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1 Introduction
In LS from ITU-R Working Party 5D, spectrum mask is an important parameter for their co-existence study [1]. Definitely, it is also important from both regulation and implementation point of view. This contribution provides our initial consideration on the spectrum emission mask for NR.
2 Discussion
2.1 Emission masks for UTRA and E-UTRA

Before considering the emission mask of NR, we can have a brief review of the SEM for UTRA and E-UTRA. Some of the principles of defining these masks can be a useful reference for NR.
Here we just consider the SEM for WA BS. 
SEM of UTRA is mostly based on the FCC spectrum limits. For instance, it is specified in FCC 47 CFR part 24 that “The power of any emission outside of the authorized operating frequency ranges must be attenuated below the transmitting power (P) by a factor of at least 43 + 10log(P) dB. Compliance with this provision is based on the use of measurement instrumentation employing a resolution bandwidth of 1 megahertz or greater. However, in the 1 megahertz bands immediately outside and adjacent to the licensee’s frequency block, a resolution bandwidth of at least one percent of the emission bandwidth of the fundamental emission of the transmitter may be employed. The emission bandwidth is defined as the width of the signal between two points, one below the carrier center frequency and one above the carrier center frequency, outside of which all emissions are attenuated at least 26 dB below the transmitter power.”  1MHz frequency offset is adopted in the UTRA mask, and small measurement BW is considered for the spectrum immediately outside the channel BW. 
UTRA SEM considered the FCC limits but also made some adjustments. The mask for frequency offset from 2.7MHz to 3.5MHz is defined as a slope to consider the real spectrum character. 
When it was time to define the E-UTRA SEM where large channel BWs were considered, the common view is that the UTRA mask is a bit stringent. Different from UTRA, six channel BWs shall be considered for E-UTRA rather than only one for UTRA. And the resource blocks can be allocated flexibly in the channel BW. During the study, it was agreed that [2]:
· The SEM limit should be set to allow some variations due to varying power allocation between resource blocks.

· If there is to be both an ACLR-type requirement with carrier-wide reference bandwidth and a mask (SEM) with much narrower reference bandwidth, the ACLR limit should be somewhat stricter than the integrated SEM. In this way, the ACLR can capture the “average” behaviour over a carrier, while the SEM can take into account the variations in the spectrum emissions resulting from variations in power allocations. Therefore the integrated power over the SEM on an adjacent channel must not be identical with the ACLR requirement.

In general, the SEM of E-UTRA is less stringent than that of UTRA in order to accommodate different channel BWs. The method of defining E-UTRA mask is relatively simple, and a single mask can be used for different channel BWs. The similar method could be adopted by NR.
One important aspect of the SEM is where the mask range ends in frequency, i.e. where is the boundary between SEM and spurious emissions.
For UTRA, there is only one channel BW. The early specification referred the principle recommended by ITU-R [3], “the spurious domain generally consists of frequencies separated from the centre frequency of the emission by 250% or more of the necessary bandwidth of the emission.” In SEM requirement, f_offsetmax (f_offset is the separation between the carrier frequency and the centre of the measuring filter) is defined either 12.5 MHz or the offset to the UMTS Tx band edge, whichever is the greater. When the carrier is not placed at the band edge, there would be an overlapping area between SEM and spurious domain according to ITU-R principle in the operating band. It is worth noting that, for multi-carrier, the same boundary applies. For E-UTRA, the SEM boundary is defined uniquely to the frequency 10MHz outside the downlink operating band for all six channel BWs. Clearly, the ITU-R 250% principle of the boundary between SEM and spurious emissions is referred by UTRA in defining the mask, but later, when multi-carrier and E-UTRA are considered, the 250% principle is not strictly followed anymore [4]. 
From the existing masks for UTRA and E-UTRA, some principles in defining the emission mask are listed as below:
1) Regulation limits should be considered

2) The measurement bandwidth shall be small enough to distinguish the near end spectrum characteristics
3) The mask for the second adjacent channel is comparable to the ACLR requirement

4) Absolute limits are used in defining the masks rather than the relative values

5) The boundary of SEM and spurious is not strictly aligned with the ITU-R recommendation

