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Multi-Carrier Power Management
Inuk Jung, Eun-Jong Lee, Youngsoo Yuk,
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LG Electronics
1 Introduction

Currently, without a clearly defined power saving scheme for the Multi-carrier support, the MS may needlessly consume power for having all secondary carriers active. Therefore, it is necessary to define a power management scheme to efficiently manage the activity of secondary carriers in terms of power consumption. We propose to achieve low energy consumption of secondary carriers by using sleep mode and idle states for secondary carriers.
2 Brief Overview of Multi-carrier Operation
There are two types of carrier defined in the currently released SDD draft (003r4): fully configured and partially configured carriers. Fully configured carriers convey all information, such as synchronization, broadcast, multicast and unicast control signaling channels. Whereas, partially configured carriers convey only essential information to support traffic exchanges during multi-carrier operation.
The allocation of such carrier type to a MS is defined as the following: The MS is allocated with one fully configured carrier, which serves as its primary carrier, and with further multiple fully/partially configured secondary carriers upon request if capable.
The allocation of the primary and the secondary carriers are performed during the network entry. After exchanging the capability on the multi-carrier support between the BS and the MS, BS assigns a primary carrier and several secondary carriers to the MS according to the capability of the MS and the configuration and the traffic condition of BS. 
In addition, the resource allocation may span across the primary and multiple secondary RF carriers. Hence, in MS’s aspect supporting multi-carrier, it is most efficient to utilize all available RF carriers for maximum bandwidth. However, each carrier with active transmission comes with expense of certain amount of power consumption needed for monitoring the carriers. Therefore, efficient management of secondary carriers in terms of power consumption is required. In the following sections, we describe our proposed power saving scheme for multi-carrier operations which may reduce power consumption.
3 Description of Multi-Carrier Power Management Schemes
There may be multiple active carriers with different connection types among them. Hence, a power management scheme should be applied in a per carrier manner (i.e. one power management scheme for one carrier) for efficient power saving. 
3.1 Multi-carrier Power Management Modes and Principles
Basically MS can have two different states; Carrier-active state and Carrier-idle state. Carrier-active states has two modes; Normal mode and sleep mode. The Carrier-idle state is a power management operation itself. All power management operations are per carrier basis. Fig. 1 illustrates the overall power management states and their relationship of a secondary carrier.
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Figure 1. Power management states for secondary carrier.

We can consider three different operations for the power management of each secondary carrier at each state and modes: micro sleep, sleep and idle operation.

.
· Secondary-carrier Normal mode: The carriers of an MS has no solid power management scheme in Normal-mode. The carrier monitors control channel of every sub-frame. However, the carriers can be scheduled to perform micro-sleep for temporal power savings. The carrier in active or micro-sleep can transit to sleep mode.
· Secondary-carrier Sleep mode: For MS power saving as well as MS’s rapid access to multiple carriers, an MS can turn its mode to the sleep mode from normal mode through primary-carrier signaling or normal mode timer. The sleep/listening intervals in the sleep mode can be assigned by the BS in the same way as in the single carrier. During the listening interval, the MS monitors incoming traffic of secondary carrier like in the normal mode and during the sleep interval the MS performs other activities that do not require communication with the BS. In order to provide the higher power saving, we define the permanent sleep mode where the sleep interval is set to the infinite. The secondary carrier can transit into the permanent sleep mode when the sleep mode timer is expired. 
· Secondary-carrier Idle state: Any connection of the MS in normal state are properly closed before entering the idle state. The RF of the secondary carrier in idle mode is turned off. An idle state secondary carrier turns its RF on when going to active state to establish connections (sessions) or etc. The operation to turn the RF on/off is done through an indicator, which may be sent via the primary carrier or directly to the secondary carrier.
3.2 Secondary-carrier Sleep Mode

As described in current SDD text, a primary RF carrier may dynamically utilize resources across multiple secondary RF carriers. However, in order for multi-carrier supported MS to provide the dynamic access to multiple carriers, just turning RF modules on/off without intermediary stage could lead to long transition delay (e.g., about 100ms) or excessive signaling overheads followed by message transmission regarding synchronization or ranging procedure. Therefore, we propose to use the sleep mode for secondary RF carriers in order to achieve low energy consumption of secondary carrier as well as allow the MS to rapidly access to multiple carriers.

