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1  Introduction 
The applicability of additional emission requirements to CA/DC combination creates several challenges and issues. Even after discussing the topic for several meetings, it is still heavily debated on how to best reflect regulatory requirements for carrier aggregation and dual connectivity. This contribution discusses important aspects and makes proposes for future direction.
2  Discussion
In RAN4#98e the agreement was made that the requirements of NS flags have to be met regardless of the UE having additional uplinks configured in other bands or not [1]. A list on potential conflicting CA/DC combinations can be found in [2]. Due to strong controversial no further WF could be accepted by all companies in RAN4#99e. During last RAN4 it was even proposed to revert the agreement as it might not be possible to meet emission requirements on every UL without first defining solutions for all the troubling cases. 
Applying additional emission requirements of one band to another band can cause several issues. To have a general example let’s consider a scenario of two bands A and B being used in a CA/DC combination. The network signals a certain NS_xx flag for band A. This NS_xx activates special requirements for a certain frequency region and allows band A to apply A-MPR. If band B shall also be subject to this NS_xx then all out-of-band emissions from band B which are created by IMDs and harmonics have to comply to the requirements defined in the network signalling flag. It is likely that band B would have to fulfil the requirements without A-MPR allowance as most A-MPR definitions are explicitly defined for certain carrier frequencies and CBWs. 
It is a strange situation that NS_xx is only defined for single band A but not for single band B if band B has to keep all requirements in a CA/DC combination. We propose that if band B has to comply to NS_xx due to the CA/DC combination then those additional emission requirements should also be defined for single band B. This would ensure that all regulatory requirements are properly considered for band B. 
There is the possibility for DC combinations that a certain network signalling does not exist in LTE or in NR. As example, this is the case for all combinations with bands b21 and b47. LTE knows the network signalling NS_09 which is not existing in NR. Another issue that can occur is that totally different requirements are attached to a certain network signalling with same descriptor in LTE and NR. This is the case for NS_43. To our understanding it should not be the case that LTE or NR must use definitions and requirements which are only found in the other specification. Therefore, we would like to propose that if a certain network signalling is not existing in LTE or NR then those requirements have to be defined together with a new network signalling flag. This flag should be signalled in the corresponding network whenever the corresponding flag is signalled on the other network. 
Proposal 1: If both UL have to comply to certain regulatory requirements, then the network has to signal additional emission requirements to both bands individually. Independent on whether it is a CA or DC combination.
Observation 1: A NS flag designed for one of the CA/DC UL bands might not reflect the needs of the other band. E.g. A-MPR allowance might be missing and also handling of emission requirements might be unclear.
Proposal 2: If regulatory requirements defined for band A shall be applied on band B as they are part of a certain CA/DC combination then those requirements shall also be specified for single band B. This allows to define relaxations such as A-MPR. As an alternative, if A-MPR is not required for band B then the requirements could also be conditionally defined for only the specific CA/DC combination. 
A CA/DC combination produces additional IMDs or other cross mixing products created by dual UL. Those emissions can fall inside protected regions signalled by NS_xx. For CA combinations consisting of two FDD bands it is generally believed that the IMDs do not violate the tightest limit of -50dBm/MHz. However, this might not be true for FDD-TDD and TDD-TDD combination as filter suppression is typically lower for TDD. In those cases, the CA/DC combinations might require additional measures and allowances to comply with regulatory requirements.
Proposal 3: If IMDs or other cross mixing products created by dual UL are violating additional emission requirements then a new emission requirements flag for this specific CA/DC combination shall be introduced. It should be checked whether IMDs from dual UL can violate emission requirements, especially for TDD-FDD and TDD-TDD combinations due to weaker filter support. 
The possibility exists that certain regions demand additional emission requirements for band A and another set of additional emission requirements for band B. The joint transmission would have to comply to the combined set of emission requirements. Depending on the requirements the transmission in both bands might need increased A-MPR allowance or other measures. We would like to propose that in this case a new NS flag is created summarizing the emission requirements and provide custom engineered A-MPR allowance and other measures. Furthermore, the issue of additional IMDs and other cross mixing products created by dual UL can be handled with the new flag.
