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MANAGING MEDIUM ACCESS OF AN ACCESS POINT AND
ASSOCIATED DEVICES IN A WIRELESS NETWORK

Technical Field

[01] The present disclosure relates to the field of medium access control of an
access point and associates devices in a wireless network.

Background

[02] A wireless access point, AP, and associated devices, also named stations or
STAs, operating according to the IEEE 802.11 Wi-Fi standard, are by default
assigned the same access priority regarding a channel used to send and to receive

frames.

[03] More particular, IEEE 802.1e, which is an approved amendment to the IEEE
802.11 Wi-Fi standard, provides prioritized quality of service, QoS, through enhanced
distributed channel access, EDCA. Each node, STA and AP, senses the channel in
order to determine if a frame can be sent. This will be the case if the channel is idle
for a particular time equal to an arbitrary inter-frame space, AIFS. If the channel is
busy, a node selects a back off period uniformly distributed between zero and a
contention window, CW, wherein CW is initially set to a minimum value, CWmi», and
doubled every transmission failure until it reaches a predefined maximum value,
CW max.

Summary

[04] By the above scheme, a same access priority is achieved in the media access
control, MAC, layer for the AP and STAs, i.e., in terms of the average time of granted
transmission over a sufficiently long interval. When, for example, voice-over-WiFi
(VoWiIFi) applications are running on the STAs, each node approximately demands
an equal amount of transmission time for upstream and downstream frames. When a
STA runs such a VoWiFi application, it will upstream frames when speaking, while for

listening to a reply a downstream of frames is needed. However, STAs using VoWiFi
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applications will thus send upstream frames when speaking and an AP will send
downstream frames for listening at the STAs, while all the nodes have an equal
amount of transmission time. Hence, a fair share of bandwidth between upstream
and downstream is not achieved since each individual downstream gets comparably
lower bandwidth than each individual upstream gets. There is thus an unfairness in
the access priority for the upstream and downstream. Another drawback of using the
same medium access parameters for each node is that it is unable to react to
different load and/or traffic situations.

[05] It is an objective of the present disclosure to alleviate the above drawbacks
and to provide a solution with an improved fairness between upstream and

downstream.

[06] This object is achieved, in a first aspect, by a networking device for managing
medium access of an AP and STAs in a wireless network, the device comprising an
observation module configured to receive performance parameters from the AP and
the STAs; and a calculation module configured to calculate from the performance
parameters a fairness indicator indicative for the difference between medium access
obtained for downstream and upstream frames; and an assigning module configured
to change medium access parameters of the STAs and/or the AP based on the

fairness indicator.

[07] Thus, prior to changing medium access parameters of STAs and/or an AP, an
observation module receives performance parameters from each node in the
wireless network. These performance parameters are then used by a calculation
module to calculate a fairness indicator which represents a difference between
medium access for downstream and upstream frames per node. If an STA sends
data packets to the AP this is regarded as upstream, while if an AP send data
packets to one or more STAs, this is regarded as downstream. Finally, based on this
fairness indicator, an assigning module may change medium access parameters of
STAs and/or an AP.

[08] Since different load and/or traffic situations in a wireless network can occur, a
fairness indicator detects a potential unbalance between upstream and downstream
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channel access per node. Since medium access parameters are changed based on

this fairness indicator, this unbalance is resolved.

[09] According to an embodiment, the performance parameters are indicative for
the amount of sent and discarded frames by the STAs and the AP.

[10] In other words, for each node in the wireless network, the frames which are
sent as well as those who are discarded are measured. A reason for discarding
frames could be to free up MAC layer buffer space, i.e. these frames are prevented
from being transmitted even though no errors are detected. Since the sent as well as
the discarded frames are measured, it is an advantage that a degradation of the QoS

is identified even if no transmission errors have occurred.

[11] According to an embodiment, the fairness indicator is indicative for the
difference between the amount of discarded frames by the AP relative to the amount
of sent frames by the AP and an average amount of discarded frames by the STAs
relative to an average amount of discarded frames by the STAs.

