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PS editor note: the clause numbering for this document is based on draft 0.4

Clause 4 Acronyms and abbreviations

EPS
Enhanced Power Save

RPS 
Reduced Power Save

Clause 5 General Description

Note: to be added later as part of update of this clause

Clause 6 Layer Management

PS editor note: add control of PHY as it is determined

PS editor note: in the 7/9/01 AM adhoc, the methods of communicating power save between the MAC and PHY was discussed. Possible is the PHY communicating characteristics of several power saving modes available to the PHY. As I would see it, the index, effective reduction (percent of full receive power), and time to return would be in the table of modes. The MAC would then direct the PHY into an appropriate state. An alternative would be for the MAC to inform the PHY of the time before it had receive again. The PHY would then pick the right method to get best power saving during that period. Since the PHY is supposed to be “dumb” (is that the word that James used?), the first option may be the best choice. This would also fit well into the receiver start and stop commands to the PHY. 

PS editor note: add higher layer interface for:

Mode – active, RPS, EPS

EPS sleep time (range between 0 and minutes of time)

Clause 7 MAC Frame Formats

7.2.1.1 Frame Control field – Power Mgmt bit (add new section after 7.2.1.1.6)

This bit is used in the beacon frame to denote new traffic for one or more EPS devices in the piconet. It is set to 1 if new traffic is present. For all other frames, it is set to 0.

PS editor note: The value of this bit is a function of the number of EPS devices in the piconet and the traffic density of those devices. The nature of “real” implementations may also limit the value of just looking at the preamble and header rather than listening to the body as well. 

PS editor note: it is an interesting thought to let the bit be used in all frames rather than just the beacon. If a fixed bit rate header is used in all frames, then an EPS device can look at any frame it finds to see if it needs to listen to the next beacon. This is of value for such a deep sleep that there is no way for the EPS device local clock to be anywhere near in sync with the PNCs beacon.

7.2.1.1.3 Frame type field

Table 55 – add keep alive command

PS editor note: This should be any regular message to the PNC from the device. A special command seems unnecessary. 

7.3.2 Beacon frame format

Table 57 – Frame control field settings for beacon frame

Add PS bit and reference on how to set it on transmission. Decode on reception.

Table 58 – Beacon frame body

Add EPS information element before CTA. 

7.4 Information elements

Table 60 – add EPS information element

7.4.7 Power Save (PS) parameters element (this is a command structure)

PS editor note: This is where specifics on management of RPS and EPS are located.

7.4.x  (new) EPS information element

The EPS information element is illustrated in figure x1. Since the length parameter supports only 255 octets of payload allowed in any one information element, the PNC may split the EPS information element into two information element entry in the beacon. The receiving device shall know to look for an additional information element to see if data is available for the EPS device. A given device may have more than one block if it has multiple senders. Ordering is based on CTA order.

	Octets: 1
	1
	2
	2
	2
	2

	Element ID
	Length = (n*2)
	EPS block-1
	EPS block-2
	-----
	EPS block-n


Figure x1 – EPS information element

	1 octet
	2 bits
	1 bit
	1 bit
	1 bit
	1 bit
	2 bits

	Device ID
	Association timeout gauge
	Current sequence value (LSB)
	Acknowledged sequence value (LSB)
	More follows
	Active update
	reserved


Figure x2 – EPS block

PS editor note: the more follows bit may turn out to be redundant. If so, it will be removed. Right now it serves to keep the receiving EPS device awake (RPS) for more data in the next superframe.

For the case of multiple sources for a given device, the association timeout gauge is repeated for each block. The next four bits are a function of the sending device and are unique to each block.

7.4.x.1 Association Timeout Gauge

The association timeout activity is focused on the two bit field within the EPS information element of each superframe beacon body. Whenever one or more EPS devices operate in a piconet, the element will be present in the beacon body. Conversely, for a piconet without EPS devices, this information element is not generated by the PNC. Each EPS device will have its own 2-bit field in the information element.

