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1 Introduction
Discussions on NR RF requirements were warmed up in last two meetings. One aspect of the RF requirements is that whether we keep existing guard band for below 6GHz NR system as that for LTE, i.e. 10% guard band for 5~20MHz channel bandwidths. In this contribution, we provide some considerations on the guard band issue for below 6GHz.
2 Discussion
Spectrum is a precious resource for operators, especially when the operating bands are below 6GHz. The efforts to improve the spectrum efficiency in 3GPP are never stopped. Even in Rel-10, the extension of RB utilization was discussed for new carrier types under CA topic. In NR, with new waveform in physical layer design, we see the possibility that guard band could be further reduced. 
Current 10% guard band for LTE was initially discussed and agreed in RAN1’s evaluation. The agreement was captured in the outcome of the study item on Evolved UTRA and UTRAN [1]. The table below is copied from TR 25.814, where we see that for all channel BWs at that time, the guard band is supposed as 10%.
TR 25.814 Table 7.1.1-1 - Parameters for downlink transmission scheme
	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	Sub-frame duration 
	0.5 ms

	Sub-carrier spacing
	15 kHz

	Sampling frequency 
	1.92 MHz
(1/2 ( 3.84 MHz)
	3.84 MHz
	7.68 MHz
(2 ( 3.84 MHz)
	15.36 MHz
(4 ( 3.84 MHz)
	23.04 MHz
(6 ( 3.84 MHz)
	30.72 MHz
(8 ( 3.84 MHz)

	FFT size
	128
	256
	512
	1024
	1536
	2048

	Number of occupied 
sub-carriers†, ††
	76
	151
	301
	601
	901
	1201

	Number of 
OFDM symbols 
per sub frame
(Short/Long CP)
	7/6

	CP length (μs/samples)
	Short
	(4.69/9) ( 6,

(5.21/10) ( 1*
	(4.69/18) ( 6,
(5.21/20) ( 1 
	(4.69/36) ( 6,

(5.21/40) ( 1 
	(4.69/72) ( 6,

(5.21/80) ( 1 
	(4.69/108) ( 6,

(5.21/120) ( 1 
	(4.69/144) ( 6,

(5.21/160) (1 

	
	Long
	(16.67/32)
	(16.67/64)
	(16.67/128)
	(16.67/256)
	(16.67/384)
	(16.67/512)


Once RAN1 reached the agreement, the information was sent to RAN4 for further evaluation [2]. RAN1 asked RAN4 to confirm, whether the current E-UTRA numerology given in TR25.814 is feasible. RAN4 was also asked to indicate the number of 15 kHz subcarriers that may be occupied on the uplink in a DFT-S-OFDM symbol and on the downlink in an OFDM symbol in the 5 MHz spectrum allocation case such that the respective UE and BS UTRA spectral masks may be satisfied. 

Based on RAN4’s evaluation [3], it confirmed that results presented by a number of companies in RAN4 have shown it is feasible to meet the existing UTRA spectrum emission mask specified in TS 25.101 and TS 25.104 based on current E-UTRA numerology given in TR 25.814 and 46 dBm basestation power, while carriers with CBW less than 5MHz need further study.
From the brief history of deciding 10% guard band for LTE, we see that the determining factor is whether the number of 15 kHz subcarriers for different channel BWs can meet the spectrum emission mask requirement. 
The waveforms of NR are still under study in RAN1. One attractive aspect of some of the waveforms is that the frequency-localized OFDM-based waveforms, e.g. filtered OFDM (f-OFDM) ‎[4] and windowed OFDM (W-OFDM) [5] can improve the OOBE compared to LTE. 
Figure 1 is the simulation curve of the frequency-localized OFDM-based waveform. The stringent MSR spectrum mask is utilized in the simulation. It can be seen that more RBs can be supported by frequency-localized OFDM-based waveform compared to that of LTE, in other words, the guard band reduction is possible for some kind of waveforms for NR.
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Figure 1 Spectrum characteristics of frequency-localized OFDM-based waveform
It is worth noting that the initial evaluation of guard band for LTE in RAN4 is based on UTRA emission mask, and we know that UTRA mask is more stringent than that of LTE, which means that 10% guard band has enough margins even for LTE. 
3 Conclusion
History of 10% guard band for LTE was briefly reviewed in this contribution. The determining factor to decide existing guard band for LTE is based on evaluation of the number of 15 kHz subcarriers for different channel BWs to meet the spectrum emission mask. With the same principle, based on preliminary evaluation, we think that it is possible to further reduce the guard band for NR below 6GHz at least for the frequency-localized OFDM-based waveforms.

Proposal: RAN4 agrees to adopt less than 10% guard band for NR below 6GHz. 
References
[1] 3GPP TR 25.814, Physical layer aspects for evolved Universal Terrestrial Radio Access (UTRA)
[2] R1-061932, LS on spectral emissions mask and coexistence, Motorola
[3] R4-061006, Draft LS on spectral emissions mask and coexistence, Motorola
[4] J. Abdoli, M. Jia, J. Ma, “Filtered-OFDM: A new waveform for future wireless systems”, IEEE International Workshop on Signal Processing Advances in Wireless Communications, 2015.
[5] R1-163224, Feasibility of Mixing Numerology in an OFDM System, Ericsson























































































3GPP


