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6.7.4 Wakeup

A Wakeup frame contains a Frame Payload that is formatted as shown in Figure 34. 
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Fig 34— Frame Payload format for Wakeup frames

6.4.7.1 Allocation Slot Length

The Allocation Slot Length field is set to L such that the length of an allocation slot is equal to pAllocationSlotMin + L × pAllocationSlotResolution. Allocation Slot length field is set to zero in Non-Superframe mode. 
6.4.7.2 Residual Wakeup Session Duration

The Residual Wakeup Session Duration is set to the length of the remaining wakeup session duration in units of allocation slots when allocation slot length is not zero.

When allocation slot length is zero, the Residual Wakeup Session Duration is encoded such a way that, if the first bit is zero, time unit is millisecond and if the first bit is 1, time unit is second, and the rest 7-bit indicate the absolute value of Residual Wakeup Session Duration. 

6.4.7.3 Sender Address

The Sender Address field is set to the IEEE MAC address of the hub sending the wakeup frame.

6.4.7.3 Recipient Address

The Recipient Address field is set to the IEEE MAC address of the node receiving the wakeup frame.

7.2.1 Abbreviated addressing

A hub shall select a one-octet body area network identifier (BAN ID) from an integer between 0x00 and 0xFF, inclusive, as its BAN’s abbreviated address contained in the MAC header of all frames sent from or to the hub. The hub should select a BAN ID that is currently not being used by neighbor BANs.

A hub shall select or reselect a one-octet hub identifier (HID) from an integer in the Connected_NID subset as specified in Table 16 as its abbreviated address contained in the MAC header of all frames sent from or to the hub. The hub shall not reselect an HID equal to a Connect_NID that is currently being used for a node connected with it. The hub should select an HID that is currently not being used by neighbor hubs.

A one-octet node identifier (NID) selected in accordance with Table 16 shall be used as a node’s abbreviated address contained in the MAC header of all frames sent (unicast) from or to the node, or shall be used as a group of nodes’ common abbreviated address contained in the MAC header of all frames sent (multicast or broadcast) to the nodes by a hub.

Table 16 — NID selection
	NID value in hex
	NID subtotal
	NID notation
	NID usage

	0x00
	1
	Unconnected_Broadcast_NID
	For broadcast to unconnected nodes

	0x01
	1
	Unconnected_NID
	For unicast from/to unconnected nodes in a BAN

	0x02
	1
	Unconnected_Wakeup_NID
	For wakeup to unconnected nodes in a BAN

	0x03-0xF6
	244
	Connected_NID
	For unicast from/to connected nodes in a BAN

	0xF7
	1
	Reserved
	Reserved

	0xF8- 0xFD
	6
	Multicast_NID
	For multicast to connected nodes in a BAN

	0xFE
	1
	Local_Broadcast_NID
	For broadcast to all nodes in a BAN

	0xFF
	1
	Broadcast_NID
	For broadcast to all nodes in all BANs


An unconnected node without an assigned Connected_NID shall choose the Unconnected_NID as its NID in its first (management type) frame, and retries thereof, sent to a hub before being connected with the hub. An unconnected node receiving a wakeup frame from a hub shall choose the Unconnected_Wakeup_NID as its NID in its (management type) frame, and retries thereof, sent to a hub before being connected with the hub.

Upon receiving the first frame from an unconnected node, a hub shall assign as the node’s NID a Connected_NID that is not being used for itself or another node in its BAN, and shall use that Connected_NID as the Recipient ID of the MAC header in its I-Ack and all subsequent frames sent to the node.

The unconnected node shall be ready to receive frames from the hub, without regard to the Recipient ID field of the MAC header, before finding its assigned Connected_NID. The node shall use as its NID in all subsequent exchanges with the hub the Connected_NID of the Recipient ID field in the MAC header of the I-Ack frame or next (management type) frame with the frame payload containing a Recipient Address field set to its IEEE MAC address. The node may retry its first frame after failing to receive the expected first management type frame from the hub.

If the node receives a frame from the hub with the Recipient ID in the MAC header set to its current Connected_NID but with the Recipient Address in the frame payload not set to its IEEE MAC address, the node shall consider itself to have disconnected with the hub and lost its Connected_NID accordingly. It may employ the above procedure again to obtain its Connected_NID. 

7.8.1 Wakeup mechanisms in MICS band

Hub shall select a MICS channel following the MICS regulations and shall send wakeup frames in the selected channel.   
7.8.1.1 Wakeup mechanism for unconnected nodes
A hub may perform wakeup and connection with unconnected nodes as follows. Hub may or may not possess the IEEE address of the node to be waked up.  