As defined in previous section, the secondary carrier in sleep mode can save MS’s power by having the sleep interval and listening interval assigned by BS at the mode initiation. Unlike sleep mode in single carrier, however, the sleep interval for secondary carrier can be set to the infinite in multi-carrier. We define this mode as permanent sleep mode. This is possible because the primary carrier still operates in normal mode. In other words, secondary-carrier sleep mode may not need the listening interval because it can wake up with the primary-carrier signaling. Therefore, allocating the sleep interval to the infinite would be better to save the MS’s power while providing dynamic access to multiple carriers.

3.2.1 Mode Transition for secondary-carrier sleep mode
As shown in previous Fig. 1, a secondary carrier may reside in two modes when operating with Secondary-carrier Active State. The transition principles from a mode to another in Secondary-carrier Active State are defined as following and the mode transition can be triggered by signaling or mode timer. The use of timer will reduce the signaling overhead because it is able to transit the mode without primary-carrier signaling.

· Transition to Sleep mode from Normal mode
· Basically, the secondary carrier in normal mode is possible to transit into sleep mode when normal mode timer is expired.

· Although the normal mode timer is not expired, the secondary carrier can transit into sleep mode with primary-carrier signaling, if necessary. The primary-carrier signaling may reuse the MOB_SLP-REQ/RSP message of legacy system or define new signaling. The details of primary-carrier signaling are FFS.

· Transition to Permanent Sleep mode from Sleep mode

· The sleep mode is possible to transit into permanent sleep mode when sleep mode timer is expired.

· Transition to Normal mode to Sleep mode

· The sleep mode which has both listening and sleep interval is possible to transit into normal mode by detecting incoming traffic on secondary carrier (e.g., through MAP) in the same way as in normal mode during listening interval.

· The permanent sleep mode which has infinite sleep interval is possible to transit into normal mode by primary-carrier signaling. The primary-carrier signaling may reuse the MOB_TRF-IND message of legacy system or define new signaling. The details of primary-carrier signaling are FFS.

Fig. 2 illustrates an example of the mode transition for secondary-carrier with signaling (e.g., primary-carrier signaling or detecting incoming traffic on the secondary carrier) or each mode timer.
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Figure 2. An example for sleep mode transition of secondary carriers
3.3 Secondary-carrier Idle State
We call the secondary carriers allocated at the network entry as the available secondary carriers, which is determined according to the capability of BS and MS during the negotiation. 

Even if several available secondary carriers are assigned during the network entry, they need not always be activated. The reason for using secondary carriers is to support high data rate which is hard to support with single carrier only. Hence, the number of the activated secondary carriers should be changed according to the maximum data rate which should be supported with the current activated traffic services. 
Hence, for power saving, the MS may request or the BS may indicate configuration of specific carriers to operate in idle state. The term idle state for a carrier differs from the conventional idle mode in the legacy system. An idle carrier refers to a secondary carrier (non-contiguous) which RF module is physically turned off and has no connection and no scheduled data within idle state. Thus, no ranging or link maintenance is done. In such manner, each carrier may be efficiently managed in terms of current connection/session status. The number of activated carriers is always kept optimal based on the required maximum bandwidth.
A carrier is configured to operate in idle state using function indicators, ‘Carrier-activate’ and ‘Carrier-release’. Literally, an indicator conveys carrier specific information which is applied to the related carrier. 
3.3.1 Multi(secondary)-carrier Idle state Indication
To configure carrier for idle state operation, there need to be indicators for triggering the idle operation, explicitly or implicitly. We defined two types of indicators: the ‘Carrier-activate’ indicator, for indicating start of any traffic (e.g. connection, session) for idle carriers to turn their RF’s on and prepare for reception, and the ‘Carrier-release’ indicator, for indicating the end of traffic to put the carrier into idle state. The indicators convey the aforementioned carrier specific information.
Using the ‘Carrier-activate’ indicator, the MS may request, or the Serving BS may indicate specific carriers at MS to operate in idle mode. This indicator will be transmitted through the primary carrier when a connection is scheduled to be established for data transfer over the specified secondary carrier. Since an idle secondary carrier cannot receive any control signaling or messages, the ‘Carrier-activate’ indicator needs to be acquired through the primary carrier, which is always on, except in conventional MS idle mode. As shown in Fig. 3, the time of indication is one or multiple frames before the scheduled data traffic. The location of the indicator is outside the SFH, and can be located anywhere within a frame. The ‘Carrier-activate’ indicator is sent as an extended subheader type as in the sleep extended subheader in the Legacy system, for low signaling overhead. Its format and contents are FSS. However, the content is to carry at least the essential information mentioned above.
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Figure 3. Usage of ‘Carrier-activate’ indicator for turning secondary carriers RF on
While turning carriers on is done through the primary carrier, active carriers that are to be put into idle state operation may be indicated by the ‘Carrier-release’ indicator directly at the secondary, or as conventional, through the primary carrier. If given through the primary, the indicator is sent using the same extended subheader as the ‘Carrier-activate’ indicator. If given directly at the secondary carrier, it may be sent by piggyback manner which is appended at the last traffic packet of the session (connection). An example case is shown in Fig. 4, which shows both possible ways. 
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Figure 4. Usage of ‘Carrier-release’ indicator for turning secondary carriers RF off
4 Conclusion

