparatus to perform any of the embodiments of the invention. The control cir-

cuitry 1402 may be implemented with a separate digital signal processor provided

with suitable software embedded on a computer readable medium, or with a sepa

rate logic circuit, such as an application specific integrated circuit (ASIC). The con

trol circuitry 1402 may comprise an interface, such as computer port, for providing

communication capabilities. The memory 1404 may store software (PROG) exe-

cutable by the at least one control circuitry 1402.

As said, the apparatus 1400 may comprise the memory 1404 connect

ed to the control circuitry 1402. However, memory may also be integrated to the

control circuitry 1402 and, thus, no memory 1404 may be required. The memory

1404 may be implemented using any suitable data storage technology, such as

semiconductor based memory devices, flash memory, magnetic memory devices

and systems, optical memory devices and systems, fixed memory and removable

memory. The memory 1404 may be for storing data related to the medium usage,

for example.

The control circuitry 1402 may comprise a medium usage circuitry 141 0

for receiving and/or determining the MUI according to any of the embodiments.

The control circuitry 1402 may comprise a scanning circuitry 141 2 for performing

the active or passive scanning according to any of the embodiments. The circuitry

1412 may, for example, determine the transmission time of the next probe request,

the transmission rate of the probe requests, switch to another channel, perform the

adaptive congestion avoidance, etc., according to any of the embodiments.

The apparatus 1400 may further comprise radio interface components

(TRX) 1406 providing the apparatus with radio communication capabilities with the



radio access network. The radio interface components 1406 may comprise stand

ard well-known components such as amplifier, filter, frequency-converter,

(de)modulator, and encoder/decoder circuitries and one or more antennas.

The apparatus 1400 may also comprise a user interface 1408 compris-

ing, for example, at least one keypad, a microphone, a touch display, a display, a

speaker, etc. The user interface 1408 may be used to control the apparatus 1400

by the user.

An embodiment, as shown in Figure 15, provides an apparatus 1500

comprising a control circuitry (CTRL) 1502, such as at least one processor, and at

least one memory 1504 including a computer program code (PROG), wherein the

at least one memory 1504 and the computer program code (PROG), are conf ig

ured, with the at least one processor 1502, to cause the apparatus 1500 to carry

out any one of the above-described functionalities. It should be noted that Figure

15 shows only the elements and functional entities required for understanding a

processing system of the apparatus 1500. Other components have been omitted

for reasons of simplicity. It is apparent to a person skilled in the art that the appa

ratus may also comprise other functions and structures.

In an embodiment, the apparatus 1500 may be or be comprised in an

access point applicable of communication in an IEEE 802.1 1, such as the APs

100, 104 of Figure 1. The apparatus 1500 may be or be comprised in a base sta

tion of the wireless local area network. Further, the apparatus 1500 may be or

comprise a module (to be attached to the access point) providing connectivity,

such as a plug-in unit, an "USB dongle", or any other kind of unit.

As said, the apparatus 1500 may comprise a control circuitry 1502, e.g.

a chip, a processor, a micro controller, or a combination of such circuitries causing

the apparatus to perform any of the embodiments of the invention. The control c ir

cuitry 1502 may be implemented with a separate digital signal processor provided

with suitable software embedded on a computer readable medium, or with a sepa

rate logic circuit, such as an application specific integrated circuit (ASIC). The con-

trol circuitry 1502 may comprise an interface, such as computer port, for providing

communication capabilities. The memory 1504 may store software (PROG) exe

cutable by the at least one control circuitry 1502.

As said, the apparatus 1500 may comprise the memory 1504 connect

ed to the control circuitry 1502. However, memory may also be integrated to the

control circuitry 1502 and, thus, no memory 1504 may be required. The memory

1504 may be implemented using any suitable data storage technology, such as

semiconductor based memory devices, flash memory, magnetic memory devices



and systems, optical memory devices and systems, fixed memory and removable

memory. The memory 1504 may be for storing data related to the medium usage,

for example.

The control circuitry 1502 may comprise a medium usage circuitry 15 10

for determining the MUl according to any of the embodiments. The control circuitry

1502 may comprise a radio control circuitry 15 12 for replying to the received probe

requests, for transmitting beacons, etc., for performing radio resource manage

ment, for performing contention window resizing, for generating the information

elements, etc. according to any of the embodiments.

