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Introduction
In recent meetings, the applicability of additional emission requirements indicated by network signaling (NS) to carrier aggregation and dual connectivity has been discussed [1].  Initial agreements were reached that emission requirements should be met from all transmitters when the UE is configured for CA/DC [2], but details remain to be resolved.  This contribution seeks to reconsider the way forward agreement based on further study of regulatory requirements.
Discussion
Background
The NS concept has been utilized since Rel-8 LTE to enable a common band to be used in multiple countries each with its own regulatory emission requirements.  A network with knowledge of the country in which it is deployed signals an indicator (NS) within a predefined set informing UE’s that additional spurious emissions apply for operation in the cell.  Moreover, associated with this NS is a specified A-MPR or other mechanism to enable the UE to meet the additional spurious emission requirement.  The concept is clear when the UE is operating on a single cell.  However, ambiguity exists in the applicability and interpretation of NS in the context of multiple cells in uplink carrier aggregation and/or dual connectivity [1].
Consider the following hypothetical scenario.  Suppose that NS_xx is signaled in Band X to alert UE’s that regulatory requirements are in effect to protect a certain frequency range Z from spurious emissions.  When the UE is connected to the cell on Band X, it is clear that the UE is required to meet this requirement.  Now, further suppose that the UE is configured for aggregation, either UL CA or DC, with Band Y.  It is still clear that transmission in Band X is subject to the requirements of NS_xx, but what is unclear is whether a transmission in Band Y is also subject to the same requirement.  The NS_xx or equivalent was never signaled in Band Y.  Moreover, the joint transmission between uplink in Band X and uplink in Band Y may create additional intermodulation or cross mixing products that do not appear when either Band X or Band Y is transmitting by itself.  Are these additional IM products also subject to the requirements for NS_xx?
An agreement was reached in [2] as follows
[Agreement-1] If an NS value is indicated in a band, the additional requirement shall be met regardless if the UE has uplinks configured in the other bands.
Based on the discussion recorded in [3], the agreement should be interpreted that the requirements associated with NS_xx to protect frequency range Z should apply to transmissions from Band X, from Band Y, and from the joint transmission of X+Y when the UE is configured for CA or DC between the two bands.  It is argued that the additional (new) requirements imposed on Band Y are trivially met, i.e., they are inherently met by general spurious emissions, or else they would have been signaled independently for Band Y.  It was also understood that X+Y products would be further studied.  One further comment on the agreement above is that it only applies to the additional spurious emissions associated with the NS.  The A-MPR that is associated with the NS remains only with the carrier in Band X.  It does not convey to Band Y since A-MPR is defined to be band-specific.
Additional views
The agreement from [2] was based on an understanding of regulatory requirements within a country.  The presumption is that the protected frequency range Z should be protected by all transmitters operating in the country.  The protection to frequency range Z is added explicitly as an NS requirement to Band X because Band X needs special accommodation (e.g., A-MPR or RB restrictions) to meet the emission perhaps due to close frequency separation.  On the other hand, the protection to Z is not written as an NS requirement to Band Y since protection is guaranteed by the general emission requirements.  However, this presumption may not always be accurate.  It is not necessarily the case that all transmitters operating within the country must protect frequency range Z equally.  For example, regulations may compel Band X to protect Z at or below -40 dBm/MHz but require Band Y to protect Z at -50 dBm/MHz.  In another example, Band Y may not be required to protect Z at all in the regulations.
As a specific example, consider the regulatory requirements imposed by the FCC in the US for transmitters operating in Band 48/n48 (CBRS).  As shown below in an excerpt from Part 96 of e-CFR, an emission requirement of -40 dBm/MHz is defined for frequency ranges below 3530 MHz and above 3720 MHz.  
(2) Additional protection levels. Notwithstanding paragraph (e)(1) of this section, for CBSDs and End User Devices, the conducted power of emissions below 3540 MHz or above 3710 MHz shall not exceed −25 dBm/MHz, and the conducted power of emissions below 3530 MHz or above 3720 MHz shall not exceed −40dBm/MHz.
This is reflected as part of NS_27 for Band n48 in 38.101-1
Table 6.5.3.3.14-1: Additional requirements for "NS_27"
	Frequency range
(MHz)
	Channel bandwidth (MHz) / Spectrum emission limit (dBm)
	Measurement bandwidth

