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N0 spe®calntRLRMYet O BEATHsHPS bR eRRrdeSEOwirSless networks, in which the network

0 connections are provided, typically by a wireless radio link. One of these networks is described in

the various Bluetooth standards (see e.g. http://www.bluetooth.com). Those skilled in the art will
appreciate that other wireless networks also exist, and reference herein to Bluetooth is not
intended to be limited hereto.

)5  Bluetooth wireless technology allows users to make effortless, wireless and instant connections
between various communication devices, such as mobile phones, computers, printers etc.
Bluetooth technology provides for a short-range wireless connectivity and supports both point-to-
point and point-to-multipoint connections. Currently, up to seven active 'slave' devices can
communicate with a 'master' device, to form a 'piconet'. Several of these 'piconets' can be

30  established and linked together in ad hoc 'scatternets, to allow communication among
continually flexible configurations.

Due to the wireless nature of the piconet and the scatternet, and to minimise the expense, most of
the wireless network devices comprise only one data-transceiver. Therefore the network devices
35  are only capable of communicating with one other network device at a time. Within a piconet
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Another problem related to slotted networks is to share the available communication time in a
S fair manner.

According to a first aspect of the present invention, there is provided a method of prioritising the
usage of slotted links by single network devices in a wireless network for adapting to varying
traffic loads, comprising the steps of: pre-setting a distribution of priorities for using a link to
0  predetermined values, monitoring the current link usage, and adapting the priorities in
accordance with the monitored usage. By pre-setting the distribution of priorities an even
distribution of the priorities among the links to use the links can be chosen. In a further
developed network, devices may store an average priority distribution of previously averaged
values obtained during a prior time interval to start with a pre-optimised priority distribution. By
5  monitoring the current link usage, the network devices can detect by themselves if the current
priority distribution is optimal or not. By adapting the priorities in accordance with the monitored
usage, the network device can self adapt and optimise the local communication performance.
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I nvention is to increase the overall conmunication performance by
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Slotted links usually transmt data in packets, each fitting into a slot or
a nunber of slots. At least 5 three different types of packets have to be
di stinguished. First, there is an ordinary data packet that may carry
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each end of a link. This concept may relate to a local master/slave definition or to a global

)5  master/slave definition. A global master/slave definition can prevent situations in which a slave
device cannot decide which order is to be followed. A local master/slave definition enables the
network to react flexibly to different network conditions, such as a change in the topology.
Scatternets are extensions to existing Bluetooth single piconet topologies. They are enabled by
Bluetooth devices participating in multiple piconets on a time-multiplexing basis, thereby adding

30 scatternet support to the Bluetooth technology. Although very similar to sniff mode, scatternet
mode is not intended for power saving purposes in the first place. It is nevertheless designed to
enable Participants in Multiple Piconets (PMP) devices to save battery power in case of idle
periods caused by inter-piconet multiplexing. A Bluetooth device in scatter mode can have
different roles in different piconets. Scatternet mode is designed to easily allow switching

35  between piconets in a time-multiplexing manner. The method applies independent of the
master/slave role assignments.
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t hat debstant slesbyasending a data or control packet. The slave may listen to the packet beginning in

this slot and respond by sending a packet. If it does so, a contact event starts. If only one of the
5  devices tried to use a specific contact slot, the device performed an unsuccessful contact attempt.
A device that does not use a contact slot in order to establish a contact event is free to use this
slot for any other purpose, e.g. another contact event or a contact slot of another communication
link. Basically, every contact slot can be used to start a contact event. Nevertheless, it is
sometimes necessary and also reasonable to skip certain contact slots in order to continue the
30 current contact event. Therefore, the contact slots comprise one parameter that determines a
priority of the upcoming contact slot called slot account. There are two cases that have to be
distinguished when considering the use of contact slots. The scheduling in the method is
specifically designed to cope with the uncertainty of communication resulting in the proposed
priority concept which monitors the amount of successful communication and adapts the used
35  contacts slots and contact event lengths accordingly.

If there is no current active contact event in which the device is participating, any upcoming
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maximum poll. If a device performed an unsuccessful contact event for a communication link, a

backoff counter of this communication link should be increased.

