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Power Saving States in GERAN
1 Introduction
At GERAN#60, a new Study Item called Study of Power savings for MTC devices [1] was agreed wherein the second and third objective is to investigate possible techniques to reduce the power consumption of MTC devices and to evaluate the possible gains in terms of energy, respectively.  
In order to do these evaluations there is a need to define and conclude on the details of various power saving states. 
This paper addresses and defines various types for power saving states.
2 Definition of Power Saving States
General
The term Power Saving State is used as a general term where the power consumption of an MS can be drastically decreased during Idle mode (i.e. when there is no TBF or NAS procedure ongoing). 
There are two main Power saving states considered for this extended period of sleep:
· Power off

· Sleep
Power off

“Power off” is characterized by a complete power down of the radio modem when not in use. This means performing a complete de-registration from the network when detaching (i.e. performed immediately prior to entering the period of sleep) and a full registration procedure when powering up the modem again. While powered off only a power efficient application processor (having an interrupt controller) is running (all hardware related to radio/signal processing also is switched off) in order to keep track of when to trigger (event driven or periodic) a power up of the radio modem. 

The advantages with this power saving state are that it is easy to implement and that it can be done without any modification to the specifications (at least for long sleep periods). The main disadvantage is that the power off and power on procedures consumes a lot of energy.

The power consumption while in power saving state is estimated to 33 nW (the power consumption is mainly in the application processor to run the timer to generate the wakeup interrupt to the Modem when the period of sleep ends and a limited period of reachability is required), When the activity timer (reachability timer) expires, the Detach procedure is executed and the MS enters this power saving state. The activities typically performed when entering and leaving this state are:
Entering power off:

1. Switch off the modem (including un-mounting file system, Data sections to primary memory etc.)

Leaving power off:

1. Switch on the modem (mounting the File system, booting up the protocol stack including initializing the OS tasks, Loading data segment to On-ship memory)

2. PLMN registration after Cell search and cell selection. Activity timer started to monitor any possible downlink data.
Sleep
Deep sleep

Deep sleep is employed when MS has no tasks scheduled for some prolonged period of time while in Idle mode. In deep sleep, the MS completely cuts off the clocks and voltages to almost all the sub-modules (IP blocks) and processors. 
Furthermore, an MS has two clocks: 
· Master clock – which typically runs at 13 or 26 MHz and drives RF and baseband
· Real Time Clock (RTC) - a low frequency clock that runs at 32 KHz. 
In deep sleep, a MS stops the master clock and runs MS local counter (MSC) using the Real Time Clock and it is programmed to trigger interrupt at the required instant where the current period of deep sleep ends. Apart from that the memory content in RAM is also required to be periodically refreshed in order to avoid the re-loading of contents (or starting from the beginning of the program) as done in when the period of sleep ends for the case of the “Power off” power saving state. 
Deep sleep is advantageous over the completely  “Power off” case since the clock (RTC) is not switched off, and hence activities related to network registration, reading of BA list etc. are avoided.
Light sleep

Light sleep is used when MS has limited tasks to perform over an extended period of time while in Idle mode e.g. processing load is very minimal and tasks spread over time. In this mode, MS may employ Dynamic Voltage and Frequency Scaling (DVFS) schemes for power saving. But, that will provide less power savings compared to deep sleep. 

Sleep operation

An example of typical deep sleep and light sleep management is explained below using an example where a MS has enabled a DRX cycle having intervals of both Light and Deep sleep occurring while in Idle mode (Legacy mode of operation). As seen in Figure 1 below, a MS always needs some time to synchronize with the cell again (Frequency and timing correction) after deep sleep so that it will be prepared for the period of reachability/Paging that starts at the beginning of its next DRX cycle. As seen in the figure, there are some occasions in the Idle mode where MS would be doing some activities which has some load on the baseband needing the MS to come out of Light sleep. See Note 1 below.

[image: image1]
Figure 1. Light and deep sleep during DRX cycle.

Note 1.  The assumption in the figure is that the CCCH(page occasion) does not have a page (addressed to the MS).
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Figure 2. Current consumption for various Idle mode activities 
The main advantage with the sleep mode power saving state (both light and deep) is that the RAM memory is continuously refreshed.  This means that this power saving state can be used to address various solutions as per the Power Saving Mode (as defined in [6]) and long DRX (as defined in [3]) since both of them rely on an active NAS layer.   
However, the sleep mode power saving state may also be characterized by a complete deactivation of the Access Stratum (AS) which means that all AS timers and associated procedures are stopped. This could be as simple as the modem going to sleep after starting the RAU periodicity timer (or any other equivalent timer to wake up the modem again). While the AS is deactivated the modem can switch from a high frequency clock (typically a few MHz) to a low frequency clock (a few kHz). This would ensure that the device (modem) is almost in a dormant stage, with very limited power consumption 
· The Light sleep power saving state may be used for performing an optimized/minimized set of tasks upon wakeup as there is a mechanism that allows a MS to quickly resynchronize with the network (explained in more detail in [5]).

· The Deep sleep power saving state may also be used to perform an optimized set of Idle mode tasks at wakeup, but since the clocks are cut off as explained in the section above, the MS need to be re-synchronized  and the MS camped before  performing any optimized idle mode tasks.
The advantage with these power saving states is that the device does not need to fully re-register or boot up again on wake up to become reachable.

For more details on the energy consumption in each sleep mode, see [7]. 
3 Conclusions

From a hardware perspective there are three different types of power saving states for which significant power savings can be realized:
	Power saving state
	Characteristics
	Power 
consumed [W]

	Power off
	Complete power off of the radio modem. MS has to go through a normal cell selection process at wakeup before resuming operation.
	0.033e-6

	Deep sleep
	Cutting the clocks and voltages to almost all the sub-modules (IP blocks) and processors. However, RAM memory is refreshed allowing the MS to resume normal operation after synchronizing with the network at wakeup.
	0.33e-6

	Light sleep
	The MS can employ Dynamic Voltage and Frequency Scaling (DVFS) schemes for power saving which allows the modem to operate “normally” wakeup without any need for synchronization. It can be used when the MS has limited tasks to be performed stretched over an extended period.
	3300e-6


It is proposed to adopt these three power saving states in the MTC power saving study and use them as reference states when evaluating power consumption for various proposed solutions for power management schemes for MTC devices (Not in the scope of this document). 
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