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1. Introduction
One of the fundamental RF parameters to define for NR is the unwanted emissions. It is a requirement that to a large part is determined by generic and band-specific limits in regulation, but in particular emission close to a transmitted carrier and inside (and close to) an operating band depend on characteristics of the transmitted signal, with considerations for implementation and other aspects. A first text proposal discussing these aspects was agreed for TR 38.803 [1] at RAN4#880 in Gothenburg.

This paper looks further at the options available for specifying unwanted emissions for NR.

2. Unwanted emissions as specified for UMTS and LTE
The regulation setting unwanted emission limits is described in the agreed TP for TR 38.803 in [2] and mostly affects the spurious domain. The regulation concerning the border between Out-of-band and spurious domain is described in the TP in [1], where the application of the “250% rule” is a fundamental aspect.
Another aspect of the unwanted emissions is whether limits are absolute in power (in dBm) or relative to the carrier power (in dBc) or to the PSD measured over the carrier.

The unwanted emissions close to the carrier in the OOB domain and inside the operating band was specified in different ways for UMTS and LTE and also in different ways for UE and BS.
· For UMTS and LTE UEs, the OOB emissions are defined by Spectrum Emission Mask (SEM) and ACLR. 
· The mask for UMTS strictly follows the 250% rule, spanning up to 12.5 MHz from the carrier center. The SEM levels for UMTS are relative (in dBc), with an absolute “floor” based on a -50 dBm UE Tx power.
· For the LTE UE mask, the 250% rule is not applied for larger carrier bandwidths, where a stricter interpretation is applied. For example, the SEM for a 20 MHz carrier spans up to 25 MHz from the channel edge, which is 35 MHz (175%) from the carrier center. Also in case of carrier aggregation, a stricter interpretation than 250% is applied. The SEM levels for LTE are absolute.
· For both BS and UE, the unwanted emissions are in addition limited by an ACLR requirement. It is a relative requirement, but a “floor” is also defined that is applicable at lower power levels.

· For UMTS BS, the OOB is defined by a spectrum emission mask that follows the 250% rule and spans 12.5 MHz from the carrier center. The SEM levels are relative to carrier power, with a “floor” based on a 31 dBm BS Tx power. The mask applies to all BS classes. For unwanted emissions spanning the remainder of the operating band (plus 10 MHz on each side) a “relaxation” is applied in alignment with regulation in ITU-R Recommendation SM.329 [3]. An ACLR requirement is defined for UMTS BS, but is in general not as strict as the SEM.
· For LTE BS, designing the unwanted emissions specification was more complex due to the flexible channel bandwidth. A concept of an “Operating band Unwanted Emissions Mask” (UEM) was introduced, where a mask was set in relation to the transmitted carrier, but spanning the full operating band (plus 10 MHz on each side). The UEM thus spans both the OOB and spurious domain. Mask levels are aligned with regulation, including also the same “relaxation” within the band as applied for UMTS. The UEM limits are absolute for Wide Area BS, but some relative limits are applied for other BS classes. An ACLR requirement is defined, which fundamentally is set to be stricter than the UEM.
· For MSR BS, the principles applied for unwanted emissions are in general the same as for LTE BS, but the levels are taken as the strictest of UMTS and LTE.
3. Options for defining a “mask” for NR in mm-wave bands
For bands below 6 GHz, a first assumption would be that principles for defining unwanted emissions will be the same for NR as for LTE. This is particularly relevant for the BS, where requirements will need to be defined also for multi-standard BS, involving existing LTE and UMTS limits. The continued discussion in this section concerns the mm-wave bands considered above 6GHz.
In the mm-wave frequency range, different options for specifying unwanted emissions must be explored for NR, and new principles could be developed if needed. The aspects of how to measure unwanted emissions requirements such as ACLR in the spatial domain is further discussed in [4].
Choice of the carrier-centric SEM or the band/carrier-centric UEM principle

For the UE, there is most likely no reason to diverge from the SEM principle applied for LTE.

For the BS, the UEM principle was applied for LTE with a motivation that emissions were also influenced largely by band filtering. Since it is not clear what effect band filters could have in the mm-wave range, it is possible that a UEM-like specification is not optimal. Both SEM and UEM should therefore be explored.
Choice of border between OOB and spurious domain

For the UE, this border is defined by the SEM. The present LTE principle, where the SEM spans slightly less than what is set by the 250% rule may be a reasonable assumption. This will however need careful consideration of co-existence vs. RF implementation.

For the BS, the present UEM for LTE (and SEM for UMTS) are defined with an assumption that in the most restrictive case, the spurious domain requirements start 10 MHz from the RF channel ledge, regardless of the carrier bandwidth. As described in [1], the larger carrier bandwidths and new numerologies for NR will make such an assumption challenging already for lower bands and a higher number than 10 MHz should be considered. Regardless of whether UEM and SEM is chosen as the principle for NR BS, different options for setting the border will need a very careful investigation, where the implementation complexity in mm-wave bands will be a deciding factor.
Choice of absolute or relative levels
An absolute level was preferred for LTE, since it facilitates co-existence properties (from emissions point-of-view) regardless of power level. For a BS, an absolute level also implicitly restricts maximum output power because of the incremental complexity for the increasing attenuation needed, which must be accounted for. For lower power levels, the ACLR will also restrict the emissions, which makes a relative mask more motivated. Different approaches may be applied for UE and BS here.

In the end, both absolute and relative masks may be defined for a BS, where the relative mask is more applicable for BS classes with lower power levels, as for LTE. In any case, a “floor” should be defined for the SEM/UEM requirement. The mask may in some cases have to be adapted to regulation, where there are examples of both absolute and relative emission limits.
Choice of ACLR requirement

An ACLR requirement will be needed for both BS and UE, since it is often used in co-existence and compatibility studies. The ACLR should be derived from co-existence simulations. Because of the flexible bandwidth of LTE, multiple ACLR requirements were defined for different bandwidths and types of adjacent channels. This is an aspect which will need careful study for NR, since an even higher flexibility in bandwidth is expected.
4. Summary 

This paper gives an overview of existing unwanted emissions requirements for WCDMA and LTE, describing the different choices made. Based on this, the choices we have to do for NR are discussed, in particular for the mm-wave bands, where the implementation complexity of meeting the requirement will be a deciding aspect.
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