Conveniently, said repetition rate of contact slots is varied by multiplication or division by two.
This approach takes special provisions for the case that one peer chooses another backoff level
than the other. This is obtained by multiplying or dividing the distance between subsequent
contact slots only by 2. Therefore, the contact slots of a higher backoff level are always a subset

30  of the contact slots of a lower level. Other multipliers are also possible, but larger multipliers
have the drawback of too coarse gradation between the highest and the lowest parameter. In the
case of a range of 1 to 512 communication slots, the multiplier 2 provides 10 different grades,
while the multiplier 3 only provides 6 grades. It is to be noted that the multiplication is to be
limited at both ends. The lower limit can be e.g. 1=2° as the smallest communication comprises

35  one slot, and the upper limit can be e.g. 512=2° to prevent a “wind up effect”. A “wind up effect”
would e.g. occur for a multiplier 2, if e.g. the backup counter is set to 64, and the asserted slot
account would take a few centuries to execute.
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25  time of the next transmission having a higher priority.

Preferably, the method of prioritising further comprises the optional step of interrupting a
transmission, especially of lower priority. Especially in data transmission networks, a priority
comprises in a first level the priority to access a data transmission link after the termination of a
30 current transmission. A second level of priority can allow a device to interrupt a current
transmission of lower priority. It is for example conceivable for a master to cope with the
situation in which a slave does not respond to polls, which can easily happen in a wireless
network e.g. due to location changes of slave devices. Therefore, the master device needs an
algorithm to add or delete other slave or master devices to or from the present links, To prevent
35  that a single device is deleted from the present link, and later has to be re-added after a certain
period, the priority can be related to the time passed since the last contact. Therefore, if a single
slave device is to be deleted during a current transmission, the priority of said device should be
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)5 the actual value of Ny to enable both systems to communicate with each other. Some slots can

be used to start communication, wherein such a slot is called contact slot Negntact. By using
contact slots, single master slave device pairs can define a discrete point time in which a contact
can be started. Both devices need to use the same algorithm to calculate the next Negntaet- It is not
sufficient to transfer a Nyext contact at each Neontact, because if in one Negntacr the transmission of
30 the location of the next Neontact fails, the system has no chance to recover. So the system needs an
algorithm, in which the Nyt contact can be calculated. Each communication link may have its
own contact slots and method of calculating contact slots. Contact slots of different
communication links may even be completely unrelated. Thus, it may happen that contact slots of
different communication links overlap each other.
35
Master and slave device of a particular communication link must have a high probability of
determining the same next contact slot for the communication link. This way, it is guaranteed
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25  B. As device B does not notice the other device leaving, it will end the contact event after a

timeout, i.c. when the current slot number Ngo exceeds Niast contact by the threshold
Neontaet_timeout- AN implicit end of a contact event may trigger a redistribution of slots.

There are three possibilities for an explicit end of a contact event. First a reception of an ABORT
30 control packet. A device that ends a contact event may send the ABORT control packet to notify
its peer. Thus, a device that receives an ABORT packet immediately regards the current contact
event as finished. A redistribution of slots may be started on the receiving device, depending on
the status of the redistribute control flag of the ABORT packet. Second a double NULL
sequence. If the queues of both devices of a communication link become empty, the devices will
35  transmit NULL packets. Thus, after the slave answers a master's NULL packet with a NULL
packet, both devices immediately regard the current contact event as finished. In case of double
NULL sequence a redistribution of slots may be triggered on both devices. Third a start of
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25
Most preferred is a method to achieve a fair distribution of communication time by scheduling
contact events and redistributing slots using slot accounts. Thereby a redistribution of slot
account values is readily obtained.

30

Preferably, the method of prioritising the usage of slotted links in a network comprises the step
that the slot account (s) is (are) extended with an unused slot account (us). It may happen that no
device is tagged at accounting time. In this case, the unused slot account (us) is accounted. At the
beginning of each slot, the slot account of one communication link in each device is increased by

35  one. However, if the account for unused slots us is below zero, this account has to be increased
by one and no other account is increased.
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decr eas:msrehheomhmﬁucaﬁmolhmk ofd tiseibutes it among the other communication links. In the
simplest case, where all devices are treated equally, the slots are distributed evenly among the

other communication links. Of course, the sum of all slot accounts and us remains zero.

