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1. Introduction
In RAN#65, the work item of further LTE physical layer enhancements for MTC was approved [1]. One of the main objective for this WI is on the UE power consumption reduction: 
· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage.

· 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 to a minimum.

· 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 signaling, system information acquisition, etc., can be considered if this can achieve significant power consumption reduction.

In this contribution, we provide our view on the power consumption reduction techniques. 

2. Power Reduction Techniques 
Power consumption reduction is one of the key enablers for MTC applications. Figure 1 shows device power consumption in different states. 
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Figure 1. Device Power Consumption in Different States
In Rel 12, power saving mode (PSM) has been introduced to allow devices to go to deep sleep in-between data communications. This is an efficient technique for mobile originated (MO) data applications. For mobile terminated (MT) data, additional techniques such as enhanced idle state DRX (I-DRX) and connected state DRX (C-DRX) are proposed for Rel 13 study in SA2/RAN2 [3]:
· Extending the I-DRX and/or C-DRX cycle for MTC

The above techniques address the power saving in idle mode, however, does not provide power saving for active data communications. From RAN1/RAN2, the following power reduction techniques should be considered:

· Reduced SI change rate:

· Introduce new MTC-SIB, where the information is specific to MTC and can be updated at a much slower rate than regular SIBs

· Reduction of measurement requirements:
· Measurement reduction should be considered by RAN4/RAN2 for the power reduction of MTC

· For example, current neighbor cell measurements are 200ms for UEs in connected states as required by RAN4. For MTC, these requirements can be relaxed. 
· The same measurement gap/window can be used for serving cell, intra-frequency and inter-frequency measurement. 

· Disable neighbor cell interference for UEs with large coverage enhancement as their channel doesn’t change often

· To meet the measurement requirement, extend the measurement window for UEs with small coverage enhancement.
· eNB may also allow UEs with small coverage enhancement and low data rate to skip measurement report when current SNR is above certain threshold.

· Reduction of channel state feedback: 
· To allow event-triggered channel feedback, e.g. MTC device reports channel feedback only if there is significant change in channel condition. This can be sent in MAC payload similar to power head room report.
· Enhanced persistent scheduling: 
· Provide persistent scheduling with fixed MCS/RB assignments for devices that have regular data traffic, e.g. meter reading with fixed payloads.
· Simplified data communications:
· Reduced blind detection hypothesis for control channel decoding. 

· Reduced transmission mode support. 

3. Channel Feedback Simplification

For many MTC applications, the devices are stationary. As a result, the channel state information does not change rapidly. Furthermore, the packet size is small and required data rate is low, therefore, there is no strong need to provide accurate channel state information. Frequent channel state information measurement as well as feedback can be very energy consuming. 

We propose a UE triggered channel state feedback mechanism to significantly reduce the power consumption for CSI. With the new feedback mechanism, UE will only feedback channel state information if the measured channel is significantly different from the assigned MCS. In most of the stationary cases, there is no feedback from UE at all. Thus, for stationary devices this UE-initiated CSI feedback is more efficient than periodic or aperiodic CSI: periodic CSI is too power intensive and has a large overhead, and aperiodic CSI may not be efficient for quasi-stationary devices, where the eNB does not know when the channel changed to request the feedback.

Here is the one example of the persistent assignment with simplified feedback:

· Persistent assignment is provided to device at connection setup

· Suitable for applications with limited support of mobility, and fixed patterns of traffic

· Event triggered feedback to change persistent assignment
· Channel feedback is transmitted at connection setup or when there is significant difference in channel condition
· Channel feedback is transmitted in PUSCH, e.g. MAC PDU, similar to PHR
For example, the UE could be configured with a timer and a threshold to transmit CSI feedback when the timer expired and the CSI has changed (e.g. when PMI has changed, or when the SNR has changed more than a threshold). This information can be transmitted in a new MAC control element, using one of the reserved values (01100-10111). If the CSI change is so large that the UE is not able to communicate with the eNB in the current CE level, the UE might wait for an RRC reconfiguration message to change CE level, or declare RLF and perform random access in the new CE level [5].
Figure 2 shows the throughput comparison between fast feedbacks with simplified feedback. As one can see, with simplified feedback, there is practically no loss to throughput. 
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Figure 2. Comparison between Fast AMC and Simplified Feedback

4. eNB Power Boost

For users in coverage enhancements, TTI bundling has been proposed to improve link budget. However, extended transmission/reception time will increase the user’s power consumption. One alternative approach for DL coverage enhancement is to power boost transmissions from eNB side. 

Channels considered for power boosts include:

· PSS/SSS/PBCH: power boosting PSS/SSS/PBCH can significantly improve acquisition time for users in coverage limitation. Also, repeating PBCH in a way that allows using the repeated symbols for frequency error estimation can lead to faster frequency tracking loop convergence (see companion contribution [4]).
· MPDCCH/PDSCH: power boosting DL control and data can significantly reduce the DL reception time and allow users to early decode. 

These techniques can be considered for both UE power consumption reduction as well as further increased DL coverage. 

5. Summary
In this contribution we presented our views on the techniques for UE power consumption reduction. In order to target multiple years of service for battery power devices, it is important to minimize power consumptions for all different states. Rel 12 PSM provides good power saving for mobile originated data traffic, but for more general applications, I-DRX and C-DRX optimization are important for power consumption reduction. From PHY/MAC perspective, reduction of connection setup time, channel feedback, measurement periodicity, should be considered. 

We make the following proposals:

Proposal 1: 

Support reduced MTC_SIB updates.  
Proposal 2: 

Support relaxed measurement requirements.

Proposal 3: 

Support reduced channel feedback.
Proposal 4: 


Support reduced transmission modes and blind detection hypothesis.  
Proposal 5: 

Consider DL power boost for power consumption reduction of cell acquisition as well as DL data reception. 
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