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1. Introduction
In RAN4#96-e meeting, we introduced IBM in the specification, but the details of many issues are still unclear especially the applicability of CBM. This paper discusses the problem derived from IBM/CBM in various situation, and raise a method to distinguish the BM type.
2. Discussion
2.1 Different BS deployment and relation to IBM/CBM
The IBM/CBM is closely related to BS deployment (e.g. co-located or non-co-located) in the discussion of Rel-16. Even though the fixed deployment can simplify the question, some companies believe that the flexibility of NW deployment is important due to the increasing number of operating bands and the decreasing cell coverage of NR. We have summarized various situations as shown in Table 1.
Table 1 Different deployment for IBM/CBM
	
	Co-located deployment
	Non-co-located deployment

	
IBM
	Same frequency group
· Best performance and easy to deploy
Different frequency group
· BS coverage difference
	Same frequency group & Different frequency group
· PSD imbalance may be dramatical
· BS deployment should be close

	

CBM
	Same frequency group
· Beam squint 
Different frequency group
· Beam squint 
· Side-lobe interference & antenna gain degradation
· Same problem as IBM 
	Same frequency group & Different frequency group
· Worst performance due to the deadlock of beam direction


In Table 1, It can be seen that co-located is easier to implement than non-co-located. For CBM, due to the correlation on beam direction of different CCs, non-co-located deployment may be hard to implement. In the discussion of [1], most companies also agreed that it is more reasonable to adopt co-located deployment under CBM.
Observation 1: Co-located deployment is more reasonable for CBM.
From the perspective of actual deployment, mmWave is easily blocked by buildings. For indoor situations, non-co-located deployment may not needed, while for outdoor situations, due to the mmWaves have a small coverage area, the distance between BS needs to be very close to achieving better performance, which is not reasonable. In [2], a simulation of the homogeneous network under 28GHz with distributed gNB for CBM is given, and the results show that the CA cannot work well in this situation due to the PSD imbalance is too large. 
Observation 2: Non-co-located deployment has more problem on implementation while the feasibility is still unclear.
Proposal 1: For IBM/CBM, the priority is to discuss the performance under co-located deployment, and more study is needed on whether non-co-located deployment is feasible. 

2.2 Main problem for CBM feasibility 
Due to the correlation in the beam direction of different CCs, CBM has more restrictions than IBM, which is caused by dramatic frequency separation between diverse CCs. Figure 1 from [3] shows the array factor changes with different inter-element distance.
[image: ]
Figure 1	array factor of different frequency from [3]
In Figure 1, 0.5 λ is defined according to 28 GHz. Then the results of 0.4 λ can be explained roughly at 24 GHz, and the results of 0.7 λ are roughly at 39 GHz. There are some obvious problems we can find.
1) Beam squint
There have been a series of discussions about beam squint in Rel-16, and the relaxation that is based on frequency separation is introduced in way forward [4] to reflect the influence of beam squint on EIS spherical coverage. 
Even the case of same frequency group has this problem. As for the case of different frequency group, it can be predicted that the angle of the beam squint will be greater, and the power received by the UE will have a greater imbalance, compared to the same frequency groups, which may cause blocking. SCC also needs bigger relaxation on EIS spherical coverage.
2) Side-lobe interference and antenna gain degradation
If PCC is located at a lower frequency, SCC can be interpreted as a wider inter-element distance (e.g. 0.75λ for 39GHz). In this case, side lobes will appear, and its gain can be compared to the main lobe which may cause severe interference, for example, blocking due to the signal from the side-lobe’s direction.
If PCC is located at a higher frequency, in contrast, SCC can be interpreted as a narrower inter-element distance. In this case, although there is no side-lobe problem exists, the beam width will expand and the antenna gain will also decrease. The performance of SCC will be degraded.
We can also find that the same frequency separation brings different influences when PCC is located in a different band. So, the performance of CBM may be evaluated based on specific band pair that is more reasonable. 
Observation 3: The performance of CBM depends on both the frequency separation between CCs, and the specific band (combination).
2.3 Proposal of requirements consideration
Based on the above analysis, it is proposed to introduce threshold of frequency separation for inter-band CA(Fs_inter) based on specific band pair that CBM can work. 
Specifically, Fs,inter can be defined similar to Fs in intra-band CA, in that spanning from the lowest edge of the lowest CC in one band to the upper edge of the highest CC in another band. According to the value of Fs,inter, the applicability of CBM can be better discussed. If the actual frequency separation is greater than Fs,inter, the system degradation is too large to support normal work of CA. In contrast, if the actual frequency separation is less than Fs,inter, the side effects of CBM are controllable. 

