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WIRELESS SUPPORT FOR PORTABLE MEDIA PLAYER DEVICES 

 

Technical Field 

 This invention relates to wireless networks and, more particularly, to ad hoc 

networks of wireless devices that are in proximity to each other.  The invention is 5 

particularly useful for portable media player devices, but is not limited to such 

devices. 

 

Background 

 In a typical wireless network, one or more wireless devices are associated with 10 

a common wireless access point, which may be connected to a wired network.  

Communication between wireless devices is through the access point.  Such operation 

is known as the infrastructure operating mode.   

 The IEEE 802.11 standard for wireless local area networks (LANs) provides 

for an ad hoc operating mode in which wireless devices communicate directly with 15 

each other without the use of a wireless access point or a wired network.  However, in 

order to operate an ad hoc network, the wireless devices require mechanisms to 

discover other wireless devices in proximity, mechanisms to establish connections to 

the other wireless devices and mechanisms to transfer data among the wireless 

devices.  Such mechanisms should have low power consumption, should create 20 

limited radio interference and should have high throughput. 

 

Summary 

 The invention provides methods, apparatus and computer-readable media for 

supporting wireless operation of a portable media player device in an ad hoc network.  25 

The wireless portable media player device can bootstrap and synchronize with an ad 

hoc network with low power consumption.   

Neighbor portable media player devices in the ad hoc network can be discovered by 

the wireless portable media player device.  The portable media player device can 

establish and terminate connections to neighbor wireless portable media player 30 

devices.  In some embodiments, a wireless device can transfer data in a high speed 

data transfer mode or a power save data transfer mode, while concurrently permitting 

discovery by other wireless devices.  In further embodiments, the invention provides 
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mechanisms for a portable media player device to discover neighbor wireless devices, 

to establish connections and to transfer data in an ad hoc network.  The portable 

media player device operates in a power save mode during an inactive portion of a 

periodic discovery interval. 

 According to a first aspect of the invention, a method to operate a wireless 5 

device in an ad hoc network is provided.  The method comprises:  transmitting and 

receiving discovery information by the wireless device during a discovery window of 

a periodic discovery interval; and operating the wireless device in a power save mode 

during an inactive portion of the periodic discovery interval.   

 According to a second aspect of the invention, a wireless portable media 10 

player device is provided.  The wireless portable media player device comprises: a 

portable media player; a radio to permit wireless operation; and a wireless module 

logically connected to the portable media player and to the radio to operate the 

wireless portable media player device in an ad hoc network.  The wireless module 

comprises a processor programmed with instructions for: transmitting and receiving 15 

discovery information during a discovery window of a periodic discovery interval; 

and operating in a power save mode during an inactive portion of the periodic 

discovery interval.   

 According to a third aspect of the invention, a computer-readable medium 

programmed with instructions for executing a method to operate a wireless device in 20 

an ad hoc network is provided.  The method comprises: transmitting and receiving 

discovery information by the wireless device during a discovery window of a periodic 

discovery interval; and operating the wireless device in a power save mode during an 

inactive portion of the periodic discovery interval.   

 25 

Brief Description of the Drawings 

 In the drawings: 

 Fig. 1 is a simplified block diagram of an ad hoc wireless network; 

 Fig. 2 is a simplified block diagram of a portable media player device suitable 

for forming an ad hoc wireless network;  30 

 Fig. 2A is a flow chart that illustrates an overview of operation of the portable 

media player device;  

 Fig. 3 is a flow chart that illustrates bootstrap operation in the ad hoc network; 
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 Fig. 4 is a timing diagram that illustrates an example of the bootstrap 

operation; 

 Fig. 5 is a flow chart that illustrates passive discovery in the ad hoc network; 

 Fig. 6 is a flow chart that illustrates active discovery in the ad hoc network; 

 Fig. 7 is a timing diagram that illustrates examples of passive discovery and 5 

active discovery operations; 

 Fig. 8 is a flow chart of operations performed by a joiner to establish a 

connection to an ad hoc network; 

 Fig. 9 is a flow chart of operations performed by a former to establish a 

connection with a joiner; 10 

 Fig. 10 is a schematic diagram that illustrates operations to form a virtual 

association between a joiner and a former; 

 Fig. 11 is a flow chart that illustrates a data transfer operation by the ad hoc 

network former; 

 Fig. 12 is a flow chart that illustrates a data transfer operation by the ad hoc 15 

network joiner; 

 Fig. 13 is a timing diagram that illustrates a power save data transfer 

operation; and 

 Fig. 14 is a timing diagram that illustrates a high speed data transfer operation. 

 20 

 

Detailed Description 

 Embodiments of the invention provide a mechanism for a wireless device, 

such as a portable media player device, to bootstrap and synchronize with a wireless 

network with low power consumption and a mechanism to discover neighbor wireless 25 

devices with low power consumption.  Further embodiments of the invention provide 

a mechanism to establish and terminate ad hoc networks among wireless devices.  

Additional embodiments provide mechanisms to transfer data in a high speed mode 

and in a power save mode and provide for including information in probe packets for 

device discovery and for establishing an ad hoc network.  Further embodiments 30 

provide an operational sequence for an application to discover neighbor wireless 

devices, to establish connections and to transfer data. 
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 These mechanisms involve software in the wireless devices.  The mechanisms 

can also be implemented in hardware and/or firmware of a wireless device.  This 

allows wireless devices having these mechanisms to communicate and to form ad hoc 

networks.  The communication between wireless devices has no effect on other 

wireless devices that do not support these mechanisms. 5 

 An example of a wireless ad hoc network 10 is shown in Fig. 1.  Wireless 

devices 12, 14 and 16 communicate with each other via wireless links.  The wireless 

devices communicate using the mechanisms described below.  It is assumed that each 

wireless device is within radio range of at least one other wireless device in the ad hoc 

network.  It will be understood that all wireless devices in the ad hoc network do not 10 

need to be within radio range.  For example, wireless devices 14 and 16 may be able 

to communicate with wireless device 12 but may not be able to communicate directly 

with each other.  By way of example only, wireless devices 12, 14 and 16 may be 

laptop computers, mobile phones, mobile data devices, portable media player devices, 

home stereos, wireless speakers or combinations of such devices which utilize a 15 

compatible protocol as described below. 