[12] The relation between sent and discarded frames for the AP is calculated and a
similar calculation is performed for the STAs. The fairness indicator is thus indicative
for the difference between the two calculated relations.

[13] Since the unfairness in the access priority is regarded from the point of view
for the AP on the one hand and from the point of view for the STAs on the other
hand, it is an advantage to calculate the relation of sent and discarded frames from
AP respectively STAs separately.

[14] According to an embodiment, medium access parameters comprise a length
of a contention window, CW, of a STA and/or an AP.

[15] If a node fails to transmit a frame due to a busy channel, it will select a back
off interval uniformly distributed between zero and a CW after which it will retry to
transmit again. By changing the length of a CW, the time until a node will retry to
transmit can be influenced, thus managing the nodes such that a fair share of
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bandwidth between upstream and downstream is achieved. The CW thus allows

changing the fairness in an easy and standardized way.

[16] According to an embodiment, the calculation module is further configured to
calculate a minimum and maximum for the length of the CW of a STA and/or AP.

[17] A minimum contention window CWmi, is the initial CW set when a node enters
a back off period. Next, the CW is doubled after every consecutive time the node re-
enters the back off period until the CW reaches a maximum contention window
CWhmax. The calculation module is thus configured to calculate such a CWnin and
CWax for each node in the wireless network.

[18] The advantage that a CWmin respectively a CWmax is calculated separately for
each node in the wireless network is that it may better react to changing load and/or
traffic situations in the network.

[19] According to an embodiment, the minimum length of a CW is based on a

minimum default value of the CW and on the fairness indicator.

[20] This means, in order to calculate CWmin not only a minimum default value is
used but also the fairness indicator.

[21] The fairness indicator is indicative for the difference between medium access
obtained for downstream and upstream frames and changes when different
conditions in the wireless network occur. It is therefore an advantage to use this
indicator combined with a minimum default value in order to calculate CWmin, Since
therefore changing loads and/or traffic in the wireless network are taken into account,
while at the same time a minimum value is safeguarded. Additionally, the magnitude
of the unfairness is also taken into account since this is expressed by the fairness

indicator as well.

[22] According to an embodiment, the maximum length of a CW is based on the

minimum contention window of the AP.
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[23] For each node in the wireless network, an AP and/or STAs, a CWmin as well as
a CWnmax can be defined. As for a STA the CWmax will be thus calculated using the
CWmin of the AP.

[24] Since an unfair share of bandwidth between upstream and downstream occurs
because an AP respectively an STA handles these operations in a reverse way, it is
an advantage to use CWmin Of the AP to calculate CWmax of an STA because then
this different approach of these two type of nodes is taken into account. Furthermore,
another advantage is that the access of an STA to transmit frames is adapted to that

of the access of an AP.

[25] According to a second aspect the disclosure relates to a method for managing
medium access of an access point, AP, and associated devices, STAs, in a wireless
network, the method comprising receiving performance parameters from the AP and
the STAs; and calculating from the performance parameters a fairness indicator
indicative for the difference between medium access obtained for downstream and
upstream frames; and changing medium access parameters of the STAs and/or the

AP based on the fairness indicator.

[26] According to a third aspect, the disclosure relates to a computer program
product comprising computer-executable instructions for performing the method

according to the second aspect when the program is run on a computer.

[27] According to a fourth aspect, the disclosure relates to a computer readable
storage medium comprising the computer program product according to the third

aspect.

[28] According to a fifth aspect, the disclosure relates to a data processing system

programmed for carrying out the method according to the second aspect.



10

15

20

25

30

WO 2018/011097 PCT/EP2017/067185

Brief Description of the Drawings

[29] Fig. 1 illustrates a wireless network comprising a networking device for
managing medium access, an access point and associated devices according to an

embodiment of the disclosure; and

[30] Fig. 2 illustrates a networking device for managing medium access comprising
an observation module, a calculation module and an assigning module according to

an embodiment of the disclosure; and

[31] Fig. 3 illustrates steps performed by a networking device for identifying an
unbalance of downstream and upstream in a wireless network according to an

embodiment of the disclosure; and
[32] Fig.4 illustrates steps performed by a networking device to manage medium
access parameters of associated devices according to an embodiment of the

disclosure.