The amount of slots to distribute can be computed in various ways. One option is to distribute all
25  the positive slot account values (i.e. after the redistribution the slot account is zero). Another way

would be to distribute slots in such a way that the value of the current communication link's

account equals that of the lowest slot account after evenly distributing slots among the remaining

communication links. In this case, the amount of slots to distribute is given by

30 (Scurrent - Smin) * (1’1-1) /n,

where scurrent is the value of the current communication link's account, smia is the value of the
lowest account and n is the number of communication links of the device. Note that only credits
are distributed, if Scurrent = Smin-

35
Advantageously, the method of prioritising the usage of slotted links in a network further
comprises storing and adapting a value of a backoff counter (b), which is related to the distance
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the steps of anyone of the precedmg method claims when said software tool is run on a computer

or a network device.

According to another aspect of the present invention, a computer program for prioritising the
usage of slotted links in a network is provided, which comprises program code means for
performing all the steps of anyone of the preceding method claims when said program is run on a
computer or a network device.

According to yet another aspect of the invention, a computer program product is provided
comprising program code means stored on a computer readable medium for performing the
method of anyone of the preceding method claims when said program product is run on a
computer or network device.

According to yet another aspect of the invention a network device is provided, which is capable
of prioritising the usage of slotted links in a network and comprises means for pre-setting a



used for the contact attenpt are effectively lost, it may be desirable to
mnimze the occurrence of this kind of event. Additionally, keeping the
nunber ofworgusmessful contact attenpts lowis 5 crucial pChaBeumest

ot herwi se contact events are aborted needl essly. Thus, it nmay be preferable
to reduce the nunber of contact attenpfl2 on such comunication 1links. To
do so, a backoff counter is kept I n each communi cation link. This counter
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time. The handling of s1mple instantaneously executable commands does not need storage

devices. Data transmission may take longer, and may be non-interruptable. As transmissions may
20 occupy multiple slots, it is sometimes necessary to interrupt an ongoing transmission to attend a
contact slot. This may happen on the receiving as well as on the sending side. There may be
situations where transmissions cannot be interrupted. In order to cope with this constraint, the
use of contact slots has to be planned beforehand. Of course, the number of slots to look in the
future depends on the maximum length of a transmission (counted in slots). In addition to that, it
)5  may be necessary to restrict the length of transmissions of the peer device (e.g. by attaching
respective control data to ordinary data packets). A storing means must be provided in case the
device operates in a non-slot synchronised way, as is the case with a printer in which the data
receiving rate is much higher than the printing rate. In an external random access memory device,
for example a separate data queue can be installed, such that the device may operate in a slot
30  synchronised way, without time delay between the data access and the data transmission.

According to a further aspect of the invention a network comprising network devices as claimed
in previous network claims is provided. Such an 'all wireless' network is highly flexible and self
organising in its structure. With a range of approximately 10 m in buildings and an estimated
35  bureau volume of about 40 m? up to 30 other bureau may be in the range of one network device.
With the estimation of up to 7 network devices, up to 200 devices may be in the accessible range
of one single wireless network device. Therefore, the transfer between these network devices is



12 distribution of properties for using a link to predeterm ned val ues,
means for nonitoring the current |ink usage, and neans for adapting the
current |Iwplo208age in accordance with the nonitored usag@CTMB200D$l S
device it is possible to start the optimsation with a predefined priority
distribution. The start distribution cd® be always the sane, e.g. stored in
a RO\/I(read 5 only nenory), by the | ast used distribution, or may be varied
in an q t aatlon process to find an optimal start distribution for the
optims 3)ﬁ process. Conveniently, the network device conprises nmeans for
storing transm ssion related data. These data can conprise the value of a
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non- i nt@asterglaxprencept transni ssions may 2?0 occupy multiple slots, it is
soneti nes necessary to interrupt an ongoing transm ssion to attend a
contact slot. This may happen on the receiving as well as on the sending
side. There may be situations where transm ssions cannot be interrupted.
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data to d| nary data pac A storing neans nust be provided in case
the device operates in a non-slot synchronised way, as is the case with a
pri nt erFigite MheWs b MBdEIRE AnctiBfkeickbrdeng Bt présdid &tvelfi@her than the printing
rat2§ In an external random access nenory device, for exanple a separate
dat®d queue can be installed, such that the device may operate in a slot 30
synchr dtigised shays a\nirﬁihgdiagtairmf detfl aryoungingmath differinaslot thoowss and t he data
transm ssion. According to a further aspect of the invention a network
conprising network devices as claimed in previous network claims is
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organising in its structure. Wth a range of approximately 10 in in

