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Background 
In the Study on 7-24 GHz frequency range, spectrum regulation for specific frequency ranges is outside the scope of the work item. It is however of interest to look at the more generic regulation of unwanted emissions, which is a fundamental aspect for defining RF requirements. This paper looks at such regulation globally and regionally, for the freqeuncy range 7‑24 GHz
Discussion 
ITU-R recommendations
Spurious emission is regulated through the international Recommendation ITU-R SM.329 [1], which is used as a reference in 3GPP specifications. There is a difference in reference bandwidth over different freqeuncy ranges in Recommends 4.1 in [1] but it is applicable regardless of operating frequency. For Category B spurious emissions (from European regulation, see below), there is a difference in limits below and above 1 GHz.
There is a restriction in the freqeuncy range of the spurious domain for practical purposes in Recommend 2.5 of [1], where in particular the upper limit to use for measurements depends on the fundamental frequency, as shown in Table 1 for the freqeuncy ranges relevant for mobile systems. The upper limit restriction is applied in 3GPP specifications of spurious emissions but is set to 12.75 GHz for all low and mid bands for historical reasons. 
As seen in Table 1, the recommended upper limit for measurements in the 7-13 GHz range is 26 GHz, while for 13-24 GHz, the upper limit is the 2nd harmonic.
[bookmark: _Ref14426966]Table 1: Frequency range for measurement of unwanted emissions (from [1])
	Fundamental frequency range
	Frequency range for measurements

	
	Lower limit
	Upper limit

	300 MHz – 600 MHz
	30 MHz
	3 GHz

	600 MHz – 5.2 GHz
	30 MHz
	5th harmonic

	5.2 GHz – 13 GHz
	30 MHz
	26 GHz

	13 GHz – 150 GHz
	30 MHz
	2nd harmonic



There is also Recommendation ITU-R SM.328 [2], but it deals more with general principles and serves as a guidance for limits in the out-of-band domain, but has no specific limits documented. There are however very specific limits defined in Recommendation ITU-R M.1580 [3] for UTRA and ITU-R M.2070 [4] for E-UTRA, but these recommendations are fundamentally based on 3GPP limits. Similar recommendation will later be developed for IMT-2020, where limits for NR would be based on the submission of NR to ITU-R as a candidate IMT-2020 system.
Observation 1:	Presently there are no specific ITU-R limits documented for 7-24 GHz or above – the generic spurious emission limits in recommendations are homogeneous for operation above 1 GHz, except for the variation in the spurious frequency range for measurement, which depends on the fundamental frequency.
European recommendations
Europe applies the Category B emission limits documented in Recommendation ITU-R SM.329 [1]. These limits are based on the European ERC Recommendation 74-01 [5] and are more stringent than the general Category A limits. There is also a broader ECC recommendation (02)05 [6] on unwanted emissions, but it has no recommendation for specific limits.
There has been a recent revision of ECC Rec 74-01 [5], making it not fully aligned with the corresponding Category B limits in ITU-R. There are new specific limits for “Base Stations using AAS and beamforming with integrated antennas” covering operation below 6 GHz and above 24.25 GHz. No new limits are defined in the 6-24.25 GHz range, motivated by lack of information on such base stations operating in that range. It is stated in [5] that these could be considered in a future revision as necessary. The final outcome of the recent revision of the recommendation is described in [7].
Next revision of ECC Rec 74-01 [5] is expected in 3 years’ time according to the normal procedure, which means that ECC may initiate a work item for an update around 2021-22. It is however possible to initiate work on such limits earlier if needed for mobile systems. It will be very important for the mobile industry to take part in such an effort and it is expected that ECC will liaise with 3GPP on the topic during such a work item. 
Observation 2:	While the European ECC Recommendation 74-01 [5] for spurious emissions now has specific provisions for AAS Base Stations, these do presently not cover the frequency range 6-24.25 GHz. The mobile industry will need to provide input to ECC for a future inclusion of that frequency range for AAS BS in the recommendation. For non-AAS BS, general Category B limits apply in Europe.
The Category B limits applicable for AAS BS for below 6 GHz and above 24.25 GHz are shown in Figure 1 and 2 respectively. It should be noted that the limits below 6 GHz are equivalent to the conducted limits in the same freqeuncy range, while above 24.25 GHz, there are several changes made in the updated European regulation.

