
TWO OR MORE DELIVERY TRAFFIC INDICATION MESSAGE (DTIM)  PERIODS IN WIRELESS
NETWORKS BACKGROUND OF THE INVENTION [0001] The invention generally relates
to wireless networks. In particular, embodiments of  the invention relate
to power saving in a wireless network using two or more service set
identifiers. [0002] A wireless access point (AP) is a device that
"connects" wireless devices together  to create a wireless network. The
wireless devices, also known as "client devices",  communicate with each
other or with other networks through the AP. A service set  identifier
(SSID) is a label or name that distinguishes one wireless network from
another.  Client devices use the SSID to establish and maintain
connectivity. [0003] Some access points (known as "enterprise-class access
points") support multiple  SSIDs. For example, some commercially available
access points support up to 32 separate  SSIDs. [0004] Network managers can
assign different policies and functions for each wireless  network,
increasing the flexibility and efficiency of the network infrastructure. In
a  corporation using virtual local area networks (VLANs), SSIDs may be
assigned to enable  the separation of wireless applications based on
security and performance requirements.  For example, one could enable
encryption and authentication on one wireless network to  protect private
applications and no security on another wireless network to maximize open
connectivity for public usage. In another example, SSIDs may be assigned to
group  together client devices having common usage characteristics, so that
data users such as  laptops are assigned one SSID and voice users such as
cellphones are assigned another  SSID. In a further example, SSIDs may be
assigned according to an organizational  structure, so that client devices
used by executives are assigned one SSID that will give  them high
priority, and client devices used by others at the company are assigned
another  SSID that will give them a lower priority. [0005] Client devices
may be battery-powered, and it is beneficial to enhance the battery
lifetime. 1 



BRIEF DESCRIPTION OF THE DRAWINGS [0006] Embodiments of the invention are
illustrated by way of example and not limitation  in the figures of the
accompanying drawings, in which like reference numerals indicate
corresponding, analogous or similar elements, and in which: [0007] FIG. 1
is an illustration of an exemplary communications system, according to
embodiments of the invention; [0008] FIG. 2 is an illustration of a single
exemplary sequence of beacon frames, helpful in  understanding embodiments
of the invention; [0009] FIG. 3 is an illustration of several exemplary
sequences of beacon frames, helpful  in understanding other embodiments of
the invention; [0010] FIG. 4 is a block diagram of an exemplary access
point, according to an  embodiment of the invention; [0011] FIG. 5 is a
flowchart of an exemplary method to be implemented by the access  point,
according to an embodiment of the invention; and [0012] FIG. 6 is a
flowchart of an exemplary method to be implemented by the access  point,
according to another embodiment of the invention. [0013] It will be
appreciated that for simplicity and clarity of illustration, elements shown
in the figures have not necessarily been drawn to scale. For example, the
dimensions of  some of the elements may be exaggerated relative to other
elements for clarity. 2 DETAILED DESCRIPTION OF EMBODIMENTS OF THE
INVENTION [0014] In the following detailed description, numerous specific
details are set forth in order  to provide a thorough understanding of
embodiments of the invention. However it will be  understood by those of
ordinary skill in the art that the embodiments of the invention may  be
practiced without these specific details. In other instances, well-known
methods,  procedures, components and circuits have not been described in
detail so as not to obscure  the embodiments of the invention. [0015] FIG.
1 is an illustration of an exemplary communications system 100 according to
embodiments of the invention. System 100 includes a wireless access point
(AP) 102 and  a computer 104 coupled via a wired connection 106. Another
wired connection 107 may  