bui I din and an estimated 35 bureau val une of about 40 nB8 up to 30 ot her
burld % € e shoys ﬁetopglﬁgg cgpsigiing bfeEres Lrdyand communication links between the

devices 1-6 are given. Communication links are point-to-point and are used to exchange data or
control packets between the two devices involved. One of the two devices participating in a
communication link is the master M of the link while the other one is the slave S. The master M
or the slave S role a device 1 - 6 adapts for a particular link is independent from the other

30 communication links of the device 1 - 6. The master/slave role assignment for the connections of
a topology is given in the beforehand. Figure 1 shows an example of such a topology.

Figure 2 shows a node in a network according to the present invention. A device 4 may only
communicate over one communication link with one other device (only device 5 is shown in the
35  drawing) at the time. In order to communicate over several links 43, 45, 46 a device must switch
between communication links 43, 45, 46 using a time division multiplex scheme.
Communication between two devices 4, 5 over a communication link 45 is only possible if both



Wth the estimation of up to 7 network devices, up to 200 devices may be in
the accessible range of one single wireless network device. Therefore, the
transfer wetoaesn7t hese network devices is WO 02/ 080471 PCPCTBB®/®8881 13
optimsed. In a scatternet, a special prevention and surveillance of the
scatternet has to be performed to pre¥ént industrial espionage. Therefore
each scatternet device may conprise aut hent i cation and 5 encryption to
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t opol ogplues ogMYBNiniar_dodiar. bebhiheliaksd. Fi gure 1 shows an exanple of such a

topol ogy. Figure 2 shows a node in a network according to the present
i nvention. A device 4 may only_ _comrunicate _over .one conmuni cation |ink
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Com“runldtﬁdimlgrslcbtl deffintons ©naatly npsss Howeved, alstitve in a communication link continues to
know the slot definition of its master, as it has to follow the master's timing when

communicating with the master. In general, two problems have to be solved. Firstly, management
of the slot accounts has to be done for different slot timings. Secondly, when contact slots are

25  used, the time shift between different communication links has to be taken into account. It was
assumed that all slots throughout the whole network are synchronised, so slot accounting can be
performed at the beginning of each slot. If several different definitions of slot timing are present
on one device, one is chosen as the reference timing. Slot accounting is done at the beginning of
each slot in the reference timing. However, this timing was not necessarily used to send or

30 receive the last packet. Therefore, at each beginning of a slot of a communication link where a
packet is currently sent or received, the communication link is tagged. At the beginning of each
reference slot, the tagged communication link is accounted for the last send/receive slot, i.e. its
slot account is decremented by one. The tag is removed after accounting. It may happen that no
device is tagged at accounting time. In this case, the unused slot account us is accounted.

35
Figure 4 shows the network topology of Figure 1 with an uneven data traffic distribution. As in
figure 1 network device 4 is master to the network devices 3, 5 and 6. The network device 3 is
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at the sane tine. If two devices 4, 5 communicate with each other over a
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device is tagged at accounting tinme. In this case, the unused sl ot account
us is accounted. 35 Figure 4 shows the network topology of Figure 1 with an
uneven dawe oewosifsfi ¢ di stribution. As in figure 1 networ k PAEUIBER00481 S
master to the network devices 3, 5 and 6. The network device 3 is WO

