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1 Introduction
At RAN2 #90 it was agreed that: 
· For idle mode, RAN2 agrees that the DRX should be extended past the current SFN limit of 10.24s.   From RAN2 point of view we see power consumption benefits of increasing the DRX cycle in order of minutes.   How many minutes it is FFS.
For idle mode:

· FFS how the UE determines when to wake up (either using hyper SFN or timer based mechanisms).

· Once the UE wakes up the UE determines the PF/PO based on the legacy DRX formula/cycle (i.e. no change on the paging occasion computation).  

· To improve paging reliability, the paging message can be repeated on different the paging occasions determined using the legacy DRX formula for a certain time window.  FFS how the UE determines for how long to monitor for paging messages.  

The maximum time the UE may be allowed to sleep in idle mode eDRX has been considered from a number of practical perspectives. In particular the relative power savings when compared with Power Saving Mode (PSM) (1), clock accuracy constraints and the default maximum TAU timer (2).
How the UE determines wake up time (SFN count extension or timer) is also related to considerations of clock accuracy while the UE is sleeping. Having an extended SFN count enables a UE to check the time. However, regularly reading the extended SFN count at each eDRX cycle requires additional power consumption in order to receive and decode this. A lack of alignment of SFN timing between adjacent cells has also been noted as a problem.
2 Power saving relative to PSM

It has been presented that the power saving potential for idle mode eDRX is not significantly better than PSM for times above 15-30 minutes (1).
Individual PSM wake-up instances use more power than eDRX because of the need to receive more information and also to transmit every time. Each PSM instance offers the opportunity for the UE to be contacted and to transmit whether or not this is required.
There will be use cases that require a UE to be regularly reachable but not to transmit so frequently. For example, asset location applications will require reachability for a reception of a short message and infrequent transmission. eDRX enables the lowest power consumption in these cases. The advantages over PSM extend out to one hour or more. Figure 1. Illustrates the battery life possible in a use case where UE activity is limited to the eDRX/PSM monitoring and only 16 bytes are transmitted weekly. In order to meet TAU requirements (see section 5, below), the two different eDRX plots show the effect of required hourly and daily updates.
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Figure 1: Battery life comparison of eDRX and PSM

This example represents a low power use case, considering the power required by the LTE radio in isolation. Other use cases will require more frequent transmit and receive periodicities. In terms of overall MTC device battery life, where one battery supports the radio and the application, the power used for the application support will also need to be added.
The objective for the standard should be to enable options for achieving the lowest power for the LTE-M radio in a variety of use cases and in a way that is future proof. For example, the amount of time necessary for the UE to wake and prepare for reception before its 1ms PF can be shorter depending on the implementation and this may be expected to improve over time with different SoC architectures. The plots above assume 20ms. The sleep current is also expected to lower over time. The battery life of a UE is highly dependent on the sleep current when the eDRX or PSM wake-up interval is over 1 hour.
It can be seen that requiring the UE to wake for TAU updates every hour brings the eDRX battery life down to a similar value to PSM at a one hour interval, with little improvement after 15-30 minutes. Allowing a longer time between UE updates allows eDRX to conserve more power than PSM.

Observation 1:
Idle mode eDRX can offer a significant power consumption improvement when compared with PSM at any time interval up to one hour.
3 Clock accuracy considerations
It has been presented (2) that clock inaccuracy may cause a UE to wake at the wrong time causing it to miss its PO. The practical constraint implied is that the UE would then need to be made to wake conservatively early. The resulting extended wake and receive time would then cancel some of the potential savings of power from having a longer sleep interval.
One example of clock inaccuracy given (2), where 30ms drift occurs in 10 minutes implies a clock with 50ppm accuracy. After one hour the time can have an inaccuracy of 180ms. Better oscillators than this are available, 20ppm is typical and 3ppm is available for 32kHz clock crystals. RAN4 (4) has described a value of 10ppm for the RF reference.  Temperature controlled oscillators can be accurate to 1ppm. 
The issue of clock accuracy traded against battery life will be a matter for UE design performance/cost trade-off coupled with a need to serve a variety of application use cases. The standard for maximum eDRX should not be limited by the capabilities of any particular oscillator. If necessary a UE could be made to wake more often and to request eDRX intervals no longer than its ability to achieve a required accuracy.

