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Power Management Mechanism for Wireless BAN Devices
1 Introduction
This document describes a new way of power management mechanism that that provides communication between the outbody device and inbody devices for WBAN. To reduce power consumption of WBAN devices, the outbody device manages multiple channels on the MICS frequency band based on the channel reservation. In addition, the reservation based multi channel protocol would be backward compatible with conventional mechanisms: LBT(listen before talk) and AFA (adaptive frequency agile). WBAN devices have two states: awake and sleep. These devices repeat awake and sleep state periodically in order to reduce unnecessary power consumption. 
2 Beacon-based Transmission Mechanism
The contention mechanism with sensing and hopping, AFA and the LBT, prevents collisions between the devices, but cannot guarantee a reliable transmission because not just any device can maintain the channel occupancy. A device is allowed to transmit one data at a time with a sensing operation. This repeated sensing results in a long delay in a transmission. The proposed reservation based scheme can guarantee a reliable transmission by allocating a channel via the control channel. Also, it improves channel utilization and aggregates the throughput by reducing the sensing and hopping process.

2.1 Channel Plan
The current MICS frequency band consists of 10 channels with 300 kHz bandwidth. To support for the reservation based multiple access, the outbody device shall be able to detect whether channels are used and allocate these channels to inbody devices. Figure 1 illustrates one example of how 10 channels may be allocated. One is used as the control channel and other channels are used for data transmission. 

To allocate data channels to inbody devices, the outbody device transmits beacons on the control channel. Beacon transmission is based on the superframe, which is illustrated in figure 1. The superframe is composed of 9 beacon slots. The duration of each beacon slot is less than 5ms and is enough time for transmission of one beacon and one ACK. By listening to the control channel, inbody devices know which channels are used and reserved for communications between the outbody device and themselves. The outbody device and the inbody device communicate on the data channel that is negotiated on the control channel. 
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Figure 1 Proposed Channel Plan

2.2 Transmission Mechanism

 In the reservation based scheme, the coordinate sends beacons in order to allocate data channels efficiently. All devices know the information of the channel allocation by listening to the control channel. So it is important to transmit beacons on the control channel. But LBT technique allows a device to occupy the channel when the channel is idle for more than 5ms. If there are no beacons during some adjacent beacon slots, the device that uses LBT can occupy the control channel. In this case the coordinator cannot send beacons any more on the control channel.

To prevent the LBT device from occupying the control channel, the coordinator uses the beacon repeat mechanism. After the coordinator sends a beacon, it checks whether the coordinator will transmit a beacon for the next slots or not. If there are no beacons for two consecutive slots the coordinator copies the previous beacon and sends it during the second slot. This prevents the idle duration from exceeding more than 5ms. 
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Figure 2 Data Transmission Mechanism 
The coordinator sends beacons via control channels periodically. The device will be in the awake during the one superframe to receive beacons, which indicate all reservation of sub-channels. After the data channel negotiation, two devices move to the allocated data channel.
To prevent the data channel from using the allocated data channel by the LBT device, the coordinator sends a RTS within 5ms after it transacts to the data channel (Figure 2). The RTS is transmitted at a certain interval, which does not exceed 5ms, until the device sends data. The device starts to send data after receiving the RTS and the coordinator transmits ACK in response to this data. 
3 The Proposed Mechanism
In the applications of wireless BANs, there are many cases where the device transmits with a certain period. The device that is in a sleep state awakes and checks that it starts to communication or not. If the device has the need to communicate with the coordinator, it maintains the awake state and finds an unused channel by LBT and AFA. On the other hand, if the coordinator reserves the channel which communicates with the device, the device starts to communicate immediately without searching an unused channel. There are two power management mechanism defined in this section: Asynchronous wakeup mechanism and Wakeup call mechanism. 
3.1 Asynchronous Wakeup
The device alternates between a sleep state and an awake state depending on its duty cycle to consume lower power. When the coordinator requires the device to transmit data, the coordinator sends the beacon continuatively on the control channel. The awake device shall maintain the awake state during one superframe and check, if the coordinator requires it to transmit data. If the device does not receive the beacon, it falls into the sleep state again. As the device receives the beacon, it sends ACK via the control channel and moves to the allocated data channel. After receiving the RTS, the device sends its data to the coordinator and receives ACK from the coordinator. Then the device changes back to the sleep state. Figure 2 shows above asynchronous wakeup.
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Figure 3 Asynchronous wakeup

3.2 Wakeup Call
Asynchronous wakeup mechanism starts the transmission by receiving the beacon during the awake duration. The state conversion depends on duty cycle of the device. The emergency call, such as immediate transmission, may occur in the medical applications of the wireless BANs. The coordinator can not wait for the device to awake. The coordinator sends the wakeup call signal to the device. If the device receives the wakeup call signal, it awakes independent of its duty cycle. As shown in figure 4, the device awakes and listens to beacons on the control channel, and then the device sends its data to the coordinator via the data channel. 
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Figure 4 Wakeup call mechanism
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