connect AP 102 to the Internet, for example, via a cable modem (not shown).
Computer  104, wired connection 106, wired connection 107, the cable modem
and the Internet may  all be part of a "distribution system" for AP 102.
[0016] AP 102 has at least one antenna 108 and is configurable to support
two or more  wireless network names, for example, two or more service set
identifier (SSIDs). A non- exhaustive list of examples for antenna 108
includes a dipole antenna, a monopole antenna,  a multilayer ceramic
antenna, a planar inverted-F antenna, a loop antenna, a shot antenna, a
dual antenna, an omnidirectional antenna and any other suitable antenna. AP
102 may  include a router. [0017] AP 102 creates a wireless network 110,
identified by a first SSID, for example  "LAPTOP", with wireless-enabled
laptops 112 and 114. Similarly, AP 102 creates a  wireless network 120,
identified by a second SSID, for example "CELLS", with cellphones  122,
124, 126 and 128. Similarly, AP 102 creates a wireless network 130,
identified by a  third SSID, for example "PDAS", with personal digital
assistants (PDAs) 132, 134 and  136. The three wireless networks 110, 120
and 130 all use the same radio frequency  channel. [0018] The client
devices shown in FIG. I are just an example and other suitable client
devices and groupings of client devices are also possible. The client
devices are  configurable to belong to a wireless network having a
particular SSID. A non-exhaustive  list of examples for client devices
includes work stations, server computers, notebook  3 computers, laptop
computers, desktop personal computers (PCs), personal digital assistant
(PDA) computers, hand-held computers, wireless local area network (WLAN)
stationary  units, WLAN add-on cards, WLAN personal computer memory card
international  association (PCMCIA) cards, WLAN PC cards, WLAN switches,
WLAN routers, WLAN  servers, game consoles, digital cameras, digital video
cameras, television sets and the like.  [0019] Among other communications,
AP 102 may transmit broadcast and/or multicast  traffic to the client
devices (laptops 112 and 114, cellphones 122, 124, 126 and 128 and  PDAs
132, 134 and 136). Each client device has a unique medium access control
(MAC)  address and is assigned an identifier by AP 102. 



[0020] In this example, AP 102 and the client devices are all
"802.11-enabled", which  means that wireless communications therebetween
are in accordance with one or more of  the following "Wi-Fi" standards
defined by the Institute of Electrical and Electronic  Engineers (IEEE) for
Wireless LAN MAC and Physical layer (PHY) specifications: Standard
Published Maximum Frequency Modulation  Speed 802.11 1997 2 Mbps 2.4 GHz
Phase-Shift 802.1la 1999 54 Mbps 5.0 GHz Orthogonal Frequency  Division
Multiplexing  802.1 lb 1999 11 Mbps 2.4 GHz Complementary Code  Keying
802.11g 2003 54 Mbps 2.4 GHz Orthogonal Frequency  Division Multiplexing
However, it will be obvious to those of ordinary skill in the art how to
modify the following for other existing WLAN standards or future related
standards. [0021] AP 102 transmits beacon frames at regular intervals to
announce the existence of  and to synchronize wireless networks. The amount
of time between the start of  consecutive beacon frames is a "beacon
interval". FIG. 2 shows beacon frames 200 at  beacon intervals of T1.
[0022] According to the 802.11 standards, a Delivery Traffic Indication
Message (DTIM)  period value is a number that determines how often a beacon
frame includes a Delivery  Traffic Indication Message, and this number is
included in each beacon frame. For  4 example, each beacon frame 200 may
include a DTIM period of 2 and every other beacon  frame 200, as indicated
by arrows 202, may include a DTIM. [0023] A DTIM is included in beacon
frames, according to the DTIM period, to indicate to  the client devices
whether the access point has buffered broadcast and/or multicast data
waiting for them. Following a beacon frame that includes a DTIM, the access
point will  release the buffered broadcast and/or multicast data, if any
exists. For example, if a DTIM  included in a particular beacon frame 204
indicates the existence of broadcast data, that  



