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1 Introduction

According to LTE Rel-13 work item on further physical layer enhancements for MTC [1], one of the objectives identified for the new UE category/type in both normal and enhanced coverage modes is to target a reduction of power consumption as quoted below:
· 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 share our views on the potential directions and considerations to achieve low UE power consumption in both normal and enhanced coverage modes for Rel. 13 eMTC in LTE systems.  
2 Approaches to reduce power consumption
As quoted from the WID [1] in Section 1, in general, three broad approaches can be considered towards the target of achieving ultra-long battery life for MTC UEs in both normal and enhanced coverage modes. Certainly, the aspect of minimizing power consumption should be considered as one of the desirable figures of merit for the development of solutions targeting complexity reduction and coverage enhancements for Rel-13 MTC UEs. Accordingly, the target of reducing MTC UE power consumption should primarily be addressed as part of adoption of solutions for the other two targets. 

However, there are some solutions that can be considered with the unilateral aim of reducing power consumption. 
Our views on some of these approaches including potential solutions primarily targeting power consumption are discussed in the following sub-sections.
 Minimizing active transmit/receive time
As mentioned in the WID, one of the most straight-forward objectives at the RAN level towards reduction of UE power consumption is minimizing active transmit/receive time. This objective can be seen to be very closely related to that of coverage enhancement due to the reliance on using repetitions of various signals and channels to achieve the coverage enhancement targets. Thus, care should be taken in designing the details of repetition-based coverage enhancement solutions for both DL and UL signals and channels so as to enable very low UE power consumption. 
One consideration towards this is to optimize the number of repetitions for each physical signal/channel depending on the UE’s required coverage improvement target. This depends on the accuracy of the coverage enhancement target of the MTC UE when in enhanced coverage mode as this determines the exact number of repetition levels for each physical signal/channel. If the granularity of the repetition level is small and accuracy is good, the power consumption can be optimized accordingly. This can also help to improve the spectral efficiency.
Clearly, minimizing the sizes of control messages should be a desirable objective, and should be considered in determining the content of potentially new common control channels, especially for cases when the reduction in the payload size can lead to a significant reduction in the number of required repetitions. However, unless the reduction in the control message sizes is drastic, the benefits can be expected to mostly be limited to MTC transmissions/receptions in enhanced coverage modes with relative large coverage enhancement targets. 
A more effective direction following this approach would be the consideration of extending the DRX cycles in both RRC_CONNECTED and IDLE states. However, the details of this approach shall be able to commonly apply not only for low cost MTC UE but also for a normal MTC application and thus they might fall in the scope of RAN2 WG and should be further studied in RAN2. 

Other solutions similar to the consideration of a new power saving state or sub-state (of RRC_IDLE) may also be considered by the RAN2 WG towards realizing the approach of minimizing transmit/receive times [2]. 
Observation 1
· Repetition-based coverage enhancement solutions should aim to optimize the repetition level depending on the coverage improvement target for the specific UE and physical signal/channel.

· Minimizing sizes of the control messages should be a desirable design objective, but unless the reduction in message size is substantial, the reduction in the UE power consumption from small optimizations in the message size may be very limited.

· More effective and unilateral approaches towards UE power consumption may involve consideration of DRX cycle extension or defining a new power saving state or sub-state. Details may be within the scope of RAN2 WG.

Modifications to design of signals and channels
Assuming that some dynamic control signalling is used at least for MTC UEs in normal mode (non-enhanced coverage mode), the number of blind decoding attempts for (E)PDCCH reception can be minimized, thereby leading to a reduction in UE power consumption for control channel reception. As mentioned in our companion contribution [4], a subset of aggregation levels which is determined according to the UE locations or RSRP measurement reports from UE or the coverage improvement target for MTC UEs in enhanced coverage mode can be configured for Rel-13 low complexity UEs. This simple mechanism can help to reduce the number of blind decoding attempts for MTC UEs, thereby reducing the power consumption. Further, common control messages like SIB, RAR, and paging following a/an (E)PDCCH-less operation can be expected to help reduce UE power consumption, especially for MTC UEs in enhanced coverage modes. 
The consideration of reduced bandwidth support for MTC UEs can also be seen as a significant contributor to reducing the UE power consumption via a reduction in processing requirements for various components including ADC/DAC, FFT, buffering, etc.[5].  Considering the potential support of a reduced UE bandwidth of 1.4MHz in both DL and UL, a positive reduction in overall power consumption from reduced bandwidth support can be achieved in spite of an increase in power consumption from an increase in the receive/transmit times due to repetitions to achieve appropriate link-budgets for the respective signals/channels due to loss in frequency diversity gains. 
In summary, solutions to support a reduced UE bandwidth in both DL and UL should be carefully designed to jointly optimize the three primary goals of Rel-13 eMTC.  
Observation 2
· Limiting the number of aggregation levels for the cases using dynamic control signalling can be beneficial in reducing UE power consumption by reducing the number of (E)PDCCH blind decoding attempts.

