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1 Introduction
SA2 LS [1] has requested R2 to provide impact analysis on the potential solutions for UE power consumption optimizations (UEPCOP). This paper analyzed the RAN impact to extend paging cycle and challenges.
2 Discussion
2.1 General

The current maximum DRX value is 2.56 second, i.e. UE wakes up 1 subframe every 2.56 second. If the current way of calculating paging occasion does not change, the paging cycle extension is actually limited by SFN wrap around, which is 10.24 seconds. If longer than that, current way of calculating paging occasion does not work anymore. 

If DRX cycle is extended up to several 10s second, it seems feasible to just extend the current principles. However, if required DRX cycle is in the magnitude of minutes or even more, the impact would be much bigger, for example, the impact on mobility. Therefore, the impact and complexity of extending DRX in idle mode depends on the requirements.

Proposal 1:
RAN2 shall investigate the impact of extending idle mode DRX cycle considering two ambition levels,

a) minor extension for up to several 10s second magnitude;

b) major extension for beyond few ten of seconds or even minutes or more magnitude.

As already mentioned, if the extension is up to 10.24 seconds, we expect the needed spec change to add new values for paging cycle. If the extension is beyond that but in the similar magnitude, we think the current principle can be held but new mechanism is needed to calculate paging occasion. We listed the necessary changes in below sections.
2.2 Paging occasion calculation

The maximum value of paging cycle is actually limited by SFN wrap around, which is 10.24 seconds. There could be many alternatives to extend the maximum value of paging cycle, but it seems the most straight-forward way is to extend SFN, therefore, we proposed it shall be considered as a potential solution.
If SFN is extended, other modifications might also be needed, e.g. UE_ID extension. Currently, UE_ID has 10 bits. Paging messages for UEs can be evenly distributed to at most 1024 groups in one cycle. If there is more than 1024 paging occasions in one paging cycle, we need ways to extend UE_ID.

Proposal 2:
Consider “SFN extension” as a potential solution for extending paging cycle.

2.3 Paging cycle choice

In the legacy design, the paging cycle (T in [3]) is determined by the shortest of the UE specific DRX value (allocated by upper layer) and a default DRX value (cell specific, broadcasted in system information). In order to support the paging cycle extension, the mechanism to decide DRX value needs to be modified. In general, when extended DRX value is assigned by upper layer, the MTC UE shall use the value regardless of the cell specific value. Since for MTC UEs, the cell specific DRX value is always smaller than the required DRX value, a minor modification is to disable the MIN( ) function if such extended DRX value is configured.

Proposal 3:
If extended DRX value is configured, UE shall just use the UE specific DRX value.
In general, minor extension on paging occasion calculation is needed to extend paging cycle to the magnitude of several 10s seconds. If even longer paging cycle is needed, we need to further consider the impact on the mobility.
2.4 Mobility impact

In some extreme scenarios for MTC UEs, a very long paging cycle is required. To achieve power saving, UEs would switch off between paging occasions and only wake up before their paging occasions. Since the paging cycle is very long, the UE may wake up in a complete new area and longer sync with the network. Thus, for each wake up, UE might need to go through a re-sync process with the network, e.g. cell selection, re-obtain system information, TAU, etc.
The UE is assumed to do measurements for mobility evaluation at DRX wake up. With a DRX cycle in the magnitude of minutes, the UE is likely to have moved a long distance from the coverage of the originally camped cell when it wakes up for paging, and the stored cell reselection parameters are not applicable any more. If cell reselection is not possible, UE can do cell selection instead, which requires significant higher effort from the UE and lack network control.
Proposal 4:
R2 shall discuss whether cell selection or reselection is used after wake up from a long DRX cycle.
2.5 Paging robustness
In general, paging occasions are not synchronized among cells, therefore, when a UE wakes up out of the coverage of the previous camped cell, it needs to camp on a new cell first before it can start to receive or wait for paging there. For a faster moving UEs that might change cell many times during sleep, the result may be that the paging wakeup time is always wrong, i.e. the UE wakes up at the timing calculated based on the previous camped cell for which it is not in coverage anymore. 
Since currently there is only one paging occasion, i.e. one TTI, in one paging cycle, considering the preparation before paging reception/monitoring at each wake up, the risk that the UE misses paging become higher due to that it may not be ready quickly enough after the long sleep. If the UE is not ready before its paging occasion and misses the paging, it has to switch off and wait for the next one. The extended delay may cause problem and there is no guarantee that the UE would be able to be ready in time for the next paging occasion. Such risk applies to both fast moving UEs and static UEs.
Proposal 5:
R2 shall consider ways to reduce the probably of missing paging after wake up from a long DRX cycle.

3 Conclusion
For extending paging cycle, we suggest R2 to decide the ambition level first.
Proposal 1:
RAN2 shall investigate the impact of extending idle mode DRX cycle considering two ambition levels,

a) minor extension for up to several 10s second magnitude;

b) major extension for beyond few ten of seconds or even minutes or more magnitude.

For both ambition levels, R2 shall discuss the new mechanism for paging occasion calculation.
Proposal 2:
Consider “SFN extension” as a potential solution for extending paging cycle.

Proposal 3:
If extended DRX value is configured, UE shall just use the UE specific DRX value.

For the very long paging cycle, R2 shall further discuss its impacts on mobility and paging robustness.
Proposal 4:
R2 shall discuss whether cell selection or reselection is used after wake up from a long DRX cycle.

Proposal 5:
R2 shall consider ways to reduce the probably of missing paging after wake up from a long DRX cycle.
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