 A simplified block diagram of a wireless device 200 including components 

involved in communication in an ad hoc network is shown in Fig. 2.  Wireless device 

200 may correspond to wireless devices 12, 14 and 16 shown in Fig. 1.  An upper 

layer device CPU 210 interfaces with peripheral components present in the wireless 20 

device, such as a display, a keypad or a keyboard, a pointing device, a storage unit 

such as a disk unit or a flash memory and any other peripheral components of the 

device.  Device CPU 210 includes a device operating system 212 and a wireless 

driver 214.  The wireless driver 214 communicates with a second layer wireless 

module CPU 220 containing wireless module software 222.  The wireless module 25 

software 222 interfaces with a lower layer wireless RF interface 230 which 

communicates with a radio that transmits and receives RF signals via an antenna. 

 The wireless device 200 may represent a variety of different devices that may 

be hand-held and mobile or stationary.  Examples of wireless devices include, but are 

not limited to, laptop computers, desktop computers, mobile data devices, mobile 30 

phones, stereo systems, and wireless speakers. 

 In one embodiment, the wireless device 200 is a portable media player device 

that is provided with wireless capability.  The portable media player device may be an 
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MP3 type hand-held device that includes a media storage and playback device, such 

as a disk drive or a flash memory, a user interface such as a display and a keyset or 

soft keys, an earphone, an interface to a host computer, and a CPU for controlling 

operation of the device.  The portable media player device is provided with wireless 

driver 214, wireless module CPU 220, wireless module software 222 and wireless RF 5 

interface 230 as shown in Fig. 2 in order to implement wireless capability.   

 An overview of portable media player device operation is shown in Fig. 2A.  

In step 250, the portable media player device transmits and receives discovery 

information during a discovery window of a periodic discovery interval.  In step 252, 

the portable media player device transmits and receives data, if any, during a data 10 

window of the periodic discovery interval.  The portable media player device operates 

in a power save mode during an inactive portion of the periodic discovery interval, 

step 254.  These operations are described in detail below.   

 The operations of each wireless device in discovering other wireless devices, 

in forming connections or associations with other wireless devices and in transferring 15 

data between wireless devices are described below.  The operations are described in 

connection with portable media player devices.  However, it will be understood that 

other wireless devices utilizing compatible protocols may participate in the ad hoc 

network.  Operation is described in connection with the IEEE 802.11 standard.  

However, the present invention is not limited to the 802.11 standard and can be 20 

utilized in connection with other wireless technologies, such as Ultra Wide Band and 

WiNet.  It will be understood that the operations described below are embodiments 

only and are not limiting as to the scope of the invention. 

Wireless Operation Turned On and Off 

 The portable media player device provides an option for a user to 25 

enable/disable wireless functionality. If this option is disabled, then the wireless 

adapter remains turned off all the time. When this option is enabled, the portable 

media player device operates as follows.  
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Wireless Operation Turned On and Bootstrap 

 A bootstrap operation is illustrated in the flow chart of Fig. 3.  When the 

portable media player device has its wireless operation turned on, step 300, the device 

does the following:  

 1)  Turn on the wireless adapter radio, and 5 

 2)  Set the following configuration settings, step 302: 

Channel number to establish its own ad hoc network, 

BSSID for its own ad hoc network, 

Maximum number of joiners allowed in the ad hoc network (default = 1), 

and 10 

Local portable media player information element (IE) information. 

 When the wireless operation is turned on, the wireless module updates its 

internal context for portable media player discovery packets. Also, it configures the 

limit for the maximum number of joiners allowed. At this time, the portable media 

player device has already had its own ad hoc network established virtually. 15 

 The portable media player device turns on its wireless radio and follows the 

bootstrap operations described below. 

 1)  Park on the discovery channel and stay awake, step 304. 

 2)  Listen for a portable media player beacon packet, step 306. A portable 

media player beacon packet may be an 802.11 beacon packet with special information 20 

as follows: 

 Receiver address: broadcast address (FF-FF-FF-FF-FF-FF) 

 SSID: (does not contain SSID IE) 

BSSID: unicast address of the portable media player device sending the 

beacon packet 25 
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 BSS type: ad hoc 

 Portable media player IE:  

  Operation type – beacon 

  Channel – data channel for its own ad hoc network 

  Local portable media player information of the beacon sender. 5 

 3)  If a portable media player beacon packet is received, step 308, then the 

device does the following: 

a)  Use the beacon packet to sync its internal timestamp, step 310. 

b)  Adjust the discovery window to be the same as the sender of the 

portable media player beacon packets, step 310.  10 

c)  Wait until the current discovery window expires, step 312, and then 

exit bootstrap, step 314. 

 4)  Otherwise, the device does not receive a portable media player beacon 

packet within certain amount of time (configurable parameter and default to be 3 

Discovery Intervals (6000 ms) defined below). In this case, the device does the 15 

following: 

a)  Send out a portable media player beacon packet, step 320. 

b)  Wait until the current discovery window expires, steps 312, 316, and 

then exit the bootstrap operation, step 314. 

 Then the portable media player device initializes its discovery mode to be in 20 

passive discovery mode, step 314, as described below. At this time, the wireless 

module sets the media state to be media disconnected (port down). 

 Finally, the device sets the passive discovery mode as described below. 

 A timing diagram that illustrates bootstrap operation of portable media player 

devices is shown in Fig. 4.  A waveform 400 represents a device A, such as wireless 25 
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device 12 shown in Fig. 1, in a passive discovery mode and sending beacon packets.  

A waveform 410 represents a device B, such as wireless device 14 in Fig. 1, in a 

bootstrap mode.  Device A turns on during a discovery window 402 which is repeated 

each discovery period 404.  Between discovery windows, device A is in a power save 

mode.  During each discovery window, device A sends a beacon packet and listens for 5 

probe requests and responses.  In the example of Fig. 4, the discovery window 402 is 

100 msec and the discovery period 404 is 2000 msec.   

