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[bookmark: _Ref409106980][bookmark: _Ref387147111][bookmark: _Ref416466774]Introduction
[bookmark: _Ref421460494]At RAN#69 a new work item on narrowband IoT and tasked RAN1 to evaluate two numerology options for both UL and DL:
· DL: 15 kHz sub-carrier spacing (with normal or extended CP) and 3.75 kHz sub-carrier spacing. 
· UL: FDMA with GMSK modulation and SC-FDMA (including single-tone transmission as a special case of SC-FDMA) 

High device power efficiency is a desired feature of the UL and DL design options, and one of the performance objectives is for the IoT device to meet the battery lifetime requirement of 10 years. One way to evaluate power efficiency is to evaluate the whole signaling chain, including a full UL and DL system design, as is done in [1], [2], and [3]. However, in this contribution we isolate the UL data transmission and study the power efficiency of the two uplink designs for this case. 
NB-IOT UL design energy consumption comparison
In worst coverage, at 164 dB coupling loss, the UL data transmission amounts to more than 80% of the power consumption, often more than 90%. Therefore we study this scenario.
We study the energy required to transmit an 85 byte packet (size above the equivalent of SNDCP layer). Table 1 shows the data and the calculations. The link performance is studied in [4] and the link performance for a coupling loss of 164.7 dB is used. For that coupling loss, the data rates (above SNDCP) are 246 bps for GMSK, and 436 for SC-FDMA, and the transmission time of the 85 byte packet is 2.76 s and 1.56 s, respectively. This is shown in [4], where also the link performance loss of GMSK is explained. Although [5] shows that also SC-FDMA can be operated with essentially the same PA efficiency as GMSK, in this study we use a pessimistic assumption of lower PA efficiency of SC-FDMA. 
As we see in Table 1, the worse link performance of GMSK leads to 77% longer transmission time. Even though the PA power consumption in this study is assumed to be lower for GMSK, the long transmission time results in a higher energy per packet with GMSK compared to SC-FDMA. If you instead study the number of packets that could be transmitted per unit energy, you see that SC-FDMA can transmit 56% more packets per unit energy, thus being 56% more power efficient.

[bookmark: _Ref434621824]Table 1 Transmission, Reception and Idle time per report (ms)
	
	Data rate (bps)
	Transmission time per packet (ms)
	Output power (mW)
	PA efficiency (%)
	PA power consumption (mW)
	Energy per packet (mJ)
	Packets per unit energy (packets/J)
	Relative power efficiency

	GMSK
	246
	2760
	200
	50%
	400
	1104
	0.91
	

	SC-FDMA
	436
	1560
	200
	44%
	455
	709
	1.41
	56%


Conclusions
[bookmark: _GoBack]In this contribution we evaluated the power efficiency of uplink transmissions for the two NB-IOT UL options SC-FDMA and GMSK in isolation, as a complement to the full system design evaluations performed in [1], [2], and [3]. We see that SC-FDMA, due to its better link performance, can transmit 56% more packets per unit energy in bad coverage, even when the PA efficiency is pessimistically assumed to be lower than GMSK. 
Observations: 
· SC-FDMA UL transmissions are more power efficient than GMSK UL transmissions in bad coverage.
· SC-FDMA is 56% more power efficient than GMSK UL at 164.7 dB coupling loss.
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