The requirement of a power management framework is essential for efficiently managing secondary carriers for low power consumption while taking full advantage of the utilization of secondary carriers (power efficient handling of traffic patterns, efficient usage of bandwidth etc.). This proposal has given some aspects and solutions for reducing power consumption in terms of secondary carrier utilization by defining two power schemes, sleep and idle, which have the same objective in different case scenarios. 
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============================== Start of Proposed Text ================================

19. MAC procedures for Multicarrier Support

19.1 Multi-carrier operation Principles
19.1.x Carrier Management
A primary carrier and one or more available secondary carriers are assigned to a MS during network entry procedure. The available secondary carriers are activated by BS’s request according to the requirement of current active services. The activated secondary carrier is defined as active secondary carrier. 
19.1.y Multi-carrier Power Management
Power management of Multi-carriers is intended to allow the MS to efficiently manage the activity of secondary carriers to reduce power consumption. Since resource may be allocated over all the carriers with different types of connection, the power management schemes are applied on a per carrier basis (i.e. one power scheme for one carrier). There are two states of carriers within the MS: Carrier-Active State and Carrier-Idle State. Moreover two modes are present within the Carrier-Active State, Normal-mode and Sleep-mode operation. An overall description and the relation among the states and modes is shown in Fig. x. 
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Figure x. Functional relation of secondary carrier’s power schematic states and modes.
Further description of the power management schemes and their usage are described in 19.1.x.1.
19.1.y.1 Carrier states for Multi-carrier Power Management 


19.1.y.1.1 Carrier-Active State


The Carrier-Active state includes Normal and Sleep modes, which define the operational mode of a 
carrier. In this state, the secondary carriers RF are active and perform data transmission and control 
operations such as periodic ranging, CQI report etc. The secondary carrier is able to run as Normal or 
Sleep mode for efficient or low power operation.

Secondary carriers in this state can transit to Secondary carrier-Idle state for further power saving 
depending on session (connection) conditions.


19.1.y.1.1.1 Normal-mode operation

The carriers of an MS have no solid power management scheme in Normal-mode. The carrier 


monitors control channel of every sub-frame. However, the carriers can be scheduled to perform 


micro-sleep for temporal power savings. The carrier in active or micro-sleep can transit to sleep 


mode.


19.1.y.1.1.2 Sleep-mode operation

An MS can turn its mode to the sleep mode from normal mode through primary-carrier signaling or normal mode timer. At mode initiation, the sleep/listening intervals can be assigned by BS in the same way as in single carrier. During the listening interval, the MS monitors incoming traffic of secondary carrier like in the normal mode and during sleep interval the MS performs other activities that do not require communication with the BS. Sleep mode can transit permanent sleep mode to provide for the MS the higher power saving. The secondary carrier can transit into permanent sleep mode when the sleep mode timer is expired and the sleep interval in permanent sleep mode is set to the infinite.

19.1.y.1.2 Carrier-Idle State
Secondary carriers can be configured to operate in idle state. An idle state of a secondary carrier is intended to activate or release the carrier RF depending on the active service requirements. The configuration for such RF activate/release operations is given through indicators, which may be sent to the primary carrier or secondary carriers. All active connections in the secondary carrier are closed before entering idle state. Moreover, during this state, no ranging or signal exchange is done.
============================== End of Proposed Text =================================
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