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1
Introduction
In RAN#60, the work item for MTC is approved with the following aspects regarding coverage enhancements [1]:

· Provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

· Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels

· A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.

· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

· A relaxed requirement for “probability of missed detection” for PRACH.

· When defining the detailed solutions for the above coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account, and divergence of solutions between the new UE category/type and other UEs (mentioned above) should be minimised where possible.

NOTE: 
Additional techniques primarily intended to mitigate spectrum efficiency impacts of enhanced coverage (evaluated in TR36.888) [2] are not included in this work item. However, an exception may be considered for techniques where adding an enhancement later would not be feasible (e.g. those impacting common channels). 
In this contribution, we present our views on the power consumption consideration for MTC coverage enhancements. In contribution [3] we present our views on the modem implementation considerations for MTC coverage enhancements. 
2

General considerations for coverage enhancements

In order to achieve the target of 15 dB enhancements, repetition/power boost/ receiver techniques/small cell enhancements have been considered as both link level and system level solutions [2]. For the WI, the scope has been reduced to link level solutions [1]. In this section, we discuss general considerations in terms of power consumption and modem implementation for extended TTI bundling.  

The following factors need to be considered when determining the extent of TTI bundling for coverage enhancements:

1. Power consumption considerations: with 15 dB coverage enhancement requirements, most of the supported DL and UL channels need to be either power boosted or repeated. For example, the following may be needed for each of the UE wake up:

a. Bundled RACH transmission, bundled PDCCH indicating bundled PDSCH for narrowband Msg 2, bundled PUSCH for Msg 3, and bundled PDCCH and bundled PDSCH for narrowband Msg 4, etc. 

b. Note that each of the bundling in the above connection setup may be 100 TTI long.

If there are devices that operate on battery, then power consumption will be a limiting factor especially with long bundled UL transmissions. 

c. C-DRX and I-DRX are designed to provide battery saving for smart phones. Even with these techniques, typical smartphones are charged weekly if not daily. 

d. MTC traffic is significantly sparser than smart phone, however, with each transmission and reception repeated 100 times, how often we expect to change batteries for these devices if they are not plugged in?
2. Modem implementation considerations: so far, most evaluations are done without much modeling of the RF noise and implementation impact. For very large TTI bundling, coherent channel combining over multiple subframes at eNB Rx as well as phase coherence over time at the UE Tx may be required. 

a. To what extent can we assume phase coherence across subframes for the cheap devices?

b. For TDD systems, if the transmission directions change across different subframes, can we still assume coherence across many subframes? 
The implementation requirements for long bundled communications are discussed in [3].  In this contribution we focus on the power consumption impact and system efficiency improvements. 

3.
Power Consumption with TTI bundling

One drawback of large TTI bundling is the negative effect it has on the power consumption of the device. Particularly for MTC devices that transmit or receive short messages, the additional delay caused by TTI bundling on signalling messages and the additional power consumed can be significant. 

This section provides an overview of how the transmission of a short message gets affected by TTI bundling and preliminary estimations on how power consumption is affected by TTI bundling. The modeling is shown only for mobile originating transmission, but similar analysis applies for mobile terminated case.

3.1 Connected mode

In connected mode, assuming no persistent scheduling, the UE must at least perform scheduling request procedure to transmit a message. Figure 3.1-1 shows the call flow for scheduling request, and messages affected by TTI bundling. If, for example, a TTI bundling of 100 is used, this will lead to 100 times power consumption compared to no TTI bundling.
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Figure 3.1-1: Messages affected by TTI bundling for MO uplink data in connected mode

Moreover, if the requirement of 5 year battery life with AA batteries is to be met, there must be optimizations made, the most likely candidate being extending DRX cycle to a long value, or similar solution where the UE is in sleep mode for a long period of time. If this period is too long and UE does not transmit anything, it may drift out of sync, in which case it would need to perform Random Access procedure. Figure 3.1-2 shows this scenario.
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Figure 3.1-2: Messages affected by TTI bundling for MO uplink data in connected mode (RACH)

This document presents preliminary estimations of power consumption impact of TTI bundling, following the power model that RAN2 is discussing (not yet agreed but discussed over email), and copied in Appendix A. 

The estimation assumes no mobility, and uses periodic uplink transmissions of different frequency. The call flow depicted in Figure 3.1-2 is assumed, as it assumes UE is in sleep mode while not in Tx/Rx mode.

Two models are used with different results:

3.1.1
Model 1 – Mobile originated data only

In this model, the device does not listen to paging channel (idle mode) nor downlink scheduling (connected mode), and is only active when it needs to transmit a message. 

Preliminary effect in power consumption caused by TTI bundling for this model is shown in Table 3.1.1-1. It always uses the power consumed in the case of no TTI bundling as reference power. It assumes same TTI bundling for downlink and uplink.
Table 3.1.1-1: Power consumption for connected mode and TTI bundling (Model 1)

	One transmission per 
	Reference

(No additional TTI bundling)
	TTI bundling

X16
	TTI bundling

X32
	TTI bundling
X100

	30min
	1
	13.1
	26.0
	80.8

	1hr
	1
	11.2
	22.0
	68.0

	3hr
	1
	7.2
	13.8
	41.7

	6hr
	1
	4.9
	9.0
	26.7

	12hr
	1
	3.2
	5.6
	15.7


It can be seen that the more frequent the transmission the more the power consumption gets affected by TTI bundling. If the frequency of transmission is low (e.g., once every 12hrs), then the effect of power leakage during no transmission (e.g. sleep mode) starts to become relevant. 

