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1. Introduction

In RAN#90 meeting, RAN2 made some agreements on Idle mode DRX:
-
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.
-
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.
This paper will discuss the possible methods, i.e. Hyper SFN-based and Timer-based approach. 
2. Discussion
For Rel-13 IDLE eDRX, two approaches are on the table. 
2.1
Hyper SFN-based approach

Hyper SFN-based approach is to extend SFN as well. Fig. 1 is a conceptual procedure on the Hyper SFN-based approach we assume. For SFN extension, we introduce Hyper SFN concept. The Hyper SFN increases by 1 every a SFN cycle. The Hyper SFN where UE has to monitor its paging can be derived with the following modified PF (Paging Frame) equation. 
Hyper SFN mod Textended = (Textended div Nextended)*(UE_ID mod Nextended)
Where Textended is the extended DRX value and Nextended is min(Textended, nBextended). Textended would be obtained with the similar way as in legacy. nBextended will be provided via System Information. 

At the Hyper SFN where UE has to monitor its paging, the UE follows the legacy PF and PO, where the paging message can be transmitted for the UE. During the SFN cycle corresponding to the Hyper SFN, the UE can have multiple paging occasions. It means to improve the reliability for the paging reception. We assume to need no additional signalling to indicate how many transmissions occurs during the Hyper SFN. It seems sufficient to handle the number of paging within a Hyper SFN by using the legacy DRX configuration parameters, i.e. T and nB. 


In RAN aspect, new Hyper SFN has to be defined, and specified. On the other hand, the procedure of this approach is very clear because it is designed based on the principle of the legacy. 
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Fig. 1 Hyper SFN-based approach
2.1
Timer-based approach

The timer-based approach is very similar to the current PSM (Power Saving Mode). The difference is whether or not UE has to again negotiate with MME after a power saving duration. Fig. 2 is a conceptual procedure on the timer-based approach we assume. Like PSM, we can assume two kinds of timers (In PSM, we utilize two timers, Active Timer and Periodic TAU timer). As one timer (Timer1) is running, UE need not perform its idle mode procedures. As another timer (Timer2) is running, the UE has to monitor its paging. Timer1 and Timer2 are similar to Periodic TAU timer and Active Timer, respectively, and we could reuse them. During Timer2, the UE calculates legacy PF and PO, where the paging message can be transmitted for the UE. If Timer2 is long sufficiently so that the multiple paging messages can be delivered, the reliability for the paging reception can be also achieved even with the timer-based approach.
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Fig. 2
Timer-based approach


With the timer-based approach, we might expect to minimize the RAN impact as in PSM. However, it is currently unclear if this approach works well because it seems difficult for Timer-based approach to provide accuracy as in Hyper SFN-based. For example, in the starting time of timers, there would be slightly a difference between UE and MME. Furthermore, if the duration of a local timer is less accurate, the timing error tends to be accumulated as in Fig. 3. Assuming that the duration of Timer1 has the error of α, the overall unsynchronized time interval will be multiplied by the number of Timer1 occurrence. At the end, the unsynchronized interval would result in a problem, e.g. the network could transmit the paging message at the timing where UE cannot acquire it. It’s the unnecessary waste. It means that the timer-based approach enforces to take some additional complexity, e.g. new solution on the accumulative unsynchronized time interval.
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Fig. 3
Accumulative unsynchronized interval with Timer-based approach


With Hyper SFN-based approach, we assume RAN impact, probably for SFN extension, is not critical. And, it is not sure if the timer-based approach will minimize the complexity. Therefore, we would like to propose that

Proposal: Hyper SFN-based approach is supported for Rel-13 Extended DRX.
3. Conclusion
It is proposed that
Proposal: Hyper SFN-based approach is supported for Rel-13 Extended DRX.
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