Crystal oscillators of a particular type may have individual accuracy of up to the specified amount. There is an additional variation due to age that changes slowly over a period of years. Temperature also has an accuracy effect that remains relatively constant at any fixed temperature. Aging and temperature variation can be modeled and compensated for. Any one oscillator of a particular type will have much better short-term accuracy than the range specified overall, over a period of one hour for example. This means that whatever the accuracy value is it remains relatively constant at that value over one hour.
For an eDRX implementation the accuracy of a timer could be compared with the system timing at an eDRX wake-up instance. For example, if the accuracy may be 20ppm initially, the timing can be inaccurate by plus or minus 72ms after one hour. A conservative design would require the UE to set the timer so that it would wake at a time that it thinks is 72ms early. This would make it wake an average of 72ms early and in a range from 144ms (72 x 2) to 0ms early, to avoid the possibility of being late. Checking the PBCH at this instant to determine the (standard, not extended) SFN count would enable the UE to determine its true accuracy and to re-calculate the time count needed to be much more accurate when waking on its next paging occasion. The UE could also calibrate the timer clock oscillator it uses for wake timing against system time by measuring carrier frequency offset and then comparing counts of the low cost timer clock against the more accurate higher frequency (typically ~10-20MHz) RF reference oscillator. Extending the SFN count is not necessary to support this capability because the uncorrected accuracy of even a 50ppm clock is much less than the duration of the 10.24s SFN count after one hour or more. The extra time needed to read the current timing could be 40ms of operation and since this is less than 2x72ms, substantially no additional power is consumed. It is also not necessary for this step to be repeated on every eDRX cycle. A case where more frequent checking would be indicated is when the temperature has changed significantly within the eDRX cycle for example. Accommodating this possibility is a UE implementation option. For example, a temperature sample at each wake-up could be compared. Above a set difference threshold the UE would be required to re-establish its timing.
In a case that a UE wakes early to check timing and it finds its timing is exceptionally early it can correct its timing and set a short sleep to enable it to wake accurately for the PO/PF. For example if it wakes 144ms early and checks the SFN count it could go back to sleep for another 80ms, allowing for 20ms to wake from sleep.
Observation 2: 
Clock oscillator accuracy can be compensated for by measuring the count inaccuracy and resetting the count for the next interval.
4 SFN count extension

An SFN count extension beyond 10.24s may require SIB resources to be assigned.  Inter cell SFN synchronization may be needed in order to align the eDRX PO/PF across cells.
If a UE in Idle mode eDRX must rely on reading an extended SFN count with a duration of 1 hour or more at each eDRX wake cycle this implies reading read the SIB in order to find its timing. Whether or not correction of the wake-up timer inaccuracy is used, more power consumption is required at each wake instance to read the SFN.
Observation 3: 
SFN count extension to 1 hour requires allocation of SIB resources and results in higher eDRX power consumption.

An extended SFN count to accommodate an extension of the BCCH modification period, as has been discussed for Release 13 LC and EC UEs could be achieved using one or two MIB bits, to take the period of the SFN count to 20.48 s or 40.96s. This would be beneficial for enhanced coverage but it is not required for idle mode eDRX in normal coverage.

Observation 4: 
The SFN count may be extended in the MIB in order to support a longer BCCH modification period for coverage enhancement.

Proposal 1: 
For eDRX timing a Timer based eDRX mechanism should be chosen rather than an extended SFN count.
5 TAU Timer (T3412)
The default maximum timer value is 54 minutes. This implies a need for a UE to use more power at this interval because the UE will need to perform some communication at this point, even if the idle mode eDRX is longer than this. If necessary, to enable long idle mode eDRX beyond 54 minutes, this timer value could be specified with a longer duration. 
For Release 13 LC and EC UEs it has been considered that increasing the default SIB update interval from 3 hours to 12 or 24 hours may be worthwhile. If this is done then the TAU timer for Release 13 LC and EC devices could be changed to match.

Observation 5: The current TAU timer should not limit the maximum idle mode eDRX interval. 

Proposal 2: Idle mode eDRX should be enabled to be up to at least one hour. 

6 Conclusions

Observation 1:

Idle mode eDRX can offer a significant power consumption improvement when compared with PSM at any time interval up to one hour.
Observation 2: 

Clock oscillator accuracy can be compensated for by measuring the count inaccuracy and resetting the count for the next interval.
Observation 3: 
SFN count extension to 1 hour requires allocation of SIB resources and results in higher eDRX power consumption.

Observation 4: 
The SFN count may be extended in the MIB in order to support a longer BCCH modification period for coverage enhancement.

Proposal 1: 
For eDRX timing a Timer based eDRX mechanism should be chosen rather than an extended SFN count.

Observation 5: The current TAU timer should not limit the maximum idle mode eDRX interval. 

Proposal 2: Idle mode eDRX should be enabled to be up to at least one hour. 
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