The following are some simple analysis. 
(1) Fs,inter≤FB_L-FA_H


Figure 2	Fs,inter≤ FB_L-FA_H

In this case，Fs,inter is even less than the separation between band A and band B，which mean the band pair A-B cannot support CBM，only IBM can be used for CA. This may not happen under the same frequency group, but for different frequency group, considering the large separation of different band, this situation is likely to occur. 
(2) Fs,inter≥FB_H-FA_L


Figure 3	Fs,inter ≥ FB_H-FA_L
In this case，Fs,inter covers two complete frequency bands, and any CC on the two bands meets the Fs,inter threshold requirement. The band pair A-B can support IBM and CBM. UE can choose BM type freely depending on the actual situation. But this situation is more likely to occur under the same frequency group than the different frequency group with the same reason above.
(3) FB_L-FA_H≤Fs,inter≤FB_H-FA_L


Figure 4	FB_L-FA_H ≤Fs,inter≤ FB_H-FA_L
In this case, CA will be more complicated. Fs,inter is similar to a sliding window. Only CCs that fall into the window can be used for CA under CBM, and the rest of the spectrum can only use IBM. Considering that the mmWave inter-band frequency range is large, this situation is also likely to exist in both different and same frequency group. In this case, it is necessary to analyze whether CBM can be supported in combination with specific band pair. Here are two possible options:
Option 1:
    In this situation, this band-pair does not support CBM, and only IBM can be used.
Option 2:
If , this band-pair support both IBM and CBM, otherwise, only IBM can be used.

Option 1 is a more direct way. At this time, Fs,inter can be used as a reference value to quickly determine whether IBM and CBM can be used. However, the problem with this option is that it is too strict, because the above situation is likely to occur in most band-pairs, this treatment will greatly reduce the applicability of CBM.
Option 2 is a flexible way but also more complicated. Fs,inter can be reported as a UE capability and the CCs whose separation is less than Fs,inter can be used for inter-band CA. The value of Fs,inter may be same under the same frequency group which may decrease the complexity. On the one hand, it can reasonably expand the scope of application of CBM and use the spectrum more flexibly. On the other hand, it also provides a good reference for operators on how to delimit the spectrum. From the perspective of introducing CBM into the specification, we prefer option 2.
Proposal 2: Study the feasibility that only part of the spectrum of the band pair can be used for inter-band CA with CBM. It is preferred to allow this as option 2.
Proposal 3: Based on previous observations and proposals, study and introduce per-band combination parameter Fs,inter in the specification as a reference of applicability for IBM/CBM. A draft could be as following table:
Table 2	Distinction of IBM/CBM using Fs,inter
	Band A-Band B
	Fs,inter≤[TBD]
	CBM&IBM (chosen by UE)

	
	Fs,inter＞[TBD]
	IBM


This method also has better compatibility when multiple CCs need to be supported in the future, and the discussion of requirements can also base on this parameter.
In [1], it was also discussed whether the requirement of intra-band NC CA can be directly applied to CBM. Although most companies support it, there are still few companies that are concerned about the situation of the specific band combinations. The introduction of Fs,inter can solve this problem to a certain extent. 
Observation 4: As a range for which CBM is applicable, intra-band CA can also use this Fs,inter as a reference for CBM applicability.

As for the value of Fs,inter, the evaluation methods need more discussion, which both simulation and test verification can be considered. At least, we should discuss some baselines of the performance degradation due to the different influences. For example, the value of PSD imbalance between different CCs due to the beam squint, the system throughput deteriorates due to the side-lobe interference, etc. A more detailed simulation framework can also be discussed.
Proposal 4: How to determine the value of Fs,inter to distinguish between IBM and CBM needs more discussion
 
3. Conclusion
In this contribution, we discuss the issue of IBM/CBM for FR2 inter-band CA, and suggest to introduce frequency separation for inter-band CA (Fs,inter) in the specification for distinguishing IBM/CBM. The following observations and proposals have been given:
Observation 1: Co-located deployment is more reasonable for CBM.
Observation 2: Non-co-located deployment has more problem on implementation while the feasibility is still unclear.
Observation 3: The performance of CBM depends on both the frequency separation between CCs, and the specific band (combination).
Observation 4: As a range for which CBM is applicable, intra-band CA can also use this Fs,inter as a reference for CBM applicability.
Proposal 1: For IBM/CBM, the priority is to discuss the performance under co-located deployment, and more study is needed on whether non-co-located deployment is feasible. 
Proposal 2: Study the feasibility that only part of the spectrum of the band pair can be used for inter-band CA with CBM. It is preferred to allow this as option 2.
Proposal 3: Based on previous observations and proposals, study and introduce per-band combination parameter Fs,inter in the specification as a reference of applicability for IBM/CBM. A draft could be as following table:
Table 2	Distinction of IBM/CBM using Fs,inter
	Band A-Band B
	Fs,inter≤[TBD]
	CBM&IBM (chosen by UE)

	
	Fs,inter＞[TBD]
	IBM


Proposal 4: How to determine the value of Fs,inter to distinguish between IBM and CBM needs more discussion.
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