Additionally, if the piconet PNC requires the use of RPS, the Association timeout element shall be present for all devices in the piconet. For this case, the active update bit shall be set to zero by the PNC for each EPS block.

The two bits represent a gauge of percentage of time expired since the PNC received a valid keep alive message from the EPS. The gauge level represents the agreed upon timeout between the EPS device and the PNC when the EPS device requests the EPS operation. The period is divided into thirds (a deviation from nominal of 1 percent is permitted for convenient implementations).

Table x1 – EPS gauge level

	Gauge level
	meaning

	00
	A recent keep-alive has been received by the PNC or it is a newly initialized EPS device session

	01
	An EPS device should not intentionally let the gauge get to the 01 state. A keep alive should be send to the PNC before the 01 state is reached (perhaps at the 25 percent value of the timeout). When the EPS device sees the 01, it should send an additional keep alive to the PNC with the assumption that the previous keep alive was not received correctly by the PNC (EPS devices are not required to stay powered to see the keep-alive message acknowledgement from the PNC).

	10
	This is a critical state and the EPS device should enter the active state. The device may use RPS rules of operation. The device should make every available effort to contact the PNC before the gauge reaches the 11 state. 

	11
	The 11 state indicates that the EPS device is removed from the piconet association list. There is no opportunity for the EPS device to remedy this situation except to associate. The PNC will retain the dev ID and this state for a period of time (perhaps the equivalent of two thirds of the timeout value. This will allow devices that the disassociated device had been associated with to reply to their high layers that the connection does not exist.


7.4.x.2 EPS sequence data management

A four bit field is used between the sending device and the destination EPS device. The PNC is the agent for the sending device and an exchange of commands (section 7.xx) between the sending device and the PNC causes the PNC to insert the appropriate information in the Beacon body. The first two bits represent the least significant bit of a stream sequence number. Since the window size algorithm for data to an EPS device only allows for one outstanding packet, the least significant bit is sufficient. The first bit is the current sequence number and the second bit is the acknowledged sequence number. The following table presumes a beginning point of a zero for the least significant bit value. 

Table x2 – EPS data management 

	Current sequence

value
	Acknowledged sequence

value
	Meaning

	0
	0
	There are no outstanding frames to receive. As part of EPS startup, the values are synchronized.

	1
	0
	There is a frame waiting in the assigned slot. The destination EPS device receives the information and sends the acknowledgement to the sending device using the acknowledgment policy in place (it is not permitted to use the no-acknowledgement policy). 

If this combination of bits is still present in the next beacon body that the EPS device receives, the implication is that the acknowledgement message was not received by the sending device or the sending device to the PNC to change the beacon bits was not received correctly. An acknowledgement duplicate message is sent.

	1
	1
	The acknowledgement from the EPS device has been received by the sending device.

	0
	1
	The acknowledgement from the EPS device has been received by the sending device and a new packet of data is being sent by the sending device.


If the more bit is set to one, the receiving EPS device shall not miss the next superframe as the sender is indicating that there will be information sent.

The active update bit is set either by the sending device or by the PNC. The PNC will set the bit to zero if the sending device becomes disassociated and is not managing the sequence and more bits. The PNC will set the bit to zero if it is managing the association timeout for all non-EPS piconet devices. The sending device will set the bit to zero if it is no longer managing the bits during a period when regular data is sent to the EPS device and the sequence and more bits are not needed and present an overhead for the piconet.

Clause 8 MAC Functional Description

PS editor note: Time to cold start a device is an overriding concern of TG3. The time is also a power save issue. Efforts should be made to get to a point where a device may enter RPS/EPS. Doubling up on exchanges is a consideration to get multiple portions of the startup done at a single time.

