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1. Introduction
In RAN Plenary # 65 meeting, a new WID [1] was approved, to further reduce the complexity/cost of MTC device, to extend 15dB coverage, and to reduce power consumption both in normal coverage and enhanced coverage, to target an ultra-long battery life. This paper analyzes the target of UE power consumption reduction, and discusses evaluation of current LTE UE power consumption with coverage extension. Some techniques to reduce UE power consumption are provided finally. 
2. Target of UE power consumption reduction

Power consumption is a very important aspect for MTC business. Power consumption reduction is one of the objectives in WID [1]:

· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life.
The requirement of long UE battery life of MTC device comes from the applications of MTC, such as gas or water meters. On the other hand, Rel-13 3GPP MTC solution is aiming to serve low end M2M communication to face competing non-3GPP technologies that claim to deliver very cheap devices with better coverage and power efficiency than the cheapest GSM/UTRA/LTE devices, which claim to provide > 10 years battery life even for locations requiring extended coverage.  Also note that the recently approved SID in GERAN [2] has the following objective:
Reduce power consumption of MTC Mobile Stations compared with legacy GPRS (non EGPRS) so that they can have up to ten years battery life with battery capacity of 5 Watt-hours, even in locations with adverse coverage conditions where up to 20 dB extension might be needed. One traffic model for battery life estimation should be based on the “regular reporting”, “no mobility”, scenario from Annex A.1 of TR 36.888 v12.0.0 [3], but using a “120 minute Uplink Interval”.

Fundamentally, LTE based MTC solution should be able to achieve the same goal, but may require a more aggressive approach to modify the system design to really reflect the principle of reducing active Tx/Rx duration to a minimum including redesign/remove unnecessary physical channels, reducing unnecessary signaling.    
Proposal #1: The power consumption reduction should target to 10 years battery life with battery capacity of  5 Watt-hours assuming the traffic model of “regular reporting”, “no mobility”, scenario from Annex A.1 of TR 36.888 v12.0.0 but using a “120 minute Uplink Interval”. 
3. LTE UE Power consumption analysis and potential techniques for power consumption reduction
3.1. Power consumption analysis

To analyze the battery life, we assume 5w-h capacity battery, i.e., 18000J energy. Power consumption includes reading system information every 3 hours, listing to paging and uplink transmission every 2 hours. UE power consumption in each action can be found in Table 1 and zero power consumption is assumed during sleeping, e.g., no measurement. The duration of active transmission and reception is listed in Table 2, where some duration values are estimated, without considering the time for receiving PDCCH in coverage extension mode. As a result, the battery life for normal coverage is about 14 years. However, for 15dB coverage extension; the battery life is less than 1 year (about 11 month). 
Observation #1: Assuming 120 minute UL interval, for a 5w-h capacity battery, the battery life for normal and 15dB coverage extension is about 14 years and less than 1 year respectively. 
Table 1 UE power consumption [4]
	Category
	Parameter
	Typical Value

	Power consumption (mW)
	Active receiving
	500

	
	Active transmitting
	1500

	
	Active for RRC connection
	250

	
	Measurement
	500


Table 2 UE wake up from PSM for UL data transmission
	
	Normal coverage
	+15dB coverage

	Synchronization
	400ms
	800ms* 

	Read MIB
	40ms
	320ms [5]

	Read SIB
	200ms [6]
	700ms

	RRC connection
	200ms*
	3000ms *

	UL transmission(100bit)
	1ms
	200ms

	Total energy
	0.32J
0.27J/ (w/o SIB)
	4.66J **
4.31J/ (w/o SIB)


* Estimated 
** Only calculated the subframe transmitting SIBs. 
3.2. Techniques for UE power consumption reduction

Based on the analysis, the key technique to reduce UE power consumption is reducing active transmit/receive duration, including reducing the transmit/receive time for each uplink/downlink transport block and simplifying unnecessary signaling. 
Synchronization and system information acquisition
In TR 36.888 [3], to achieve 20dB coverage extension, it needs up to 2 second sync acquisition time per center carrier frequency for FDD with existing PSS/SSS signals. If assuming UE knows cell ID, shorter acquisition time is expected (e.g., 800ms is assumed for UE battery life analysis). However, it can only provide coarse carrier frequency offset estimation with PSS/SSS signals but UE may still need more time to do a fine CFO estimation. On the other hand, it may be helpful to reduce UE power consumption if UEs can have accurate frequency offset estimation once with a high density reference signal. Therefore, it may be worthwhile to introduce a new synchronization channel with higher density reference signal for synchronization acquisition, carrier frequency offset estimation or some other measurements. 
Proposal #2: Consider introducing a new signal/channel for synchronization, CFO estimation and other UE measurement. 
After synchronization, UE need to acquire system information, i.e., MIB and/or SIB for initial access. In Rel-12, two alternative solutions for coverage enhancement mode were identified as start point of SIB solutions.  RAN 2 agreed to share the same SIBs [7] with normal LTE UE. However, this will result in a very long acquisition time as analyzed in [6], e.g., ~2.2 seconds for SIB 1+ SIB2 acquisition. In order to reduce UE power consumption, introducing a new SIB for MTC device especially in coverage mode should be considered. The system information acquisition time is based on the period of intermittent transmission. Note that if a UE knows the location of the new SIB, UE can directly receive and decode the new SIB. On the other hand, combining MIB and SIB can be further considered if it is beneficial for UE power consumption reduction, especially for the case of UE waking up from power saving mode with no mobility (assuming camp on the same cell). 

