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1 Introduction
In RAN#67, a new Rel. 13 Work Item on “RAN Enhancements for Extended DRX in LTE” has been approved [1]. One of the objectives as captured in the WID is to "identify the RAN impacts of extending the DRX cycle for idle mode and perform the corresponding specification work on layer2/3 protocols".
In RAN2 #90, extending DRX cycle in idle mode and connected mode was discussed. For idle mode, RAN2 agreed that the DRX should be extended past the current SFN limit of 10.24s. Two solutions to extend DRX cycle were proposed and discussed: SFN extension and timer based. However, how the UE determines when to wake up and how the UE monitors for paging messages is FFS. 
In this contribution, we further analyze the solutions for DRX extension in idle mode, and make comparison for them from different aspects. After that, we consider the paging message monitor mechanism for the solution alternatives. 
2 Discussion
2.1 Extending DRX

In RAN2 #90, it was agreed that for idle mode, the DRX should be extended past the current SFN limit of 10.24s. Obviously, the current paging mechanism cannot work well when DRX is extended beyond 10.24s. There are two ways for the paging occasion calculation to support extended DRX (eDRX) in idle mode: SFN extension solution and Timer based solution. In the following, we will analyze the advantages and disadvantages of them, and make comparison from different aspects.
Since the current paging occasion calculation is based on SFN, the natural solution seems to be to extend the SFN. More bits are needed for the extended SFN, and it is also broadcasted by system information. This solution is a straightforward method, and there is no need to update the current paging mechanism, or even the paging frame and paging occasion calculation formula. From the implementation point of view, this solution can reuse the legacy procedure, so it has low implementation complexity.
However, this solution requires some changes on the current SFN specification. A new IE should be introduced to indicate the cycle index of hyper SFN. As legacy UEs do not need extended SFN, they can ignore this extended cycle. In the network which hasn’t be upgraded to support extended SFN, the eNBs will send paging messages in legacy paging occasion, and the UEs supporting eDRX may be asleep in some paging occasion. It means that the UE supporting eDRX may miss some paging messages.
Moreover, since the calculation for paging location is based on SFN index, synchronization between cells is needed for this solution. In fact, the UE supporting eDRX has normal mobility functionality. If, after a long time sleep (maybe up to 10 minutes), the UE moves out of the serving cell to a new cell, the UE calculates the paging location based on the SFN in the previous cell. If the SFN is not synchronized in these two cells, the UE may miss the paging message in the new cell. On the contrary, the UE with normal DRX cycle frequently wakes up to perform measurements and the sleep time for normal DRX cycle is not very long, which also means the UE rarely moves out of the serving cell. Thus, this problem has a very low probability to appear for normal DRX cycle. In actual networks, the cells are not always synchronized, which means that the UE supporting eDRX may have higher probability of missing paging message after a long time sleep with movement. Thus, synchronization between cells is required for the SFN extension solution.
Observation 1: A new IE is needed to indicate cycle index of hyper SFN. 
Observation 2: SFN extension solution has some impact to the current mechanism, and the eNB should be upgraded to support this extension.
Observation 3: SFN extension solution requires synchronization between cells.
The other solution is based on NAS timer at the UE side and the network side. The timer at UE side is pre-configured by NAS procedure based on the extended DRX cycle. After the timers at UE and MME side expire, a paging message could be generated by the network and sent to the UE. In this solution, the paging mechanism is controlled by core network based on NAS timer. There is no need to update the current paging mechanism at RAN level. The eNB only needs to forward the paging message. It also means that there is no need for different cells to be synchronized, or no need to upgrade the legacy eNB for this solution. Thus, this solution has minor impact on RAN level. Actually, NAS timer solution is more flexible for any DRX cycle extension. 
Observation 4: Timer based solution has minor impacts on RAN level, and it is more flexible for any DRX cycle extension.
As discussed above, both solutions have some advantages respect to various metrics, such as implementation complexity, backward compatibility, etc. The following table summarizes the comparison of these two solutions. 
Table 1 Comparison of the candidate solution for extending DRX
	Metric
	SFN Extension Solution
	Timer Based Solution

	Flexibility
	Low
	High

	Backward compatibility
	High
	High

	Implementation complexity
	Low 
	Medium

	Impact on specifications
	Low
	Low

	Signaling overhead
	Medium 
	Medium

	Synchronization Requirement
	High
	Medium

	Power saving
	High
	High


Based on the above comparison, we prefer the timer based solution, which has higher flexibility for extension and lower synchronization requirement. 
Proposal 1: RAN2 should take the above observations and comparison into consideration for DRX cycle extension and consider timer based as the candidate solution.
2.2 Monitoring Paging Messages
As discussed above, the legacy paging mechanism cannot be modified. For legacy UEs, the paging message is transmitter based the current procedure. For the UEs supporting eDRX, the paging message generation and transmission is controlled by core network. In the SFN extension solution, the eNB should be upgraded to support hyper SFN. eDRX cannot be supported in the network with legacy eNB. In the timer based solution, even the legacy eNB can support eDRX. Thus, there is no modification at AS level for the UE to monitor the paging messages. 
Observation 5: Legacy eNB cannot support SFN extension eDRX.
Proposal 2: For UEs configured with timer based extended DRX, reuse legacy paging mechanism.
3 Conclusion

In this contribution, we discussed the solutions for extending DRX in idle mode, and we have the following observations:
Observation 1: A new IE is needed to indicate cycle index of hyper SFN. 
Observation 2: SFN extension solution has some impact to the current mechanism, and the eNB should be upgraded to support this extension.

Observation 3: SFN extension solution requires synchronization between cells.

Observation 4: Timer based solution has minor impacts on RAN level, and it is more flexible for any DRX cycle extension.
Observation 5: Legacy eNB cannot support SFN extension eDRX.

Then, we have the follow proposals: 
Proposal 1: RAN2 should take the above observations and comparison into consideration for DRX cycle extension and consider timer based as the candidate solution.
Proposal 2: For UEs configured with timer based extended DRX, reuse legacy paging mechanism.
4 References
[1]
RP-150493, New WI Proposal: RAN enhancements for extended DRX in LTE, Rel-13, March 2015.

3/3


