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1
Introduction
3GPP Rel-13 includes a work item entitled “RAN enhancements for extended DRX in LTE” [1] which has the objective:

-
Extend idle mode DRX cycles in order to provide at least an order of magnitude power savings for UEs in idle mode; and

-
Extend connected mode DRX cycles in order to enable additional power savings beyond what is currently possible for UEs in connected mode

Hyper-SFN based scheme is adopted for the UE to accommodate eDRX and the paging message can be repeated on multiple paging occasions determined using the legacy DRX formula within the PTW to improve paging reliability [2]. In addition, RAN2 #91bis [3] agreed the following for how the paging is handled when eDRX is configured: 

· Not to define a default I-eDRX cycle value per eNB 
· Paging hyper frame (PH) computation should be a function of the extended I-DRX cycle and the IMSI mod (1024).   RAN2 assumes that SA2 will work on the details of MME paging strategy based on this formula.  
· The starting point of the window is designed such that a fair distribution within the H-SFN paging frame.  
The email discussion is ongoing on following open issues [4]:

· Discuss details of eDRX formula and the starting point of the paging window. 

· Discuss how PTW is configured (whether it is NAS, eNB, or fixed), value range of PTW and whether the UE monitors all paging occasion within a window or only a limited number of POs within the window.  Discuss what legacy DRX cycles are used during the paging window.  

Furthermore, SA2 sent LS [5] to RAN2 and RAN3 for the following reached agreements for extended idle mode DRX for EUTRAN:
· The Paging Time Window (PTW) is assigned by MME and provided to UE via NAS during attach/TAU.
· MME needs to store the paging messages for extended periods of time to avoid storing paging messages in the RAN nodes. MME uses the Paging Hyper frame formula as defined by RAN2 when computing the beginning of the paging time window and sends the paging request just before the first Paging occasion occurs. It is assumed that all the MMEs and eNBs use the same H-SFN within a difference in the order of 1 to 2 seconds.

· The MME takes into account the paging time window length for paging retransmission strategy. It's FFS whether the MME includes the extended DRX value and/or PTW length in S1 paging request.

In this paper, we would further discuss those open issues. The same paper has been submitted to RAN3#90 [7].
2
Discussion
2.0
Current SA2 agreements
SA2 [6] agreed that when a trigger for paging occurs, if the UE is considered reachable for paging, the MME sends the paging request, otherwise the MME stores the paging request and sends the paging request just before the Paging Hyper frame occurs. 

2.1
Usage of eDRX information
In terms of where the eDRX information (i.e., eDRX cycle and Paging Time Window – PTW) should be known, we can consider two options: (1) at the MME only or (2) at both the MME and the eNB, which will be analyzed in this clause.
2.1.1
Option 1: eDRX information known at the MME only
If the paging for eDRX configured UEs relies on the MME only, the eNB does not need to understand UE’s eDRX configuration and it pages the UE by following the legacy way after receiving the paging request from MME. With this option, the MME takes care of the paging request transmission/retransmission according to the eDRX cycle and legacy DRX parameters. Therefore, the MME needs to compute the beginning of the paging time window and sends the paging request right before the first paging occasion occurs. As proposed from the email discussion summary [4], the UE monitors all paging occasions within the window unless a paging message is successfully received, which will ensure that the UE has sufficient opportunities for receiving the paging. If UE misses paging message caused by early or late paging request from MME, MME could retransmit the S1 paging request to ensure the paging robustness. Even though paging delay might increase, it should not be a big issue since eDRX is targeted for delay tolerant services.  
 Observation 1: If the MME is in full control of the paging with eDRX, the eNB could follow the legacy procedure without any update other than H-SFN broadcasting.
2.1.2
Option 2: eDRX information known at the MME and at the eNB
With this option, the MME provides the eDRX cycle and PTW configuration to the eNB at S1 paging request. In this case, the MME can send the paging request to the eNB a little beforehand. Clearly, S1 delay, synchronization inaccuracy and eNB processing time should be taken into account to ensure the eNB has the paging message when the PTW starts (this would require some loose synchronization between MME and eNB). In that sense, option 2 could have looser synchronization requirement comparing to option 1. The eNB could determine the starting point of the window and send the paging to the UE only after the paging window starts. It reduces paging missing rate comparing to option 1. Repetition from eNB within the PTW is also possible for this option since the eNB is aware of the window to address moving UEs, but it will increase the paging load over the air. However, eNB repetition is not necessarily required since MME retransmission as in option 1could also serve the same purpose. 
Based on above analysis, option 2 does not seem to provide too much gain compared to option 1, thus it is proposed to adopt option 1 without sending eDRX cycle and PTW configuration to the eNB.

 Proposal 1: Option 1 (eDRX information known only at the MME) should be standardized to ease eNB implementation.

2.2
Further considerations
It was agreed in the last RAN2 meeting that the starting point of the window is designed such that a fair distribution within the H-SFN paging frame is guaranteed. For both option 1 and option 2, the MME needs to know when the PTW starts within the paging H-SFN. All of the options from the email discussion that allow uniform distribution of the first PO within a H-SFN are based on the legacy DRX cycle configuration. The default paging cycle is cell specific and is unknown to the MME, thus it might not be suitable for PO/PF derivation during the paging window.
Besides, cell specific default paging cycle is usually short, as the configuration needs to take delay requirement of all UEs into account. Applying such default cycle to eDRX UEs within the PTW unnecessarily consumes UE power as the PTW is for paging robustness intended to cope with 1~2s of synchronisation inaccuracy and potential MME retransmission in case of paging message missing.
Observation 2: Cell specific default paging cycle may not be applicable for deciding the paging occasions within the paging window considering UE power consumption.

We therefore propose the following:

Proposal 2: The legacy UE specific DRX cycle should be used for deciding the paging occasion within the paging window and it should always be present in the paging request from MME to eNB when the UE is configured with eDRX.

3
Conclusions
This contribution analyzed how the paging is retransmitted with the PTW, and the following observations and proposals were made.

Observation 1: If the MME is in full control of the paging with eDRX, the eNB could follow the legacy procedure without any update except for H-SFN broadcasting.

Proposal 1: Option 1 (eDRX information known only at the MME) should be standardized to ease eNB implementation.

Observation 2: Cell specific paging cycle may not be applicable for deciding the paging occasions within the paging window considering UE power consumption.

Proposal 2: The legacy UE specific DRX cycle should be used for deciding the paging occasion within the paging window and it should always be present in the paging request from MME to eNB when the UE is configured with eDRX.
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