Detailed Description of Embodiment(s)

[33] According to an embodiment, the disclosure relates to a device for managing
medium access parameters of an access point (AP) and associated devices (STAs)
in a wireless network. Figure 1 illustrates such a wireless network 110, comprising
such a device for managing medium access parameters 200, an AP 100 and STAs
101, 102 and 103. The AP 100 can be used for example for a Wireless Local Area
Network (WLAN), while the STAs are for example a smartphone 101, 103 or a tablet
102. The AP 100 and the STAs 101, 102 and 103 will exchange frames. The STAs
101, 102 and 103 will upstream frames to the AP 100, illustrated by 104, 106 and
108 for 101, 103 respectively 102, while the AP 100 will downstream frames to the
STAs, illustrated by 105, 107 and 109. The exchange of frames between the AP and
the STAs can for example occur when using voice-over-WiFi (VoWiFi) applications in
the STAs.
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[34] Since however the AP 100 and the STAs 101, 102 and 103 share the same
channel in order to operate, downstream and upstream cannot occur simultaneously.
Each node, the AP and the STAs, in the wireless network 110, senses the channel to
determine if a frame can be sent. This will be the case if the channel is idle for a
particular time equal to an arbitrary inter-frame space (AIFS). If the channel is busy, a
node selects a back off period. According to an embodiment of the disclosure, this
back off period is managed by the device for managing medium access parameters
200.

[35] Figure 2 illustrates such a device for managing medium access of the AP 100
and STAs 101, 102 and 103 according to an embodiment of the disclosure. The
device 200 comprises an observation module 201, a calculation module 202 and an
assigning module 203. According to an embodiment of the disclosure, the device 200

can also be incorporated in the access point 100.

[36] According to an embodiment, the observation module 201 is configured to
receive performance parameters from the AP 100 and the STAs 101, 102 and 103.
Based on these performance parameters, a calculation module 202 will calculate a
fairness indicator. Figure 3 illustrates the step performed by the observation module
201 to receive performance parameters and the calculation module 202 to calculate
such a fairness indicator according to an embodiment of the disclosure. At the start
300 the observation module will read 301 during an observation time slot the number
of STAs, equal to N, and will measure the sent as well as the discarded frames for
each STA 101, 102 and 103 and for the AP 100, represented as PackSent;
respectively PackDiscarded; for node i. In the next step, the calculation module 202
calculates 302 the ratio of discarded frames over sent frames per node, yielding a

discarded packet ratio DPR per node, or

PackDiscarded;
DPR; = —————— (Eq.1).
t PackSent; ( q )

[37] The discarded packet ratio for the AP 100 is thus expressed as DPR,p, while
for the STAs 101, 012 and 103 this becomes DPRsr,4, With i varying from 1 to N, with
N the number of STAs. Subsequently, the calculation module 202 will in the next step

calculate 303 the average DPR for all the STAs, expressed as DPRg;, as follows,
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1,N PackDiscarded;
DPRor ) = ; —————(EqQ. 2
STA = ZST PackSent; ( q )

[38] Next, The calculation module 202 calculates a fairness indicator based on the
DPRgr, of the STAs and that of the AP DPR,,. The difference between DPR,, and
DPRgr,4, which equals to the fairness indicator, is compared 304 in a next step with a
threshold DT, indicative for the fairness between upstream and downstream in the
wireless network 110. This threshold can for example be 0.01. If the fairness
indicator is greater than the threshold DT, a flag D is set 305 at 1, while in the other
case the flag D is set 304 at 0. After the flag D is set to 1 or O, thus depending on the
fairness indicator and the threshold DT, the calculation module 202 ends 307 his

calculations.

