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1. Introduction
In LS S2-130645 from SA2[3], “Extended DRX in idle mode” is a candidate’s UEPCOP solution. The characteristics of the solution is that the Maximum DRX cycles in idle mode are possibly extended with longer values allowing the UE to save battery as waking up and listening for a potential paging message is one major power consuming functionality. When this solution is used, paging transmission period is also adjusted based on the extended DRX cycle applied to the UE. 
UE determines the paging radio frame depending on SFN and paging DRX cycle. If extended DRX cycle is longer than currently maximum SFN, the paging radio frame’s SFN number calculated by current PF equation can be larger than the maximum SFN, and UE can’t figure out which radio frame it should monitor. Even if the paging radio frame’s SFN number calculated by current PF equation smaller than the maximum SFN, there are multi radio frame matching it in a DRX cycle, UE doesn’t know which radio frame it should monitor.
In this contribution, we analyze the DRX cycles limited by maximum SFN, and give our solutions and proposals.

2. Discussion
In currently LTE system, paging occasion is determined by PO and PF. PF is given by following equation:

SFN mod T= (T div N)*(UE_ID mod N)

UE calculates which Radio Frame to monitor paging based on SFN and T. If T is smaller than or equal to maximum SFN, UE can get one SFN matching the above PF equation. When we extend the DRX cycle, T will exceed the maximum SFN, the paging radio frame’s SFN number calculated by current PF equation can be larger than the maximum SFN, and UE can’t figure out which radio frame it should monitor. Even if the paging radio frame’s SFN number calculated by current PF equation smaller than the maximum SFN, there are multi radio frame matching it in a DRX cycle, UE doesn’t know which radio frame it should monitor.
This issue is also mentioned by SA2.  In 23.887 Ch. 7.1.3.1 “Extended DRX in idle mode”, the following note is included.
NOTE1:
If the DRX cycles are to be extended longer than the System Frame Number currently allows then 3GPP RAN WGs would need to look into extensions of the time allowed by the SFN. 
To extend the DRX cycle, RAN2 should resolve the DRX cycle limited by the maximum SFN firstly. In this contribution we give 2 possible solutions.
2.1. Solution 1: Using the time information in SIB16 
The IE SystemInformationBlockType16 contains information related to GPS time and Coordinated Universal Time (UTC). The UE may use the parameters provided in this system information block to obtain the UTC, the GPS and the local time.
The exactitude of time info in SIB16 is 10ms, just as radio frame. So UE can use the time info in SIB16 to determine the paging radio frame. For example, UE is configured with the beginning time for paging radio frame calculation; PF can be given by following equation:
PF = T1 + N * P + S
The following Parameters are used for the calculation of the PF:
T1: Start time, T1 can be configured by network, or the default value is applied.
P: DRX cycle of the UE.

N: Integer.

S: Offset in a DRX cycle.

Network configure T1 (if not configured, use default value), P and S to UE, When the time in SIB16 equal to PF, UE monitor the paging message. The exactitude of time info in SIB16 is 10ms, just as radio frame.  So P and S can accurate to radio frame.

The advantages of this solution are that the extension is unlimited, and extended DRX cycle can be any value, therefore, the DRX cycle can matching the service feature mostly.

2.2. Solution 2: Introducing the SFN cycle index
SFN cycle index is an index to identify each SFN cycle in an extended DRX cycle. When the extended DRX cycle is multiple of the maximum SFN, introducing the SFN cycle index can resolve the SFN limitation problem. This can be seen as a kind of extending the maximum SFN. UE firstly identifies the SFN cycle in which its paging is sent and then figures out its PF in this SFN cycle.
The SFN cycle index can be broadcasted to UE. The eNB can provide it in current MIB/SIB or new SIB. There are only 10 spare bits in MIB that can be used for SFN cycle index. Since MIB includes a limited number of most essential and most frequently transmitted parameters that are needed to acquire other information from the cell. The size of MIB can’t be extended. Using the spare bits in MIB should be careful. Therefore, introducing new IE in current SIB or new SIB for SFN cycle index is an appropriate way.
The advantages of this solution are reusing current PF equation, and only introducing a new parameter SFN cycle index to resolve the SFN limit problem.
Proposal: Consider the two solutions as candidates to calculate the paging radio frame for extended DRX cycle:

· using the time information in SIB16

· introducing SFN cycle index (extending the maximum SFN)
3. Proposal
We kindly ask to RAN2 to discuss and agree on the following proposal:

Proposal: Consider the two solutions as candidates to calculate the paging radio frame for extended DRX cycle:

· using the time information in SIB16

· introducing SFN cycle index (extending the maximum SFN)
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