broadcast data will be transmitted (shown graphically as a diagonally
hatched block 206)  after beacon frame 204 and before the next beacon frame
after beacon frame 204. [0024] The 802.11 standards define a power-save
mode for client devices. In power-save  mode, a client device may choose to
sleep for one or more beacon intervals waking for  beacon frames that
include DTIMs. When the DTIM period is 2, a client device in power- save
mode will awaken to receive every other beacon frame, as indicated by
arrows 202.  The higher the DTIM period, the longer a client device may
sleep and therefore the more  power that particular client device may
potentially save. Since beacon frames are sent  using the mandatory 802.11
carrier sense multiple access / collision detection (CSMA/CD)  algorithm,
the access point must wait if a client device is sending a frame when the
beacon  is to be sent. As a result, the actual time between beacons may be
longer than the beacon  interval. Client devices that awaken from
power-save mode may find that they have to  wait longer than expected to
receive the next beacon frame. Client devices, however,  compensate for
this inaccuracy by utilizing the timestamp found within the beacon frame.
[0025] Upon entering power-save mode, a client device will transmit a
notification to the  access point, so that the access point will know how
to handle unicast traffic destined for  the client device. The client
device will begin to sleep according to the DTIM period, as  explained
above. Typically, the network manager has configured the DTIM period in the
access point. [0026] Client devices in wireless networks 110, 120 and 130
may have conflicting  requirements for power consumption and communication
throughput when in power-save  mode. For example, laptops 112 and 114 may
require relatively high communication  throughput and may have low
sensitivity to power consumption. Therefore, a relatively  low DTIM period,
for example 1, may be suitable for laptops 112 and 114. However,  5
cellphones 122, 124, 126 and 128 may require relatively low communication
throughput  and may be operated by batteries of relatively low capacity.
Therefore, a relatively high  DTIM period, for example 8, may be suitable
for cellphones 122, 124, 126 and 128.  Further, PDAs 132, 134 and 136 may
require a medium communication throughput and  may be operated by batteries
of relatively low capacity. Therefore, a medium DTIM  



period, for example 4, maybe suitable for PDAs 132, 134 and 136. [0027]
Currently, an access point is able to store only a single DTIM period.
Consequently, different client devices in power-save mode will all wake up
for the same  beacon frames according to the DTIM period. Currently, a
network manager may need to  balance the conflicting requirements for power
consumption and communication  throughput when in power-save mode of client
devices in different wireless networks when  configuring the DTIM period of
an access point. [0028] According to an embodiment of the invention, an
access point with support for two  or more SSIDs may have SSID-dependent
DTIM periods rather than a single DTIM period  for all SSIDs. In other
words, the network manager may configure the access point with  DTIM
periods on a per SSID basis. A network manager may consider the
requirements of  power consumption and communication throughput of client
devices in a particular  wireless networks when determining which DTIM
period to configure for which SSID. A  higher DTIM period may increase the
potential savings in power consumption but may  reduce the communication
throughput, and vice versa. In the example shown in FIG. 1,  AP 102 may be
configured to associate a DTIM period of 2 to wireless network 110, a  DTIM
period of 8 to wireless network 120, and a DTIM period of 4 to wireless
network  130. [0029] Some access points that are configurable to support
two or more SSIDs transmit  only a single sequence of beacon frames, namely
the beacon frames for a single, default  SSID. [0030] For example, beacon
frames 200 of FIG. 2 may be part of the single sequence  transmitted by AP
102. Client devices in wireless network 110 ("LAPTOP") will listen for
DTIMs every other beacon frame, as indicated by arrows 202. Client devices
in wireless  network 120 ("CELLS") will listen for DTIMs every eight beacon
frame, as indicated by  arrows 210. Client devices in wireless network 130
("PDAS") will listen for DTIMs every  6 fourth beacon frame, as indicated
by arrows 208. AP 102 will ensure that if it has buffered  broadcast and/or
multicast traffic for client devices in wireless network 120, the DTIM
indicating the presence of this buffered traffic is included in a DTIM that
will be listened to  



by client devices belonging to wireless network 120. [0031] In one
scenario, AP 102 may have buffered multicast traffic for PDAs 132 and 134
but not for PDA 136. AP 102 will include an appropriate DTIM in the next
beacon frame  to be listened to by client devices of wireless network 130,
for example, beacon frame 212,  and will transmit the buffered multicast
data (shown graphically as a diagonally hatched  block 214) after beacon
frame 212 and before the next beacon frame after beacon frame  212. [0032]
In a system involving client devices and an access point that is
configurable to  support two or more SSIDs yet transmits only a single
sequence of beacon frames, there  are numerous possibilities to ensure that
the client devices are aware of the current DTIM  period value for the SSID
to which they belong. [0033] Some of the possibilities involve changes to
the standard use of 802.11-defined  management frames. For example,
although the length of the Beacon Interval Field in the  Beacon Frame
Format is 16 bits, the lower 8 bits of the field are generally sufficient
to  store the value of the beacon interval. Therefore, the upper 8 bits of
the Beacon Interval  Field could be used to carry the DTIM period value for
a particular SSID so that client  devices belonging to a wireless network
with that SSID would be informed of the DTIM  period value by the access
point. Alternatively, reserved bits of the Capability Information  Field in
the Association Response Frame Format could be used to carry the DTIM
period  value for a particular SSID so that the access point informs the
client device of the DTIM  period value during the association process.
Alternatively, any other bits of a field of a  suitable management fi-ame
could be used. In another example, to inform client devices  belonging to a
particular wireless network of an updated DTIM period value for that
network, the access point could use a newly defined management frame.
[0034] Others of the possibilities do not involve changes to the standard
use of 802.11- defined management frames. For example, an access point may
send the current DTIM  period value for a particular wireless network in a
data frame that is multicast to all client  devices belonging to the
particular wireless network. The client devices would decode the  7 data
frame and store the DTIM period value internally for future use in
power-save mode.  



