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1 Introduction
RAN#65 has approved a Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1] where one of the objectives is to specify a new low complexity UE with ultra-long battery lifetime. In this contribution we give our views on the UE power consumption aspects.

2 Discussion
There are many different driving factors for UE power consumption. Some factors that can have a large impact on the battery lifetime for MTC devices are purely implementation related, such as leakage currents and battery self-discharge. Other factors are standard dependent, and in fact several of the UE complexity reduction techniques listed in the WID objective (e.g. UE bandwidth reduction and UE transmit power reduction) are in themselves enablers for lower momentary power consumption.

However, the overall energy consumption will also depend on the resulting transmit/receive time. For example, a UE with reduced maximum transmit power may need to transmit for a longer time in order to achieve the required bit energy. During transmission and reception supporting functions such as signal processing circuitry, high accuracy clocks, etc. need to be powered, so the longer transmit/receive time, the higher the power consumption due to these functions. In other words, the UE transmit/receive time should be minimized, to minimize the power consumption.

Observation:

· UE power consumption is largely determined by the transmit/receive time.

Since the transmit/receive time largely determines the battery lifetime, the most effective power consumption reduction techniques aim to reduce the transmit/receive time. The figure below illustrates the impact of an overhead reduction on the battery lifetime. In this example scenario the traffic model is sending 10 ms of uplink data traffic every 120 s. Otherwise the UE listens to paging every 2.56 seconds. The overhead consists of the synchronization time and other procedures needed to send uplink data. Thus, with 100% overhead reduction, there would only be uplink data transmission without other procedures. 
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Figure 1: Impact of overhead reduction [%] on relative battery lifetime.
This becomes particularly important in the bad coverage scenarios that are targeted by the coverage enhancement objective of this work item. Coverage enhancement through, e.g., 10 times repetition means 10 times bigger impact on power consumption from overhead, and for scenarios where overhead is significant, this can roughly result in a tenth of the battery lifetime. This effect is especially seen for smaller data packet sizes, where overhead has a substantial impact on power consumption.
Therefore it is important that the technical solutions developed within this work item achieve as small overhead as possible, both with regard to lower layer signalling (e.g. DCI) and higher layer signalling (e.g. SIB). Some control overhead (e.g. RAR) can be reduced in size (at least from the UE’s point of view) by avoiding multiplexing messages intended for different UEs into the same large transmission and transmit several small separate transmissions instead.
Observation:

· Overhead reduction in lower and higher layer control signalling can have a large impact on battery lifetime, in particular for the coverage enhancement scenarios targeted by this work item.

Another aspect that affects the total UE receive time is the time needed for synchronization, cell search, and random access procedures. From power consumption point of view it should be as short as possible. This may be a reason to revisit the PSS/SSS, PBCH and PRACH rather than simply reconfirming the Rel-12 agreements [2]
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[3] which partly relied on non-coherent accumulation over relatively long time and/or making multiple attempts.
Proposal:
· Investigate till the next meeting whether the Rel-12 agreements for PSS/SSS, PBCH and PRACH are acceptable from power consumption point of view or whether further enhancements are needed.
Since different MTC applications and scenarios may put different requirements on latency, reachability, mobility, etc., it may be worthwhile to consider how the requirements on the UE to do system information reading, paging channel monitoring, mobility related measurements, physical layer feedback signalling, etc. can be adapted so that unnecessary transmit/receive time can be avoided. Perhaps some UEs do not need paging support. Other UEs may not need CSI reporting. And yet other UEs may not need very sophisticated mobility support. However, these aspects are largely within RAN2 or RAN4 responsibility. The situation is complicated by the fact that the RAN/CN nodes may not have very much knowledge about the requirements posed by the MTC application.
Observations:

· Further configurability of the UE functions may be beneficial from power consumption point of view. 

· Functions such as monitoring, measurements, feedback, etc., can be optimized to reduce the required transmit/receive time for the specific MTC scenario. 
It is to be studied in what areas there is a feasible way for the system to do the configuration.

An improvement that affects power consumption both for small data packets where control signalling may play a dominating role and for big data packets where the pure data transmission is the main contributor to power consumption is the power amplifier efficiency – allowing the same radiated power and performance to be achieved with significantly less power consumption. Part of the efficiency is implementation related, but increased power amplifier efficiency can also be facilitated by the standard by the introduction of an uplink modulation scheme with a lower PAPR at least for PUSCH, e.g. π/2-BPSK beside the existing modulation schemes. 
Proposal:

· Investigate the potential benefits and drawbacks of introducing an uplink modulation scheme with lower PAPR till the next meeting.
Beside the L1/L2/SIB overhead reduction that can be carried out within this work item, we see extended DRX cycles and higher layer signalling reduction as very promising techniques for UE power consumption reduction but in our view they are outside of the scope of this work item.

3 Conclusions
Observations:

1. UE power consumption is largely determined by the transmit/receive time.

2. Overhead reduction in lower and higher layer control signalling can have a large impact on battery lifetime, in particular for the coverage enhancement scenarios targeted by this work item.

3. Further configurability of the UE functions may be beneficial from power consumption point of view. 

4. Functions such as monitoring, measurements, feedback, etc., can be optimized to reduce the required transmit/receive time for the specific MTC scenario. 

Proposals:

1. Investigate till the next meeting whether the Rel-12 agreements for PSS/SSS, PBCH and PRACH are acceptable from power consumption point of view or whether further enhancements are needed.

2. Investigate the potential benefits and drawbacks of introducing an uplink modulation scheme with lower PAPR till the next meeting.
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