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Introduction
A new work item on narrow band IoT (NB-IoT) has been approved in RAN #69 and updated in RAN #70 [1]. It has been agreed,
· For the uplink: 
· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.
· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.
· FFS: Additional mechanisms for PAPR reduction.
· The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs.
This paper discusses the multiplex manner of uplink signal with different numerologies. 
Discussion
TDM of signal with 3.75kHz-subcarrier spacing and 15kHz-subcarrier seems natural due to its easy practicability and the possible avoidance of ISI under the protection of cyclic prefix. However, if only TDM manner is supported, the flexibility of NB-IoT uplink resource allocation would be very limited. For example, eNB needs to at least collect about 48 users for one transmission resource block dedicated to 3.75kHz subcarrier spacing-based signal. The transmission duration of those users which deserve 15kHz-subcarrier spacing-based transmission would be obviously extended. Their battery life could be correspondingly reduced.
Observation: If only TDM manner is supported, the flexibility of NB-IoT uplink resource allocation would be very limited.
To investigate the feasibility of FDM manner, some simulations on interference impact have been done. Due that there is no shaping filter utilized at transmitters in our simulation, the simulated cases are almost the worst in NB-IoT deployment. The simulation results are shown in the Appendixes and summarized below:
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]15kHz-subcararier spacing signal is the target signal and 3.75kHz-sbucarrier spacing signal is an interference: 
· An 11.25kHz-gap would be enough to guarantee the demodulation performance of the target signal, even if the interference has a same power as the target signal.
· A 9 dB power difference between interference and target signal would be enough to guarantee the demodulation performance of the target signal, even if there is no gap between the interference and target signal.
· 3.75kHz-subcararier spacing signal is the target signal and 15kHz-sbucarrier spacing signal is an interference: 
· No obvious impact of 15kHz-interfernce on 3.75kHz-signal even if the power of interference has the much higher power than the target signal, such as 14dB.
Shown by the simulation results, 15kHz-signal is victim and 3.75kHz-signal is aggressor. Fortunately, the received power of 15kHz-signal is usually larger than that of 3.75kHz-signal. According to the observations based on simulation results, the impact of 3.75kHz-interference on 15kHz-signal could be alleviated by eNB implementation. Hence, FDM of signal with different subcarrier spacing is practical. ‘TDM+FDM’ would be preferred because of the benefits to both the flexibility of resource allocation/scheduling and individual device cost.
[bookmark: OLE_LINK8][bookmark: OLE_LINK10][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal: ‘TDM+FDM’ of signal with different subcarrier spacing is supported in Rel-13 NB-IoT.
Conclusion
In this paper, we discuss the possible multiplexing manners of uplink signal with different subcarrier spacing. Based on analyses and simulation results, it is proposed that ‘TDM+FDM’ of signal with different subcarrier spacing is supported in Rel-13 NB-IoT.
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Appendix I: simulation assumption on FDM
Table 1 Common simulation assumptions
	
	Simulation assumptions

	[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Carrier frequency
	2G Hz

	Antennas
	MS: 1Tx, BS: 2Rx

	Working BLER
	10%

	Multipath channel
	ETU, 1 Hz

	Modulation and coding scheme
	QPSK, Turbo code (24-bit CRC, RV:0/2/3/1)

	Pilot density/pattern
	1 RS symbol per 7 symbols, following the RS pattern of legacy LTE

	Timing error
	Randomly chosen from [-2.5, 2.5] us for signal with 15kHz-subcarrier spacing and [-10,10] us for signal with 3.75kHz-subcarrier spacing

	Frequency error
	F_offset(t)=F_est_error+(F_drift_active * t)
F_est_error: Randomly chosen from [-50, 50] Hz
F_drift_active: 22.5 Hz/second

	Subcarrier spacing
	3.75k Hz/15kHz

	TBS
	776 bits

	Resources for once transmission
	864 available data REs per once repetition

	Cross-subframe channel estimation
	cross 6 M-subframe channel estimation



Table 2 Case1: 15kHz-subcarrier spacing signal with 3.75kHz-subcarrier spacing interference
	
	Signal
	Interference

	Subcarrier spacing
	15kHz
	3.75kHz

	Subcarrier number per symbol
	1/3/6
	Single

	Repetition number
	1
	--

	Power density ratio of signal to interference
	0dB/-3dB/-6dB/-9dB

	Gap between signal and interference
	0Hz/3.75kHz/7.5kHz/15kHz



Table 3 Case2: 3.75kHz-subcarrier spacing signal with 15kHz-subcarrier spacing interference
	
	Signal
	Interference

	Subcarrier spacing
	3.75kHz
	15kHz

	Subcarrier number per symbol
	Single
	6

	Repetition number
	5
	--

	Power density ratio of signal to interference
	-14dB 

	[bookmark: _Hlk439863066]Gap between signal and interference
	0Hz


Appendix II: simulation results of case 1
Different gaps between signal and interference (power ratio is fixed to be 0dB)
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Figure 1 BLER performance of single 15kHz-spacing subcarrier (power ration: signal/interference = 0dB)
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Figure 2 BLER performance of three 15kHz-spacing subcarriers (power ration: signal/interference = 0dB)
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Figure 3 BLER performance of six 15kHz-spacing subcarriers (power ration: signal/interference = 0dB)
Different power ratio of signal and interference (no gap)
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Figure 4 BLER performance of single 15kHz-spacing subcarrier (no guard between signal and interference)
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[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Figure 5 BLER performance of three 15kHz-spacing subcarriers (no guard between signal and interference)
[image: ]
Figure 6 BLER performance of six 15kHz-spacing subcarriers (no guard between signal and interference)

Appendix III: simulation results of case 2
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Figure 7 BLER performance of single 3.75kHz-spacing subcarrier (Power ration = -14dB, No Guard)
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