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Introduction
In this contribution, we consider stand-alone deployment for OFDMA using 15 kHz sub-carrier spacing. Specifically, we consider the need to meet the GSM spectrum emission mask and impact on performance.
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Stand-alone Deployment
For stand-alone deployment, spectral shaping would be required in order to satisfy the GSM spectrum emission mask. In this case, we use a 27-tap FIR Tx filter to keep the PSD within the GSM SEM. The PSD of the filtered NB-IoT signal is shown in Figure 1 where it is seen that the PSD is well within the GSM SEM requirement. Assuming practical MSR base station, even with crest factor reduction the EVM can be kept well below 12.5% which is sufficient to support even 16QAM for NB-IoT based on the requirements defined in TS 36.104 [1]. 
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Figure 1. PSD of NB-IOT signal. 
The 27-tap FIR filter has been designed so that most of the energy is contained within the central 9 taps and therefore within the normal CP length. To evaluate the performance, link-level analysis of the M-PDSCH is used. The payload consists of 776 bits and 24-bit CRC transmitted over 12 subframes (12ms). Antenna configuration of 1Tx-1Rx. CRS mapping is based on LTE. Convolution coding and QPSK modulation are used. The target BLER of the M-PDSCH is 10%. Table 1 provides other link-level simulation assumptions used in the evaluation. 

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


Figure 2 illustrates link-level performance comparison with and without the use of a 27-tap FIR filter. In both cases, timing error of ±2.5us and frequency error of ±50Hz are assumed. From Figure 2, it is seen that performance is nearly identical with and without the use of the FIR filter.
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Figure 2. Link-level performance comparison with and without the Tx filter.
3
Conclusion
In this contribution, we evaluated the performance of a 27-tap FIR filter for OFDMA with 15 kHz subcarrier spacing. It is shown that the filter can satisfy the GSM spectrum emission mask without any noticeable degradation in performance. 
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