Alternatively, client devices unaware of the DTIM period value for the
wireless network to  which they belong would listen to all beacons and
identify the DTIM period value from the  periodicity of DTIMs having
indications for client devices in that wireless network. This  would
require the client devices to have knowledge of the existence of the other
client  devices in that wireless network. [0035] Other access points that
are configurable to support two or more SSIDs transmit a  separate beacon
frame sequence for each of the SSIDs. Such access points may include the
SSID-dependent DTIM period in each beacon of the beacon frame sequence for
a  particular SSID. [0036] For example, FIG. 3 shows a sequence of beacon
frames 250 at intervals of Ti for  wireless network 110, each beacon frame
250 including a DTIM period of 2; a sequence of  beacon frames 252 at
intervals of T2 for wireless network 120, each beacon frame 250  including
a DTIM period of 8; and a sequence of beacon frames 254 at intervals of T3
for  wireless network 130, each beacon frame 254 including a DT1M period of
4. AP 102  includes Delivery Traffic Indication Messages for wireless
network 110 every other beacon  frame 250, as indicated by arrows 256. AP
102 includes Delivery Traffic Indication  Messages for wireless network 120
every eighth beacon frame 252, as indicated by arrows  258. AP 102 includes
Delivery Traffic Indication Messages for wireless network 130  every fourth
beacon frame 254, as indicated by arrows 260. [0037] In one scenario, AP
102 may have buffered broadcast traffic for all client devices in  wireless
network 110. AP 102 will include an appropriate DTIM in the next beacon
frame  to be listened to by client devices of wireless network 110, for
example, beacon frame 262,  and will transmit the buffered broadcast data
(shown graphically as diagonally hatched  block 264) after beacon frame 262
and before the next beacon frame in the sequence after  beacon frame 262.
[0038] In another scenario, AP 102 may have buffered multicast data for
cellphones 122  and 124 but not for cellphones 126 and 128. AP 102 will
include an appropriate DTIM in  the next beacon frame to be listened to by
client devices of wireless network 120, for  example, beacon frame 266, and
will transmit the buffered multicast data (shown  8 



graphically as diagonally hatched block 268) after beacon frame 266 and
before the next  beacon frame in the sequence after beacon frame 266.
[0039] FIG. 4 is a block diagram of an exemplary access point according to
an  embodiment of the invention. AP 102 includes at least one antenna 108
coupled to a radio  302, which in turn is coupled to a processor 304 having
baseband functionality. A non- exhaustive list of examples for processor
304 includes a central processing unit (CPU), a  digital signal processor
(DSP), a reduced instruction set computer (RISC), a complex  instruction
set computer (CISC) and the like. Furthermore, processor 304 may be part of
an application specific integrated circuit (ASIC) or may be a part of an
application specific  standard product (ASSP). [0040] AP 102 also includes
a wired network interface 306 coupled to a wired network  controller 308.
The wired network(s) may be, for example, Ethernet network(s), token
rings, Universal Serial Bus (USB), wired network(s) according to the IEEE
1394-1995,  IEEE 1394a-2000, and IEEE 1394b standards (commonly known as
"FireWire"), or any  combination thereof. Wired network interface 306 is
able to use wired connections 106  and 107. [0041] Radio 302 and processor
304 may be part of the same integrated circuit or in  separate integrated
circuits. Similarly, processor 304 and wired network controller 308  may be
part of the same integrated circuit or in separate integrated circuits.
[0042] AP 102 also includes a memory 310, which may be fixed in or
removable from AP  102. Memory 310 maybe coupled to processor 304 or partly
embedded in processor 304.  A non-exhaustive list of examples for memory
310 includes any combination of the  following: a) semiconductor devices
such as registers, latches, read only memory  (ROM), mask ROM, electrically
erasable programmable read only memory devices  (EEPROM), flash memory
devices, non-volatile random access memory devices  (NVRAM), synchronous
dynamic random access memory (SDRAM) devices,  RAMBUS dynamic random access
memory (RDRAM) devices, double data rate  (DDR) memory devices, static
random access memory (SRAM), universal serial  bus (USB) removable memory,
and the like; 