8.1.1 Scanning through channels

PS editor note: Recommend that changes be made that would allow both a faster scan and one that would require less power consumption. First, is a recommendation that a scanning device be allowed to scan from most recently used channel first or any other useful algorithm that an implementer selects. Second, that a reserved bit in the frame header be used to indicate a relative position in the superframe. Set a bit to one perhaps more than ¾ through the superframe time interval. This would allow scanning other channels for activity and still return to look at previously located channels before the beacon that contains the necessary information comes around. It is not a perfect solution and it doesn’t take into account the variable nature of superframe length. 

8.10 Power Management

Power management allows lowered power consumption of attached devices while retaining the required performance of a piconet. Two methods to reduce total power consumption of devices are available. Including normal operation, associated devices may operate in one of three modes relating to operating power consumed. 

· Active mode - where the device remains fully powered at all times. Devices shall use this mode if remaining powered at all times does not impact the duration of device operation. Devices that are not battery powered shall use this mode.

· Reduced power save (RPS) mode - allows the device to suspend receive and transmit activities during certain portions of each superframe. Suspended operations allow for removal or reduction of power to sections of a device.

· Extended power save (EPS) mode - allows a device to remain in a very reduced power consumption state suspending receive and transmit activities for a period of time that may span many superframes.

It is outside of the scope of this standard on what portions of a device, and any equipment a device is incorporated into, are part of power save modes. 

8.10.1 Reduced Power Save (RPS) Mode

Reduction of power within a superframe takes advantage of the scheduling methods defined in this standard. All devices using RPS shall be active during the beacon and the CAP portions of every superframe. During the CFP, the device shall remain powered during slots assigned to it for reception. If no information is being received within 25 percent of the slot time, the device is not required to be available for the remainder of the slot time. The device is not required to be powered during transmission slots that will be unused for a given superframe. For any remaining periods in the CFP, the device may suspend transmit and receive activity and remove power or reduce power to sections of the device. 

PS editor note: need to add method for the PHY to convey to the MAC that information is currently being received. 

8.10.1.1 Quality of Service and Preferred Location of assigned slots

Quality of service and power saving may have a potential for conflicting requirements on location of assigned slots in the superframe. Any inefficiency for an RPS returning to powered state can be mitigated best with only a single power off cycle for each superframe. The PNC shall attempt to locate assigned slot(s) for reception or transmission adjacent to the end of the CAP or just prior to beacons. 

Quality of service with requirements for multiple slots per superframe are not desirable and higher layer protocols have the responsibility to choose the best tradeoff of multiple slots vs. power saving. In some cases, the PNC will break up bandwidth requests into multiple slots to satisfy other piconet users. The PNC shall take this action only as necessary and not use it as a default approach to portioning out bandwidth.

For a piconet with many RPS and EPS devices, and multiframe Quality of service requirements, the PNC is limited in its ability to provide beneficial location for all devices. It is up to the individual RPS device to select the optimal power reduction method available in those circumstances.

Algorithms to favorably locate slots are beyond the scope of this standard.

PS editor note: Consider adding words that higher layers should only request resources when needed and then release them promptly when not needed to reduce the piconet load and perhaps reduce the multislot problem. 

8.10.1.2 PNC use of RPS

For piconets where use of RPS in the PNC is desired, the PNC may use the methods of RPS. An RPS PNC is shall provide association timeout services to all devices in the piconet. A PNC using RPS is still expected to provide repeater service for the piconet. 

PS editor note: the mechanism for the non-EPS devices to know that they need to use the association timeout gauge mechanism is required. The framework should be available and require a new field. 

PS editor note: Since a PNS is not permitted to use EPS mode, it seems like a very small piconet of some non-demanding devices could set a very long superframe length, a small CAP, and very small slots thereby gaining substantial power savings. Latency to change is problematic for this configuration as is another device searching for this net or attempting to locate an empty channel.

8.10.1.3 Control of RPS

Use of RPS is a local decision to a device with no control exchange required. Devices may use RPS based on the operational requirements in 8.10.1. 

Slot positioning preference is indicated by the device characteristics field for RPS mode. This is provided for PNC use in positioning slots used by RPS devices.

