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1 Introduction
In RAN#67, the new Work Item on “RAN enhancements for extended DRX in LTE” was approved [1]. One of the objectives is as follow:

· Identifying the RAN impacts of extending the DRX cycle for both idle and connected mode [RAN2] :

· beyond 2.56s and up to values to be determined in conjunction with SA2/CT. 

In this contribution, we will discuss the upper range for the extended DRX.
2 Discussion
According to the analysis in [2], typically there are two kinds of timing clock in the UE side. One is high frequency clock used for the logical circuits, which frequency is e.g. 13MHz, 26MHz or 19.5 MHz. The other one is low frequency clock e.g. 32.768 KHz. The high frequency clock can provide high accuracy but with high power consumptions. The low frequency clock runs with low accuracy but with low power consumptions and low cost. When the UE is in DRX state, the low frequency clock will be used to minimize the power consumption to extend the UE standby time. If the crystal oscillator is not or not well temperature compensated, there will be some frequency/timing drift. It could be assumed that the low accuracy clock will have a 35~50ppm time drifting. Table 1 lists the expected time drifting for different extended DRX cycle, assuming the time drift is 50ppm.
Table 1: Time drifting for different extended DRX cycle 
(Extended DRX cycle*5*10-5)

	Extended DRX cycle
	Expected time drifting

	2.56s
	0.128ms

	10.24s
	0.512ms

	1min
	3ms

	10min
	30ms

	30min
	90ms

	1hour
	180ms


This means, for a UE configured with extended DRX, if the designated subframe (i.e. Paging Occasion) for Paging reception is “T”, then the UE has to wake up at the latest at “T-Time drifting” beforehand, to avoid missing the Paging message due to the inaccurate clock. Considering the additional time required for e.g. system warm-up, cell search and synchronization, measurement and system information acquisition, the UE has to wake up even earlier. This is will counteract the UE battery saving gain provided by extended DRX.
Observation 1: Long eDRX cycle will lead to considerable clock time drifting, which will counteract the UE battery saving gain provided by extended DRX.
For UEs that can tolerate longer access delays for mobile terminating services, in order to reduce the power consumption, a mechanism named “Power Saving Mode” was introduced in Rel-12 (the description on “Power Saving Mode” is provided in the Annex). In the “Power Saving Mode”, even though there is no any UL traffic data to transmit, the UE will still wake up every TAU period. In the current specification, the default value for the periodic TAU timer is 54min, however other shorter values are also possible.
For a UE configured with extended DRX, to ensure that the UE could always be tracked by the MME, the UE still needs to perform periodic TAU. This means, it doesn’t make sense if the upper range of the extended DRX is larger than the periodic TAU timer, otherwise it is more efficient to use “Power Saving Mode” instead.
Observation 2: The upper range of eDRX cycle shall be no longer than the periodic TAU timer.
3 Conclusion

In this contribution, we discussed the upper range for extended DRX, as we have the following observations:
Observation 1: Long eDRX cycle will lead to considerable clock time drifting, which will counteract the UE battery saving gain provided by extended DRX.

Observation 2: The upper range of eDRX cycle shall be no longer than the periodic TAU timer.
Based on the above observations, we have the following proposal:

Proposal: When deciding the upper range of eDRX cycle, the clock time drifting and periodic TAU timer should be taken into account.
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5 Annex
In the “Power Saving Mode”, the UE remains attached, however all AS layer functions are stopped. The UE is reachable for DL data during the time that the UE is in RRC/S1 connected state and during the active time period (i.e. via paging). The UE will move to the “Power Saving Mode” after an active time period starting when the UE moves to idle state. The UE wakes up - going back to idle state - when it has UL data pending or when it needs to perform a Tracking/Routing Area Update. 
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Figure 1: Diagram of “Power Saving Mode” (from AS perspective)
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