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Multi-Radio Power Management
1. Overview
Today, mobile phones and other handheld communication devices are often equipped with two or more access technologies such as WiFi (e.g., IEEE 802.11a/b/g/n), WiMAX, CDMA, UMTS, GSM and Bluetooth. We call these devices having more than two heterogeneous radio interfaces as multi-radio devices. One major bottleneck in the implementation of multi-mode terminals for any application area is the overall power management mechanism for different radios, each with its own mechanism.
Power saving by deactivating a radio interface affects the network reachability through that radio interface. One of the practical ways to minimize power consumption of multi-radio device is to deactivate an unused radio interface. For example, WiFi radio interface can be turned off when device moves out of WiFi coverage area or there’s no active traffic through that radio interface. However, the deactivated radio interface looses network reachability thus impossible to serve incoming traffic. Therefore, we need a way to keep network reachability even for the deactivated radio interface.

Multi-Radio Power Management (MRPM) enables optimized power conservation for multi-radio devices. Previously, a powered-off radio interface looses network reachability thus cannot deal with incoming traffic toward that interface. However, even the deactivated radio can be regarded as reachable by the help of another active radio in MRPM. MRPM defines multi-radio power states to provide an integrated view about the multi-radio device’s reachable state not limited by the physical individual radio’s power state. For an example, a powered-off WiFi interface’s multi-radio state can be described as “reachable via WiMAX” when a WiMAX radio interface is available and can deal with incoming traffic toward that deactivated WiFi interface. These multi-radio power states enable the individual radios to enter into or leave lower power states not affecting the network reachability. MRPM also enables power management through coordination across multiple networks of different radios using media independent services, taking into account the power management functions in individual radios and networks and QoS requirements. 
2. Use cases
The mechanisms do not apply to all multiple radio scenarios. The following are most appropriate:
2.1 Multi-homing 

The device uses WiMAX/3GPP to connect to VPN of a corporate network with one IP address and WiFi with a different IP address to enable video call or VoIP with personal friends. They need to separate them for many possible reasons: (1a) The corporate may have policy to disallow employees from excessive use of making personal calls. (1b) Resources in the corporate network (conference call server) may be restricted to participants within the corporate network. (1c) An attendee in this 802 meeting may be multitasking requiring use of VPN to corporate network. While using VPN, one cannot check attendance with the murphy.events.ieee.org server. Multiple network attachments need to be maintained in order to enable multi-homing. 

2.2 Reduce futile scanning in out-of-service area
The radio needs reachability whenever it is in a geographical area in which there is network service. When there is no network service, today’s cell phone, which is in sleep mode, will continue with future scanning. 
2.3 Deep sleep mode
In sleep mode, there is trade off between wake intervals and response time towards being reached. When a correspondent node sends a call connection request to the mobile node, the sleeping mobile node may need a short enough wake interval say of the order seconds but not of minutes or tens of minutes. If reachability is via another radio which already has a wake interval of seconds, the radio may still want network attachment. If it were turned completely off, it may take too long to re-establish connection when being reached via the other radio by a call connection request. It may have moved to a different network and may need to scan the channels again. This ultra-low power (deep sleep) state is needed for the following reason. With the best power conservation scheme, a phone in sleep mode today may have a battery life of one week. If 2 radios are both in sleep mode, the battery life will shorten to half-week. It is now possible to keep only one radio in sleep mode while the rest are in ultra-low power state. The battery life is now back to one week. 
3. Question and Answer

3.1 Which applications need the multi-homing feature? 

It is not necessarily the applications alone but the above scenarios under which applications such as a call are used. A call usually proceeds with a call connection request, e.g., SIP invite message. 

3.2 Why do radios need to be reachable in ultra-low power state? 

It is when it needs reachability at that particular IP address. The user may want to be reachable (e.g., able to reach SIP invite) in multiple IP addresses (for business use - corporate VPN - and for personal use). At the same time, it wants to conserve power. 
3.3 How does the network know when a radio should be woken up or put into a reduced power state? Show use cases and overall flows as to how this works end to end at high level and that would help establish motivation for this.

Extensions to 802.21 messages are to be defined. 
(1) MRPM Event service:

Before a radio is turned off or to an ultra-low power state, it informs its network what to do when a call request arrives. 
(2) Call redirect:

When a call request arrives, the network redirects the request to the other interface. The network needs to have the capability to intercept the call request and redirect it. Examples to direct include existing capability to redirect a SIP invite. Another example is that Mobile IP also has this capability. 
(3) MRPM Command service:
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Figure 1. MRPM command flows to wake up deactivated interface

As shown in the above Figure 1, MRPM sends a remote command from network to device to wake up radio 2. Accordingly, Radio 2 wakes up and replies to the call request. 

3.4 Are there things in the data path that need to be addressed?

MRPM uses control messages. Yet, it is up to the network how to intercept the connection request message. 