[39] In anext module of the device for managing medium access 200, an assigning
module 203 will change medium access parameters of the AP 100 and the STAs
101, 102 and 103 in the wireless network 110. According to an embodiment, the
assigning module 203 will calculate these medium access parameters prior to
changing them. Figure 4 is an illustration of the steps performed to calculate and

consequently change these parameters.

[40] At the start 400, the assigning module 203 verifies 401 if the flag D is set at 1.
If not, the assigning module 203 will not change the medium parameters and ends
405 his operation. If the flag is set at 1, in the next step the assigning module
calculates 402 a minimum contention window CW,;7# for the STAs according to an

embodiment of the disclosure. This minimum contention window CW,;14 is calculated

402 by use of a minimum default value CW%/“* for the contention window and can
be for example 2. The fairness indicator is also taken into account, since DPR,, as
well as DPRg, are used to calculate a minimum contention window CW;:74, The
following equation is used to calculate 402 the minimum contention window CW'4

for the STAs,
CWSTA — [CWdefault (DPRAP +1)](Eq 3)

min min DPR

wherein [ ] is the floor function.
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[41] In the following step, the assigning module 203 calculates 403 a maximum
contention window CW,I4 for the STAs according to an embodiment of the
disclosure. This maximum contention window CW,34 is calculated 403 by taking the
minimum contention window of the AP CW/24f into account. According to an
embodiment, the following equation is used to calculate 402 the maximum contention
window for the STAs,

CWT4 = 2cwAr + 1 (Eq. 4).

[42] The calculated values CW;3T4 and CW,3T4 are in the next step used to set 404
the medium access parameters of the STAs. For each value 1 is added and the
binary logarithm is calculated of these sums, or

ECWoin = Logz(1 + CW5T) (EQ. 5),

ECWypar = Log,(1 4+ CW,SIA) (Eq. 6).
The parameters ECW,,;, and ECW,,,, are the medium access parameters for the
STAs set 404 by the assigning module 203. After the medium access parameters are
set 404 by the assigning module 203 in the device for managing medium access
parameters 200, it ends 405 his operation.

[43] Fig. 5 shows a suitable computing system 500 for performing the steps
according to the above embodiments. Computing system 500 may be used as a
networking device 200 for managing medium access parameters of an AP 100 and
STAs 101, 102 and 103. Computing system 500 may in general be formed as a
suitable general purpose computer and comprise a bus 510, a processor 502, a local
memory 504, one or more optional input interfaces 514, one or more optional output
interfaces 516, a communication interface 512, a storage element interface 506 and
one or more storage elements 508. Bus 510 may comprise one or more conductors
that permit communication among the components of the computing system 500.
Processor 502 may include any type of conventional processor or microprocessor
that interprets and executes programming instructions. Local memory 504 may
include a random access memory (RAM) or another type of dynamic storage device
that stores information and instructions for execution by processor 502 and/or a read
only memory (ROM) or another type of static storage device that stores static
information and instructions for use by processor 502. Input interface 514 may
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comprise one or more conventional mechanisms that permit an operator to input
information to the computing device 500, such as a keyboard 520, a mouse 530, a
pen, voice recognition and/or biometric mechanisms, etc. Output interface 516 may
comprise one or more conventional mechanisms that output information to the
operator, such as a display 540, etc. Communication interface 512 may comprise any
transceiver-like mechanism such as for example one or more Ethernet interfaces that
enables computing system 500 to communicate with other devices and/or systems
960. The communication interface 512 of computing system 500 may be connected
to such another computing system by means of a local area network (LAN) or a wide
area network (WAN) such as for example the internet. Storage element interface 506
may comprise a storage interface such as for example a Serial Advanced
Technology Attachment (SATA) interface or a Small Computer System Interface
(SCSI) for connecting bus 510 to one or more storage elements 508, such as one or
more local disks, for example SATA disk drives, and control the reading and writing
of data to and/or from these storage elements 508. Although the storage elements
508 above is described as a local disk, in general any other suitable computer-
readable media such as a removable magnetic disk, optical storage media such as a
CD or DVD, -ROM disk, solid state drives, flash memory cards, ... could be used.
The system 500 described above can also run as a virtual machine above the
physical hardware.