 Device B has its wireless operation turned on at time 412 and listens for a 

beacon packet during a period beginning at time 414.  The listening period 416 is at 

least as great as the discovery period and preferably is about three times the discovery 10 

period.  At time 420, device B receives a beacon packet and adjusts its internal 

timestamp and discovery window to synchronize with device A.  Then, device B 

switches to the passive discovery mode at time 422.  Subsequently, device B listens 

for probe requests during discovery windows 424 which are synchronized to the 

discovery windows of device A. 15 

Wireless Operation Turned Off 

 When the portable media player device has its wireless operation turned off, 

the device does the following:  

 1)  Terminate the ad hoc network if it created the network, 

 2)  Clean up context information in the wireless service and driver, and 20 

 3)  Turn off the wireless adapter radio. 

Portable Media Player Device Discovery 

Discovery Modes 

 When a portable media player device has its wireless operation turned on, it 

can be set in one of two discovery modes: passive discovery mode or active discovery 25 

mode.  

Passive discovery mode 
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 A portable media player device is set to be in passive discovery mode if the 

user expects neighbor portable media player devices to be in proximity and wants to 

be discovered by other portable media player devices and to discover neighbor 

portable media player devices passively. In this mode, the portable media player 

device is able to detect neighbor devices which are actively discovering, and also to 5 

announce it existence to those devices. 

Active discovery mode 

 A portable media player device is set to be in the active discovery mode on 

user demand. This is the case when a user clicks a button to display neighbor devices. 

If the user expects neighbor portable media player devices to be in proximity and 10 

wants to discover those devices, he/she can set the portable media player device to be 

in the active discovery mode. In this mode, the portable media player device actively 

detects neighbor portable media player devices in the active or passive discovery 

mode, and also announces its existence to those devices. 

Discovery Parameters 15 

Discovery Channel: An 802.11 channel that may be used by all portable 

media player devices to discover neighbor devices. The 

channel number must comply with regulatory domain 

requirements specified in the IEEE 802.11d standard. 

 Default value: channel 11 (for 802.11 b/g in US) 20 

Discovery Lifetime:  A period of time that a portable media player device 

performs discovery operations. 

 Default value: 0 (no timeout for passive discovery)  

Discovery Interval: A period of time that a portable media player device 

periodically resumes from the power save mode and 25 

discovers neighbor portable media player devices in the 

passive discovery mode. This time period includes the 

portable media player discovery window. 
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 Default value: 2000ms. 

Discovery Window: A period of time that a portable media player device 

remains with power on and performs passive discovery. 

 Default value: 100ms. 

All devices may have the same values pre-configured for the above parameters. 5 

Passive Discovery Mode Operational Sequences 

 A flow chart of the passive discovery operation is shown in Fig. 5. 

 1)  A portable media player device switches to the passive discovery mode on 

demand. The device does the following: 

 Set to be in passive discovery mode, step 500.  10 

This request may have the following parameters: 

Discovery Interval  

Discovery Window 

Discovery Lifetime 

 At the end of a discovery interval, a portable media player device terminates 15 

passive discovery, step 540, if the Discovery Lifetime has expired, step 538. 

 2)  At the beginning of each Discovery Interval, the portable media player 

device wakes up from the power save mode and turns on its wireless adapter for a 

period of time equal to Discovery Window, step 502. During this window, the 

portable media player device parks its wireless adapter at the Discovery Channel. 20 

 3)  The wireless module waits a random back off time (to be fine tuned for 

specific wireless devices) and listens for a portable media player beacon packet, step 

504. 

If a portable media player beacon packet is received, step 506, then the 

wireless module uses this packet to adjust its internal timestamp, step 508. 25 
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Otherwise, a portable media player beacon packet is not received in the 

back-off time. In this case, the wireless module sends out a portable media player 

beacon packet, step 510. 

4)  During the Discovery Window, the wireless module also listens for 

portable media player probe request packets, step 520. 5 

The portable media player device may verify the received packet to be a 

portable media player probe request packet by matching the following information: 

  SSID: (does not contain SSID IE) 

  BSSID: broadcast address (FF-FF-FF-FF-FF-FF) 

  BSS type: ad hoc 10 

  Portable media player IE:  

  Operation type – discovery 

If the packet is not a portable media player probe request packet, step 522, 

then the probe request packet is dropped, step 524. 

Otherwise, the packet is a portable media player probe request packet. 15 

If the wireless module has not sent any portable media player probe 

response packet or portable media player beacon packet in the current discovery 

window, then a portable media player probe response packet is sent, step 530. 

The portable media player probe response packet may be an 802.11 probe 

response packet with special information as follows: 20 

 Receiver address: broadcast address (FF-FF-FF-FF-FF-FF) 

 SSID: (does not contain SSID IE) 

BSSID: unicast address of the portable media player device sending the 

probe response packet 

 BSS type: ad hoc 25 
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 Portable media player IE:  

  Operation type – discovery response, 

  Channel – data channel for its own ad hoc network, and 

  Its own local portable media player information. 

Otherwise, the wireless module has already sent a portable media player 5 

beacon packet or responded with a portable media player probe response packet. The 

wireless module does not send out any more broadcast probe response packets. 

In addition, the wireless module accumulates all received portable media 

player beacon, probe request and probe response packets from unique portable media 

player devices, step 532, and saves them in its neighbor portable media player device 10 

information list. It can return this list to the wireless service, which in turn reports to 

the application upon query. 

 5)  When the Discovery Window expires, step 534, the portable media player 

device may return to power saving mode, step 536, until next beacon discovery 

interval.  15 

 6)  Steps 2) to 5) (steps 502-536) are repeated if the Discovery Lifetime is 0 or 

not expired, step 538. 

Active Discovery Mode Operational Sequences 

 A flow chart of the active discovery operation is shown in Fig. 6. 

 1)  The portable media player device changes to the active discovery mode on 20 

demand. The caller does the following: 

 Issue an active discovery request, step 600. 

 2)  The wireless module waits until the next discovery window. Then the 

portable media player device wakes up from the power save mode and turns on its 

wireless adapter for a period of time equal to the Discovery Window, step 602. 25 
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 3)  In the discovery window, the wireless module performs the operations 

described above for the passive discovery mode, step 604, including 

a. Listen for and send out beacon packet, 

b. Collect portable media player probe packets and accumulate neighbor 

device information, and 5 

c. Respond with a portable media player probe response packet when 

needed. 

 4)  In addition, the wireless module sends out a portable media player probe 

request packet, step 606.  