9 b) optical devices, such as compact disk read only memory (CD ROM), and
the like; and c) magnetic devices, such as a hard disk, a floppy disk, a
magnetic tape, and  the like. [0043] Processor 304 and wired network
controller 308 may be coupled by signals 311 to  coordinate their
activities, for example access to memory 310. [0044] Memory 310 may store
associations of two or more SSID values to respective  DTIM periods, and of
two or more SSID values to the MAC addresses of client devices  belonging
to the wireless network identified by the SSID value. For example, memory
310  may store the association of the SSID "LAPTOP" with the DTIM period 2
("0010" in  binary notation) and with the MAC addresses of laptops 112 and
114 (denoted "MAC-1"  and MAC-2", respectively). Similarly, memory 310 may
store the association of the SSID  "CELLS" with the DTIM period 8 ("1000"
in binary notation) and with the MAC  addresses of cellphones 122, 124, 126
and 128 (denoted "MAC-3", "MAC-4", "MAC-5"  and "MAC-6", respectively).
Similarly, memory 310 may store the association of the  SSID "PDAS" with
the DTIM period 4 ("0100" in binary notation) and with the MAC  addresses
of PDAs 132, 134 and 136 (denoted "MAC-7, "MAC-8" and MAC-9",
respectively). Alternatively, any or all of these associations may be
stored internally in  processor 304. [0045] Memory 310 may also include a
buffering system 312 to store incoming traffic  destined for client
devices. For example, data 320 of incoming traffic may be transferred  to
buffering system 312 under control signals 322 of wired network controller
308, and a  flag 314 in buffering system 312 may be set to indicate that
buffering system 312 stores  data for a particular client device. [0046]
One or more counters 340, located for example in processor 304, may be used
for  the purpose of managing, on a per SSID basis, the timing of
transmission of DTIMs to  wireless client devices belonging to different
wireless networks managed by AP 102.  [0047] FIG. 5 is a flowchart of an
exemplary method for implementation in AP 102,  according to an embodiment
of the invention. In this embodiment, AP 102 is an access  



point that transmits only a single sequence of beacon frames, namely the
beacon frames for  a single, default SSID. 10 [0048] Counters (for example,
one per DTIM period value or one per SSID) are loaded  with respective DTIM
period values (502). [0049] If none of the counters has the value 1
(checked in block 504), then each counter is  decremented by 1 (506), the
DTIM period value associated with the default SSID is  included in the
beacon frame and the beacon frame is transmitted (508). [0050] If any of
the counters has the value 1 (checked in block 504), then the following
actions occur (510): a) DTIMs for the wireless networks for which the
counters have the value 1  are included in the beacon frame; b) the
counters having the value 1 are reloaded with the respective DTIM  period
values; and c) the counters not having the value 1 are decremented by 1.
[0051] The method then continues to block 508, in which the DTIM period
value  associated with the default SSID is included in the beacon frame and
the beacon frame is  transmitted. [0052] After block 508, the method
resumes from block 504, in which the values of the  counters is checked.
[0053] FIG. 6 is a flowchart of an exemplary method for implementation in
AP 102,  according to another embodiment of the invention. In this
embodiment, AP 102 is an  access point that transmits a separate beacon
frame sequence for each of the SSIDs. [0054] The method of FIG. 6 may be
implemented in parallel for each SSID.  [0055] A counter is loaded with the
DTIM period value for a particular SSID (602). [0056] If the counter does
not have the value 1 (checked in block 604), then the counter is
decremented by 1 (606), the DTIM period value associated with the
particular SSID is  included in the beacon frame and the beacon frame is
transmitted (608). [0057] If the counter has the value 1 (checked in block
604), then the following actions  occur (610): 



