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1 Background
RAN4 has continued the discussion on the inter band DL CA, and the following agreement and opening issue regarding beam management and spherical coverage have been made during RAN4 #93 [1].

· Beam management for the bands that are part of supported band configuration in inter-band CA for 28 GHz + 28 GHz or 39 GHz + 39 GHz combinations.

· Alt 1: UE is assumed to have common beam management

· Alt 2: UE is assumed to have independent beam management

· Defining EIS spherical coverage requirement for inter-band CA.

· The UE shall meet the EIS spherical coverage requirement simultaneously among bands, the common EIS spherical coverage range between the two bands shall be 50% for power class 3 UE.

· Rel-15 EIS spherical coverage requirement will be taken as baseline assuming that the relaxation for 50%-tile point for power class 3 UE is introduced. The relaxation framework and value are FFS. Relaxation value cannot be 0.
In this contribution, we further share our views on the above topics.
2 Beam management for 28 GHz+28 GHz and 39 GHz + 39 GHz. 
For beam management of inter-band CA operation, the opening issue is to decide the underlying assumptions of UEs in 28 GHz + 28 GHz or 39 GHz + 39 GHz combinations.
Our view here is that for a UE supporting CA for 28+28 GHz or 39+39 GHz case, the common beam management can be assumed for the UE. This because the wireless channel, antenna gain, array factor, and phase shifter frequency response will be similar among different CCs.
Proposal 1: UE is assumed to have common beam management for the bands that are part of supported band configuration in inter-band CA for 28 GHz + 28 GHz or 39 GHz + 39 GHz combinations.
3 EIS spherical coverage relaxation for 28 GHz + 39 GHz. 

For the case supporting band configuration in inter-band CA for 28 GHz + 39 GHz, RAN4 has agreed that the UE is assumed to be feasible to have independent beam management for each CC [1]. The UE could, thus, be assumed to generate the RX beam towards the direction of DL signal on each CC, respectively. However, as the spherical coverage region of the different frequency band is not perfectly aligned (see Fig. 1), a relaxation on spherical coverage of inter-band CA operation for 28 GHz +39 GHz combination may be needed to ensure the common spherical coverage range to be 50%. 
To study the relaxation of inter-band CA spherical coverage, a full-wave simulation of a device with a smartphone form factor is carried out. An antenna panel with a 4×1 linear patch array is integrated into the device, which can operate at both 28 GHz and 39 GHz bands. The antenna panel can meet the requirement in 38.101-2 for n257 and n260 with a very small margin, which represents the worst scenario to our understanding. The spherical coverage on each band has been plotted in Fig. 2, and the overlapped range is about 40%. 
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Fig. 1. Possible ways to accommodate the relaxation of spherical coverage for inter-band CA operation. 
In order to enlarge the common spherical coverage range, there are essentially two ways to accommodate the relaxation: 1. Putting all the relaxation on one band (28 GHz or 39 GHz), 2. Distributing the relaxation between the two bands. See Fig. 1 for illustration. We have studied the relaxation that is needed for both schemes: 

1. If we put all the relaxation on one band, the needed relaxation can be very large. This is partly due to the antenna design, which can only marginally meet the spherical coverage requirement; the band without relaxation can have just 50% spherical coverage, and thus the other band with relaxation needs to have almost Omni-coverage to ensure the overlapped part can reach 50%. As an example, if we put all relaxation on one band, our simulation shows that the relaxation will be higher than 8 dB to enlarge the common spherical coverage region from 40% to 50%. 

2. However, by distributing the relaxation on both bands equally, we see that the total relaxation that is needed becomes much smaller. In our simulation, 2 dB relaxation for each band is enough to ensure a 50% common spherical coverage requirement (see Fig. 2). 
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Fig. 2.  The total coverage of antenna array at 28 GHz (black), 39 GHz (pink), and the overlapped coverage (dark red).
Observation 1: Distribute the total relaxation on each band equally demands a smaller total relaxation comparing to place all the relaxation on one single band. 
Another possible way to introduce the spherical coverage relaxation for inter-band CA operation is to define a total relaxation and let the UE vendor distribute the relaxation number on supported bands freely. This method is essentially the same as the multi-band relaxation framework that was defined for Rel-15. However, it has encountered testability issues from RAN5 [2] and shall be avoided. 
Proposal 2: Define the relaxation for inter-band CA operation per band rather than the total relaxation.
Based on our simulation and analysis above, the following proposal is given to define the spherical coverage relaxation for high + low inter-band CA operation:

Proposal 3: For high band + low band inter-band CA spherical coverage, allowing 2 dB relaxation on each band for the UE to meet the common spherical coverage requirement. 

4 Conclusions
In this contribution, we make the following observations and conclusions: 
Observation 1: Distribute the total relaxation on each band equally demands a smaller total relaxation comparing to place all the relaxation on one single band. 

Proposal 1: UE is assumed to have common beam management for the bands that are part of supported band configuration in inter-band CA for 28 GHz + 28 GHz or 39 GHz + 39 GHz combinations.
Proposal 2: Define the relaxation for inter-band CA operation per band rather than the total relaxation.

Proposal 3: For high band + low band inter-band CA spherical coverage, allowing 2 dB relaxation on each band for the UE to meet the common spherical coverage requirement. 

5 References

[1] R4-1916024, “WF on FR2 inter-band DL CA”, Nokia
[2] R5-199424, “LS on Multiband relaxation for FR2”, TSG RAN WG5