The portable media player discovery packet may be an 802.11 broadcast 10 

probe request packet with special information as follows:  

 Receiver address: broadcast address (FF-FF-FF-FF-FF-FF) 

 SSID: (does not contain SSID IE) 

 BSSID: broadcast address (FF-FF-FF-FF-FF-FF) 

 BSS type: ad hoc 15 

 Portable media player IE:  

  Operation type – discovery 

  Other local portable media player information  

 The wireless module accumulates all received portable media player discovery 

packets, including beacon, probe request and probe response packets, from unique 20 

portable media player devices, step 608, and saves them in its neighbor portable 

media player device information list. It can return this list to the wireless service, 

which in turn reports to the application upon query. 

 5)  When the current discovery window expires, step 610, the device may 

return to the passive discovery mode, step 612. 25 
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The wireless module may have an aging function to expire stale portable 

media player device information entries from its neighbor portable media player 

device list.  

A timing diagram showing portable media player devices performing 

passive discovery and active discovery is shown in Fig. 7.  A waveform 700 5 

represents a portable media player device A, such as device 12 shown in Fig. 1, in the 

passive discovery mode and sending beacon packets.  A waveform 702 represents a 

portable media player device B, such as wireless device 14 shown in Fig. 1, in the 

passive discovery mode and not sending beacon packets.  A waveform 704 represents 

a portable media player device C, such as wireless device 16 shown in Fig. 1, in 10 

active discovery mode.  Device A sends a beacon packet during each discovery 

window 706 of discovery period 708 and listens for probe responses during the 

discovery windows.  Device B listens for probe requests during each discovery 

window.   

Device C switches to the active discovery mode at time 710 and sends a 15 

broadcast probe request at time 712.  Device B sends a probe response at time 714 in 

response to the probe request sent by device C.  Device A does not respond to the 

broadcast probe request from device C, because it is sending beacon packets which 

are received by device C.  At the end of the discovery period at time 716, active 

discovery ends and device C returns to the passive discovery mode.  As shown in Fig. 20 

7, each of devices A, B and C listens for probe requests during synchronized 

discovery windows and is in power save mode for the remainder of the discovery 

period.  In the example of Fig. 7, the discovery window 706 is 100 msec and the 

discovery period 708 is 2000 msec. 

Portable media player IE (Information Element) 25 

 The portable media player device may embed portable media player specific 

information into the Proximity Service Discovery (PSD) information element.  

 

IE ID Length OUI OUI 

Type 

Format portable media 

player data 
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(1 

byte) 

(1 byte) (3 byte) (1 byte) (4 bytes) (0..245 bytes) 

221 8..253 00-50-F2 6 Hash(portable 

media player 

URL) 

portable media 

player specific 

data 

The format field is a hash value of a portable media player URL string to uniquely 

identify a portable media player IE. 

The portable media player data may contain the following information: 

Unique portable media player device ID – manufacturer hard coded, 

portable media player device user friendly name – user defined  5 

Operation type 

- Beacon 

- Discovery request 

- Discovery response 

- Virtual association request 10 

- Virtual association response 

- Data window announcement 

- Heartbeat 

Establish Connection in an Ad hoc Network  

Ad hoc Network Joiner 15 

 A flow chart of the operations performed by a network joiner to establish a 

connection to an ad hoc network is shown in Fig. 8. 



 

- 16 - 

 If a portable media player device (device B) wants to join an ad hoc network 

formed by a neighbor portable media player device (device A) which has been 

discovered by following the above operational sequence, the portable media player 

device B may do the following: 

 1)  Set the following settings 5 

Desired BSSID (of the target portable media player device to join) 

Local portable media player IE information 

2)  The wireless service issues a connection call to the wireless module, step 

800. 

Connect (to join an ad hoc network with the BSSID and MAC address as 10 

configured above) 

3)  Upon receiving a connect call from the upper layer, the wireless module 

may do the following: 

The wireless module in device B wakes up from the power save mode at 

the start of target device A’s next discovery window, step 802, based on the discovery 15 

result of device A.  At this time, the wireless adapter is operating on the discovery 

channel. 

Send out a portable media player virtual association request packet, step 

804. The portable media player virtual association request packet may be an 802.11 

probe request packet with special information as follows:  20 

Receiver’s address: unicast address of the portable media player device to 

join (device A) 

SSID: (does not contain SSID IE) 

BSSID: unicast address of the portable media player device to join 

BSS type: ad hoc 25 

Portable media player IE:  



 

- 17 - 

Operation type – virtual association request, 

Local portable media player IE information, and 

Supported data rates. 

In the meantime, the wireless module stays awake from the power save 

mode in its own discovery window and performs passive discovery operations as 5 

described above. 

 4)  After sending a portable media player probe request packet, the wireless 

module stays awake for receiving a probe response until it decides to time out or the 

discovery window expires.  

5)  If the connection is not successful or if the wireless service does not 10 

receive a media connected (port up) event within its connection timeout interval, step 

806, and the media state of wireless module is still disconnected (port down), then the 

wireless module may clean up the internal association context to the target device A, 

return a connection failure, step 810, to the application and restore its previous state, 

i.e. park on the discovery channel and return to the passive discovery mode, step 812. 15 

Otherwise, the corresponding probe response is received, step 806, and the 

connection is successful. Then the wireless module updates its internal state to be 

associated to the target portable media player device. 

 6)  (Optional) The wireless module can perform a key exchange process, step 

820, (e.g., WPA2-PSK) to exchange keys with the other portable media player device.  20 

If the key exchange fails, step 822, it returns a connection failure to the 

application, step 810, and restores its previous state, i.e. park on the discovery channel 

and return to the passive discovery mode, step 812. 

 7)  If the association succeeds and the optional key exchange succeeds, step 

822, within the current discovery window, then the wireless module indicates to the 25 

network stack a media connected (port up) event, step 824, for the target device. 
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Ad hoc Network Former 

 A flow chart of the operations performed by a network former to establish a 

connection to a joiner is shown in Fig. 9. 

