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1 Introduction
The WI of RAN enhancements for extended DRX in LTE has been approved in RAN #67 [1]. Considering mobile terminated data with a delay tolerance in the order of minutes to an hour, the main objective of this WI is to extend the DRX cycles in both idle and connected mode, so as to provide additional power saving for UE. Regarding Idle mode DRX extension, the following agreements were made in RAN2 #90 meeting.
	Agreements:

· 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.  


In this contribution, we address the paging robustness for UEs configured with extended idle-mode DRX (paging) cycle.
2 Discussion
2.1 The paging robustness problem

An important concern of extended DRX is on the timing of paging. The cells may not be synchronized, and the SFN on the Uu interface at any given point in time may take different values in different cells. As a consequence, a particular SFN value that carries the PO for a specific UE will occur in different cells at different points in time. After very long sleep, a UE experiences risk of missing pages due to monitoring paging at wrong timing when moving into a new cell. For stationary UEs, slowly moving UEs, or UEs that only move within a single cell, paging robustness is not an issue. For most moving UEs, however, since UE cell dwell times in the magnitude of 10s of seconds, and the extended eDRX paging cycle is expected to be beyond 10 seconds, we think this is a real issue that need to be dealt with. 
Proposal 1:
RAN2 needs to address the issue of paging robustness at mobility for eDRX.

2.2 Enhancements for paging robustness
Although it was not yet concluded how UE should wake up to calculate PO, for either (SFN extension or timer-based) wakeup mechanism, it is generally agreed that to maintain paging robustness, paging can be repeated several times with a shorter interval (e.g., normal paging cycle) when extended paging cycle is configured. Nonetheless, the major concern on repeated paging is that increased number of wakeups defeats the power saving purpose of DRX extension. Therefore, some kind of synchronization between cells shall be considered. In the following, we discuss potential enhancements for paging robustness under the SFN extension mechanism, in which 1024 radio frames are considered as a SFN super cycle (i.e. paging super frame).
2.2.1 Synchronization between eNBs
To improve the robustness and flexibility of paging while keeping good power consumption performance, it is useful to maintain synchronization between eNBs to a certain extent. For the SFN extension method, we see the following alternatives.
Alt. 1: Network is SFN synchronized 
This alternative could provide good paging robustness with the best sleep time and lowest power consumption. However, it requires additional SFN synchronization mechanism among eNBs, which may not be supported by all eNBs. The network shall indicate to the UE whether SFN is synchronized or not.

Proposal 2:
The network shall indicate to the UE whether SFN is synchronized between cells or not.
SFN synchronization would also imply that SFN super cycle is synchronized. 
Alt. 2: SFN super cycle synchronization
In case that SFN cannot be synchronized, the network may maintain a (rough) synchronization at the SFN super cycle level. In this way, the number of paging repetitions can be reduced, as the UE only need to invoke additional wakeups when its own paging super frame might occur. Also, this method brings the benefit that the MME could know roughly when to page.
Proposal 3:
In case that SFN-level synchronization is not supported, SFN super cycle shall be (roughly) synchronized between cells.
2.2.2 Paging repetition
To improve paging reliability, the paging message can be repeated. The first issue of paging repetition is how to calculate the PF for additional paging messages. We see two alternatives: 

Alt 1: Use the legacy PF calculation with the condition that it is only valid in certain paging super frames. New formula (probably similar to those for PF calculation) shall be introduced to calculate the paging super frame(s) where paging can take place. Notice that with this alternative, if the repeated paging messages are spaced by legacy paging cycle (up to 2.56 seconds), at most two repeated (three in total) PFs can be supported.

Alt 2: Use the legacy PF calculation with an extended SFN (eSFN), which is calculated as SFN plus additional most significant bits indicating SFN super cycle count. For example, assume there are N_rep additional PFs and let n_rep = [0..N_rep], the PF calculation formula in [2] may be modified as

eSFN mod T_eDRX = (T_eDRX div N)*(eUE_ID mod N) + n_rep*T_DRX

where 

- eUE_ID = IMSI mod (eSFN_cycle), where eSFN_cycle is the cycle length of eSFN in number of frames, and its value depends on the number of bits used to indicate the SFN super cycle. For example, if 8-bit SFN super cycle is used, eSFN_cycle is equal to 262144 (=256*1024). 

- N is defined as in [2], but T is replaced with T_eDRX.

- T_eDRX and T_DRX are the extended and legacy paging cycles, respectively. 

For both alternatives, PO within a PF is calculated in legacy way, as agreed in last meeting.

Proposal 4:
For UEs configured with extended paging cycle, calculate the PF by one of the alternatives.

The next issue is how long the UE should monitor the (additional) paging messages. With (rough) synchronization between cells, we propose that two additional (three in total) paging occasions are enough for each extended paging cycle.
Proposal 5:
With (rough) synchronization between cells, the UE needs to monitor at most two additional paging messages within each extended paging cycle.
The essence of the proposals above is that the UE is expected to manage its wakeup occasions to ensure paging robustness when moving between cells, in particular for cases when SFN is not synchronized. We propose that the UE wakeup behaviour is not strictly specified but a UE implementation issue, allowing e.g. UE optimizations depending on UE movement and speed. To ensure paging robustness, performance requirements could be specified.   
Proposal 6:
RAN2 to consult RAN4 on the paging robustness performance requirements for extended paging cycle.
3 Conclusion

It is proposed to discuss and decide on the following proposals:
Proposal 1:
RAN2 needs to address the issue of paging robustness at mobility for eDRX.

Proposal 2:
The network shall indicate to the UE whether SFN is synchronized between cells or not.
Proposal 3:
In case that SFN-level synchronization is not supported, SFN super cycle shall be (roughly) synchronized between cells.

Proposal 4:
For UEs configured with extended paging cycle, calculate the PF by one of the alternatives.

Proposal 5:
With (rough) synchronization between cells, the UE needs to monitor at most two additional paging messages within each extended paging cycle.
Proposal 6:
RAN2 to consult RAN4 on the paging robustness performance requirements for extended paging cycle.
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