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1. Introduction
In RAN#69, a new WI called NB-IoT was created [1]. The downlink of NB-IoT uses OFDMA but has two sub-carrier spacing options that should be evaluated: 15 kHz and 3.75 kHz, which are originated from the technical report TR45.820 [2]. 
One of the deployment scenarios defined in [1] is stand-alone, e.g. re-farming one of the GSM carriers on a GSM MCBTS. In this case, the spectral emission of NB-IoT downlink must, as a minimum, meet the GSM spectral emission mask. In fact, for some standalone deployment scenarios, it may be beneficial to meet a much tighter spectral mask than GSM in order to minimize the guard band required between NB-IoT and a system operating in the adjacent spectrum.
An issue with the OFDM downlink is that the modulation has “sinc” spectral sidelobes due to the rectangular pulse shape used by the subcarrier modulation. A well-known mitigation technique is windowing, which smooths the transition between OFDM symbols and hence attenuates the side-lobes of the signal spectrum. However, the windowing effectively utilises part of the cyclic prefix, which means that the available cyclic prefix to avoid inter-symbol interference due to multipath, receive filtering and timing errors is reduced. 
Another frequently-used technique is TX filtering, which introduces correlations between symbols in addition to reducing the unwanted emissions. In RAN1 #82bis the impacts of TX filtering were studied [3] by evaluating the link-level M-PDSCH BLER.
In this contribution, the effect of windowing on the downlink using 3.75 kHz sub-carrier spacing and the effect of TX filtering on the downlink using 15 kHz sub-carrier spacing are studied by evaluating the attainable EVM as seen by the receiver.
2. Simulation results
2.1 Simulation settings
The simulation set-up for sub-carrier spacing of 3.75 kHz is listed in Table 1.
[bookmark: _Ref430356126][bookmark: _Ref430356120]Table 1: Simulation Settings for Sub-carrier Spacing of 3.75 kHz
	Parameter
	Value

	Number of occupied OFDM sub-carriers
	48

	Sub-carrier spacing
	3.75 kHz

	CP length
	25 µs

	Window type
	Hanning

	Windowing duration (overlap of one symbol into the next symbol)
	8%, 16% and 32% of the CP


The simulation set-up for sub-carrier spacing of 15 kHz is listed in Table 2.
[bookmark: _Ref434489199]Table 2: Simulation Settings for sub-carrier spacing of 15 kHz
	Parameter
	Value

	Number of occupied OFDM sub-carriers
	12

	Sub-carrier spacing
	15 kHz

	CP length
	4.7 µs

	Filter taps (@1.92 MHz sample rate)
	[-0.00444, -0.00628, -0.00879, -0.00369, 0.01268, 0.04351, 0.08553, 0.12973, 0.16359, 0.17630, 0.16359, 0.12973, 0.08553, 0.04351, 0.01268, -0.00369, -0.00879, -0.00628, -0.00444]Note 1


  Note 1: The filter coefficients are provided by Ericsson.

Furthermore, in order to provide certain ACS, the DL receiver would need to apply a channel filter to the received signal. A raised-cosine filter is assumed in the simulations, with filter parameters as listed in Table 3.
[bookmark: _Ref434489183]Table 3: RX Filter Settings
	Parameter
	Value

	Filter type
	Raised-cosine in frequency domain

	Roll-off factor
	0.25

	6-dB BW (single-side)
	120 kHz

	Frequency Response
	[-32, -42, -45] dB 
at [200, 400,600] kHz offset



2.2 EVM
The attainable EVM of the TX signal is shown in Figure 2. For sub-carrier spacing of 3.75 kHz, because the required window duration is less than 50% of the CP, there is no ISI when the RX FFT is placed in the middle region of the CP, hence there is no EVM degradation caused by windowing for a range of timing offsets. For example, the ISI-free region is about 18 us for the window duration of 16% of CP. On the other hand, for sub-carrier spacing of 15 kHz, the TX filtering introduces ISI and the pass-band ripple of the filter also degrades the TX signal quality.
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(a) Sub-carrier spacing of 3.75 kHz
	[image: ]
(b) Sub-carrier spacing of 15 kHz


Figure 2: The attainable EVM of the NB-IoT downlink signal (the RX FFT offset of 0 corresponds to the beginning of the CP)
The attainable EVM would be further deteriorated by the delay spread of the multi-path channel and the RX channel filter. Figure 3 and Figure 4 shows the combined effect for the case of no-fading and TU 1Hz fading channel, respectively.


	[image: ]
(a) Sub-carrier spacing of 3.75 kHz
	[image: ] 
(b) Sub-carrier spacing of 15 kHz


[bookmark: _Ref434493106]Figure 3: The attainable EVM of the NB-IoT downlink signal after applying the RX channel filter

	[image: ]
(a) Sub-carrier spacing of 3.75 kHz
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(b) Sub-carrier spacing of 15 kHz


[bookmark: _Ref434493110]Figure 4: The attainable EVM of the NB-IoT downlink signal after passing through the TU 1Hz fading channel and applying the RX channel filter

Observation: For sub-carrier spacing of 3.75 kHz, the attainable EVM is more than 20 dB better than that of sub-carrier spacing of 15 kHz over a wide range of timing offsets. Consequently, this approach is very robust to timing errors, which is a consequence of the much longer CP.
3. Conclusions
This document presents the spectral shaping results for NB-IoT downlink when applying the TX filtering or the windowing technique. The attainable EVM are provided. The following observation is obtained:
Observation: For sub-carrier spacing of 3.75 kHz, the attainable EVM is more than 20 dB better than that of sub-carrier spacing of 15 kHz over a wide range of timing offsets. Consequently, this approach is very robust to timing errors, which is a consequence of the much longer CP.
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