 If a portable media player device receives a portable media player virtual 

association request packet, step 900, it may do the following: 5 

 1)  The wireless module decides whether to allow the requestor to associate, 

step 902, and sends out a portable media player virtual association response packet, 

step 904, as follows:  

 SSID: (does not contain SSID IE) 

 BSSID: its own local BSSID 10 

 BSS type: ad hoc 

 Portable media player IE:  

  Operation type – virtual association response 

  Association status (802.11 status code) 

  Supported data rates accepted (when succeeds) 15 

The wireless module rejects the new association request if the maximum 

number of joiners has been reached.  

 2)  If the association is not accepted, step 902, then the wireless module cleans 

up its internal association context for the requesting device and remains in its existing 

state, step 906, i.e. park on the discovery channel and remain in the passive discovery 20 

mode. 

Otherwise, the association succeeds, step 902. Then the wireless module 

updates its internal state to be associated to the target portable media player device. 

 3)  (Optional) The wireless module may perform an optional key exchange 

process, step 910, (e.g., WPA2-PSK) to exchange keys with the peer device. 25 
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If the key exchange fails, step 912, the wireless module cleans up the 

internal association context for the requesting device and remains in its existing state, 

step 906, i.e. park on the discovery channel and remain in the passive discovery mode. 

 4)  If the association succeeds and the optional key exchange succeeds, step 

912, within the current discovery window, then the wireless module indicates to the 5 

network stack a media connected (port up) event, step 914, for the joining device. 

 When both portable media player devices are virtually associated with 

each other and indicate a media connected state to the network stack, a wireless 

connection is established. The network stack configures IP settings and starts to 

transmit/receive IP packets.  10 

 The upper layer application executes higher layer protocols (such as file 

sending or DJ streaming) to transfer data. The higher layer protocol also sends and 

monitors higher layer heartbeat packets from the peer. 

 A schematic diagram of operations to form a virtual association between a 

joiner and a former is shown in Fig. 10.  A portable media player device B, such as 15 

wireless device 14 shown in Fig. 1, is a network joiner and a portable media player 

device A, such as wireless device 12 shown in Fig. 1, is a network former.  An upper 

layer of device B sends a connect request to the wireless module of device B during 

the discovery window.  The wireless module sends a virtual association request to 

device A during the discovery window, and device A sends a virtual association 20 

response to device B.  An optional key exchange may be utilized.  If the virtual 

association request is accepted, and the key exchange is successful, device B sends a 

media connected event to its upper layer, and device A sends a media connected event 

to its upper layer.  Then, the IP settings are configured in each device, and the devices 

are ready for data transfer. 25 

Terminate ad hoc network 

Ad hoc Network Joiner 

If the application decides to terminate the ad hoc network, it does the 

following: 
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 1)  The wireless service issues a disconnect call to the wireless module.  After 

receiving a disconnect call from the upper layer, the wireless module leaves the ad 

hoc network.  

 2)  Indicate a media disconnected (port down) event to the upper layer. 

 3)  Return to the passive discovery mode and restore the initial settings for its 5 

own (virtual) ad hoc network. 

 The ad hoc joiner monitors the packets from the ad hoc former. If a joiner does 

not receive any packets from the former for a long time and decides to time out the 

connection, then the joiner does the following:  

 1)  Age out the former by cleaning up all internal connection context. 10 

 2)  Indicate a media disconnected (port down) event to the upper layer. 

 3)  Return to the passive discovery mode and restore the initial settings for its 

own (virtual) ad hoc network. 

Ad hoc Network Former 

The ad hoc network former monitors the packets from each joiner. If the 15 

former does not receive any packet from the joiner for a long time and decides to time 

out the connection, then the ad hoc network former does the following: 

 1)  Age out the joiner by removing it from its associated joiner list. 

 2)  Indicate a port down event to the upper layer to indicate a joiner is 

removed. 20 

 3)  If the joiner is the last one in the network, then 

a) Indicate a media disconnected event to upper layer, and 

b) Return to the passive discovery mode. 

If the application decides to disconnect an association with a joiner in the 

network, it does the following: 25 
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 1)  The wireless service issues a disconnect call to the wireless module.  After 

receiving a disconnect call from the upper layer, the ad hoc network former removes 

the joiner from its associated joiner list. 

 2)  Indicate a port down event to the upper layer to indicate a joiner is 

removed. 5 

 3)  If the joiner is the last one in the network, then 

a) Indicate a media disconnected event to upper layer, and 

b) Return to the passive discovery mode. 

 If the application decides to terminate the current ad hoc network, it does the 

following: 10 

 1)  The wireless service issues a disconnect call to the wireless module. 

 2)  After receiving a disconnect call from the upper layer, the wireless module 

does the following: 

a) Remove all joiners from its associated joiner list, 

b) Indicate a media disconnected event to the upper layer, and 15 

c) Return to passive discovery mode. 

Data Transfer 

Data Transfer Parameters 

Data Window Size Setting of data window size 

Min Data Window Size The minimum value of a data window 20 

  Constant: 50 ms 

Max Data Window Size The maximum value of a data window. The value 

should be less than (Discovery Interval – 

Discovery Window – channel switch time * 2) 
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  Constant: 1800 ms 

Data Transfer Modes 

 When a portable media player device joins an ad hoc network, or an ad hoc 

former has one or more joiners in its network, the device can have two data transfer 

modes: high speed data transfer mode and power save data transfer mode.  5 

 The portable media player device can operate the wireless module in the high 

speed data transfer mode if it has a large amount of data and wants to complete the 

transfer in short time, such as a file sending scenario or a music transfer phase in a DJ 

scenario. In this mode, the wireless device always powers up and operates in a long 

data window constantly.  10 

 The portable media player device can operate the wireless module in the 

power save data transfer mode if it only wants to send out sparse data occasionally, 

such as a music play and control phase in a DJ scenario. In this mode, the wireless 

module only wakes up and operates in a short data window and then goes to power 

save. 15 

 An upper layer application can set a device to be in one of the two data 

transfer modes by issuing a set data transfer mode call to the wireless module. 

 If the wireless module is set in the high speed data transfer mode, then the 

wireless module does the following: 

 Set Data Window Size to be Max Data Window Size. 20 

Otherwise, the wireless device is set in the power save data transfer mode, and the 

wireless module does the following: 

 Set Data Window Size to be Min Data Window Size. 

