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1 Introduction

As discussed in [1], one of the key performance indicators (KPIs) for LTE IoT is power consumption. In this contribution we would like to show how using an early transmission termination signal can preserve power consumption for the UE. In [2], it was shown an eNB could increase the initial BLER and later trigger repetitions. Thus, gaining the advantage of early UL termination. In this contribution, it will be shown that while this could conserve transmission energy, using an early termination signal could conserve up to 28% more.

2 Simulation Assumptions
To show the advantage of using early termination signal presented in [1] we compared the transmission to different repetition schemes. In this paper each repetition scheme was calculated both with early transmission termination signal and with the technique presented in [2]. The data was collected based on the following procedure:
A. Calculate BLER per SNR and number of repetitions. This can be viewed in appendix I.
B. We neglected BLER values lower than 0.01.
C. Span all possible repetition schemes. For example, for 64 overall repetitions it can be done in [64], [32,32], [32,16,16], and so forth.
D. For each repetition scheme, calculate the total weighted power consumption, according to detection probability.
2.1. Simulation-wide assumptions
The power consumption per UE is taken from the assumptions in [2]. That means 1P is the power consumption per 1ms of reception from the UE, and 6P is the power consumption per 1ms of a UE’s transmission. 

NPDCCH search time for [-19dB, -17.5dB] is set to 512ms. For -16dB a search time of 256ms was set.

The early termination signal was conservatively assumed to be 10 subframe long. Therefore, 10ms was deemed the search time. 

Weighted average UE power consumption was calculated as follows: If a single set of repetitions takes more than 256ms then it is divided into blocks of 256ms. For a NW implementing an early termination signal, each of these blocks is multiplied by the Tx power and added with 10ms of Rx power for the termination signal. For a legacy NW,  each termination of an allocated repetition set is followed by an NPDCCH search time.  

Each of the decoding steps is averaged according to the decoding probability.
2.2. eNB assumptionsTwo current eNB scheduling approaches were considered. One eNB that schedules transmission while aiming for BLER≤0.1. The second eNB is under allocating the number of repetitions flexibility i.e. aiming at a higher BLER and then compensating with additional allocations.
3 Simulation Results
Considering the above, we’ve calculated the gain of using early termination signal compared to the current approaches. The simulation results can be seen in Figure 1. It can be seen overall a gain of 17-28% can be seen compared to the under-allocation approach, and a gain of 18-45% can be seen compared to the BLER≤0.1 approach.
Observation 1: Using early termination signal may improve power by up to 45%.
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Figure 1 - Percentile gain of using early termination signal
4 Conclusion

In this contribution we make the following observations and proposals:

Observation 1: Using early termination signal may improve power by up to 45%.
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Appendix I – BLER Tables
	Reps
SNR
	1.00
	8.00
	16.00
	24.00
	32.00
	40.00
	48.00
	56.00
	64.00
	72.00
	80.00
	88.00
	96.00
	104.00
	112.00
	120.00
	128.00

	-19.00
	1.00
	1.00
	0.99
	0.96
	0.80
	0.59
	0.41
	0.22
	0.12
	0.07
	0.03
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00

	-17.50
	1.00
	1.00
	0.96
	0.78
	0.48
	0.23
	0.10
	0.04
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-17.00
	1.00
	1.00
	0.93
	0.65
	0.33
	0.13
	0.04
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-16.00
	1.00
	0.99
	0.79
	0.38
	0.11
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-14.00
	1.00
	0.93
	0.32
	0.05
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-13.00
	1.00
	0.81
	0.11
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-12.60
	1.00
	0.76
	0.07
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-12.00
	1.00
	0.60
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-11.00
	1.00
	0.35
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-10.00
	1.00
	0.10
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-7.50
	1.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-5.00
	0.93
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Table 1 - BLER for SC=15KHz NPUSCH with AWGN Channel
	Reps
SNR
	1.00
	8.00
	16.00
	24.00
	32.00
	40.00
	48.00
	56.00
	64.00
	72.00
	80.00
	88.00
	96.00
	104.00
	112.00
	120.00
	128.00

	-19.00
	1.00
	1.00
	0.99
	0.96
	0.80
	0.59
	0.41
	0.22
	0.12
	0.07
	0.03
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00

	-17.50
	1.00
	1.00
	0.96
	0.78
	0.48
	0.23
	0.10
	0.04
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-17.00
	1.00
	1.00
	0.93
	0.65
	0.33
	0.13
	0.04
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-16.00
	1.00
	0.99
	0.79
	0.38
	0.11
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-14.00
	1.00
	0.93
	0.32
	0.05
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-13.00
	1.00
	0.81
	0.11
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-12.60
	1.00
	0.76
	0.07
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-12.00
	1.00
	0.60
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-11.00
	1.00
	0.35
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-10.00
	1.00
	0.10
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-7.50
	1.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-5.00
	0.93
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00


Table 2 - BLER for SC=3.75KHz NPUSCH with AWGN Channel