02/ 080471 PCT/1B02/00981 15 slave to dévice 4 and master to devices 1 and
2. Links are nunbered in accordance with the enuneration of the devices
they are connecting. The arrows on t?ﬁéhksks i ndi cate the master/sl ave
relation of the link, and therefore rst level of priority. In the
exanple, two big data transfers are taking place. The first fromdevice 1
to device 2 via device 3 and the links 31 and 32, which 5 is abbreviated
link 132. And abbreviated in the sane manner a second data transfer on |ink
546 t akeMepodcef pragritisies Swenpsage ad slatted ks dyngingleanpbwpiks focasin| 4 wirelss
TheBefOren&@@ﬂﬂb?h&ﬁﬁﬁg@?b%@ﬁ@tu&ﬂ@kﬁ@ﬂb&%gﬁﬁhgi5 is increased by the
backoff counter and élnqltane usI%,tq§ ny er of slgts ,u%?ble i n sequence
can be detr ®E&sitng 2 disgivutioniod priphitiesi fenusinga ik i eredefermiped B2Ipss; mar i |y
transfers- adedritofingthaarienelidk teagdemidce 2, tenporarily checking link 43,
preventing tq waste too.much ti 0 _aon unused.,link. Device 4 primarily
transfers d %ngﬁﬁﬁ?anggﬁ1§af%g§%VP@@hg&3?@ %PQP§%§' checking link 43,
preventing to waste too much tine on an unused |ink. And therefore, the
valiges 5 0 = int.er. . ¢ { ANy the |inks
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transm ssion tine of the devices 3 and 4. On link 43, Nle increases til

Ni, exceesguatucadilg tof Q16 ONheldiPX iRPIdvel S PASARCAISSh SRS BMAREN frasith Nd

up' effect. This application contains the description of inplenentations
and enbod € of the present invention with the help of exanples. It
w Il be appreciated by a person skilled in the art that the present
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devi at i ngatinbm t he scope of the 0 appending clains. The enbodi nents
present ed above should be considered illustrative, but not restricting.
Thus t he gfssibilitles of inplenenting and using the invention are only

restri ctedofipd aoperdingtooelain &) wibgtein Titrblayehel prierityirelates dp theodistrdution of

i mpl ement timbhiGatidVERE befiveda ssidtaevickgied by the claims, including
equi.val ent inplenentations, also belong to the scope of the invention. WO

02/980471 PCT/1B02/00981 16 CLAIMS 1. Method of prioritising the usage of
sl ot t eds.| M dacaiditg dtainel Wilidceid @umaasications étwedrelSi® devices of the network can

only be started at a contact slot.

7. Method according to claim 6, wherein the repetition rate of contact slots is adjustable and is
25 adjusted such that the repetition rate of contact slots is related to the monitored link usage.

8. Method according to claim 7, wherein said repetition rate of contact slots is varied by
multiplication or division by 2.

30 9. Method according to claim 8, wherein one level of priority is related to the time passed since
the last successful contact.

10. Method according to claim 1, further comprising:
- transferring communication related data from one device to another.
35
11. Method according to claim 1, further comprising the optional step of interrupting a
transmission.



5 network for adapting to varying traffic |oads, conprising: - pre-setting
a distribution of priorities for using a link to predeterm ned val ues; -
noni t or i myotokesmar rent |ink usage; and - adapting the pri ®@CITiB&E00p$1
accordance with the nonitored usage. 10 2. Method of claim 1, wherein the
priority is divided in different |evel 47 of priority. 3. Method according to
claim2, wherein a first level of priority distinguishes between naster
and slave. 15 4. Method according to claim2, wherein a second | evel of
priority relates to the authority to use a link. 5. Method according to
claim2, wherein a third level of priority relates to the distribution of
conmmuni jeaMetdbdt 40¥Brdigd W RMimal dwienéinC &% maRitdringVet Rasch AGE alsalid1gorfibiadeR the
wherein co ni.cati ons 1betvFen two devices of the network can only be
started a@°31%§3g6¥?8?507 Met hod according to claim®6, wherein the
repétiti oncuradng siof nombéra@®Ng3) ot s is adjustable and is 25 adjusted such

t hat the 1 te of cont [ . i+0 . nk
usage. 8. 5{@@%@ cggs(l:%t? | Wgta?ﬁmi?ftg%%rﬁ?r%ﬁ\%&ig rcz)fl%%lsg\?egg rlge%)e S fé()H;Br]%qt éﬁgl?éd’
contactand| ots is varied by nultiplication or division by 2. 30 9. Mt hod
accordi ng i; i | eve f priority is related to the tine
passed si %Ii:lgxt‘i)k)ﬁ%ﬁ}?gg?ﬁﬁ’gﬁgl@g%%f?ﬂﬁ\h%ﬁ({nlaa%)f[?' 10. Met hod according to claim1,
further conprising: - transferring conmunication related data from one
devioce 130MtdNREordidbioldlainV! Wbdrear e mibiiidring ofl AbiNlihk ushigd Methe eatiprises Ng
the opti oggl ste% of |thnte ruptf_i ng a transm ssion. WO 02/080471

