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1 Introduction
In this document, we discuss the following issues on extended paging cycle for evaluation of SA2 solution ‘Extended DRX in idle mode’:
1. Handling SFN for extended paging cycle of more than 10.24 seconds

2. Robustness of paging reception
3. Acquisition of updated system information
4. Mobility in RRC_IDLE
2 Discussion
2.1 Handling SFN for extended paging cycle
If we want to extend paging cycle in RRC_IDLE, we think that it is the key issue whether or not we need to extend paging cycle with a length of more than 10.24 seconds. In our view, MTC applications are delay-tolerant, and communications occur e.g. every minute or every hour, in MTC devices. Thus, it is preferable to extend paging cycle with a length of more than 10.24 seconds, for saving UE power as much as possible.
However, crossing 10.24 seconds would require UE to be able to number a radio frame with a value more than the maximum number of SFN, i.e. with more than 1024. One way of crossing 1024 is that a cell broadcasts an extended number, e.g. a hyper frame number, over SFN via system information. However, if we go for this way, we will increase overhead on the radio. Thus, this option is not so preferred, if there is a better option.
Another way of crossing 1024 is to use UTC in SIB16. Since UTC already exists in SIB16 and indicates the count of 10 ms unit, we could say that we do not introduce additional overhead in this way. Accordingly, we prefer to use UTC in order to number a radio frame over 1024 for support of extended paging cycle.
If we go for UTC, one thing to do in RAN2 seems to be that we need to discuss how to number a SFN over 1024 based on UTC in order to support extended paging cycle. Such details could be further discussed in the work item phase, if both RAN2 and SA2 agree on the solution of extended paging cycle.
Proposal 1: UTC in SIB16 is used to number a radio frame over 1024 for support of extended paging cycle. Thus, this solution does not introduce overhead in SI due to SFN. (Note that how to number a radio frame based on UTC is further discussed during WI, after completion of this study.)
2.2 Robustness of paging reception
When the network sends paging, UE may miss it sometimes. Thus, the network is able to send the same paging multiple times, in order to ensure that UE successfully receives this paging and responds to the network. Since the current maximum of default paging cycle is 2.56 seconds, if UE misses paging transmission in a paging occasion, UE could recover it from paging re-transmission in the next paging occasion, e.g. in 2.56 seconds.
However, in case of extended paging cycle, e.g. with 1 hour, if UE misses one paging transmission in the first paging occasion, UE won’t have chance to receive paging again in a long time, e.g. in 1 hour. Afterwards, if this UE misses the next paging transmission in the second paging occasion, delay of paging reception will be further increased e.g. to 2 hours. After UE failed to receive this paging a couple of times, this paging might turn out to be useless.
Accordingly, for robustness of paging reception, whenever eNB sends paging for one paging occasion, eNB may need to repeat paging with the non-extended paging cycle, as shown in figure 1. If it is the case, when UE misses one paging with the extended paging cycle, UE can quickly have another chance to receive paging again on another paging occasion in a short period.
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Figure 1: Robustness of Paging Reception with Extended Paging Cycle
Proposal 2: Repetitions of paging are provided in a short period along with extended paging cycle. Thus, this solution can provide robustness of paging reception.
2.3 Acquisition of updated system information
If paging cycle is extended to more than a length of the BCCH modification period, UE could not use paging to keep track of system information changes. Furthermore, it is not desirable that this UE periodically checks either a value tag in SIB1 every modification period, or SI modification in paging every default DRX cycle, because UE could not fully have the benefit of power saving with the extended paging cycle.
One way of solving this problem may be that UE checks a value tag in SIB1 along with the extended paging cycle, in order to know whether or not system information changes. Since system information related to paging reception e.g. paging cycle, could change, it is likely that UE should check a value tag in SIB1 before monitoring paging, whenever UE wakes up to monitor paging in extended paging cycle. Considering the short periodicity of SIB1, reading SIB1 before monitoring paging would have only a minor impact on UE power consumption.
Note that if it is the case, eNB should make sure that the number of SI updates occurring within one extended paging cycle does not turn around the value tag in SIB1. When we determine the maximum length of the extended paging cycle, we may need to take this into account.
In addition, if UE monitors system information changes according to the extended paging cycle, when UE initiates a RRC connection establishment for MO cases e.g. emergency access, it would be required that UE checks whether or not SI is updated. It is because system information related to connection establishment, e.g. access barring and random access, can change in the middle of the extended paging cycle. We expect that reading SIB1 before connection establishment would not cause significant delay of connection establishment, because the periodicity of SIB1 is very short.
Proposal 3: For checking SI update, the UE monitoring paging in extended paging cycle will check a value tag in SIB1, before monitoring paging in extended paging cycle. Also, for MO cases, the UE will check a value tag in SIB1, before initiating a RRC Connection Establishment. Thus, there is an impact on SI acquisition in this solution 
2.4 Mobility in RRC_IDLE
We think that the intention of extended paging cycle is to save UE power in the middle of paging cycles. It means that it would be desirable that UEs do nothing, like power-off, in the middle of paging cycles to save UE power. 
Even though UE moves from one cell to another cell, UE may not need to do anything in the middle for power saving. Then, UE could perform cell selection any time, before monitoring paging along with the extended paging cycle, or before initiating a RRC connection establishment e.g. for TAU or reporting something. In this way, UE could efficiently perform idle mobility with extended paging cycle.
Nevertheless, those behaviors are UE internal operation, unlike paging reception. Thus, we could leave how UE moving with extended paging cycle performs measurement and cell selection/reselection to UE implementation, and therefore we do not need to specify details of how UE moving with extended paging cycle perform measurement and cell selection/reselection. We could avoid discussing how UE efficiently performs measurement and cell selection/reselection with extended paging cycle. 
Proposal 4: This solution supports mobility in RRC_IDLE. However, details of how UE performs measurement and cell selection/reselection with extended paging cycle are left to UE implementation.

3 Conclusion

In summary, we propose to agree the followings for evaluation of SA2 solution ‘Extended DRX in idle mode’
1. UTC in SIB16 is used to number a radio frame over 1024 for support of extended paging cycle. Thus, this solution does not introduce overhead in SI due to SFN. (Note that how to number a radio frame based on UTC is further discussed during WI, after completion of this study.)
2. Repetitions of paging are provided in a short period along with extended paging cycle. Thus, this solution can provide robustness of paging reception.

3. For checking SI update, the UE monitoring paging in extended paging cycle will check a value tag in SIB1, before monitoring paging in extended paging cycle. Also, for MO cases, the UE will check a value tag in SIB1, before initiating a RRC Connection Establishment. Thus, there is an impact on SI acquisition in this solution 

4. This solution supports mobility in RRC_IDLE. However, details of how UE performs measurement and cell selection/reselection with extended paging cycle are left to UE implementation.
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