The apparatus 1500 may further comprise radio interface components

(TRX) 1506 providing the apparatus with radio communication capabilities with the

radio access network. The radio interface components 1506 may comprise stand

ard well-known components such as amplifier, filter, frequency-converter,

(de)modulator, and encoder/decoder circuitries and one or more antennas. Even

though the description has been written from the viewpoint of a wireless local area

network, the embodiments may be applicable to other wireless network technolo

gies having similar active scanning approach. The other technologies may com

prise cognitive radio networks and/or other applicable wireless networks, for ex

ample.

As used in this application, the term 'circuitry' refers to all of the follow

ing: (a) hardware-only circuit implementations, such as implementations in only

analog and/or digital circuitry, and (b) combinations of circuits and software (and/or

firmware), such as (as applicable): (i) a combination of processor(s) or (ii) portions

of processor(s)/software including digital signal processor(s), software, and

memory(ies) that work together to cause an apparatus to perform various func

tions, and (c) circuits, such as a microprocessor(s) or a portion of a microproces

sors), that require software or firmware for operation, even if the software or f irm

ware is not physically present. This definition of 'circuitry' applies to all uses of this

term in this application. As a further example, as used in this application, the term

'circuitry' would also cover an implementation of merely a processor (or multiple

processors) or a portion of a processor and its (or their) accompanying software

and/or firmware. The term 'circuitry' would also cover, for example and if applica

ble to the particular element, a baseband integrated circuit or applications proces

sor integrated circuit for a mobile phone or a similar integrated circuit in a server, a

cellular network device, or another network device.

The techniques and methods described herein may be implemented by

various means. For example, these techniques may be implemented in hardware



(one or more devices), firmware (one or more devices), software (one or more

modules), or combinations thereof. For a hardware implementation, the appa

ratuses) of embodiments may be implemented within one or more application-

specific integrated circuits (ASICs), digital signal processors (DSPs), digital signal

processing devices (DSPDs), programmable logic devices (PLDs), field program

mable gate arrays (FPGAs), processors, controllers, micro-controllers, micropro

cessors, other electronic units designed to perform the functions described herein,

or a combination thereof. For firmware or software, the implementation can be car

ried out through modules of at least one chip set (e.g. procedures, functions, and

so on) that perform the functions described herein. The software codes may be

stored in a memory unit and executed by processors. The memory unit may be

implemented within the processor or externally to the processor. In the latter case,

it can be communicatively coupled to the processor via various means, as is

known in the art. Additionally, the components of the systems described herein

may be rearranged and/or complemented by additional components in order to

facilitate the achievements of the various aspects, etc., described with regard

thereto, and they are not limited to the precise configurations set forth in the given

figures, as will be appreciated by one skilled in the art.

Thus, according to an embodiment, the apparatus comprises pro-

cessing means configured to carry out embodiments of any of the Figures 1 to 15 .

In an embodiment, the at least one processor 1402, the memory 1404, and the

computer program code form an embodiment of processing means for carrying out

the embodiments of the invention. In another embodiment, the at least one pro

cessor 1502, the memory 1504, and the computer program code form an embod-

iment of processing means for carrying out the embodiments of the invention.

Embodiments as described may also be carried out in the form of a

computer process defined by a computer program. The computer program may be

in source code form, object code form, or in some intermediate form, and it may be

stored in some sort of carrier, which may be any entity or device capable of carry-

ing the program. For example, the computer program may be stored on a comput

er program distribution medium readable by a computer or a processor. The com

puter program medium may be, for example but not limited to, a record medium,

computer memory, read-only memory, electrical carrier signal, telecommunications

signal, and software distribution package, for example.

Even though the invention has been described above with reference to

an example according to the accompanying drawings, it is clear that the invention

is not restricted thereto but can be modified in several ways within the scope of the



appended claims. Therefore, all words and expressions should be interpreted

broadly and they are intended to illustrate, not to restrict, the embodiment. It will be

obvious to a person skilled in the art that, as technology advances, the inventive

concept can be implemented in various ways. Further, it is clear to a person skilled

in the art that the described embodiments may, but are not required to, be com

bined with other embodiments in various ways.



