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1 Background
RAN4 has continued the discussion on the inter-band DL CA in  RAN4 #94-e [1], where PSD difference and the spherical coverage relaxation for inter-band CA in FR2 for LB + HB  has been further discussed. In this contribution, we share our further views on the topic above. 
2 Power imbalance for LB + HB 
The PSD difference for inter-band CA in FR2 for high band + low band case has been intensively discussed so far in RAN4. Based on the email discussion from last RAN4 meeting, two options have been discussed so far:

· Alternative 1: ≥ 25 dB and  ( 30 dB
· Alternative 2:  6.5 dB. 
Despite the fact that some previous contribution addresses the possibility that a significant power imbalance may happen in the field [2], the question comes down to that if the secondary CC would still be active under such a circumstance? Let’s assume that the primary CC is deployed at 28 GHz (higher power) and the secondary CC is deployed at 39 GHz (lower power). Considering the relative tight link budget in FR2, if secondary CC is more than 25 dB below the primary CC, it is very likely the channel quality of secondary CC is not sufficient to support an inter-band CA operation, and it will be de-activated. 
From the UE implementation aspect, if a common gain control would be adopted for both CCs, the gain control might be chosen in favor of the primary CC to avoid lowering SNR on the primary CC due to saturation. Consequently, the signal level of secondary CC might be pushed below the noise floor. 
In addition, some concerns regarding the testability issues have also been presented from previous meeting [3]. Therefore, we think to test the inter-band CA with a moderate power imbalance, e.g., 6.5 dB, is a more practical and reasonable selection. 
Proposal 1: Define the power imbalance as 6.5 dB for the inter-band CA DL EIS test when one CC is from band n257/n258/n261, and the other CC is from n259/n260. 
3 EIS spherical coverage relaxation for LB + HB  
For the case supporting band configuration in inter-band CA for the LB + HB case, RAN4 has agreed that the UE is assumed to be feasible to have independent beam management for each CC [4]. The UE could, thus, be assumed to generate the RX beam towards the direction of DL signal on each CC, respectively. RAN4 has also previously decided that the CDF of each band will be calculated separately, but a common spherical coverage area where both bands can exceed their EIS requirement shall be at least 50 % of the whole sphere. 
However, as the spherical coverage regions of the different frequency bands are not perfectly aligned (see Fig. 1), a relaxation on spherical coverage of inter-band CA operation for LB + HB case is needed to ensure the common spherical coverage range to reach 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 tiny 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. 
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 required 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 merely 50% spherical coverage, and thus the other band with relaxation needs to have almost Omni-coverage (100%) 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 [5] 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. 

Please note that the relaxation proposed above does not take other factors, e.g. potential impact from power imbalance, into account. If RAN4 identify any other factors that could potentially degrade the EIS performance in inter band CA operation, they shall be taken into account as well. 
4 Beam management capability and relation to MRTD
The beam management capability is related to the discussions in the RRM are on a possible modification of the MRTD for inter-band CA combinations in FR2. According to the way forward [4]
· UE is assumed to be feasible to have independent beam management for the bands that are part of supported band configuration in inter-band CA for 28 GHz + 39 GHz combinations.
· “28GHz” stands for a band group includes n257, n258, n261
· “39GHz” stands for a band group includes n259, n260
· 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
and
· In RRM session in RAN4#94, discuss if MRTD can be reduced or not.
· Alt.1: Max propagation delay difference is 1 us, and MRTD can be revised to 4 us
· Alt.2: No change in MRTD, i.e., 8us.
· Alt.3: Other values not precluded.
Rather than modifying the MRTD just because of limited UE capability of independent DL/UL beam management, e.g. by assuming a small MRTD that implies BS antenna co-siting similar AoA in the two bands, independent DL/UL beam management can be a UE capability. If supported (Alt 2 above), the gNB could configure a UE with a band combination in a non-colocated scenario; if not (Alt 1) the gNB would not configure the UE with the band combination unless the BS antennas as co-sited. 

The MRTD must not be modified as this would constrain future deployment scenarios and possible FR2 cell sizes. We make the following 
Proposal 4: Introduce independent beam management for interband CA as a NR UE capability for DL and UL. If not indicated for a band combination supported, then common beam management is assumed for inter-band CA. 
In this way the UE configuration in colocated and noncolocated deployment scenarions can be managed by the gNB.
5 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: Define the power imbalance as 6.5 dB for the inter-band CA DL EIS test when one CC is from band n257/n258/n261, and the other CC is from n259/n260. 

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. 

Proposal 4: Introduce independent beam management for interband CA as a NR UE capability for DL and UL. If not indicated for a band combination supported, then common beam management is assumed for inter-band CA. 
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