[44] Although the present disclosure has been illustrated by reference to specific
embodiments, it will be apparent to those skilled in the art that the disclosure is not
limited to the details of the foregoing illustrative embodiments, and that the present
disclosure may be embodied with various changes and modifications without
departing from the scope thereof. The present embodiments are therefore to be
considered in all respects as illustrative and not restrictive, the scope of the
disclosure being indicated by the appended claims rather than by the foregoing
description, and all changes which come within the meaning and range of
equivalency of the claims are therefore intended to be embraced therein. In other
words, it is contemplated to cover any and all modifications, variations or equivalents
that fall within the scope of the basic underlying principles and whose essential
attributes are claimed in this patent application. It will furthermore be understood by
the reader of this patent application that the words "comprising" or "comprise" do not
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exclude other elements or steps, that the words "a" or "an" do not exclude a plurality,
and that a single element, such as a computer system, a processor, or another
integrated unit may fulfil the functions of several means recited in the claims. Any
reference signs in the claims shall not be construed as limiting the respective claims
concerned. The terms "first", "second", third", "a", "b", "c", and the like, when used in
the description or in the claims are introduced to distinguish between similar
elements or steps and are not necessarily describing a sequential or chronological
order. Similarly, the terms "top", "bottom", "over", "under”, and the like are introduced
for descriptive purposes and not necessarily to denote relative positions. It is to be
understood that the terms so used are interchangeable under appropriate
circumstances and embodiments of the disclosure are capable of operating
according to the present disclosure in other sequences, or in orientations different
from the one(s) described or illustrated above.
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CLAIMS

1. A networking device (200) for managing medium access of an access point (AP)
(100) and associated devices (STAs) (101, 102, 103) in a wireless network (110),
the device (200) comprising:
- an observation module (201) configured to receive performance parameters
from the AP (100) and the STAs (101, 102, 103); and
- a calculation module (202) configured to calculate from the performance
parameters a fairness indicator indicative for the difference between medium
access obtained for downstream and upstream frames; and
- an assigning module (203) configured to change medium access parameters
of the STAs (101, 102, 103) and/or the AP (100) based on the fairness

indicator.

2. Device (200) according to claim 1, wherein the performance parameters are
indicative for the amount of sent and discarded frames by the STAs (101, 102, 103)
and the AP (100).

3. Device (200) according to claim 2, wherein the fairness indicator is indicative for
the difference between the amount of discarded frames by the AP (100) relative to
the amount of sent frames by the AP (100) and an average amount of discarded
frames by the STAs relative to an average amount of discarded frames by the STAs
(101, 102, 103).

4. Device (200) according to claim 1, wherein medium access parameters comprise a
length of a contention window (CW) of a STA (101, 102, 103) and/or an AP (100).

5. Device (200) according claim 4, wherein the calculation module (201) is further
configured to calculate a minimum and maximum for the length of the contention
window (CW) of a STA (101, 102, 103) and/or AP (100).

6. Device (200) according to claim 5, wherein the minimum length of a CW is based
on a minimum default value of the CW and on the fairness indicator.
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7. Device (200) according to claim 5, wherein the maximum length of a CW is based
on the minimum contention window of the AP (100).

8. Method for managing medium access of an access point (AP) and associated
devices (STAs) in a wireless network, the method comprising:
- receiving (301) performance parameters from the AP and the STAs; and
- calculating (302, 303, 304) from the performance parameters a fairness
indicator indicative for the difference between medium access obtained for
downstream and upstream frames; and
- changing (404) medium access parameters of the STAs and/or the AP based
on the fairness indicator.

9. A computer program product comprising computer-executable instructions for

performing the method according to claim 8 when the program is run on a computer.

10. A computer readable storage medium comprising the computer product
according to claim 9.

11. A data processing system programmed for carrying out the method according to

claim 8.
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