Operational Sequence for Data Transfer 

 A flow chart of the data transfer operation by the ad hoc network former is 25 

shown in Fig. 11. 
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 The portable media player device A forms the ad hoc network and has one or 

more joiners in its own ad hoc network. At this time wireless module in device A does 

the following: 

 1)  The wireless module stays awake and parks at its own discovery channel in 

its discovery window to perform passive discovery, step 1100, as described above.  5 

 2)  When the discovery window ends, the wireless module starts the data 

window. It immediately switches to the data channel, step 1102, that has been 

advertised in its portable media player probe response packet.  

 3)  The wireless module sends out a portable media player data window 

announcement packet, step 1104, immediately after the channel switch is completed.  10 

The data window announcement packet may be an 802.11 probe response 

packet containing the following information:  

 Receiver’s address: broadcast address (FF-FF-FF-FF-FF-FF) 

 SSID: (does not contain SSID IE) 

 BSSID: its own local BSSID 15 

 BSS type: ad hoc 

 Portable media player IE:  

  Operation type –data window announcement 

  Current data transfer mode – (high speed or power save) 

Heartbeat request to joiner – (optional) MAC address of a device that 20 

is required to send a heartbeat response 

If the ad hoc network former does not receive any packet from a joiner for a 

long period of time and is going to age out the joiner due to inactivity, it can use the 

heartbeat request in the portable media player information element to probe the 

existence of the joiner. If there are two or more such joiners, the wireless module uses 25 

a round robin approach to select the joiners for a heartbeat request. 
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 4)  After sending out the data window announcement packet, the wireless 

module is ready for data packet receiving and sending, step 1106. 

 5)  When the current data window expires, the wireless module stops sending 

and receiving packets and turns off its wireless radio, step 1108, for power saving.  If 

the data window is sufficiently long, power saving may not be achieved. 5 

 6)  When the next Discovery Window starts, the wireless module switches to 

the discovery channel and performs passive discovery, step 1100, as described above.  

Thus, passive discovery and data transfer are performed concurrently in a time 

sharing manner. 

 7)  Steps 1) to 6) (steps 1100-1108) are repeated until the ad hoc network does 10 

not have any joiner or is terminated.  

A flow chart of the data transfer operation by the ad hoc network joiner is 

shown in Fig. 12. 

The portable media player device B joins the ad hoc network that is formed by 

device A. After successful joining, the wireless module in device B does the 15 

following: 

 1)  The wireless module adjusts the starting time of its discovery window to be 

the same as device A’s (the former of the ad hoc network) based on the active 

discovery result or the data window announcement, step 1200. 

 2)  In the discovery window, the wireless module stays awake and parks at the 20 

discovery channel to perform passive discovery as described above, step 1202.  

 3)  The wireless module switches to the data channel, step 1204, that has been 

advertised in device A's (former) portable media player probe response packet by the 

time the data window starts. At this time, the wireless module sets the size of the 

current data window to Data Window Size, which is configured by the upper layer. 25 

 4)  If the wireless module does not receive a portable media player data 

window announcement packet within the minimum data window, then it does the 

following: 
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Extend the size of the current data window to be the maximum data 

window size. 

 Otherwise, the wireless module receives a portable media player data window 

announcement packet, step 1206, from the former (device A) and does the following: 

i.   Use this probe response packet to sync its internal timestamp. 5 

ii.  The wireless module checks the current data transfer mode field in the 

portable media player IE. If the data transfer mode in IE is different from 

the internal data transfer mode, then the wireless module adjusts the size of 

the current data window to comply with the former. 

iii. The wireless module checks the heartbeat request of the joiner field in 10 

portable media player IE. If the address equal to the local MAC address, 

then the wireless module sends out a heartbeat packet.  

A heartbeat packet may be an 802.11 probe response packet containing the 

following information:  

 Receiver’s address: device A’s MAC address 15 

 SSID: (does not contain SSID IE) 

 BSSID: BSSID of the ad hoc network 

 BSS type: ad hoc 

 Portable media player IE:  

  Operation type –Heartbeat 20 

 5)  The wireless module starts sending and receiving data packets to and from 

the ad hoc network former, step 1208.  

 6)  When the current data window expires, the wireless module stops sending 

and receiving data packets and turns off its wireless radio for power saving, step 1210.  

If the data window is sufficiently long, power saving may not be achieved.  25 
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 7)  When the next Discovery Window starts, the wireless module switches to 

the discovery channel and performs passive discovery, step 1202, as described above.  

Thus, passive discovery and data transfer are performed concurrently in a time 

sharing manner.  

 8)  Steps 2) to 7) (steps 1202-1210) are repeated until the device leaves the ad 5 

hoc network.  

 A timing diagram that illustrates a power save data transfer operation is shown 

in Fig. 13.  A waveform 1300 illustrates operations in a portable media player device 

A, and a waveform 1310 illustrates operations in a portable media player device B.  

Device A and device B listen for probe request packets on a discovery channel during 10 

synchronized discovery windows 1320.  At the end of the discovery window 1320 at 

time 1322, the devices switch from the discovery channel to a data channel and a data 

window announcement is sent from device A to device B.  A heartbeat packet may be 

sent from device B to device A.  Data packets are sent and received during a data 

window 1330 which may be relatively short in comparison with a discovery period 15 

1332.  Devices A and B then switch to power save mode during a time 1340 until the 

next discovery period begins.  In the example of Fig. 13, the discovery window 1320 

is 100 msec, the data window 1330 is 100 msec and the discovery period 1332 is 

2000 msec. 

 A timing diagram that illustrates a high speed data transfer operation is shown 20 

in Fig. 14.  A waveform 1400 represents the operations of a portable media player 

device A, and a waveform 1410 represents the operations of a portable media player 

device B.  Device A and device B listen for probe request packets on a discovery 

channel during synchronized discovery windows 1420.  The devices switch from the 

discovery channel to the data channel at a time 1422.  Device A sends a data window 25 

announcement to device B, and device B may send a heartbeat packet to device A.  

Data packets are sent and received during a data window 1430.  In the high speed data 

transfer mode, data window 1430 continues during the remainder of a discovery 

period 1440.  At the end of the discovery period at time 1432, devices A and B switch 

back to the discovery channel and listen for probe requests during the discovery 30 



 

- 27 - 

window.  In the example of Fig. 14, discovery window 1420 is 100 ms, discovery 

period 1440 is 2000 ms and data window 1430 is approximately 1900 ms. 

