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1 Introduction

In RAN #65 meeting, the new WI of further LTE Physical Layer Enhancements for MTC was approved [1], and the following objective related to power consumption reduction is described:

· 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, some potential solutions to achieve ultra low battery life for LTE are identified to help outline the discussion on the power consumption.
2 Solutions to save UE’s power consumption
From the aspect of UE state, the UE’s power consumption could be classified into power consumption in connected mode and power consumption in idle mode. To reduce UE’s power consumption in idle mode, RAN2 had introduced power saving mode in Rel-12 specification. Further, in order to achieve the ultra long battery life for LTE, RAN2 also discussed to extend UE’s DRX cycle.

In view of UE could make communication in connected mode or idle mode, reducing UE’s processing time and simplifying UE’s communication procedure could be viable means to reduce UE’s power consumption.
In the following, we give some potential solutions to reduce UE’s processing time and simplify UE’s communication procedure.
2.1 Reducing UE’s processing time

2.1.1 Reducing UE’s processing time on control channel

For example, EPDCCH can use compact DCI format.  For example, the field of resource allocation and MCS could be simplified for narrowband MTC UEs. Further, for UEs with regular MTC traffic, the packet size, MCS and occupied resource could be fixed. Thus, the payload of EPDCCH could be reduced correspondingly, and the repetition number of EPDCCH would be decreased in coverage enhancement scenario, which is beneficial to save UE’s power consumption.
Moreover, in RAN1 #75 meeting [2], it was agreed “the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames”, which would also be beneficial to save UE’s power consumption due to an MTC UE does not need to determine (E)PDCCH starting subframe on every subframe.
Besides, to save UE’s power consumption, the number of (E)PDCCH blind detection can also be reduced to restricting available (E)PDCCH candidate, aggregation level and DCI format. In RAN1 #76 meeting [3], it was agreed that “The UE shall use the same (E)PDCCH decoding candidate m with an aggregation level defined for each subframe within the repetition window ”. Therefore, the complexity of (E)PDCCH blind detection can be reduced, which can accelerate the (E)PDCCH detection and save UE’s power consumption.
2.1.2 PSD boosting

Enhancing the power spectral density (PSD) of signal transmission can improve the SNR directly. Especially in the poor channel condition, signal transmission with PSD boosting would have less repetition number than that fully based on repetition. Thus, the processing time (for signal detection or transmission) of an MTC UE can be reduced. This can apply to physical channels as well as UL and DL RS.
The PSD boosting based on restricting the data transmission to a single PRB (especially for UL) may not bring additional specification impact. However, if the PSD boosting based on restricting the data transmission less than one PRB, there may have significant specification impact. For example, the cells may need interference coordination based on subcarrier granularity, which would introduce new mechanism on ICIC.
2.1.3 Relaxed requirement

As analyzed in [4], relaxing PRACH performance requirement from 1% Pmiss to 10% could lead to an overall reduction (about 56%) in number of RACH preamble transmissions compared to using repetition/accumulation alone. As a result, the power consumption could be saved for MTC UEs with coverage enhancement. 
For PBCH and SIB transmission, suitable performance requirement should be guaranteed for all UEs within the cell. As analyzed in our companioned contribution [5], when more subframes are used for repetitions in a burst, fewer bursts are required to meet the target performance, so that the latency is shorter and the shorter active receive time would benefit power consumption reduction. 

2.1.4 Extending DRX cycle
In general, the power consumption in idle mode is lower than that in connected mode. Therefore, considering the characteristics of small data and delay tolerant for MTC UE, it can extend the DRX cycle to reduce UE’s power consumption.
However, extending DRX cycle would introduce significant specification impact for core network signaling handling and TCP layer [6], and the headroom of power consumption saving for extending DRX cycle would be shrunk due to PSM can be supported. 

2.1.5 Reducing UE’s processing capability
For an MTC UE, if reduced UE’s processing capability can match to its traffic characteristics (e.g., small data transmission), the UE’s power may be saved due to the reduced operation amount of signal processing. 
For example, DL or UL bandwidth reduction can limit the maximum TBS for UE’s baseband processing, which correspondingly reduces the operation amount within one TTI. However, the loss of frequency selective scheduling or frequency diversity from bandwidth reduction could reduce the performance of signal transmission, which would increase the number of retransmission. Thus, the power consumption would increase from this perspective. Moreover, if the time of a signal transmission for an MTC UE is prolonged as limited resource can be utilized within a narrowband, the power consumption may also increase due to prolonged processing time.

Reducing peak data rate may also contribute to save UE’s power consumption. However, if the size of data packet is larger, more segmentation is needed (e.g., maximum TBS is confined to 200 bits), so the overhead of CRC is increased due to each small TB needs a CRC protection. Besides, the gain of turbo coding may also decrease due to shortened code block. From this point of view, the power consumption may also increase due to the performance loss.
To sum up, it needs further consideration on the saving of power consumption from reducing UE’s processing capability.
2.2 Simplifying UE’s communication procedure

2.2.1 Simplifying channel function

Simplifying channel function may facilitate to reduce UE’s power consumption. As analyzed in our companion contribution [7], the function of PUCCH can be simplified in PUCCH coverage enhancement case. Moreover, in RAN1 #75 meeting, “For UEs in enhanced coverage mode for MTC, No support of repetition of periodic CSI over PUCCH” was agreed as a working assumption [2]. 
2.2.2 Simplifying supportable channel
For MTC UEs with narrowband RF, PDCCH, PCFICH and PHICH may not be supported to reduce UE’s complexity and save UE’s power consumption. 
2.2.3 EPDCCH- less
For narrowband MTC UE, the transmission of common messages (SIB, Paging and RAR) can be transmitted on predefined time and frequency resource with predefined transmission format. Thus, an MTC UE will not need to decode EPDCCH before PDSCH reception, which can save UE’s power consumption to some extent.
For regular unicast data transmission, in order to save power consumption, an MTC UE could also awake on predefined time, and transmit or receive signal on predefined resource with predefined format.

2.2.4 Reporting simplification/relaxation
For MTC UEs with narrowband transmission, the CSI reporting can be simplified. For example, an MTC UE should not need to report RI as RI is always equal to one. Moreover, as analyzed in our companion contribution [8], reporting relaxations can be designed for periodic reporting. For example, an MTC UE can drop periodic CQI reports if the CQI has not changed by more than a threshold amount. The reporting simplification/relaxation could obtain some power consumption reduction.
3 Conclusions
In this contribution, achieving ultra low battery life for LTE are discussed from aspects of reducing UE’s processing time and simplifying UE’s communication procedure. Some potential solutions are identified to help outline the discussion on the power consumption.
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