Reduction of measurement and SI acquisition times and feedback signaling
For reduced UE bandwidth support, serving cell RSRP, RSRQ measurements or measurements related to coverage improvement target determination that are measured on CRS may require additional subframes compared to non-bandwidth reduced UEs due to lower number of CRS REs available per subframe, especially for MTC UEs in enhanced coverage mode. An increased DL RS density may be studied further and appropriate solutions with increased RS density can be adopted if the reduction in the measurement time in terms of the minimum number of subframes to be processed is significant.

For typical MTC applications, high throughput and very accurate link adaptation may not be the most essential requirements. Additionally, most MTC devices may have very low or no mobility. Hence, one way to reduce power consumption would be to limit the amount of CSI feedback reported by the MTC UEs.

For instance, aperiodic CSI feedback may be sufficient and periodic CSI feedback may not be supported by MTC UEs. This can help reduce power consumption due to periodic transmission of CSI feedback as well as the measurements on CRS/CSI-RS needed for the CSI calculation. Similarly, MTC UEs may not need to support periodic reporting of RRM measurements (RSRP/RSRQ-type measurements). Mobility management for MTC UEs can be handled relying on aperiodic and triggered RRM measurement reports.   

Regarding reduction of system information (SI) acquisition time, (E)PDCCH-less transmission of SIB as mentioned in Section 2.2 can be considered for UEs in enhanced coverage mode. Additionally, coverage enhancements for PBCH based on repeated transmissions of PBCH should aim to optimize the acquisition time without a significant decrease in the system spectral efficiency. 
For instance, considering the coverage enhancement for PBCH, the combination of the configuration of transmission across 40ms cycles, PBCH repetition patterns, and PBCH repetition bursts within a PBCH cycle should be selected so as to minimize the UE power consumption in acquiring the PBCH for initial access when in enhanced coverage mode, while at the same time, not sacrificing the system performance in terms of spectral efficiency and resource utilization metrics [3]. In particular, continuous repetition (Option A) for PBCH coverage enhancement would be desirable in terms of achieving reduced power consumption in comparison to intermittent repetition (Option B and C). 

Observation 3
· The option of increasing DL RS density for reduced UE bandwidth support to reduce the number of processed subframes for serving cell RSRP, RSRQ measurements or measurements related to coverage improvement target determination can be considered.
· Periodic CSI feedback and periodic RRM measurement reporting may not be supported by low complexity MTC UEs to minimize power consumption due to measurements and reporting instances. Link adaptation and mobility management can be based on aperiodic or triggered reporting mechanisms.
· Towards reducing SI acquisition time, (E)PDCCH-less transmission of SIB can be considered for UEs in enhanced coverage mode.

· Repeated transmissions of PBCH for coverage enhancement should aim to optimize the acquisition time without a significant decrease in the system spectral efficiency.
3 Conclusions

In this contribution, we provided our views on the potential directions and considerations to achieve low UE power consumption in both normal and enhanced coverage modes for Rel. 13 eMTC in LTE systems. Based on the discussion presented, we summarize our views through the following observations:
Observation 1
· Repetition-based coverage enhancement solutions should aim to optimize the repetition level depending on the coverage improvement target for the specific UE and physical signal/channel.

· Minimizing sizes of the control messages should be a desirable design objective, but unless the reduction in message size is substantial, the reduction in the UE power consumption from small optimizations in the message size may be very limited.

· More effective and unilateral approaches towards UE power consumption may involve consideration of DRX cycle extension or defining a new power saving state or sub-state. Details may be within the scope of RAN2 WG.
Observation 2
· Limiting the number of aggregation levels for the cases using dynamic control signalling can be beneficial in reducing UE power consumption by reducing the number of (E)PDCCH blind decoding attempts.
Observation 3
· The option of increasing DL RS density for reduced UE bandwidth support to reduce the number of processed subframes for serving cell RSRP, RSRQ measurements or measurements related to coverage improvement target determination can be considered.

· Periodic CSI feedback and periodic RRM measurement reporting may not be supported by low complexity MTC UEs to minimize power consumption due to measurements and reporting instances. Link adaptation and mobility management can be based on aperiodic or triggered reporting mechanisms.
· Towards reducing SI acquisition time, (E)PDCCH-less transmission of SIB can be considered for UEs in enhanced coverage mode.

· Repeated transmissions of PBCH for coverage enhancement should aim to optimize the acquisition time without a significant decrease in the system spectral efficiency.
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