DJ Scenario 

Start DJ mode  

 If a portable media player device is set to start the DJ mode on demand, the 5 

device does the following: 

1)  Set the following configuration settings: 

Channel number to establish its own ad hoc network 

BSSID for its own ad hoc network 

Maximum number of joiners allowed in ad hoc network (default = 10) 10 

Local portable media player information element (IE) which contains 

DJ streaming information. 

 2)  Upon receiving the local portable media player IE for the DJ mode, the 

wireless device saves its initial state. Then the wireless module updates its internal 

context to include such information in its portable media player discovery packets. 15 

Also, it updates the limit for the maximum number of joiners in its own ad hoc 

network. At this time, the initial ad hoc network has been re-configured for DJ 

streaming. 

Operate in DJ mode  

 The DJ applications and listeners can switch to high speed data transfer mode 20 

when they want to exchange music data with joiners and they can switch to power 

save data transfer mode when only DJ control and management packets are 

exchanged. 

Stop DJ mode  

 If a portable media player device is set to end the DJ mode on demand, the 25 

device does the following: 
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 1)  Restore its internal context to be the initial mode and settings.  

Join a DJ network  

 If a portable media player device is set to join the DJ network formed by the 

DJ device, the portable media player device issues a connect call to the wireless 

module as described above. The DJ application waits for the media connected event to 5 

start operation on the wireless connection. 

Leave a DJ network 

 If a portable media player device is set to leave the DJ network formed by the 

DJ device, the portable media player device issues a disconnect call to the wireless 

module as described above. Then it can immediately stop the DJ operation. 10 

File sending Scenario 

Start sending file 

 If a portable media player device is set to send a file to another portable media 

player device, the local device issues a connection call as described above. The file 

sending application waits for the media connected event to start operation on the 15 

wireless connection. 

Operate in sending file  

 The file transfer applications on both file receiver (ad hoc former) and file 

sender (joiner) turn on the high speed data transfer mode before the data transfer starts 

in order to achieve a short file sending time.  20 

Stop sending file 

 If a portable media player device is set to stop file sending, the device issues a 

disconnect call to wireless module as described above. Then it can immediately stop 

the file sending operation. 

 The above description and the accompanying drawings provide examples of 25 

values for various parameters, such as timing parameters.  It will be understood that 
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such values are given by way of example only and are not in any way limiting as to 

the scope of the invention.  

 Having thus described several aspects of at least one embodiment of this 

invention, it is to be appreciated various alterations, modifications, and improvements 

will readily occur to those skilled in the art.  Such alterations, modifications, and 5 

improvements are intended to be part of this disclosure, and are intended to be within 

the spirit and scope of the invention.  Accordingly, the foregoing description and 

drawings are by way of example only. 

  

10 
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Claims 

What is claimed is: 

1. A method to operate a wireless device, comprising: 

 performing passive discovery operations on a discovery channel by the 

wireless device during a discovery window of a periodic discovery interval, the 5 

passive discovery operations enabling discovery by neighbor wireless devices and 

discovering neighbor wireless devices passively; 

 switching from the discovery channel to a data channel when the discovery 

window of the periodic discovery interval ends; 

 sending a data announcement packet on the data channel during a data window 10 

of the periodic discovery interval; 

 sending data on the data channel during the data window of the periodic 

discovery interval following transmission of the data announcement packet; 

 operating the wireless device, during the periodic discovery interval, with a 

short data transfer window followed by a power save mode, in which a radio of the 15 

wireless device is turned off, when a power save data transfer mode is selected; 

 operating the wireless device, during the periodic discovery interval, with a 

long data window when a high speed data transfer mode is selected; and 

 alternating between the discovery channel used for the discovery window and 

the data channel used for the data window, wherein passive discovery and data 20 

transfer are performed concurrently, and power is saved when the power save data 

transfer mode is selected. 

2. A method as defined in claim 1, further comprising: 

 turning on a radio of the wireless device in response to activation of wireless 

operation;  25 

 listening for a beacon packet for a specified time; 
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 if a beacon packet is received in the specified time, adjusting timing of the 

discovery window in accordance with parameters in the received beacon packet; and 

 if a beacon packet is not received in the specified time, sending a beacon 

packet. 

3. A method as defined in claim 1, further comprising: 5 

 turning on a radio of the wireless device during the discovery window, in 

response to activation of a passive discovery mode; 

 listening for a beacon packet for a random back-off time; 

 if a beacon packet is received within the random back-off time, adjusting 

timing of the discovery window in accordance with parameters in the received beacon 10 

packet; 

 if a beacon packet is not received within the random back-off time, sending a 

beacon packet; 

 listening for a probe request packet during the discovery window; 

 saving information relating to received probe request packets; and 15 

 sending a probe response packet if the wireless device has not sent a probe 

response packet or a beacon packet in the current discovery window.  

4. A method as defined in claim 1, further comprising: 

 turning on a radio of the wireless device during the discovery window, in 

response to activation of an active discovery mode; 20 

 sending a broadcast request packet during the discovery window; and 

  saving information contained in response packets sent by other wireless 

devices in response to the broadcast request packet. 

5. A method as defined in claim 1, further comprising: 
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 turning on a radio of the wireless device during the discovery window, in 

response to a connect call; 

 sending a connection request packet to a second wireless device during the 

discovery window; 

 if a connection response packet is received within the discovery window, 5 

establishing a connection to the second wireless device; and 

 if a connection response packet is not received within the discovery window, 

indicating a connection failure. 

6. A method as defined in claim 1, further comprising: 

 receiving a connection request packet by the wireless device during the 10 

discovery window; 

 if the connection request packet is accepted, sending a connection response 

packet during the discovery window; and 

 if the connection request packet is not accepted, dropping the connection 

request packet and remaining in a current state. 15 

7. A method as defined in claim 1, wherein the data includes music data for a 

portable media player device. 

