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1 Introduction

In WG1 ad-hoc meeting in Cannes, a paper on numerology was presented [1] covering spectrum allocations below 5 MHz. It was suggested to define just one numerology for spectrum allocations smaller than 5 MHz. While this is still the preferred solution of Ericsson it has met several disagreements at the last meeting. 

This contribution therefore proposes numerologies in the downlink for two bandwidth allocations below 5 MHz, which are 1.6 MHz and 2.5 MHz. It is noted however that the position stated in [1] – just one numerology for spectrum allocations less than 5 MHz – remains Ericsson’s preferred view. An companion contribution submitted to this meeting [2] discusses changes to the numerology for spectrum allocations of 5 MHz and above.
2 Discussion

2.1 Spectrum Emission Mask

So far no suitable downlink spectrum emission mask for any spectrum allocation less than 5 MHz exists. The mask chosen in this contribution is based on the UTRA spectrum emission mask contained in [3] (Table 6.3 for maximum output powers equal and above 43 dBm) but shifted towards lower frequency to reflect either 1.25 MHz, 1.6 MHz  or 2.5 MHz spectrum allocation. Our simulations are performed with a maximum output power of 20 W, therefore the mask described in Table 6.3 of [3] was chosen. In agreement with FCC rules the requirements for the “first” MHz outside the modulation bandwidth has been relaxed by 6 dB, 5 dB, and 3 dB for 1.25 MHz, 1.6 MHz, and 2.5 MHz spectrum allocation, respectively. 

2.2 Achievable Out-of-band Emission for 1.25 MHz with current Numerology

Figure 1 shows the resulting power spectrum density for the 1.25 MHz spectrum allocation when using the current numerology, i.e. 75 used sub-carriers. Besides time-domain windowing – which is performed over the whole cyclic prefix – no additional means are used to shape the spectrum further. It can be seen that even with this extreme windowing the achieved spectrum is far away from fulfilling the modified mask. It is important to note that the spectrum depicted in Figure 1 reflects a pure digital waveform, i.e. no impairments are modelled. Modelling PA non-linearities and other RF imperfections would make the result even worse. The most important simulation parameters are summarized in Annex A.
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Figure 1: Spectrum obtained for 1.25 MHz system using current numerlogy and windowing over the whole cylic prefix. The reference mask Mask1 is the UTRA spectrum emission mask shifted in frequency and  relaxed by 6 dB for the “first” MHz. 

2.3 Proposed Numerology for 1.6 MHz

In order to fulfill the assumed spectrum emission mask for a spectrum allocation of 1.6 MHz it is proposed to set the number of used sub-carriers to 72. Figure 2 shows the obtained spectrum emission using these modified parameters. Again, this spectrum reflects a pure digital waveform without any PA or RF impairments. In order to shape the spectrum time-domain windowing over 5 samples (approximately 50 % of total cyclic prefix length) is applied. The most important simulation parameters are summarized in Annex A. A margin of approximately 7 dB is achieved towards the mask, enough to accommodate RF and PA impairments.

No additional filtering is used to shape the spectrum further. This is due to that windowing already consumes 50 % of the cyclic prefix and thus 50 % of the system’s robustness towards multi-path propagation, additional filtering would reduce this margin even further. The reason why windowing is preferred over time-domain filtering is complexity but also advantages windowing brings for In-band Sub-carrier Leakage (ISSL). Filtering shapes only the overall spectrum but does not improve ISSL whereas windowing shapes the spectrum and improves ISSL. This is due to the fact that the windowed sub-carrier transfer function in frequency-domain decays faster than that one without windowing.
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Figure 2: Spectrum obtained for a 1.6 MHz system using the proposed numerlogy and windowing over half of the cylic prefix. The reference mask Mask2 is the UTRA spectrum emission mask shifted in frequency and relaxed by 5 dB for the “first” MHz. 

2.4 Proposed Numerology for 2.5 MHz

The proposed number of used sub-carriers is 120. The obtained spectrum emission is depicted in Figure 3. Windowing over 10 samples but no other spectrum shaping techniques are applied. Again, this spectrum reflects a pure digital waveform without any PA or RF impairments. The most important simulation parameters are summarized in Annex A. A margin of approximately 8 dB is achieved towards the mask, enough to accommodate RF and PA impairments.
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Figure 3: Spectrum obtained for a 2.5 MHz system using the proposed numerlogy and windowing over half of the cylic prefix. The reference mask Mask3 is the UTRA spectrum emission mask shifted in frequency and relaxed by 3 dB for the “first” MHz.

3 Summary & Conclusions

This paper analyses the spectrum emission with the current numerology for a 1.25 MHz spectrum allocation and shows that even the pure digital waveform strongly exceeds the allowed limits. 

Subsequently numerologies that fulfil the assumed spectrum emission masks are proposed for spectrum allocations of 1.6 MHz and 2.5 MHz: In case of the 1.6 MHz spectrum allocation 72 active sub-carriers are recommended. 120 used sub-carriers are proposed for the 2.5 MHz spectrum allocation. 
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Annex A Simulation assumptions

Table 1:
 Simulation assumptions.
	Parameter
	1.25 MHz
	1.6 MHz
	2.5 MHz

	Power in W
	20
	20
	20

	Windowed samples of CP
	9
	5
	10

	Additional spectrum shaping means 
	Off
	Off
	Off

	PA and RF impairments
	None
	None
	None

	Active sub-carriers
	75
	72
	120


