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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. Companion contribution [3] submitted to this meeting also treats the cases for spectrum allocations below 5 MHz.

This paper elaborates on other LTE numerology aspects considering the fundamental spectrum emission mask and radio implementation with focus on bandwidths of 5 MHz and above.  
2 Discussion

Comparing the digital waveforms of WCDMA and of the LTE 5 MHz OFDM system as currently proposed in [2] it is obvious that the OFDM waveform is significantly wider, see Figure 1. 

Due to coexistence reasons it is reasonable to assume that the current WCDMA spectrum emission mask should more or less be applicable for a 5 MHz LTE system. Therefore Figure 1 also shows the WCDMA spectrum emission mask as reference. 
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Figure 1
: Comparison of digital waveforms of  WCDMA and LTE 5 MHz OFDM. Both carriers have a power of 40 W. As a reference the WCDMA spectrum emission mask is depicted.

The OFDM waveform is generated using the current assumptions as in [2] and windowing using approximately 50 % of the cyclic prefix. Besides windowing no additional measures are applied to shape the waveform. No additional filtering is used to shape the spectrum 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. All simulation assumptions can be found in Annex B.
It can easily be seen that the pure digital OFDM waveform hardly fulfils the spectrum emission masks. It is important to note here that the depicted graph is the purely digital waveforms, non-linearities or other transmitter imperfections are not included. 

Using the parameters setting as provided in [2] (i.e. number of active sub-carriers) leaves therefore almost no margin for radio imperfections. Furthermore shows Figure 1 that for output powers higher than 40 W even the digital waveform already violates the spectrum emission mask excluding therefore such high output powers. Leaving a headroom for radio imperfections will limit the output power even further or require extremely linear radio implementations that do not contribute to the out of band emissions. Such implementations significantly increase the costs for LTE compared to WCDMA and are typically less power efficient. 

One way to create additional headroom for radio imperfections would be to increase the windowing. However, in this case the LTE will lose its robustness towards multi-path propagation.

By revising the numerology and allowing for 288 active sub-carriers instead of currently  300, the total transmission bandwidth will slightly decrease from 4.5 MHz to 4.32 MHz. At the same time sufficient head room towards spectrum emission mask is achieved allowing for radio imperfections.
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Figure 2
: 5 MHz LTE waveform with 288 active sub-carriers.

In Annex A, the achieved digital waveforms for bandwidths of 10, 15, and 20 MHz are shown when scaling this new number of active sub-carriers per 5 MHz with bandwidth, i.e. 576, 864, and 1152 active sub-carriers for 10, 15, and 20 MHz, respectively. Due to co-existence aspects, a frequency shifted WCDMA mask was assumed for these scenarios. These plots indicate that there is some additional head room to possibly increase the number of active sub-carriers beyond above stated numbers for higher spectrum allocations while maintaining enough margins for radio imperfections.

3 Summary & conclusions

In this paper, we compare the 5 MHz LTE waveform with WCDMA and conclude that given the same spectrum emission mask requirements, the LTE radio implementation is significantly more stringent than in WCDMA.

Given the current LTE numerology, it is shown that there are no head rooms for radio imperfections nor support for output powers as high as 40 W which makes LTE less efficient than WCDMA.

Therefore we propose to revisit the numerology and reduce the number of active sub-carriers for the 5 MHz spectrum allocation to 288. This would result in a slight loss of spectrum efficiency but create sufficient margins allowing for higher output powers and feasible radio implementations. 
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Annex A
10 MHz LTE with 576 active sub-carriers
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Figure 3: 10 MHz LTE waveform with 576 active sub-carriers. Note that the spectrum emission mask Mask1 is the frequency shifted and for the “first” MHz by 3 dB tightened (according to FCC rules)  WCDMA spectrum mask.
15 MHz LTE with 864 active sub-carriers
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Figure 4: 15 MHz LTE waveform with 864 active sub-carriers. Note that the spectrum emission mask Mask1 is the frequency shifted and for the “first” MHz by 5 dB tightened (according to FCC rules) WCDMA spectrum mask.
20 MHz LTE with 1152 active sub-carriers
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Figure 5: 20 MHz LTE waveform with 1152 active sub-carriers. Note that the spectrum emission mask is the frequency shifted and for the “first” MHz by 6 dB tightened (according to FCC rules) WCDMA spectrum mask.
Annex B Simulation assumptions

Table 1:
 Simulation assumptions.
	Parameter
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in W
	40
	40
	40
	40

	Windowed samples of CP
	18
	30
	30
	30

	Additional spectrum shaping means 
	Off
	Off
	Off
	Off

	PA and RF impairments
	None
	None
	None
	None

	Active sub-carriers 
	288
	576
	864
	1152


