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1 Background
In this contribution we discussed the UE spectrum emissions mask to be submitted to ITU-R WP 5D. This mask will be used for sharing studies with other services; it is not necessarily the mask adopted for the 3GPP specifications. However, the latter cannot be more relaxed for frequences above 24 GHz. 
For E-UTRA, the UE SEM was derived based on regulatory requirements for licensed bands below 2 GHz. There was no attempt tailoring the general mask to the actual transmitter emissions due to the difficulties of multiple bandwidths and emissions from variable PRB allocations within the bandwidth, but with some consideration of worst-case emissions close-in to the wanted channel and the maximum PRB allocation size (transmission bandwidth configuration). The actual transmitter emissions for different bandwidths were instead assumed to be captured by the ACLR, which was also used for coexistence studies. In order to cover cases in which the regulatory requirements were not met with the general mask, additional spectrum emissions masks were defined.

The regulatory documents behind the general E-UTRA SEM were the following:

· FCC Title 47 part 24.238: Band 2 limits
· FCC Title 47 part 27.53: Band 4 limits
· FCC Title 47 part 22.917: Band 5 limits
and the ITU-R Rec. M.1581 containing limits for Band I (UTRA). The mimits to the spurious emissions domain were specified as 2*BW for BW < 10 MHz and BW + 5 MHz for BW ≥ 10 MHz with BW the nominal channel bandwidth.
For NR and the ITU-R submission we follow a similar approach as for E-UTRA, and adopt most of the proposals in [1]. The unwanted emissions should not exceed the absolute limits given in FCC Part 30.203:
§ 30.203 Emission limits.

(a) The conductive power or the total radiated power of any emission outside a licensee's frequency block shall be -13 dBm/MHz or lower. However, in the bands immediately outside and adjacent to the licensee's frequency block, having a bandwidth equal to 10 percent of the channel bandwidth, the conductive power or the total radiated power of any emission shall be -5 dBm/MHz or lower.

(b)(1) Compliance with this provision is based on the use of measurement instrumentation employing a resolution bandwidth of 1 megahertz or greater.

(2) When measuring the emission limits, the nominal carrier frequency shall be adjusted as close to the licensee's frequency block edges as the design permits.

(3) The measurements of emission power can be expressed in peak or average values.

(c) For fixed point-to-point and point-to-multipoint limits see § 30.404.
The provisions in (c) for fixed services are less stringent than (a). Hence the latter can also be used as a basis for NR applied for the fixed service. 

The -13 dBm/MHz power level for the total conducted power or the TRP in § 30.203 is aligned with the Category A spurious emissions limit. This applies beyond the the boundary between the out-of-band domain that should be set in accordance with ITU-R regulations in ITU-R Recommendations SM.329 [2] and SM.1539 [3] as proposed in [1]. 
Account of the relative ACLR metric in the SEM as discussed in [1] may be problematic for the UE and transmission bandwidths (of allocated PRBs) much smaller than the channel bandwidth governing the emissions limits in § 30.203. Nevertheless, the ACLR must always be met, and a sufficiently narrow inter-modulation product could in priciple be allowed up to (P – ACLR) dBm in any one MHz, e.g. -5 dBm/MHz with P = 20 dBm and ACLR = 25 dBc with P the maximum TRP of the wanted channel in dBm. Should the SEM be scaled in accordance with the ACLR anticipated for a fully allocated channel, on the other hand, then the emissions would be limited to (P – 10log(BW) - ACLR) dBm in any one MHz, e.g. -25 dBm/MHz with BW = 100 MHz. Then power back-off may have to be allowed for smaller PRB allocation unless there is an “emission floor” of the SEM greater than -25 dBm. Hence other methods for reducing the absolute limits in § 30.203 should be considered if any.
2 Spectrum emissions mask for NR 
The following principles could be used for devising a “transmission-centric” UE SEM: 

1. the transmission bandwidth BWT is the channel bandwidth, or the aggregated channel bandwidth for aggregated carriers (the necessary bandwidth)
2. a total conducted power or TRP less than -5 dBm/MHz for frequency offsets from the nominal carrier edge less than 0.1*BWT, -13 dBm/MHz for larger frequency offsets as required by FCC § 30.203
3. the boundary between the out-of-band and the spurious emissions domain is given by min(2* BWT, BWT+500 MHz) with BWT in MHz as proposed in [1]

According to FCC § 30.203 the emissiom limits shall be measured with the nominal carrier frequency adjusted as close to the licensee's frequency block edges as the design permits. This would also work for aggregated carriers for which a single carrier frequency might be located in between contiguous or non-contiguous carriers.
The power limits of the SEM could possibly be reduced for some frequency offsets f in the out-of-band (OOB) domain. One way is to reduce the limit for offsets larger than BWT where fifth-order inter-modulation products fall thus accounting for for the fact that the ACLR value is higher in the second adjacent channel. This would make sense for cases where e.g. Category B limits apply in the spurious emissions domain and would thus facilitate sharing with other services. Then the mask would look like in Figure 1. The power offset  ≥ 0 dB could be e.g. in the range 3-5 dB for frequency offsets beyond (1+)*BWT. 
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Figure 1: UE SEM
The mask in Figure 1 would be an upper limit for all UE power classes. For “lower” power classes (if applicable) the above mask could possibly be reduced dB for dB with the reduced power for all frequency offsets f.
The emission limits of the SEM should not be tighter than the spurious emissions limits that apply outside the OOB domain. The spurious emissions limits and their applicability across the range 24-86 GHz have not been decided; spurious limits to be considered include both those of Category A and Category B.
The parameters  and  depend on e.g. the minimum linearity requirements specified and the internal guard bands of the channels. For the ITU-R submission, conservative values e.g.  = 5 dB and  = 0.1 should be chosen so as to give flexibility for further changes in the 3GPP specifications but that still suggest a reduction of the UE emissions towards other services.
3 Proposal
It is proposed that the total conductive power or the TRP measured in 1 MHz in the OOB domain should not exceed the limits given by the general spectrum emission mask in Figure 1.  
For the ITU-R response with a channel bandwidth of BWT = 200 MHz it proposed to adopt the mask in Figure 1 with  = 5 dB and  = 0.1 whence the mask takes the form shown in Figure 2.
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Figure 2: proposed SEM for the ITU-R response.
The mask in Figure 2 is proposed for all frequency ranges, 24.24 – 33.4 GHz, 37 – 52.6 GHz and 66 – 86 GHz. 

It is also proposed that the unwanted emissions shall not exceed the limits of the mask provided in Figure 1 (Figure 2 for the ITU-R response) or the spurious emission limit, whichever is the higher. Hence the emission levels allowed by the SEM shall not be tighter than the spurious emission levels that apply outside the OOB domain.
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