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Introduction
In this contribution, we compare link-level performance of the two downlink numerologies for OFDMA – 15 kHz sub-carrier spacing and 3.75 kHz sub-carrier spacing. We evaluate the performance under two deployment scenarios – stand-alone and in-band.
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Stand-alone Deployment
Table 1 provides relevant link-level simulation assumptions for stand-alone deployment. 
Table 1. Link-level simulation assumptions for stand-alone operation.
	Parameter
	Value

	Frequency band
	900 MHz

	Sampling rate
	1.92 MHz

	Propagation channel model
	TU

	Doppler spread
	1 Hz 

	Antenna configuration
	DL: eNB: 1Tx, MS: 1Rx 

	Frequency error
	Randomly chosen from [-50, +50] Hz

	Timing error
	Randomly chosen from [-2.5, +2.5]us


For both 3.75 and 15 kHz sub-carrier spacing, the same Tx filter is applied in the downlink in order to keep the PSD within the GSM spectrum emission mask as shown in Figure 1. The Tx filter is a 27-tap FIR filter. Note that, for 15 kHz sub-carrier spacing, normal CP is used.
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Figure 1. PSD of NB-IoT signal.
The M-PDSCH is used for performance comparison of the two subcarrier spacing values. The payload consists of 776 bits and 24-bit CRC. The data is coded using convolutional coding and rate matched to 12ms then repeated a number of times based on the target SNR. QPSK modulation is used.
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Figure 2. Link-level performance comparison of 3.75 kHz and 15 kHz for stand-alone operation.
Figure 2 illustrates link-level performance comparison of 3.75 kHz and 15 kHz in stand-alone operation. In this case, performance is nearly identical for the two subcarrier spacing values. This is despite the use of a 27-tap FIR filter and further timing error of ±2.5us. As a result, it may be observed that the two numerologies are almost identical in performance.
Observation 1: In stand-alone deployment, performance is nearly identical for 3.75 kHz and 15 kHz when a transmit filter is used to satisfy GSM SEM and in the presence of timing error.  
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In-band Deployment
Table 2 provides relevant link-level simulation assumptions for in-bands deployment. In-band deployment for the two NB-IoT options are shown in Figure 3.
Table 2. Link-level simulation assumptions for in-band operation.
	Parameter
	Value

	System bandwidth
	10 MHz

	Frequency band
	900 MHz

	Propagation channel model
	TU

	Doppler spread
	1 Hz 

	Antenna configuration (Transmission mode)
	DL: eNB: 2Tx, MS: 1Rx (TM2)

	Frequency error
	Randomly chosen from [-50, +50] Hz

	Timing error
	Randomly chosen from [-2.5, +2.5]us

	PDCCH symbols
	2


For the 15 kHz subcarrier spacing, no Tx filter is used for in-band deployment. Furthermore, interference from LTE into NB-IoT is not modelled. For the 3.75 kHz subcarrier spacing, a 27-tap FIR Tx filter is used for in-band deployment. Interference from LTE into NB-IoT is modelled as additional noise based on ACIR value. In this case, the ACLR value is 15 dB and the ACS value is 35 dB. Also, NB-IoT is boosted by 6 dB compared to the LTE PRB PSD. Furthermore, some NB-IoT subcarriers must be punctured to accommodate legacy LTE CRS as shown in Figure 3. 
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Figure 3. In-band NB-IoT with 3.75 kHz and 15 kHz subcarrier spacing.
Figure 4 illustrates link-level performance comparison of 3.75 kHz and 15 kHz for in-band operation. In this case, performance of 15 kHz subcarrier spacing is significantly better than 3.75 kHz. This is due mostly to puncturing the NB-IoT to accommodate legacy LTE CRS. The interference from LTE into NB-IoT at 3.75 kHz subcarrier spacing does not degrade performance substantially in this case since it is noise-limited.
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Figure 4. Link-level performance comparison of 3.75 kHz and 15 kHz for in-band operation.
It can be observed that for in-band deployment, performance for 3.75 kHz is significant worse than for 15 kHz subcarrier spacing. For instance, based on Figure 4, performance for 3.75 kHz is 1.7 dB worse. As a result, approximately 50% more repetitions would be required.
Observation 2: In in-band deployment, performance for 3.75 kHz is significant worse than for 15 kHz subcarrier spacing.  
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Conclusion
In this contribution, we compare link-level performance of 3.75 kHz and 15 kHz sub-carrier spacing for stand-alone and in-band deployment scenarios. The following observations can be made regarding the results.

Observation 1: In stand-alone deployment, performance is nearly identical for 3.75 kHz and 15 kHz when a transmit filter is used to satisfy GSM SEM and in the presence of timing error.  



Observation 2: In in-band deployment, performance for 3.75 kHz is significant worse than for 15 kHz subcarrier spacing.  
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