Claims

1. A method, comprising:

causing a station capable of communication in a wireless network to

acquire knowledge of a medium usage indicator with respect to at least one chan-

nel applicable for transmission of a scanning request; and

determining a transmission time for a next scanning request at least

partly based on the medium usage indicator.

2 . The method of claim 1, further comprising:

transmitting a first scanning request before acquiring knowledge of the

medium usage indicator.

3 . The method of any of claims 1 to 2, wherein the medium usage ind i

cator is obtained from an access point of the wireless network and/or determined

based on at least one of the following: a transmitting or receiving time, a clear

channel assessment, a network allocation vector.

4 . The method of claim 3, further comprising:

applying the information obtained from the access point and information

determined by the station jointly in order to determine the medium usage indicator

to be applied in determining the transmission time for the next scanning request.

5 . The method of any of claims 1 to 4, wherein the medium usage ind i

cator comprises at least one of the following: a channel utilization ratio, a collision

probability, a transmission probability, a medium access control, MAC, service

time, a queue length, a MAC delay, a packet loss rate, throughput efficiency, and a

number of retransmission attempts.

6 . The method of any of claims 1 to 5, wherein the determination of the

transmission time for the next scanning request comprises:

determining a scanning request transmission interval at least partly

based on the medium usage indicator; and

determining a transmission time for a next scanning request at least

partly based on the scanning request transmission interval.

7 . The method of any of claims 1 to 6, further comprising:

acquiring knowledge of at least one medium usage threshold; and



determining whether or not the medium usage indicator exceeds a ce r

tain medium usage threshold.

8 . The method of claim 7, further comprising:

determining the transmission time for the next scanning request at least

partly on the basis of whether or not the medium usage indicator exceeds the me

dium usage threshold by performing at least one of the following: decreasing the

scanning request transmission interval when the medium usage threshold is not

exceeded, and increasing the scanning request transmission interval when the

medium usage threshold is exceeded.

9 . The method of claim 7, further comprising:

acquiring knowledge of a lower medium usage threshold and/or a high

er medium usage threshold; and

determining the transmission time for the next scanning request at least

partly on the basis of whether or not the medium usage indicator exceeds either of

the lower and higher medium usage thresholds by performing at least one of the

following: decreasing the scanning request transmission interval when the lower

medium usage threshold is not exceeded, increasing the scanning request trans-

mission interval when the higher medium usage threshold is exceeded, and main

taining a current scanning request transmission interval when the medium usage

indicator is between the lower and the higher medium usage thresholds.

0 . The method of claim 7, further comprising:

performing at least one of the following:

when currently applying an active scanning mode, switch to a passive

scanning mode when the medium usage threshold is exceeded, and

when currently applying the passive scanning mode, switch to the ac

tive scanning mode when the medium usage threshold is not exceeded.

. The method of claim 7, further comprising:

deciding to apply another channel applicable for the transmission of the

scanning request when the medium usage threshold is exceeded.

12 . The method of any of claims 7 to 1 , further comprising:

associating to a connectable sub-optimal access point when the med i

um usage threshold is exceeded.



13 . The method of any of claims 1 to 12, further comprising:

acquiring, a priori, knowledge of medium usage indicators for a plurality

of channels applicable for the transmission of the scanning request; and

prioritizing, based on either an increasing or a decreasing order of the

medium usage indicators, the order in which channels are applied for connection

establishment to an access point of the wireless network.

14. The method of any of claims 1 to 13, wherein the scanning request

is a probe request, and the wireless network is a wireless local area network,

WLAN.

15 . A method, comprising:

causing an access point capable of communication in a wireless net-

work to generate an information element to be transmitted to a station;

determining a medium usage indicator with respect to at least one

channel applicable for transmission of the scanning request by a station of the

wireless network; and

including at least one of the following fields to the information element:

a predetermined maximum share of channel resources for transmitting at least one

scanning request by the station, a scaling value applicable by the station for

changing a transmission time interval of the scanning request, the medium usage

indicator, at least one medium usage threshold.

16 . The method of claim 15, further comprising:

causing the access point to transmit the generated information element

to the station in at least one of the following: a beacon, a scanning response, and

an advertisement frame.

17 . An apparatus, comprising:

at least one processor and at least one memory including a computer

program code, wherein the at least one memory and the computer program code

are configured to, with the at least one processor, cause the apparatus at least to:

cause a station capable of communication in a wireless network to ac-

quire knowledge of a medium usage indicator with respect to at least one channel

applicable for transmission of a scanning request; and



determine a transmission time for a next scanning request at least part

ly based on the medium usage indicator.