Figure 1: Category B spurious domain emission limits for Base Stations using AAS and beamforming operating below 6 GHz (from [5])


Figure 2: Specific Category B mask for spurious domain emissions for Base Stations using AAS and beamforming operating above 24.25 GHz (from [5])

For the updated limits above 24.25 GHz in Figure 2, the following differences compared to the legacy conducted limits should be noted:
1. There is a relaxation of limits close to the transmitted carrier(s) in the spurious domain, but the “mask” defined is operating band centric instead of carrier centric.
NOTE: Such on operating band centric mask was allowed also previously (and implemented in 3GPP), but it was not explicitly described in the recommendation.
2. The reference BW for the limits is 10 MHz, changed from the previous 1 MHz.
3. The limits at large offsets from the operating band (more than Fe) is -20 dBm/10 MHz, which is equivalent (for broadband emissions) to the conducted limits of -30 dBm/1 MHz.
4. The limits at smaller offsets from the operating band and inside the band allow in many cases for higher levels than the conducted limits
NOTE: There is a “reference bandwidth mask” defined for conducted limits which allows up to a 15 dB relaxation, but it is not expressed using the new 10 MHz reference bandwidth and the offsets are carrier centric.
Other regional regulation
While there are additional countries outside of Europe that apply Category B limits, there is a general applicability of Category A limits, where the only variation with the operation frequency is the recommended frequency range for measurements, as shown in Table 1. 
As an example, Japan develops specific unwanted emission regulation for new bands, but has no generic regulation in frequency ranges where no bands are presently defined, such as 7-24 GHz. The same is true for FCC, which has specific emission limits for each band and type of service, but no generic unwanted emission regulation of emissions that would presently apply in 7-24 GHz for mobile service.
Observation 3:	In countries that apply Category A emission limits, there is no other generic unwanted emission limits specified for the 7-24 GHz frequency range.
Possible new regulation in 7-24 GHz
[bookmark: _GoBack]As observed above, mobile industry input will be needed for the coming update of ERC Recommendation 74-01 [5] to add limits for AAS BS in 6-24.25 GHz. Similar to the limits developed for above 24.25 GHz, the general Category B limit of ‑30 dBm may have to remain, but the reference bandwidth can possibly be changed and the limit correspondingly scaled. Note that in the present recommendation [5], such a changed bandwidth was allowed down to 18 GHz.
The new limits in 7-24 GHz could in this way use a similar approach as for above 24.25 GHz, in particular in the upper part. This means applying a larger reference bandwidth together with an explicit operating band centric mask. At lower frequencies closer to 6 GHz, an in-between solution giving a smoother transition to the limits in Figure 1 may be needed. Further studies will be needed for what reference bandwidth that are possible below 18 GHz, also from a victim point of view.
The freqeuncy offsets needed for the operating band centric mask may be different from the ones above 24.25 GHz. The filter study in [8] gives some first indicative offsets at sample frequencies in the 7-24 GHz range. Further study is needed before making firm proposals.
Proposal:	For new future Category B limits in the 6 to 24.25 GHz range, it is proposed that the starting point is the updated limits above 24.25 GHz. Exactly how to extend limits down down towards 6 GHz and what reference bandwidths are possible needs further study.

Conclusion and proposal
The following was observed:
Observation 1:	Presently there are no specific ITU-R limits documented for 7-24 GHz or above – the generic spurious emission limits in recommendations are homogeneous for operation above 1 GHz, except for the variation in the spurious frequency range for measurement, which depends on the fundamental frequency.
Observation 2:	While the European ECC Recommendation 74-01 [5] for spurious emissions now has specific provisions for AAS Base Stations, these do presently not cover the frequency range 6-24.25 GHz. The mobile industry will need to provide input to ECC for a future inclusion of that frequency range for AAS BS in the recommendation. For non-AAS BS, general Category B limits apply in Europe.
Observation 3:	In countries that apply Category A emission limits, there is no other generic unwanted emission limits specified for the 7-24 GHz frequency range.
In general, it the spurious emissions regulation in the frequency range 7-24 GHz is settled, with the exception of Category B spurious emissions for AAS BS in Europe. The following is proposed as a starting point for developing such limits:
Proposal:	For new future Category B limits in the 6 to 24.25 GHz range, it is proposed that the starting point is the updated limits above 24.25 GHz. Exactly how to extend limits down towards 6 GHz and what reference bandwidths that are possible needs further study.
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