Observation 2: In case both UL bands receive different emission requirements then the sum of all the requirements would have to apply to the joint UL transmission.
Proposal 4: There might exist CA/DC combinations where both bands used for UL transmission would receive two different sets of emission requirements. For those cases new NS flags should be created in order to combine the emission requirements. Those flags should provide custom engineered A-MPR allowance and other measures to comply with the requirements. 
Important considerations were discussed in [3] regarding the applicability of regulatory requirements. NS_27 was taken as an example. The NS_27 emission requirements cover the frequency range from 9kHz to 12.75GHz and are tighter than spurious requirements. According to [3] the regulatory emission requirements are not mentioned for any other band than n48. Furthermore, the regulatory rules state that any conducted power of emissions below 3530 MHz or above 3720 MHz shall not exceed -40dBm/MHz. Applying NS_27 to all bands of a CA/DC combination would mean that any transmission below or above those frequencies is limited to maximum PSD of -40dBm/MHz. This would render any simultaneous transmission of inter-band CA with n48 non-beneficial. Similar situation would be found for NS_04 with band 41 where maximum PSD would be limited to -25dBm/MHz for all frequencies below 2490.5MHz. 
To advance the discussion the key element is to better understand the intention of the regulatory bodies. It needs to be clarified what regulations apply in the case of simultaneous transmission of inter-band CA/DC. 
Observation 3: Generally applying NS_04 and NS_27 requirements to entire CA/DC combination would limit the PSD to either -25dBm/MHz and -40dBm/MHz for large frequency ranges. It is not understood what the original intention of regulatory bodies are and it needs to be assessed on how to correctly interpret and apply the regulatory requirements.
Proposal 5: It should be clarified what regulations apply in the case of simultaneous transmission of inter-band CA/DC.
Proposal 6: No general rule should be introduced that additional requirements applicable for single band shall be applicable to the entire CA/DC.
Conclusions
This contribution discussed the challenges and issues for applying network signalling requirements from single band to a CA/DC combination. The observations and proposal are recapped below:
Proposal 1: If both UL have to comply to certain regulatory requirements, then the network has to signal additional emission requirements to both bands individually. Independent on whether it is a CA or DC combination.
Observation 1: A NS flag designed for one of the CA/DC UL bands might not reflect the needs of the other band. E.g. A-MPR allowance might be missing and also handling of emission requirements might be unclear.
Proposal 2: If regulatory requirements defined for band A shall be applied on band B as they are part of a certain CA/DC combination then those requirements shall also be specified for single band B. This allows to define relaxations such as A-MPR. As an alternative, if A-MPR is not required for band B then the requirements could also be conditionally defined for only the specific CA/DC combination. 
Proposal 3: If IMDs or other cross mixing products created by dual UL are violating additional emission requirements then a new emission requirements flag for this specific CA/DC combination shall be introduced. It should be checked whether IMDs from dual UL can violate emission requirements, especially for TDD-FDD and TDD-TDD combinations due to weaker filter support. 
Observation 2: In case both UL bands receive different emission requirements then the sum of all the requirements would have to apply to the joint UL transmission.
Proposal 4: There might exist CA/DC combinations where both bands used for UL transmission would receive two different sets of emission requirements. For those cases new NS flags should be created in order to combine the emission requirements. Those flags should provide custom engineered A-MPR allowance and other measures to comply with the requirements. 
Observation 3: Generally applying NS_04 and NS_27 requirements to entire CA/DC combination would limit the PSD to either -25dBm/MHz and -40dBm/MHz for large frequency ranges. It is not understood what the original intention of regulatory bodies are and it needs to be assessed on how to correctly interpret and apply the regulatory requirements.
Proposal 5: It should be clarified what regulations apply in the case of simultaneous transmission of inter-band CA/DC.
Proposal 6: No general rule should be introduced that additional requirements applicable for single band shall be applicable to the entire CA/DC.
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