18 . The apparatus of claim 17, wherein the apparatus is further caused

to:

transmit a first scanning request before acquiring knowledge of the me

dium usage indicator.

19 . The apparatus of any of claims 17 to 18, wherein the medium usage

indicator is obtained from an access point of the wireless network and/or deter

mined based on at least one of the following: a transmitting or receiving time, a

clear channel assessment, a network allocation vector.

20. The apparatus of claim 19, wherein the apparatus is further caused

to:

apply the information obtained from the access point and information

determined by the station jointly in order to determine the medium usage indicator

to be applied in determining the transmission time for the next scanning request.

2 1 . The apparatus of any of claims 17 to 20, wherein the medium usage

indicator comprises at least one of the following: a channel utilization ratio, a co lli

sion probability, a transmission probability, a medium access control, MAC, ser

vice time, a queue length, a MAC delay, a packet loss rate, throughput efficiency,

and a number of retransmission attempts.

22. The apparatus of any of claims 17 to 2 1 , wherein, when determining

the transmission time for the next scanning request, the apparatus is further

caused to:

determine a scanning request transmission interval at least partly based

on the medium usage indicator; and

determine a transmission time for a next scanning request at least part

ly based on the scanning request transmission interval.

23. The apparatus of any of claims 17 to 22, wherein the apparatus is

further caused to:

acquire knowledge of at least one medium usage threshold; and



determine whether or not the medium usage indicator exceeds a certain

medium usage threshold.

24. The apparatus of claim 23, wherein the apparatus is further caused

to:

determine the transmission time for the next scanning request at least

partly on the basis of whether or not the medium usage indicator exceeds the me

dium usage threshold by performing at least one of the following: decreasing the

scanning request transmission interval when the medium usage threshold is not

exceeded, and increasing the scanning request transmission interval when the

medium usage threshold is exceeded.

25. The apparatus of claim 23, wherein the apparatus is further caused

to:

acquire knowledge of a lower medium usage threshold and/or a higher

medium usage threshold; and

determine the transmission time for the next scanning request at least

partly on the basis of whether or not the medium usage indicator exceeds either of

the lower and higher medium usage thresholds by performing at least one of the

following: decreasing the scanning request transmission interval when the lower

medium usage threshold is not exceeded, increasing the scanning request trans

mission interval when the higher medium usage threshold is exceeded, and main

taining a current scanning request transmission interval when the medium usage

indicator is between the lower and the higher medium usage thresholds.

26. The apparatus of claim 23, wherein the apparatus is further caused

to:

perform at least one of the following:

when currently applying an active scanning mode, switch to a passive

scanning mode when the medium usage threshold is exceeded, and

when currently applying the passive scanning mode, switch to the ac

tive scanning mode when the medium usage threshold is not exceeded.

27. The apparatus of claim 23, wherein the apparatus is further caused

to:

decide to apply another channel applicable for the transmission of the

scanning request when the medium usage threshold is exceeded.



28. The apparatus of any of claims 23 to 27, wherein the apparatus is

further caused to:

associate to a connectable sub-optimal access point when the medium

usage threshold is exceeded.

29. The apparatus of any of claims 17 to 28, wherein the apparatus is

further caused to:

acquire, a priori, knowledge of medium usage indicators for a plurality of

channels applicable for the transmission of the scanning request; and

prioritize, based on either an increasing or a decreasing order of the

medium usage indicators, the order in which channels are applied for connection

establishment to an access point of the wireless network.

30. The apparatus of any of claims 17 to 29, wherein the scanning re

quest is a probe request, and the wireless network is a wireless local area net

work, WLAN.

3 1 . An apparatus, comprising:

at least one processor and at least one memory including a computer

program code, wherein the at least one memory and the computer program code

are configured to, with the at least one processor, cause the apparatus at least to:

cause an access point capable of communication in a wireless network

to generate an information element to be transmitted to a station;

determine a medium usage indicator with respect to at least one chan

nel applicable for transmission of the scanning request by a station of the wireless

network; and

include at least one of the following fields to the information element: a

predetermined maximum share of channel resources for transmitting at least one

scanning request by the station, a scaling value applicable by the station for

changing a transmission time interval of the scanning request, the medium usage

indicator, at least one medium usage threshold.