8. A wireless portable media player device comprising: 

 a portable media player; 

 a radio to permit wireless operation; and 20 

 a wireless module logically connected to the portable media player and to the 

radio to operate the wireless portable media player device, the wireless module 

comprising a processor programmed with instructions for: 

  performing passive discovery operations on a discovery channel during 

a discovery window of a periodic discovery interval, the passive discovery 25 
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operations enabling discovery by neighbor wireless devices and discovering 

neighbor wireless devices passively; 

  switching from the discovery channel to a data channel when the 

discovery window of the periodic discovery interval ends; 

  sending a data announcement packet on the data channel during a data 5 

window of the periodic discovery interval; 

  sending data on the data channel during the data window of the 

periodic discovery interval following transmission of the data announcement 

packet; 

  operating the wireless portable media player device, during the 10 

periodic discovery interval, with a short data transfer window followed by a 

power save mode, in which the radio is turned off, when a power save data 

transfer mode is selected; 

  operating the wireless portable media player device, during the 

periodic discovery interval, with a long data window when a high speed data 15 

transfer mode is selected; and 

  alternating between the discovery channel used for the discovery 

window and the data channel used for the data window, wherein passive 

discovery and data transfer are performed concurrently, and power is saved 

when the power save data transfer mode is selected. 20 

9. A wireless portable media player device as defined in claim 8, wherein the 

instructions further include instructions for: 

 turning on the radio in response to activation of wireless operation;  

 listening for a beacon packet for a specified time; 

 if a beacon packet is received in the specified time, adjusting timing of the 25 

discovery window in accordance with parameters in the received beacon packet; and 
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 if a beacon packet is not received in the specified time, sending a beacon 

packet. 

10. A wireless portable media player device as defined in claim 8, wherein the 

instructions further include instructions for: 

 turning on the radio during the discovery window, in response to activation of 5 

a passive discovery mode; 

 listening for a beacon packet for a random back-off time; 

 if a beacon packet is received within the random back-off time, adjusting 

timing of the discovery window in accordance with parameters in the received beacon 

packet; 10 

 if a beacon packet is not received within the random back-off time, sending a 

beacon packet; 

 listening for a probe request packet during the discovery window; 

 saving information relating to received probe request packets; and 

 sending a probe response packet if the wireless device has not sent a probe 15 

response packet or a beacon packet in the current discovery window. 

11. A wireless portable media player device as defined in claim 8, wherein the 

instructions further include instructions for: 

 turning on the radio during the discovery window, in response to activation of 

an active discovery mode; 20 

 sending a broadcast request packet during the discovery window; and 

 saving information contained in response packets sent by other wireless 

devices in response to the broadcast request packet. 

12. A wireless portable media player device as defined in claim 8, wherein the 

instructions further include instructions for: 25 
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 turning on the radio during the discovery window, in response to a connect 

call; 

 sending a connection request packet to a second wireless device during the 

discovery window; 

 if a connection response packet is received within the discovery window, 5 

establishing a connection to the second wireless device; and 

 if a connection response packet is not received within the discovery window, 

indicating a connection failure. 

13. A wireless portable media player device as defined in claim 8, wherein the 

instructions further include instructions for: 10 

 receiving a connection request packet during the discovery window; 

 if the connection request packet is accepted, sending a connection response 

packet during the discovery window; and 

 if the connection request packet is not accepted, dropping the connection 

request packet and remaining in a current state. 15 

14. A wireless portable media player device as defined in claim 8, wherein the 

data includes music data for the portable media player device. 

15. A computer-readable storage device programmed with instructions for 

executing a method to operate a wireless device, comprising: 

 performing passive discovery operations on a discovery channel by the 20 

wireless device during a discovery window of a periodic discovery interval, the 

passive discovery operations enabling discovery by neighbor wireless devices and 

discovering neighbor wireless devices passively; 

 switching from the discovery channel to a data channel when the discovery 

window of the periodic discovery interval ends; 25 
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 sending a data announcement packet on the data channel during a data window 

of the periodic discovery interval; 

 sending data on the data channel during the data window of the periodic 

discovery interval following transmission of the data announcement packet; 

 operating the wireless device, during the periodic discovery interval, with a 5 

short data transfer window followed by a power save mode, in which a radio of the 

wireless device is turned off, when a power save data transfer mode is selected; 

 operating the wireless device, during the periodic discovery interval, with a 

long data window when a high speed data transfer mode is selected; and 

 alternating between the discovery channel used for the discovery window and 10 

the data channel used for the data window, wherein passive discovery and data 

transfer are performed concurrently, and power is saved when the power save data 

transfer mode is selected. 

16. A computer-readable storage device as defined in claim 15, wherein the 

method further comprises: 15 

 turning on a radio of the wireless device in response to activation of wireless 

operation;  

 listening for a beacon packet for a specified time; 

 if a beacon packet is received in the specified time, adjusting timing of the 

discovery window in accordance with parameters in the received beacon packet; and 20 

 if a beacon packet is not received in the specified time, sending a beacon 

packet. 

17. A computer-readable storage device as defined in claim 15, wherein the 

method further comprises: 

 turning on a radio of the wireless device during the discovery window, in 25 

response to activation of a passive discovery mode; 
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 listening for a beacon packet for a random back-off time; 

 if a beacon packet is received within the random back-off time, adjusting 

timing of the discovery window in accordance with parameters in the received beacon 

packet; 

 if a beacon packet is not received within the random back-off time, sending a 5 

beacon packet; 

 listening for a probe request packet during the discovery window; 

 saving information relating to received probe request packets; and  

 sending a probe response packet if the wireless device has not sent a probe 

response packet or a beacon packet in the current discovery window. 10 

18. A computer-readable storage device as defined in claim 15, wherein the 

method further comprises: 

 turning on a radio of the wireless device during the discovery window, in 

response to activation of an active discovery mode; 

 sending a broadcast request packet during the discovery window; and 15 

 saving information contained in response packets sent by other wireless 

devices in response to the broadcast request packet. 

19. A computer-readable storage device as defined in claim 15, wherein the 

method further comprises: 

 turning on a radio of the wireless device during the discovery window, in 20 

response to a connect call; 

 sending a connection request packet to a second wireless device during the 

discovery window; 

 if a connection response packet is received within the discovery window, 

establishing a connection to the second wireless device; and 25 
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 if a connection response packet is not received within the discovery window, 

indicating a connection failure. 

20. A computer-readable storage device as defined in claim 15, wherein the data 

includes music data for a portable media player device. 

 5 


