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1 Introduction
The Rel-13 MTC work item includes an objective to provide power consumption reduction for the UE category/type defined in the WID, both in normal coverage and enhanced coverage, to target ultra-long battery life [1]. In this contribution, we discuss what has been done so far on UE power consumption, what ongoing work there is that can contribute further, and also consider some implications of coverage enhancement for this objective.
2 Power consumption reduction work so far in Release 13
UE power consumption has been discussed a great deal during the WI so far, as it has been a key consideration in the design of many parts of the low complexity and coverage enhancement parts of RAN1’s work. We summarize in this section the status on UE power consumption in Rel-13.
Reducing the UE’s processing effort to obtain DL control includes a number of items mostly related to easing the blind detection requirements among (E)PDCCH candidates, especially when the DCI needs repetition. There are also some proposals to compact the contents of relevant DCI messages for MTC UEs, but these needed to be considered individually to check if there are unintended consequences to the UE of limiting the eNB’s control options. Relaxation of PRACH misdetection requirements is being considered, which can also help to reduce UE power by reducing the amount of power needed to arrive at the eNB as we have analyzed in [2], [3].
The two main UE communication simplifications are firstly the agreement not to have to repeat periodic CSI when the coverage requirement is very serious, and secondly the possibility to eliminate altogether some cases of searching for and decoding DL control. Control-less transmission appears to appropriate for at least some common message transmissions, where the power saving could be more significant due to their frequent transmission compared to unicast. We have some discussion of control-less transmission in [4], [5]. Enhancements to synchronization signal(s) were considered, but are unlikely to be introduced in the Rel-13 timeframe.
UE power consumption can be sensitive to the configuration of the early DL and UL transmissions since the eNB must configure them with rather limited information. If the CE level is set too high on DL transmissions, UE active time is unnecessarily increased; if too low, the UE active time is wasted until the eNB learns to adjust its transmission in a re-attempted random access procedure. Taking the chance to have the eNB determine CE level from the UE’s PRACH transmission allows early and accurate setting of the CE levels during random access, which we discuss more in [2], [6].
Finally, RAN2 have their work on ePSM (complete already in Rel-12) and eDRX which are both directly targeting power management for MTC UEs, and include CN enhancements also.

Table 1 summarizes the outcomes and work in progress until now of Rel-13 which give some power saving compared to the Rel-12 Cat. 0 UE. Note that bandwidth reduction itself is not included in the table as taking a long time to send a message (particularly in coverage enhancement) does not necessarily improve power consumption, and RF power consumption is only weakly linked to RF bandwidth between 20 and 1.4MHz. 
Table 1: Work so far related to MTC UE power consumption

	Category
	Subject
	Remarks

	Reducing UE’s processing time
	Reducing UE’s processing time on control channel
	· Starting sub-frames of (E)PDCCH repetitions are limited to a subset

· Use the same (E)PDCCH decoding candidate m
· Reduce blind decoding on control channel
· Compact DCI is being discussed

	
	Relaxed requirement
	· Relax PRACH requirement(s)

	
	
	

	Simplifying UE’s communication procedure
	Reporting/measurement simplification/relaxation 
	· No support of periodic CSI measurement and feedback for UEs in need of large coverage enhancement

	
	Control-less operation 
	· RAN2 indicates control-less may be possible for SIBs, RAN1 is still discussing

	
	
	

	Others
	Known CE amount
	· Via PRACH

	
	PSM, DRX
	· ePSM from Rel-12, and eDRX from Rel-13

	
	Small cell
	Rel-12 contributions showed some potential power savings from small cell deployments of sufficient density 

	
	PBCH coverage enhancement options
	Power consumption, latency, complexity, and overhead should be considered for the options.


2.1 Coverage enhancement
Some of the entries in Table 1 relate to the significant challenge of trying to conserve UE power even when it takes much longer than usual to transmit/receive a message due to challenging coverage enhancement requirements for some MTC UEs. Since the Rel-13 UE will be marketed as having much extended battery life compared to Rel-12, DL and UL power consumption both need to be considered, because some practical MTC application scenarios can be very asymmetric DL vs. UL.

For example, consider a typical MTC UE which has some UL traffic once per hour or day (similar to the traffic models annexed in TR36.888), where each reporting time effectively represents an initial cell access procedure followed by the intended UL transmission. Between UL traffic times, the power consumption of the UE may still be significant as even if an UL reports takes 10 times as much power as DL checking, the DL checking (to be reachable for triggered report, paging, etc.) may occur ten times more often. 
We conclude that the necessary power used for DL reception processing is important to consider when looking at reasonable MTC traffic profiles. An MTC UE will typically have a rather fixed traffic profile, for example it is unlikely to be sending UL at 1/hour one day and 1/minute the next day, so a UE with a light UL traffic profile will always be light. Therefore, as part of striving to reduce active transmit/receive time, DL and UL power consumption are both relevant, particularly for UEs with occasional UL traffic. One ongoing area where this conclusion is important is in PBCH coverage enhancement design, which we discuss further in [7].
3 Conclusions
In this paper, we have collected together the parts of the Rel-13 work on MTC to show that the efforts to reduce UE power consumption have been fruitful already (and should benefit further from other work items in RAN2/SA2). We highlighted some directions which can be exploited in this regard where there is RAN1 work already in progress on coverage enhancement and complexity reduction.
The interaction of coverage enhancement with UE power consumption is challenging due to repetition transmission and reception. Since the necessary power used for DL reception processing can be a significant fraction of UE power consumption for the occasional UL traffic profile which is typical for some MTC applications and UEs, DL and UL power consumption are both relevant, particularly for UEs with occasional UL traffic profiles. 
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