2.2 Emission mask for NR
2.2.1 Below 6GHz
The spectrum emission mask for NR depends on the spectrum which could be used for NR. 
Refarming existing bands for NR is one possible scenario. In this case, co-existing with other IMT RATs is essentially the same scenario of MSR, hence current BS and UE masks could be reused for NR or at least as an important reference to define the NR mask. 
According to WRC-15 progress, some other spectrum below 6GHz has been allocated to IMT application, which can be considered as NR spectrum as well. For these NR band(s), the SEM can be studied further. 
2.2.2 Above 6GHz
For mmWave bands, e.g. around 30GHz and 70GHz, there are already some wireless services in use. The requirements for fixed wireless point-to-point may not be suitable as a reference for NR. IEEE 802.11ad is mainly used for indoor scenario around 60GHz. The transmit mask of 802.11ad is illustrated in Figure 2. 
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Figure 2 Transmit mask of 802.11ad [5]
It is noted that the mask is defined in a relative way and the resolution bandwidth shall be set to 1 MHz in measurement. 
Recently FCC announced 5G high frequency bands, i.e. 28GHz, 39GHz and 37GHz bands for licensed application and 64-71GHz band for unlicensed use [6]. Regarding the out of band emission limits, FCC did not adopt the dBr radiated emission mask (e.g. the 802.11ad similar mask) as the mask is significantly more relaxed than the -13 dBm/MHz absolute limit. It was proposed by FCC that for the first 10 percent of the channel bandwidth from the edge of the licensed block, the emission level of -5 dBm/MHz, and beyond the first 10 percent of the channel bandwidth, the emission level is -13 dBm/MHz. 
As discussed in section 2.1, the regulation limits are important reference in defining the spectrum emission mask. We think the FCC limits for mmWave bands could be a starting point when we consider the SEM for NR. With this consideration, the absolute limits should be defined for NR. Considering the larger channel bandwidth, it may not be appropriate to use 30kHz or 100kHz for the near end spectrum immediately outside the channel edge as defined in UTRA and E-UTRA masks. Both 802.11ad and FCC adopted 1MHz resolution bandwidth. For NR, 1MHz can be considered in defining the mask.
2.3 Boundary between emission mask and spurious emissions
As discussed in 2.1, the boundary between UTRA/E-UTRA SEM and spurious emission does not strictly align with the 250% necessary bandwidth recommendation. When multi-carrier or CA is considered, even when the carriers are located at the band edge, only 10MHz outside the band edge is defined as the boundary, which is more stringent than ITU-R recommendation. 
Table 1 is excerpted from [7], which recommended the boundary including the mmWave bands. 
Table 1 Guideline values for frequency separation between the centre frequency and the boundary of the spurious domain

	Frequency
range
	Narrow-band case
(BN  BL)
	Normal
separation
	Wideband case
(BN  BU)

	
	BL
	Separation
	
	BU
	Separation

	9 kHz  fc  150 kHz
	250 Hz
	625 Hz
	2.5 BN
	10 kHz
	1.5 BN + 10 kHz

	150 kHz  fc  30 MHz
	4 kHz
	10 kHz
	2.5 BN
	100 kHz
	1.5 BN + 100 kHz

	30 MHz  fc  1 GHz
	25 kHz
	62.5 kHz
	2.5 BN
	10 MHz
	1.5 BN + 10 MHz

	1 GHz  fc  3 GHz
	100 kHz
	250 kHz
	2.5 BN
	50 MHz
	1.5 BN + 50 MHz

	3 GHz  fc  10 GHz
	100 kHz
	250 kHz
	2.5 BN
	100 MHz
	1.5 BN + 100 MHz

	10 GHz  fc  15 GHz
	300 kHz
	750 kHz
	2.5 BN
	250 MHz
	1.5 BN + 250 MHz

	15 GHz  fc  26 GHz
	500 kHz
	1.25 MHz
	2.5 BN
	500 MHz
	1.5 BN + 500 MHz

	fc  26 GHz
	1 MHz
	2.5 MHz
	2.5 BN
	500 MHz
	1.5 BN + 500 MHz


For NR, larger channel BW would be supported. Based on the recommended separation values of ITU-R, it can be seen that the SEM range could be very large for larger channel BW. While this may not be necessary, it offers an opportunity for reconsidering the boundary.

In our view, the boundary discussion should consider both the possible channel BWs adopted by NR and the band filter rejection capability that can be reasonably achieved. 
3 Conclusion
Initial considerations on spectrum emission mask for NR are discussed in this contribution. Some principles in defining SEM for UTRA and E-UTRA are summarized as a reference for NR. Based on these principles, the following aspects should be considered in defining NR SEM requirement.
· FCC limits for mmWave bands should be considered as a starting point.
· The absolute limits should be defined for NR.
· 1MHz resolution bandwidth can be adopted in defining the mask.
· The method to define the E-UTRA mask can be considered for NR as well, i.e. considering the link  between SEM and ACLR, especially for the second adjacent channel.
· Boundary may not be aligned with the ITU-R recommendation. Instead, it should depend on the channel BWs adopted by NR and the band filter rejection capability.
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