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1. Introduction
In the last meeting, the definition of CBM was proposed and reached to a consensus in the GTW, but we still have some concerns about the definition. In addition, the Fs, inter_cbm also lead to a lot of discussions, it seems companies have different understandings of this issue. In this contribution, we mainly discuss some problems of CBM definition and try to explain the original intention of proposing Fs, inter_cbm.
2. Discussion
2.1 CBM definition and EIS spherical coverage
In RAN4#98e, the definition of CBM was captured in [1], as shown below:

· CBM: (Common Beam Management) A UE that supports inter-band CA with CBM selects its DL Rx beam(s) for all CCs in all configured bands based on DL measurements made in the only CC configured with the reference signal for beam management.

In the email discussion, some companies also clarified that the common beam does not mean the same beam. For an extreme case, the common beam(s) can come from different panels which were connected to the dedicated RF chains individually. The definition is general enough to cover the behavior of CBM, but if we consider this implementation, some potential problems will arise.
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Figure 1 Different implementation of CBM

As shown in Figure 1, the reference signal is configured in CC1, so the beam of CC2 will be slightly deflected due to the “beam squint”. (A) represent the UE with different CCs share the same RF chain, which is similar to intra-band CA. Both (B) and (C) have a dedicated RF chain for different CCs, but the difference is the panel location. The panels of (B) are on the same side, while the panels of (C) are on different sides.
Obviously, the performance of CBM with (A) and (B) may be similar, but (C) will have a serious degradation, which is not the implementation of CBM that we expected. When CC2 selects its Rx beam based on CC1 under the case like (C), the CA may not work at all.

Observation 1: The current definition of CBM is general enough but may cause unexpected implementation.
In the previous meeting, there was some controversy over whether it was necessary to specify the spherical coverage for CBM. The reason most companies believe that it is unnecessary is that CBM's own behavior represents that the spherical coverage may have met the requirements, like (A) or (B). But in order to exclude implementations like (C), it would be a good way to specify the spherical coverage for CBM, instead of specifying the panel location.

Proposal 1: CBM also needs to specify the EIS spherical coverage, which can ensure a more reasonable implementation.  
2.2 Spherical coverage relaxation for CBM
Due to the implementation of (C) does not match the expected CBM behavior, we only consider the case (A) and (B). In these cases, the coverage of different CCs may roughly close, and only the performance of SCC will decline which is caused by the “beam squint”. So, there is no need to apply relaxation to the PCC. In [2], the simulation result shows that the “beam squint” impact on EIS spherical coverage for “28GHz+28GHz” band combination can be up to 1.8 dB, and 2.6 dB for “39GHz+39GHz”. However, the relaxation for CBM should be related to the span between the lower edge of the lowest CC and the upper edge of the highest CC. 

Proposal 2: The relaxation of EIS spherical coverage for CBM only need apply to the SCC and related to the span between CCs, which can be as follows: 

Table xxxx: ΔRIB,S,n,cbm EIS spherical coverage requirement relaxation for inter-band CA with CBM
	NR CA bands
	Configured DL spectrum (MHz)
	ΔRIB,S,n,cbm (dB)

	CA_band A-band B
	≤ 800
	[TBD1]

	
	> 800 and ≤ 1400
	[TBD2]

	
	…
	…

	NOTE: The relaxation only applies to SCC.


2.3 Fs, inter_cbm and Fs from intra-band CA
In RAN#97e, we proposed the Fs, inter in [3]. In our understanding, the performance degradation of CBM will increase as the span between CCs become larger, which means the DL CC may not be configured in an arbitrary position because the degradation can be unacceptable when the frequency span is large enough. There is a similar capability in spec, Fs for intra-band CA is also used to limit max frequency span, which is derived from the UE uses same RF chain for different CCs and the actual component (e.g., ADC) cannot cover arbitrary bandwidth. From the previous discussion, it is obvious that the definition of CBM does not constrain the UE implementation, which means both sharing RF chain across CCs and individual RF chain for each CC is feasible. This also makes the situation more complicated, and we try to divide it into different cases to discuss.

Same frequency group:
In this case, both implementations seem to be achievable. If UE shares the RF chain, the configuration of DL CC should be also constrained by Fs, which is similar to intra-band CA; but if UE has individual RF chains, it may support almost full of the bandwidth, the performance degradation caused by “beam squint” might be acceptable. So in this case, we can reuse the Fs from intra-band CA, in addition, we should add more frequency separation class.

Observation 2: The inter-band CA have similar hardware limitation to intra-band CA because the CBM definition does not constrain the architecture.

Proposal 3: Introduce Fs, inter_cbm, which is similar to Fs from intra-band CA, to inter-band CA with the same frequency group, and more frequency separation class is needed.

Different frequency group:
In this case, only an individual RF chain for each CC may be feasible, and the limitation on CC configuration is influenced by “beam squint”. If the frequency span between CCs is too large, performance of SCC will be reduced significantly leading to the CA cannot work at all. In our understanding, we should study the max frequency span that UE can accept because it’s too hard to support CBM with full of band gap.
At the same time, we also noticed that the performance of CBM will be affected by the implementation of the antenna. In [4], we provide our preliminary results of CBM performance degradation based on system level simulation. As for different antenna implementations (1x4 or 2x2), even for the same frequency span, the difference of performance is still considerable.
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Figure 2 CBM performance degradation comparing to IBM with different antenna [4]
Model 1 is 2x2 antenna which have a wide beam pattern, while model 2 is 1x4 antenna whose beam pattern is narrower. Obviously, the impact of different antenna implementations on CBM performance is different, which also implies that the maximum acceptable frequency span for different UEs may be also different. So we also need a capability to indicate this max frequency span for different UEs.

Observation 3: The different antenna implementation may cause UEs to support different max frequency span of CBM with different frequency group.

Proposal 4: Fs,inter_cbm, which is the max frequency span that UE can support under the influence by “beam squint” with different frequency group, should be specified in spec. 
3. Conclusion
In this contribution, we discuss the issue about CBM EIS spherical coverage and Fs,inter_cbm. We have proposal as follows:
Observation 1: The current definition of CBM is general enough but may cause unexpected implementation.

Observation 2: The inter-band CA have similar hardware limitation to intra-band CA because the CBM definition does not constrain the architecture.

Observation 3: The different antenna implementation may cause UEs to support different max frequency span of CBM with different frequency group.

Proposal 1: CBM also needs to specify the EIS spherical coverage, which can ensure a more reasonable implementation.  

Proposal 2: The relaxation of EIS spherical coverage for CBM only need apply to the SCC and related to the span between CCs, which can be as follows: 

Table xxxx: ΔRIB,S,n,cbm EIS spherical coverage requirement relaxation for inter-band CA with CBM
	NR CA bands
	Configured DL spectrum (MHz)
	ΔRIB,S,n,cbm (dB)

	CA_band A-band B
	≤ 800
	[TBD1]

	
	> 800 and ≤ 1400
	[TBD2]

	
	…
	…

	NOTE: The relaxation only applies to SCC.




Proposal 3: Introduce Fs, inter_cbm, which is similar to Fs from intra-band CA, to inter-band CA with the same frequency group, and more frequency separation class is needed.

Proposal 4: Fs,inter_cbm, which is the max frequency span that UE can support under the influence by “beam squint” with different frequency group, should be specified in spec. 
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