32. The apparatus of claim 3 1 , wherein the apparatus is further caused

to:



cause the access point to transmit the generated information element to

the station in at least one of the following: a beacon, a scanning response, and an

advertisement frame.

33. An apparatus, comprising processing means configured to cause

the apparatus to perform the method according to any of claims 1 to 16 .

34. A computer program product embodied on a distribution medium

readable by a computer and comprising program instructions which, when loaded

into an apparatus, execute the method according to any of claims 1 to 16 .













INTERNATIONAL SEARCH REPORT International application No.

PCT/FI2012/050226

A . CLASSIFICATION OF SUBJECT MATTER

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: H04W, H04L

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

Fl, SE, NO, DK

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

EPO-lnternal, WPI , INSPEC, IPCOM, IEEE Xplore, ELSEVIER, IETF, ETSI , COMPDX

DOCUMENTS CONSIDERED TO BE RELEVANT

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

X US 2007232307 A 1 (IBRAHIM, T. et al.) 04 October 2007 (04.1 0.2007) 1-8, 12 , 14-24, 28,
paragraphs [0038], [0058], [0059], [0064], [0066], [0068], [0070], [0080] and 30-34

[0089]

A US 201 1267948 A 1 (KOC A . T. et al.) 03 November 201 1 (03.1 1.201 1) 1-34

A US 2007081462 A 1 (GEFFLAUT, A . F. et al.) 12 April 2007 ( 12.04.2007) 1-34

A US 20 0293275 A 1 (REZAIIFAR, R. et al.) 1-34

18 November 201 0 ( 18 .11.201 0)

Further documents are listed in the continuation of Box C. See patent family annex.

Special categories of cited documents: 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

"E" earlier application or patent but published on or after the international document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
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 document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
document published prior to the international filing date but later than being obvious to a person skilled in the art
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

29 November 201 2 (29.1 1.20 12) 04 December 201 2 (04. 12.2012)

Name and mailing address of the ISA/FI Authorized officer
National Board of Patents and Registration of Finland Seppo Ojala
P.O. Box 160, FI-00101 HELSINKI, Finland

Facsimile No. +358 9 6939 5328 Telephone No. +358 9 6939 500

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT
International application No.

PCT/FI2012/050226

CLASSIFICATION OF SUBJECT MATTER

Int.CI.
H04W 28/02 (2009.01 )
H04L 12/56 (2006.01 )
H04W84/12 (2009.01 )

Form PCT/ISA/210 (extra sheet)



INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/FI2012/050226

Patent document Publication Patent family Publication
cited in search report date members(s) date

US 2007232307 A 1 04/1 0/2007 WO 2006066007 A 1 22/06/2006

US 201 1267948 A 1 03/1 1/201 1 US 201 2063358 A 1 15/03/201 2
US 201 2063357 A 1 5/03/201 2
JP 201201 5992 A 19/01/201 2

US 201 2034945 A 1 09/02/201 2
JP 201 1244435 A 01/12/201 1
KR 201 10122064 A 09/1 1/201 1
CN 10226381 2 A 30/1 /20 1
WO 201 139462 A2 10/1 1/201 1
WO 201 139458 A2 10/1 1/201 1
CN 102238692 A 09/1 1/201 1
CN 102238744 A 09/1 /20 1
EP 2385493 A 1 09/1 1/201 1
EP 2385654 A2 09/1 1/201 1
EP 2385653 A2 09/1 1/201 1
US 201 1268052 A 1 03/1 /20 1
US 201 1267978 A 1 03/1 /20 1
US 201 1268025 A 1 03/1 1/201 1
US 201 1269493 A 1 03/1 1/201 1
US 201 1269492 A 1 03/1 /20 1
US 201 1268 102 A 1 03/1 /20 1

US 2007081462 A 1 12/04/2007 WO 20070441 79 A 1 19/04/2007

US 201 0293275 A 1 18/1 1/201 0 KR 201 20024760 A 14/03/201 2
CN 102422671 A 8/04/201 2
EP 2430852 A 1 21/03/201 2
WO 201 0 132248 A 1 18/1 1/201 0

Form PCT/ISA/210 (patent family annex) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

