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1 Background 

How to specify unwanted emissions including spectrum mask for NR BS was on topic for discussion at RAN4#80bis in Ljubljana and a Way Forward was agreed for BS RF [1]. Based on that discussion, a pragmatic way to specify a spectrum mask is proposed in [2]. This paper derives a NR BS mask based on the proposals in [2.
2 Pragmatic proposal for specifying a spectrum mask
There are now only two meetings left to set the parameters to report to ITU-R WP5D. The spectrum mask is something that historically has been quite challenging to get final agreements on, so a pragmatic approach is needed to progress, and such a pragmatic approach is proposed in [2].

The proposals in [2] for deriving a spectrum mask are as follows:

1. The emissions in the out-of-band domain for BS and UE should be specified using an “transmission centric” mask, where emission limits are set in relation to the offset from the channel edge.

2. The emissions limits should have the new limits in FCC Title 47, §30.203 [3] as a baseline.

3. The emissions in the out-of-band domain should reflect also the expected ACLR performance by having a relative component corresponding to the ACLR in the two first adjacent channels.

4. An absolute level should limit the spectrum mask (as well as ACLR) for lower output power levels.

5. The border between out-of-band and spurious domain should be set in line with ITU-R regulation in ITU-R Recommendations SM.329 [5] and SM.1539 [6].

The five proposals are based on the assertion that 3GPP must focus on the purpose of the response, which is to facilitate sharing studies. For this reason, it follows that the output must properly reflect the expected behavior of NR in such a way that it is useful in the sharing and compatibility studies to be performed. The output does however not have to be 100% spec-ready and fine-tuned to the last detail and can later be adjusted based on additional assumptions. 
In the following discussion, the following variables are used to define the mask:

BT = The transmission bandwidth, which for a single carrier would be the channel bandwidth. BT would also correspond to the “Necessary bandwidth” in ITU-R recommendations and the “Authorized bandwidth” referred to in FCC Title 47, §30.203 [3] and could serve as a definition of Occupied bandwidth.
Δf = Frequency offset from “edge of transmission”. This would correspond to the channel edge for a single carrier, or the “RF bandwidth edge” as used in LTE and MSR specifications for a multicarrier transmission.

PTx = Total transmitted power, which would correspond to the radiated transmitted power if assessed over-the-air.

PAdj = The power in the adjacent channels, assuming a filter bandwidth BT for an adjacent channel. 

ACLR = Adjacent channel leakage ratio, where ACLR = PTx - PAdj, and assuming that ACLR1 = ACLR2.
PSDAdj = The power spectral density of the unwanted emissions in the adjacent channels, based on ACLR.
PSDMin = An absolute minimum level for the unwanted emission limits, to be used in the mask as well as for ACLR.
Starting from the proposals put forward in [2] and listed above, point 1 means that we can express the mask based on Δf only and do not have to consider the placement of the carrier within the band.

Point 2 points at FCC Title 47, §30.203 [3] defines the mask shape:

Table 1: Part 30.203 Emission limits [3]

	Outband frequency range
	Conductive power /Total radiated power

	Channel assignment edge ~ 
10% of the Authorized Bandwidth
	-5 dBm / 1 MHz

	Beyond 10% of Authorized Bandwidth
	-13 dBm / 1 MHz


The FCC limits are based on the channel assignment edge. With the carrier placed at the edge of the assigned band, it will be equivalent to the edge of transmission. Based on the FCC limits we can then chose the following baseline:

a) In order to comply with FCC Part 30.203, mask limits should never be above levels in Table 1.

b) Emission limits in the range up to 0.1 × BT are 8 dB above the limits in the rest of the adjacent channels.
Point 3 states that we should also reflect the agreed ACLR limits in the mask. This can be done as follows:
c) When PSDAdj < -13 dBm/MHz, the mask should be tightened with the difference PSDAdj – (-13 dBm/MHz) in order to reflect the ACLR in the two adjacent channels.

Because of the 8 dB relaxation, this would in fact give a slight relaxation of the ACLR in the first adjacent channel as assessed through the spectrum mask.

Point 4 can be managed in the same way as for LTE by introducing a mask “floor”:

d) An absolute minimum level PSDMin is introduced as a “floor” in the mask using a “max” function.

Point 5 sets the maximum frequency offset (f for the mask, based on ITU-R Recommendation SM.1539 [6]:
e) The maximum offset is either 2x BT (for BT ≤ 500 MHz) or 500 MHz + BT (for BT > 500 MHz)

Beyond the maximum offset, spurious domain limits apply.

The mask can now be expressed using two tables: One covering the higher power levels when PSDAdj > -13 dBm and one for lower power levels when the mask is also based on ACLR and/or the absolute floor level.

Below is a mask example based on ACLR = 30 dB and with an absolute mask floor at PSDMin  = -20 dBm/Mhz. The condition for the higher power levels becomes a limitation on the average PSD of the carrier be

PSDAdj > -13 dBm   ↔   10×log10(PTx/BT) – 30 dB > -13 dBm   ↔   10×log10(PTx/BT)  > +17 dBm
Tables 2 and 3 below describe the mask for the example given. The example is illustrated in Figure 1, assuming 
PTx = 33 dBm and BT = 100 MHz, giving 10×log10(PTx/BT)  = 13 dBm.
Table 2: BS spectrum mask for 10×log10(PTx/BT)  > +17 dBm
	Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0 ( (f < 0.1 × BT
	-5 dBm
	1 MHz

	0.1 × BT ( (f < 
Min(2 × BT, 500 MHz + BT)
	-13 dBm
	1 MHz

	(f > Min(2 × BT, 500 MHz + BT)
	Spurious domain limits
	1 MHz


Table 3: BS spectrum mask for 10×log10(PTx/BT)  ≤ +17 dBm
	Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0 ( (f < 0.1 × BT
	Max(10×log10(PTx/BT) – 22 dB, -20 dBm)
	1 MHz

	0.1 × BT ( (f < 
Min(2 × BT, 500 MHz + BT)
	Max(10×log10(PTx/BT) – 30 dB, -20 dBm)
	1 MHz

	(f > Min(2 × BT, 500 MHz + BT)
	Spurious domain limits
	1 MHz
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Figure 1: Example spectrum emissions mask for PTx = 33 dBm and BT = 100 MHz.

3 Summary
Based on the proposals in [2], this paper has demonstrated how a BS spectrum mask can be presented for submission to ITUR-R WP5D and be used for sharing and compatibility studies. The basis for the mask is are FCC limits and ACLR, giving the mask both absolute and relative components. 

Similar principles could be used to derive a transmission centric spectrum mask for the UE. Such a mask should however then be derived for a chosen UE power class, making it an absolute mask for that power. It would however be useful to make sure that also the UE mask aligns with the ACLR performance for the UE, even though that will not be the way the mask is ultimately specified.
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