PCT/ | B02/ B3 FRONIOFNE pothonlyes 0T 2 . cor ding to claim 1, wherein the monitoring
of each | emkmos@gd sbasiiNigqeu)talfier whizhithoprhieritydd colnactvtat pear deivich isincraaseit
sl ot nunb i . of slqgts (Ncontact tineout) after which a
cont act e\g/%dnéh?{s(%%%ar?& gstg%%@“‘ﬂé""faf‘ﬁi shed; and a next possible contact
timestanmp (N,,,t contact).

15 14, Method according to claim 1, wherein the adaptation of the priorities includes the adaptation
of:

a slot account (s) and

a slot account threshold (min_serve).

20 15. Method according to claim 14, wherein said slot account (s) is extended with an unused slot
account (us).

16. Method according to claim 1, further comprising: -storing and adapting a value of a backoff
counter (b), which is related to the distance between two contact slots (Neontact)-
25
17. Software tool for prioritising the usage of slotted links in a network, comprising program
code means for performing all the steps of anyone of claims 1 to 16 when said software tool
is run on a computer or a network device.

30  18. Computer program for prioritising the usage of slotted links in a network, comprising
program code means for performing all the steps of anyone of claims 1 to 16 when said
program is run on a computer or a network device.

19. Computer program product comprising program code means stored on a computer readable
35 medium for performing the method of anyone of claims 1 to 16 when said program product is
run on a computer or network device.



10 13. Method according to claim 1, wherein the nonitoring of each |ink
usage further conprises the nonitoring of the values of: an anount of

sl ot s ( Nmwo opoBil4y1 aft er which the priority to contact thePo#dBoX@9sice i s
increased; and a |ast contact timestanp (Mast contact); 15 14. Met hod
according to claim1, wherein the adapfldtion of the priorities includes the
adaptation of: a slot account (s) and a slot account threshold

(m n-serve). 20 15. Method according to claim 14, wherein said slot account
(s) is extended with an unused slot account (us). 16. Method according to
cl ai m 220. Natwdrke dedoerpapiablerd’priositising thy wsagk efckdgsitadrlipka iv ahetsvodt, camipasikgf: f
count er ts
(Ncont act{lh)emlf\q?f ﬁljg,Sléoft d\%%ﬁtﬁf’ggﬁ Bﬂﬁogé rgéﬁafgflngg e'i% Y@&e@?ﬂ%ﬁl@ﬁg%ltﬁ gsg | i nks
in a net wBeRls febmepitaringths cogerttinkdsags, ichns f or perform ng all the steps
of gnyonenRinClorhdiptihg kiR &@reﬁhﬁﬁk ﬁ@gglrﬁﬁﬁéﬂd@ﬁ& WidRthe hénifd#e &agé conput er
or a network device. % . Conputer programfor prioritising the usage of
slotted links in a netvvork, conprising program code neans for performng
al | t h&lsNepsorbfdeaity areeordingcloatlain 20§ furthér whraprisiag dneaps dgr sOTinG tratismission
conputer Qr tgd&ﬁ&v\ork device. 19. Conputer program product conprising
program code nearis stored on a conputer readable 35 nmedium for performng
t he net hod of anyone of clains 1 to 16 when said program product is run on
a np fu}’tp? ngﬁgl t wor k
de\c}lgce%czgfgg °é13§%‘yig§ %5%%&1’;{1? glgn eu giglééé &%ggé%%g(ﬁélgl 1?11&6111% ﬁét \}\Ngr k,
conprising : neans for pre- settlng a di strlbutlon of properties for using
a | i nk 230NRHRAR RPridah nedhvb&Sdevidd® & daihied ilBRIMS0 fp2d.he current |ink
usage, and 5 means for adapting the current |ink usage in accordance with
the nonitored usage. 21. Network device according to claim20, further
conprising neans for storing transm ssion related data. 10 22. Network
device of claim 20, further conprising storing neans for storing incomn ng
data. 23. Network, conprising network devices as clained in clains 20 to
22.