3.1.2
Model 2 – DRX value of 5 minutes

In this model, the UE checks every 5 minutes for downlink data (connected) or paging channel (idle). The DRX value used is 5 minutes for both idle and connected mode. Table 3.1.2-1 shows the effect of TTI bundling. It can be seen the effect of checking for downlink data becomes very important as TTI bundling increases in size. 

Table 3.1.2-1: Power consumption for connected mode and TTI bundling (Model 2)

	One transmission per 
	Reference

(No additional TTI bundling)
	TTI bundling

X16
	TTI bundling

X32
	TTI bundling
X100

	30min
	1
	14.5
	28.8
	89.4

	1hr
	1
	14.1
	28.2
	87.5

	3hr
	1
	13.9
	27.6
	85.8

	6hr
	1
	13.8
	27.4
	85.3

	12hr
	1
	13.7
	27.3
	85.0


 3.2
Idle mode

For idle mode case, the UE is required to perform RACH and initiate service request procedure. The whole procedure call flow is shown in Figure 3.2-1 along with messages affected by TTI bundling in red. There 5 uplink signaling messages, the actual packet data, and 4 signaling messages, that are affected by TTI bundling increasing delay and power consumption.
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Figure 3.2-1: Messages affected by TTI bundling for MO uplink data in idle mode

Preliminary estimation on how power consumption is affected by TTI bundling is shown in Table 3.2-1 for Model 1 and 3.2-2 for Model 2.

Table 3.2-1: Power consumption for idle mode and TTI bundling (Model 1)
	One transmission per 
	Reference

(No additional TTI bundling)
	TTI bundling

X16
	TTI bundling

X32
	TTI bundling
X100

	30min
	1
	10.4
	20.5
	63.2

	1hr
	1
	9.0
	17.6
	53.9

	3hr
	1
	6.0
	11.4
	34.1

	6hr
	1
	4.2
	7.64
	22.2

	12hr
	1
	2.9
	4.9
	13.3


Table 3.2-2: Power consumption for idle mode and TTI bundling (Model 2)
	One transmission per 
	Reference

(No additional TTI bundling)
	TTI bundling

X16
	TTI bundling

X32
	TTI bundling
X100

	30min
	1
	12.9
	25.6
	79.2

	1hr
	1
	13.2
	26.2
	81.4

	3hr
	1
	13.5
	26.8
	83.4

	6hr
	1
	13.6
	27.0
	84.0

	12hr
	1
	13.6
	27.1
	84.3


The effect is similar as for connected mode. 
Given that RAN2 is currently discussing power consumption optimization techniques under MTCe_UEPCOP Work Item, and it is working on a model for power consumption, it could be beneficial to ask RAN2 to evaluate the effect of TTI bundling in UE power consumption in more detail.

Observation:

· Long TTI bundling has big impact on the device battery consumption. 
Proposal:

· Send an LS to RAN2 to consider the impact of extended TTI bundling for MTCe_UEPCOP

· Send an LS to RAN2 to consider extending range of C-DRX and I-DRX for MTC 

4.
Techniques to Improve Efficiency

Efficient data transmission procedures: with the traditional LTE design, both DL and UL transmissions are assigned with PDCCH/ePDCCH, and retransmissions are supported by HARQ. With bundled transmission, this may become PDCCH assignment with 100 repetitions, PUSCH transmission with 200 repetitions, ACK with 100 repetitions, PUSCH retransmission with repetition, etc. Both from resource utilization and power consumption perspective, this is very costly. 

Two possible solutions are:
· Persistent scheduling with long DRX cycles, e.g. control_less operation for regular data transmissions, such as periodic meter reporting. This reduces the need of repeated PDCCH/ePDCCH. Note that current DRX cycle as well as semi-persistent scheduling cycle is on the order of seconds, but the meter report can be significantly longer than that. 

· HARQ_less operation and rely on higher layer retransmission for delay tolerant traffic. This reduces the need of repeated ACK for both DL and UL. 
The main benefit of these operations is for power and signaling efficiency. 

5
Conclusion

In this contribution, we presented our view on power considerations for MTC coverage enhancements.  

We make the following observation and proposals:

Observation:

· Long TTI bundling has big impact on the device battery consumption. 
Proposal:

· Send an LS to RAN2 to consider the impact of extended TTI bundling for MTCe_UEPCOP

· Send an LS to RAN2 to consider extending range of C-DRX and I-DRX for MTC 
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Appendix A

Table 2: UE power consumption model parameters

	Parameter
	Value
	Comments
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	1 unit/ms
	Power consumed for RX. For simplicity, it applies during both 
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	1-4 unit/ms
	Power consumed for TX, which is transmit power relevant.

The value is 1 unit/ms when transmit power is 0dBm and below, and is 4 unit/ms when transmit power is 23dBm. Linearly scaled with transmit power in between 1mW and 10^2.3mW.
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	0.01 unit/ms
	Power consumed during sleep mode, including power consumed for low accuracy clock and memory maintaining, leakage current (e.g. caused by power management unit), etc.
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	0.0001 unit/ms
	Optimized sleep state
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	20 to 200ms
	20ms if UE doesn’t move to a new cell; 200ms if UE moves to a new cell
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	1 or 2 ms

	Time that UE is on duty. For idle mode, the value is 1ms (one paging occasion). For connected mode, it is assumed that the value is configured as 2ms (onDurationTimer).
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	0 ms
	Time for UE shutdown. Here, it is omitted because generally the value is less than 0.5ms.
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	200 ms
	Time required for system information acquisition. For simplicity, only the most essential SIBs are considered, i.e. MIB, SIB1 and SIB2. Assuming the scheduling periodicity of SIB2 is 80ms.
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	12 ms
	The real receiving time during 
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	T​SR
	100ms
	Service request procedure delay including RACH.

	TRRC_rel
	50ms
	RRC connection release procedure delay
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