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1 Introduction

A Study Item on RAN aspects of Machine-Type and other Mobile Data Applications Communications Enhancements has been approved in the RAN#59 plenary meeting. Enhancements in the following areas are investigated in the context of improving both signalling efficiency and UE power consumption in the presence of traffic involving small data transfers (with inter-arrival time from several seconds to many hours)[1]. 
In this contribution, we would like to discuss some other UE power consumption optimization solutions from SA2. Since Power Saving State for Devices does not suitable for LTE, we will make some qualitative analysis on extended DRX in idle mode with attach/detach solution. If different solutions can application similar scenarios and have similar gain, we can choose a relatively small cost solution.
2 Discussion
2.1 Other Considerable potential solutions
Solutions on UE power consumption indicated in the LS from SA2[2] mainly focus on extending DRX cycle and UE state change.

· Ch. 7.1.3.1 “Extended DRX in idle mode”. 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.
· Ch. 7.1.3.4 “Attach/detach”.  The UE attaches to the network to communicate and after the communication the UE detaches from the network and switch off the 3GPP modem (MT) during a period to save UE power. The UE periodically perform the Attach and Detach procedures.

Based on the objectives of this study item, UE power consumption optimization solutions should consider traffic involving small data transfers with inter-arrival time from several seconds to many hours. Therefore, we compare these solutions by applicability and complexity. 

In general, for the stationary MTC devices with connecting few times per day or month, the approach to save power consumption by extending DRX cycle can provide a significant gain. Obviously, the gain depends on the extened DRX cycle. But even if the MTC devices are slowly moving, taking into account the general cell size and motion model definitions,  considering  the number of routing area update and  attach/detach  due to packets transmission, it is  clear that the normal attach/detach procedure will get power consumption gain over extended DRX cycle method. 
Observation 1: Extended DRX in idle mode applicable scenarios is based on small data packets arriving with the minutes or hours inter-arrival time and stationary or slow moving scene.
Observation 2: Attach/detach solutions get power consumption gain over extended DRX in idle mode on longer inter-arrival time condition.
Hence we give the following proposals:

Proposal : RAN2 need carefully evaluate the potential impacts and gains of extending the long DRX cycle with other SA2 solutions.
2.2 Impact on SFN with extended DRX in idle mode
A UE may use Discontinuous Reception (DRX) in idle mode to reduce power consumption. When DRX is used, the UE needs only to monitor one Paging Occasion (PO) per DRX cycle. In current specification [4], paging occasion is determined by PO and PF. 
the maximum DRX cycle is 256 radio frames. If the maximum DRX cycle in idle mode is possibly extended with a longer value, the UE can save more battery while waking up and listening for a potential paging message.
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.
The extended long DRX cycle value would be possibly greater than one SFN cycle value. Different power consumption level requirements can also be met by setting the appropriate extension length and expansion factor .But if we still using current PF/PO determination scheme, there would be the problem that the PF and OP calculation results would be conflict.
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. Using the spare bits in MIB should be careful. Therefore, introducing new IE in current SIB for SFN cycle index is an appropriate way.

For backward compatibility, the additional bits are used for MTC device only. In the legacy design, the paging cycle (T in [4]) is determined by the shortest of the UE specific DRX value 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. Normal UEs can perform the normal DRX cycle allocated to SFN. On the other hand, MTC devices perform longer DRX cycle according to the number of extended bits for SFN. In general, when extended DRX value is assigned by upper layer, the MTC UE shall use the value regardless of the cell specific value. 

If don’t consider expansion factor, using 10 bit  extension length can get 1024 times SFN cycle (1024*10.24s=2.91 hours).
Observation 2: If the DRX is longer than SFN periodicity, there are much protocol impact. (i.e, MIB, SIB, paging, etc).
Observation 3: The extended DRX with 12bit length commonly meet the application scenarios requirements. Using expansion coefficient can reduce the length bit with the cost of more complex paging frame calculation.
3 Conclusion

In this contribution, we discussed SFN impact on DRX cycle and other UEPCOP solutions addressed by SA2. We would like to give the following observations and proposal:

Observation 1: Extended DRX in idle mode applicable scenarios is based on small data packets arriving with the minutes or hours inter-arrival time and stationary or slow moving scene.
Observation 2: Attach/detach solutions get power consumption gain over extended DRX in idle mode on longer inter-arrival time condition.
Observation3: If the DRX is longer than SFN periodicity, there are much protocol impact. (i.e, MIB, SIB, paging, etc).

Observation 4: The extended DRX with 12bit length commonly meet the application scenarios requirements. Using expansion coefficient can reduce the length bit with the cost of more complex paging frame calculation.

Proposal : RAN2 need carefully evaluate the potential impacts and gains of extending the long DRX cycle with other SA2 solutions.
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