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1.	Introduction
With the introduction of inter-band CA for FR2 [1] the section 7.3A.2.3 specifies that the ΔRIB is applicable for combination of intra-band and inter-band carrier aggregation which is good since it reduces the complexity for future. However, we felt that the combination of intra- and intra-band carrier aggregation was not properly discussed during Rel-16 and provide some improvement proposals in this paper. 
2. 	Discussion
FR2 bandwidths are very wide and the way the air interface is defined requires the UE to demodulate the whole bandwidth it is activated to regardless of the allocation it is scheduled. The reference architecture for the FR2 is heterodyne and no BB signal processing is done in RF frequency. The IF data bandwidth is therefore the same as the bandwidth at the RF interface. Figure 1 shows the rough refence architecture and the principle for required bandwidths in different interfaces. 

Figure 1 Reference implementation supporting the two cases for operators A and B and needed bandwidths for the BB part
For non-contiguous CA the BB and IF bandwidth is defined by the Frequency separation class Fs and possible values are defined in the Table 5.3A.4-2 and in Table 5.3A.4-3 for DL only spectrum which is assumed to be adjacent to the bidirectional spectrum. For inter-band CA the UE has to demodulate both bands simultaneously so the total BB/IF bandwidth for the UE becomes the sum of the declared frequency separation classes. 
An operator has only total 1400 MHz of spectrum holdings which can be configured for contiguous or non-contiguous CA. To support operator’s spectrum, UE has to declare support of 800 and 1200 MHz Fs and therefore the BB bandwidth becomes 2000 MHz and UE has to pass conformance for this test case as shown lower part in the Figure 2.

Figure 2 Carrier Spectrum, possible declared frequency separations and resulting test configuration for the UE
Even with the lowest possible Fs (Table 5.3A.4-2) the BB bandwidth becomes 1600 MHz for any combination of inter-band and intra-band non-contiguous CA. 
Observation 1: For combination of intra-band and inter-band CA, UE must support minimum of 1600 MHz BB bandwidth due to restrictions in available UE capabilities. 
Need for this wide total bandwidth support is rare based on public information on spectrum holdings and it seems that more common is for example a need for 400 MHz on lower bands together with 1000 or 1200 MHz on higher bands. 
If we extend the analysis to compare two cases between two operators with different kind of spectrum holdings. The operator A has wide spectrum on band n260 and another operator B has smaller amount on two bands both equalling to same amount in total, as shown in Figure 3.  

Figure 3 Comparison between two operators with same amount of total spectrum but different IF bandwidth capabilities
Lets consider a UE built to support both operators. Because of operator B spectrum holdings and missing proper capability values for Fs, the UE BB total bandwidth has to be 1600 MHz.  The operator B will have a device that supports their spectrum and inter-band CA but is over engineered for even for their needs only because of lack of proper capability declaration values. This device will support operator A but is even more over engineered for their needs. Penalty of over engineering is higher current consumption and cost through larger size chip size. Alternative is to build UE with no support for inter-band CA leaving operator B with much lower capability device. 
Observation 2: Without proper flexibility in the capabilities operators have to either accept UE with lower capabilities or then require over engineered devices for their needs. 
Since the gap in proper values is so large, it is possible that UE and infra vendors to support optimised devices for some operators outside the 3GPP framework. Simple solution to this issue is to add values, 200, 400 and 600 MHz to the list of capabilities for frequency separation class. 
Proposal 1: Add 200, 400 and 600 MHz to the list of frequency separation classes in the Table 5.3A.4-2.
If proposal 1 is agreeable, CR’s to TS 38.101-2 should be written. 
Conclusion
We discussed a gap in frequency separation class values and its impact to UE design and therefore ecosystem and made following observations:
Observation 1: For combination of intra-band and inter-band CA, UE must support minimum of 1600 MHz BB bandwidth due to restrictions in available UE capabilities. 
Observation 2: Without proper flexibility in the capabilities operators have to either accept UE with lower capabilities or then require over engineered devices for their needs. 
And to correct 3GPP capabilities and enable optimization of the devices for practical deployments, we made the following proposal:
Proposal 1: Add 200, 400 and 600 MHz to the list of frequency separation classes in the Table 5.3A.4-2.
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