a) a DTIM for the wireless network having the particular SSID is included
in the beacon frame; and b) the counter is reloaded with the DTIM period
value for the particular  SSID. [0058] The method then continues to block
608, in which the DTIM period value  associated with the particular SSID is
included in the beacon frame and the beacon frame is  transmitted. [0059]
After block 608, the method resumes from block 604, in which the value of
the  counter is checked. [0060] The counter-based schemes described above
with respect to FIG. 5 and FIG. 6 are  just examples, and it is obvious to
a person of ordinary skill how to implement alternative  management schemes
for the timing of the DTIMs according to embodiments of the  invention.
[0061] While certain features of the invention have been illustrated and
described herein,  many modifications, substitutions, changes, and
equivalents will now occur to those of  ordinary skill in the art. It is,
therefore, to be understood that the appended claims are  intended to cover
all such modifications and changes as fall within the spirit of the
invention. 12 Claims:  1 A method in an access point (102), the method
comprising: transmitting a sequence of beacon frames (200) at regular
beacon intervals that  are specified in said beacon frames (200), where
said beacon frames (200) specify a  first delivery traffic indication
message "DTIM" period value; including delivery traffic indication messages
"DTIMs" for a first wireless  network (I 10) having a first network name in
a first subset of said sequence of beacon  frames (200), where the interval
between beacon frames in said first subset is the  product of said first
DTIM period value and said beacon interval; and including DTIMs for a
second wireless network (120) having a second  network name in a second
subset of said sequence of beacon frames (200), where the  



interval between beacon frames in said second subset is the product of a
second  DTIM period value and said beacon interval. 2. The method of claim
1, further comprising: if a client device belonging to said first wireless
network (110) is in a power  save mode, buffering broadcast and/or
multicast data for said first wireless network  (110); specifying the
existence of said buffered data in a beacon frame of said first  subset;
and transmitting said buffered data following said beacon frame and prior
to  transmitting a next beacon frame of said first subset. 3. The method of
claim 1 further comprising: if a client device belonging to said second
wireless network (120) is in a  power save mode, buffering broadcast and/or
multicast data for said second wireless  network (120); specifying the
existence of said buffered data in a beacon frame of said second  subset;
and transmitting said buffered data following said beacon frame and prior
to  transmitting a next beacon frame of said second subset. 13 4. The
method of any one of claims 1 to 3, further comprising any of specifying
said second DTIM period value in said beacon frames (200);  providing said
second DTIM period value to a client device belonging to said  second
wireless network (120) during an association process; providing said second
DTIM period value to a client device belonging to said  second wireless
network (120) via a management frame; or transmitting multicast data
comprising said second DTIM period value to  client devices belonging to
said second wireless network (120). 5. The method of any one of claims 1 to
4, wherein some of said beacon frames (200)  belong to said first subset
and to said second subset. 6. An access point (102) comprising:  



one or more antennae (108); a radio (302) coupled to said one or more
antennae (108); a memory (310) to store an indication of a first delivery
traffic indication  message `DTIM' period value and an indication of a
second DTIM period value; and  a processor (304), coupled to said radio
(302) and to said memory (310), which is arranged to cause said access
point (102) to implement the method of any  one of claims 1 to 5. 7. The
access point (102) of claim 6, wherein said access point (102) is
compatible with  IEEE 802.1 la and/or IEEE 802.1lb and/or IEEE 802.11g. 8.
A wireless system (100) comprising: a first wireless client device (112)
configurable to belong to a first wireless  network (110) having a first
network name; a second wireless client device (122) configurable to belong
to a second  wireless network (120) having a second network name; and the
access point (102) of claim 6 or claim 7. 9. A computer readable medium
comprising code means executable by a processor (304)  of the access point
(102) of the wireless system (100) of claim 8 for implementing the  method
of any of claims 1 to 5. 14 