	
	5, 10, 15, 20, 40
	

	9 kHz – 3530 MHz
	-40
	1 MHz

	3530 MHz – 3540 MHz
	-25
	

	3710 MHz – 3720 MHz
	-25
	

	3720 MHz – 12.75 GHz
	-40
	



This requirement of -40 dBm/MHz below 3530 MHz and above 3720 MHz is not mentioned in the FCC regulations for any other band, nor is it included in 38.101-1 for any other band.  Yet, according to the way forward agreement above, this requirement would apply to any other band that is aggregated with Band n48.
Of course, such a requirement is not inherently met by general spurious emissions in other bands.  There is not even provision for the passband of intended transmission from another band to exceed -40 dBm/MHz, let alone its sidebands, harmonics, or other spurious products.  Therefore, the interpretation that NS_xx emission requirements should convey to Band Y when the UE is configured for CA/DC between the two bands cannot be realized in general.
A second issue also exists.  NS requirements are generally not transferred from one cell or cell group to another when the UE is configured for CA or DC.  Each cell or cell group reacts independently to its own NS, especially in the case of DC.  Therefore, applying NS_xx requirements to Band Y is not generally supported behavior in the UE.
Proposal:  Revert the agreement from [2].  NS emission requirements only apply for the band in which they are signaled.
With the condition that NS emission requirements only apply for the band in which they are signaled, the following scenarios may exist.  Suppose that NS_xx is signaled in Band X and NS_yy is signaled in Band Y.  These two NS’s may refer to the same protected frequency range Z and the same protection level, or they may not.  They reflect the regulations as defined for Band X and Band Y respectively.  The UE is configured for CA or DC between Band X and Band Y.  Three cases are described below where case 1 and 2 are simple to understand, but case 3 requires more consideration.
1. Transmission is scheduled only in Band X.  NS_xx emission requirements apply and A-MPR associated with NS_xx is allowed.  NS_xx might be NS_01 if no additional requirements are applicable.
2. Transmission is scheduled only in Band Y.  NS_yy emission requirements apply and A-MPR associated with NS_yy is allowed.  NS_yy might be NS_01 if no additional requirements are applicable.
3. Transmission is scheduled simultaneously for X+Y.
For case 3 with X+Y transmission, there will be contributions to spurious products from Band X alone, from Band Y alone, and from the joint transmission of X+Y.  In general, it is not possible to separate these.  Hence, it might be reasonable to assume that the union of requirements between NS_xx and NS_yy should apply.  Moreover, where two requirements overlap, it would be safest to assume that the stricter of the two requirements apply.  For A-MPR, each band is allowed power backoff according to its respective NS.  In case this per-band backoff is insufficient to suppress spurious products generated by X+Y transmission, then a new A-MPR mechanism may be required.  This unfortunately places additional burden on the UE that seeks to reduce its actual A-MPR usage compared to what is allowed by the specifications.  The UE must now check A-MPR against single carrier requirements, but also all possible CA/DC emission requirements as well.  The outcome may be that the UE vendor will be disincentivized to pursue A-MPR optimization since many more conditions need to be checked with greater risk of failing emissions.
Even with this interpretation of NS applicability, the problem described above regarding CBRS emission requirements is still present for case 3.  For case 2, when transmission is only scheduled on Band Y, then the problem is not present (assuming NS_xx is NS_27) since NS_xx does not apply.  However, for case 3 with transmission on X+Y, the union of NS_xx and NS_yy suggests that -40 dBm/MHz needs to be met.  It is proposed to clarify with the regulator how the rules should be interpreted in case of joint transmission.  One possible but undesirable outcome would be to disallow simultaneous X+Y transmission.
Conclusion
In this contribution, it has been proposed to reconsider the agreement reached at the prior meeting on the applicability of NS requirements when the UE is configured for UL CA or DC.  It is proposed that the NS requirements should only apply for the band in which they are signaled, at least in the case where transmission is only scheduled for one band.  When transmission is scheduled for both bands simultaneously, then it may be necessary to jointly impose the requirements from NS’s signaled in both bands.  However, details for this case (X+Y transmission) are yet to be resolved including whether 2UL IM and mixing products necessitate a new A-MPR for inter-band CA or DC, whether the emission requirements apply in the passband of the fundamental, sidelobes, and harmonics of the alternate band, etc.  In all cases, regulations are to be followed, but clarification of the regulations may be helpful.
Proposal:  Revert the agreement from [2].  NS emission requirements only apply for the band in which they are signaled.
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