To wakeup an unconnected node with unknown IEEE address, hub shall send a wakeup frame to the node with ACK policy set to N-Ack, with Unconnected_Wakeup_NID as recipient ID, with Allocation Slot Length, Residual Wakeup Session Duration, Sender Address and Recipient Address field information in the frame payload. The Sender Address is set to hub IEEE address and Recipient Address set to zero. Hub shall transmit a group of up to pMICSWakeup wakeup frames separated by pMICSWakeupSeparation. The parameter pMICSWakeupSeparation is defined such that the hub can detect a frame sent by a node following its last wakeup frame before it would otherwise send the next Wakeup frame. The unconnected node should cyclically tune to each MICS band channel for at least pMICSUnconnectedWakeupRxTime, until it receives a wakeup frame. The parameter pMICSUnconnectedWakeupRxTime is defined such that a node can receive one of the two adjacent wakeup frame once it tunes to the transmit channel. 
Unconnected nodes shall contend to transmit connection request frame upon receiving a wakeup frame following the contention procedure described in the section 7.4. Unconnected node shall abort the connection establishment if the unconnected node fails to establish connection until the end of the Residual Wakeup Session Duration. Now that the hub and the unconnected node are on the same channel, they are in a position to exchange more frames with each other using appropriate access methods as specified in 7.6 and 7.7 in view of 7.3.
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                                      Figure 72: Unconnected node wakeup with known IEEE address
To wakeup an unconnected node with known IEEE address, hub shall send a wakeup frame to the node with ACK policy set to N-Ack, with Unconnected_Wakeup_NID as recipient ID, with Allocation Slot Length, Residual Wakeup Session Duration, Sender Address and Recipient Address field information in the frame payload. The Sender Address is set to hub IEEE address and Recipient Address set to the node IEEE address.  

Unconnected nodes shall transmit connection request frame upon receiving a wakeup frame to establish the connection with the Hub. Hub shall acknowledge the connection request frame from node and transmit connection assignment frame to the node. Node acknowledges connection assignment frame and establishes connection with the hub. Now that the hub and the unconnected node are on the same channel, they are in a position to exchange more frames with each other using appropriate access methods as specified in 7.6 and 7.7 in view of 7.3. 

The hub should provide the node with an ordered list of channels it intends to choose in decreasing likelihood when required to choose a new channel. The hub should subsequently select a new channel, when required by the regulations, in the order indicated in the list. The hub may update nodes with a new channel order list in view of changes in the channel conditions such as interference levels or/and based on other considerations.
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                          Figure 73: Unconnected node wakeup with known IEEE address
7.8.1.2 Wakeup mechanism for connected nodes
A hub may perform wakeup with the connected nodes as follows. 

7.8.1.2.1 Single connected node wakeup mechanism

As illustrated in Figure 74, prior to more frame exchanges with a connected node, the hub shall transmit a group of up to pMICSWakeup wakeup frames separated by pMICSWakeupSeparation, each addressed to the node. The hub shall listen for a frame arrival after each transmission and before the next transmission of such a wakeup frame.
Node should tune to the channel in which it last received a frame with a valid FCS from the hub. After dwelling on the current channel for pMICSWakeupRxTime, it should switch to another channel in accordance with the channel order last provided by the hub, until it receives a Poll frame addressed to it. The node should not further change the channel unless recommended otherwise. 

Hub shall send a wakeup frame to the node with ACK policy set to I-Ack, with Connected_NID as recipient ID, with Allocation Slot Length, Residual Wakeup Session Duration, Sender Address and Recipient Address field information in the frame payload. The Sender Address is set to hub IEEE address and Recipient Address set to node IEEE address. Node shall transmit the I-ACK upon receiving the wakeup frame from the hub. Now that the hub and the connected node are on the same channel, they are in a position to exchange more frames with each other using appropriate access methods as specified in 7.6 and 7.7 in view of 7.3.
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                        Figure 74: Connected node wakeup 

7.8.1.2.2 Multiple connected node wakeup mechanism

or hub may employ below described mechanism for  transmit a wakeup frame to a group of device, with ACK policy set to N-Ack, with Multicast_NID as recipient ID, with Allocation Slot Length, Residual Wakeup Session Duration, Sender Address and Recipient Address field information in the frame payload. The Sender Address is set to hub IEEE address and Recipient Address set to zero. 

It has two phases: Lockup and Confirm phase. In the Lockup phase, hub shall transmit a wakeup frame to a group of device, with ACK policy set to N-Ack, with Multicast_NID as recipient ID, with Allocation Slot Length, Residual Wakeup Session Duration, Sender Address and Recipient Address field information in the frame payload. The Sender Address is set to hub IEEE address and Recipient Address set to zero. 

As illustrated in the figure, hub shall transmit a group of up to pMICSMcastWakeup number of wakeup frames with frame separation of pMICSMcastWakeupSeparation, without expecting acknowledgment from any connected device. The pMICSMcastWakeup number of wakeup frames shall ensure that every connected device shall receive at least one wakeup frame. Upon successfully receiving a wakeup frame, intended connected device shall lock itself to the channel in which it received the wakeup frame and wait for another wakeup frame at the confirm phase in the same channel. Remaining Wakeup Duration in the wakeup frame payload sets the value of remaining duration in the lockup phase. 

In the confirm phase, hub shall send a wakeup frame to the individual node, with ACK policy set to immediate-ACK, connected NID as recipient ID, and with Allocation Slot Length, Residual Wakeup Session Duration, Sender Address and Recipient Address field information in the frame payload. The Sender Address is set to hub IEEE address and Recipient Address set to node IEEE address. Upon successfully receiving the wakeup frame, node shall send an ACK frame to the hub. Hub shall repeat above step for other every node in the group. Now that the hub and the unconnected nodes are on the same channel, they are in a position to exchange more frames with each other using appropriate access methods as specified in 7.6 and 7.7 in view of 7.3.

Hub may also wakeup nodes one by one following the procedure described in the 7.8.1.2.1.
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                                                                 Figure 74: Multiple connected node wakeup
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