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Use Cases for Power Management in Active Mode
1 Introduction  
Section 16.2.23 of P802.16m/D5 (Power Management in Connected Mode) allows for the AMS to initiate BS controlled power savings at the AMS, by reporting its battery level to the ABS.  This contribution provides clarifying text on how this report can assist the ABS in saving power for the AMS operating in active mode.   It also proposes the use of “energy-efficiency” profiles to allow for AMS to move to reduced set of capabilities or operating mode to save power. 

Additionally, an open-loop scheme, wherein the ABS can allow battery constrained users below a certain battery level to move to a degraded transmission mode to save energy.
2 Use Cases for Power Management in Active Mode
There are several methods by which the ABS can assist a battery constrained AMS operating in active mode. Some of these use cases have been highlighted in [‎3,‎4].  However, the ABS has maximum flexibility in using power savings algorithms and several additional use cases are possible.  The following clarifies the example uses cases. 
· The ABS can increase the periodicity of channel maintenance functions such as CQI reporting.
· The ABS can also utilize some of the non-active mode features to save power, such as it can increase the periodicity of paging cycles. 
· The ABS can allocate transmission resources (spatial, temporal and frequency) and use power update mechanism to prioritize energy savings over other metrics such as throughput or delay etc. 
· The ABS can allow the AMS to move to a degraded RF profile, such as the AMS is allowed to operate with just 1 antenna or with full number of antennas but with degraded sensitivity.  The AMS must still be able to maintain coverage while operating with a degraded RF profile. 
While a number of the above features can easily be supported by existing signaling mechanisms in the standard, some features, such as the “degraded RF profile” require further signaling support. In this contribution we propose a general signaling approach to cover these energy savings scenarios and suggest the use of an “energy saving profile” for each AMS, which is applicable to active mode transmission.  The energy saving profile reflects the reduced AMS functionality and possibly the degraded quality of service that the AMS is willing to accept in order to reduce power consumption and prolong battery life.  
The AMS can request a particular “energy-saving profile” in the battery level report header, when it reports its battery level.  The ABS can then inform the AMS of the selected “energy-saving profile” via a suitable signaling mechanism (TBD).  
The ABS can also advertise certain conditions or thresholds, which if triggered at the AMS, will permit the AMS to use degraded RF sensitivity in order to improve its power consumption.   This ABS initiated operation will be further described in Section ‎3. 

2.1 Energy Efficiency Profiles 

While several possibilities exist for the AMS to operate with reduced set of a capability to conserve power, the simplest is to operate with a degraded RF profile and sensitivity as long as its coverage is not impacted. Some of the profiles, allowing for lower power consumption at the AMS are captured in the table below. 
Table 1: Example Energy Efficiency Profiles 
	Field
	Value

	Energy Efficiency Profile   
	0: AMS operates with full capability 

1: AMS operates with 1 antenna 

2: AMS operates with 2 antennas

3. AMS operates with 4 antennas with degraded RF sensitivity 
Others TBD


3 Support for ABS Initiated Open Loop Operation 
Current text for battery level reporting and active mode power management in the 802.16m/D4, allows for AMS initiated operation; that is AMS indicates its battery status to the ABS, which can then perform several actions to save power for the AMS. As mentioned in the earlier section, the ABS can also ask the AMS to move to a lower power consumption state. 
Here we propose an ABS initiated mechanism, which allows for the AMSs to autonomously move to a lower power consumption state, without involvement by the ABS. In this case, the ABS will advertise “battery level thresholds,” which indicate that AMSs operating below these specific thresholds will be allowed to operate at reduced capability (indicated by a corresponding energy efficiency profile). If the AMS chooses to move to a different energy efficiency profile, the AMS will inform the ABS of its decision.  The AMS must ensure that it maintains minimum coverage while operating in a power efficient state. 
4 Text Proposal 

Insert the following text in section 16.2.23 of P802.16m/D5 after line 32 of page 408.
----------------------------------------------Start of the text proposal (section 16.2.23) ------------------------------
16.2.22 Power Management for the Active Mode
Enhanced power savings for an AMS in active mode may be supported. In this mode, the ABS may allocate resources, adjust operation modes, and set transmission parameters to optimize energy savings at the AMS. 

Specific examples on how ABS can enhance power savings for the AMS are as follows:

· The ABS can increase the periodicity of channel maintenance functions such as CQI reporting, paging cycles etc.
· The ABS can allocate transmission resources (spatial, temporal and frequency) and use power update mechanism to prioritize energy savings over other metrics such as throughput or delay etc. 

· The ABS can allow the AMS to move to a degraded RF profile, such as the AMS is allowed to operate with just 1 antenna, if it does not push the AMS into outage. 

To initiate ABS assisted power savings, Aan AMS may report its battery level when the battery level changes. The AMS shall cancel the previous bat​tery report as soon as its battery level has returned to a certain threshold, or as soon as the AMS is plugged in a charger.
The AMS may also request an “energy-savings profile” in the battery level report header, which will allow the AMS to operate with reduced or degraded functionality in order to reduce energy consumption and prolong its battery life.  The ABS may convey the allowed “energy-saving profile” to AMS via a suitable MAC management message.
Table x.x specifies the “energy saving profiles” that may be carried in the battery level report header. 

 Table x.x.1: Energy Efficiency Profiles 
	Field
	length
	Value

	Energy Efficiency Profile   
	3 bit
	0: AMS operates with full capability 

1: AMS operates with profile 1  

2: AMS operates with profile 2
3. AMS operates with profile 3
4-7: Reserved 


Power update mechanism as specified in section 8.4.10.3 may be used when an ABS receives an AMS's bat​tery level report and the ABS supports power management in Active Mode.
16.2.22.1 Support for Autonomous Update of Energy Efficiency Profile
The ABS can also advertise via broadcast or unicast signaling, the battery level threshold corresponding to each “energy efficiency profiles”.   AMSs whose battery level degrades below a specified threshold can choose to autonomously move to the corresponding “energy efficiency profile”. The AMS will ensure that minimum coverage is still maintained. It will also inform the ABS that it is now operating with an “energy efficient” profile. 
----------------------------------------------End the text proposal (section 16.2.23) -----------------------------------
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