PS editor note: name the field and reference in clause 7 and relate to clause 6

8.10.2 Extended power save (EPS) mode

EPS operation allows a device that is very sensitive to power utilization to remain associated with a piconet but have power savings significantly greater than an RPS device. RPS devices are required to receive portions of each superframe. EPS devices are permitted to be in a very low power state for an extended period of time with the resulting missed reception of many superframes.

8.10.2.1 Overview of EPS

Key to the EPS mode of operation is an information element in the beacon directed to EPS devices. EPS devices periodically wake to detect beacons and receive the information element to determine if traffic is to be read. The time is based on the parameter EPSTime. EPSTime is expressed in microseconds of time. A device will choose the next beacon to wake on after the EPSTime is attained. A value less than the length in time of the superframe will cause the EPS device to wake for each superframe.

If traffic is available, the device shall receive the packet(s) during the same superframe that the traffic indication is detected. A device is permitted to reenter the EPS state either after receiving and acknowledging data or if no data is present. Figure xx shows the relationship between a sending device, PNC, and EPS device. The figure depicts operation after EPS mode is established and for the case of the sending device having a single packet to send.
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Figure xx Operation of EPS mode

8.10.2.1 Configuration of EPS

Configuration of EPS is the responsibility of higher layer protocols. At association of device pairs, where one or both desire EPS operation, higher layer protocols shall negotiate parameters for EPS operation and convey them through the SME interface. Changes may be made through further negotiation after the devices are associated.

PS editor note: make sure to point to the mechanism for additional negotiation.

8.10.2.2 Control of EPS

A device desiring EPS mode of operation shall engage in a session with the PNC and devices that are associated with the device that will be sending data to the EPS device. 

PS editor note: Insert the various handshakes here and also reference the clause 7 paragraphs.

PS editor note: The sending device is responsible to the PNC to manage the EPS information element. Consider the impact of a sending device leaving the network abruptly. The PNC will continue to use old information to the EPS receiving device and perhaps cause it to consume additional power than necessary. The question is, should the PNC use the sending devices association timeout before clearing the EPS information element to indicate that it is not active or use a shorter time? 

8.10.2.3 Association Timeout

Higher layers provide an association timeout value that a piconet device then conveys to the PNC. The PNC will remove the device from association (assuming that the devices has left the network abruptly) if the EPS does not send a keep alive message to the PNC prior to the timeout. The EPS device should use a reserved slot but may attempt to use CAP. 

Values of association timeout should be large. Consider values that account for an EPS device allowing several wakeup intervals to go by before sending a message to the PNC that would reset the association timeout. 

8.10.2.3 Quality of Service in Extended power save mode

Devices desiring the use of EPS are required to have data reception requirements not adversely impacted by a high latency connection. This is not to say that an EPS device is not able to receive information with significant QoS requirements but the EPS device is to be allowed a latency for the first message requiring QoS. 

PS editor note: A device in extended power save mode is not “really” a participant in a QoS session. A slot for a EPS devices is for async data and commands to a device. An EPS device can shift to an active or RPS mode and then establish a QoS session. This whole concept needs attention on Monday evening.

PS editor note: this should get some re wording. Also, to be consistent with the RPS clause on QoS, this should be located in a similar maner.

8.10.2.4 Use of repeater service in Extended power save mode

A PNC capable of repeater service shall support EPS device use of the service. EPS use of the repeater service is an additional use of repeater services that normally support full area coverage to the piconet. For the case of device pairs desiring simultaneous EPS mode and a PNC that does not support repeater service, selection of an alternate PNC may allow for device pairs to use EPS mode simultaneously. 

PNCs have finite resources for repeater service data forwarding. Higher layer protocols shall perform the negotiation process to assure that PNC limitations are considered. The methods are the same as in non-EPS repeater 

PS editor note: need to add the EPS bit to repeater startup parameters.
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