Proposal # 3: A new SIB shall be introduced for UE power saving, especially for coverage enhancement mode. Combining MIB into the new SIB can be considered if it is beneficial for UE power consumption reduction.  

Active transmit and receive time
In WID [1], reducing active transmit/receive time is identified as a potential solution to reduce power consumption at UE side:
· 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).

Under current design, UEs perform downlink reception and uplink transmission after a successful reception of control information. One possible solution is to reduce the active time to detect control channel. An example given in the WID is minimizing the required number of repetitions by minimizing sizes of control messages. Other than control channel, the active receive and transmit time of uplink and downlink data channel are also worthy to reduce. In TR 36.888, some potential solutions are mentioned to reduce repetition number, such as frequency hopping, PSD boosting for UL and power boosting/allocate more resource in each subframe for DL, increasing reference signal density. The above solutions can be a starting point to evaluate the active receive and transmit time of data channel. 

Proposal # 4: Solutions to reduce active transmit/receiving time of both control message and data channel are worthwhile to be evaluated.  
CQI/CSI feedback and HARQ
In coverage enhancement mode, eNB is responsible to choose a proper repetition number for the repeated transmission. Unnecessary repetition for either uplink or downlink will not only reduce the spectral efficiency but also impact UE power consumption. Therefore, an accurate channel status/quality information feedback will be beneficial for power consumption reduction. However, the channel status of coverage enhancement mode UE is out of the range of current metric of channel status information, i.e., CQI/CSI. On the other hand, the overhead of using layer-1 signaling for CQI report may be redundant for low/no mobility UE in coverage enhancement mode. Therefore, it is worthwhile introducing a new metric and mechanism for channel quality report. 
Proposal # 5: Consider introducing a new metric and mechanism for channel quality report.
Current HARQ mechanism is based on transmission/retransmission of one TTI or several bundled uplink TTIs, to complete a successful data packet transmission. For UEs in bad coverage, one successful data packet transmission may need hundreds of repetitions, which is achieved by one transmission and several retransmissions. That is, the repetition number of each retransmission may be less than that for the first repeated transmission, once the packet is not decoded correctly. Therefore, the repetition number of retransmission can be dynamically changed to improve spectrum efficiency and UE power consumption. 

On the other hand, early termination of repetition may be helpful to shorten the active transmit/receive time if the acknowledgement can be decoded as early as possible. As a result, a “smart” HARQ mechanism may help to reduce active transmit/receive time, thereby reducing UE power consumption. 
Proposal # 6: Consider enhancing current HARQ mechanism or introducing a new HARQ mechanism for coverage enhancement mode UE who needs repetition.  
4. Conclusion
In this paper, we analyzed the target of UE power consumption, discussed evaluation of current LTE UE power consumption with coverage extension and then provided some techniques to reduce UE power consumption. Some proposals are made based on the analysis:
Proposal #1: The power consumption reduction should target to 10 years battery life with battery capacity of  5 Watt-hours assuming the traffic model of “regular reporting”, “no mobility”, scenario from Annex A.1 of TR 36.888 v12.0.0 but using a “120 minute Uplink Interval”. 
Proposal #2: Consider introducing a new signal/channel for synchronization, CFO estimation and other UE measurement. 

Proposal # 3: A new SIB shall be introduced for UE power saving, especially for coverage enhancement mode. Combining MIB into the new SIB can be considered if it is beneficial for UE power consumption reduction.  

Proposal # 4: Solutions to reduce active transmit/receiving time of both control message and data channel are worthwhile to be evaluated.  
Proposal # 5: Consider introducing a new metric and mechanism for channel quality report.
Proposal # 6: Consider enhancing current HARQ mechanism or introducing a new HARQ mechanism for coverage enhancement mode UE who needs repetition.  
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