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Introduction

In last RAN#65 meeting, the following work item was approved: Further LTE physical layer enhancement for MTC [1]. The work scope included UE power consumption reduction and detailed objectives were as followings: 
· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life:
· When defining the detailed solutions for the Rel-13 low complexity UEs and the solutions for coverage enhanced UEs, strive to reduce active transmit/receive time. (e.g., minimizing the required number of repetitions by minimizing sizes of control messages).
· Modification, including redesign, addition or removal, of signals/channels can be considered if this can achieve significant power consumption reduction.
· Reduction of measurement time, measurement reporting, feedback signalling, system information acquisition, and synchronization acquisition time etc., can be considered if this can achieve significant power consumption reduction.
In this contribution, we discuss UE power consumption reduction. 
Discussion
Existing UE power saving mode
In last RAN#64 meeting, CR on UE power saving mode was approved [2] and related descriptions can be seen in TS 36.304 [3]. 

When NAS indicates that PSM starts, the AS configuration (e.g. priorities provided by dedicated signalling and logged measurements) is kept, all running timers continue to run but the UE need not perform any idle mode tasks. If a timer expires while the UE is in PSM it is up to UE implementation whether it performs the corresponding action immediately or the latest when PSM ends. When NAS indicates that PSM ends, the UE shall perform all idle mode tasks.

According to UE operation in power saving mode, UE doesn’t have to perform any idle mode tasks (e.g., paging channel monitoring, measurement for cell (re-)selection, and system information acquisition). With power saving mode, UE can reduce power consumption in idle mode. Before investigating detailed solutions, some clarification on target scenarios and requirements would be necessary. For example, if MTC application requires a wake-up every day, PSM may be sufficient for such application. However, if we consider power saving for MTC application with high percentage of active time, further consideration on techniques to minimize TX/RX duration may be needed. To cover potentially diverse MTC applications, RAN1 may focus the techniques to minimize TX/RX transmission duration. Thus, overall our view is that UE power consumption reduction techniques should be focused in connected mode operation. When we consider techniques, we should carefully investigate the performance impact and specification work by introducing UE power consumption reduction techniques. 

Proposal 1: For power saving techniques, focus on RRC_CONNECTED mode operation. 
Potential power consumption reduction techniques
[bookmark: _GoBack]Regarding coverage enhancement which requires heavy repetition, power consumption will be significantly affected by the design of coverage enhancements. We should use available resource as much as possible in transmit instance. For example, we can consider more resource allocation in one subframe to reduce the number of TTIs used for repetition. Hence, it is strongly desirable to optimize the number of repetitions for corresponding signals/channels not to have redundant transmissions.
Simple solution to reduce power consumption may reduce transmit and receive time. For example, the number of monitoring subframes can be reduced by utilizing DRX mechanism. Furthermore, some restrictions on subframes carrying downlink/uplink data can be considered. 
Another possibility to reduce transmit/receive time may be to reduce DL/UL control signaling. For example, multi-subframe scheduling operation may be beneficial in terms of the number of monitoring downlink subframes. Reduced UL feedback signalling (e.g., PUCCH conveying SR, HARQ-ACK, and CQI) may be also beneficial in terms of the number of transmissions. 
The last approach may be to relax requirements for measurements. For example, the longer measurement periodicity and/or the reduced number of cells to measure may be supported for UE for power saving. On the other hand, low cost MTC UE may not be required to perform inter-RAT measurement since it probably supports only single RAT.

Conclusions

In this contribution, we discuss the several aspects of UE power consumption reduction. We propose as following:
Proposal 1: For power saving techniques, focus on RRC_CONNECTED mode operation.

In addition, we discuss potential techniques for power consumption reduction.
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