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1. Introduction
In the last meeting, the requirements framework of CBM within same frequency group was discussed but it is hard to achieve consensus on this issue, and the only agreement as follows [1]:

· Agreement: RAN4 agrees to define CBM requirements in such manner that both single chain and multi chain architectures are possible.

However, many issues raised in the last meeting are still worth discussing, such as BMRS, test, framework, etc. In this contribution, we will provide some views on these problems.
2. Discussion
2.1 Requirement framework of CBM within same frequency group
CBM is considered beneficial to reduce UE complexity and reduce the signaling overhead of beam training. In the current discussion, there are two typical architectures can be used to implement CBM, as shown in Figure 1 and 2:  
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Figure 1. single-chain architecture
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Figure 2. multi-chain architecture
In fact, both architectures have their own problems. The single-chain architecture UE has to share the RF chain between the CCs from different band and the receiving performance will deteriorate due to the influence of “beam squint”; The multi-chain architecture is more flexible but the beam peak is hard to align for different band, and some correspondence between beams are also needed. So even through the multi-chain UE have higher cost and complexity, its performance is not necessarily better than the single-chain, because based on the previous simulation results, the impacts of “beam squint” under same frequency group is not considerable.

Observation 1: The multi-chain architecture’s performance is not necessarily better than single chain’s, while higher cost and complexity is ensured. 

Furthermore, the multi-chain mode requires a certain correspondence between the beam from different RF chain, otherwise the CA cannot work with CBM, just like the case (c) in figure 3. This means that even if the UE has multiple RF chains, it may not necessarily support multi-chain CBM, which also depends on the UE implementation. From this perspective, the multi-chain is more like a type of capability, and the UE can choose whether to support it. 
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Figure 3. Different implementation of CBM


Observation 2: Even if the UE has multiple RF chains, it may not necessarily support multi-chain CBM, which also depends on the implementation.

Proposal 1: The capability to indicate that whether the UE support CBM under multi-chain work mode is needed, e.g, MultiChainCBM.

To enable both multi-chain and single-chain UE, the composite requirement framework has been proposed in the last meeting, trying to consider the requirement comprehensively by choosing a suitable reference architecture for each requirement. However, the potential risk is that some details of another architecture may be missed, and we should decide the value carefully. We also make some analysis on the requirements.

(1) REFSENS

The main contradiction of REFSENS between different architecture is the beam peak direction. Even for the single chain, the beam peak for different band cannot be exactly the same due to the “beam squint”, but the influence is tiny within the same frequency group. For multi-chain UE, the misalignment of beam peak for different band can be considerable, but in our understanding, to ensure the CBM performance, the difference between two band on each beam peak should be limited, as Figure 4 shown. If the difference is too huge, it may mean that the CBM can not work anymore, because the CBM is assuming receive the signal from same direction. From this perspective, the intra-band requirement framework can be used.

Observation 3: The typical use case for CBM is receiving CCs from different band in similar direction, and if the performance difference of the peak direction is too huge, the CBM may not work properly.
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Figure 4. Difference on one beam peak direction for multi-chain UE
Proposal 2: The difference on the beam peak direction for common beam pair should be restricted to ensure the CBM performance, and the intra-band requirement framework can be used.

(2) EIS Spherical coverage
The problem for multi-chain is similar to IBM, which is the common spherical coverage should be specified. Considering the common beam is chosen “blind” based on the measurement of another band, the spherical coverage is helpful to preclude the implementation like case(c) in Figure 3. In [2], our simulation shows even for single-chain UE, the common spherical coverage is also needed, due to the EM field distribution is quite various for different band, but the relaxation is less than the multi-chain case. 

Proposal 3: Both single-chain and multi-chain UE need specify the common spherical coverage requirement.

(3) ACS/IBB
The inter-band CA under IBM has already specified the ACS/IBB requirement, but in our understanding, the current description is only suitable for different frequency group, whose gap between bands is quite large. For the case of same frequency group, the situation may be different, and we can consider the band combination n258-n261, as shown in Figure 5.
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Figure 5. the band combination n258-n261
The spectrum of the bands within same frequency group can be quite closer, and the requirement for the narrow gap also should be considered, which can be same as the intra-band NC CA. Although there is no exact operator request for the band combination within same frequency group, the requirement should still consider all cases as much as possible.

Proposal 4: the ACS/IBB should be specified based on the intra-band NC CA framework, because the spectrum within same frequency group is quite close than inter-band case.     

In addition to requirement, we also notice that the multi-chain UE can work in three different modes as below:

· CBM, both RF chains are activated and the UE work as multi-chain mode.
· CBM, but only one of the RF chains is activated and UE work as single-chain mode.
· IBM, both RF chain can work freely.

In our understanding, the multi-chain UE also can work in single chain mode by activating only one RF chain, and it can also meet the requirements of single-chain in theory, and the intra-band NC CA framework can be chosen as the baseline. However, the multi-chain mode requirement can be regard as an additional requirement, and only the UE reports the capability is supported, these requirements will be valid.


Observation 4: The multi-chain UE can also work similarly to single chain by only activating one of the RF chains, and this case also should not be precluded.

Proposal 5: Considering both single-chain and multi-chain can work with shared RF chain, the intra-band requirement framework can be a baseline for CBM, and when UE report its support multi-chain mode capability，the additional requirements will apply. Take REFSENS as example:

[bookmark: _Hlk78969252]Table 1: EIS Relaxation for inter-band CA operation with CBM
	NR CA bands
	Configured DL spectrum (MHz)
	 (dB)

	nX-nY
	≤ xxx
	0.0

	
	> xxx and ≤ yyy
	0.5

	
	……
	TBD



Table 2: Additional EIS Relaxation for inter-band CA operation with CBM
	NR CA bands
	Configured DL spectrum (MHz)
	 (dB)

	nX-nY
	≤ xxx
	0.0

	
	> xxx and ≤ yyy
	TBD

	
	……
	TBD

	NOTE: This table will be valid only when UE declare support [MultiChainCBM].



2.2 Fs, inter
The Fs, inter issue has been discussed for several meetings, and most companied are support introducing it at least for single-chain architecture, because its similarity to intra-band CA architecture. Based on the discussion above, we think the Fs, inter can be limited its scope by UE capability, as shown in below:
Table 3: Frequency separation classes for Inter-band CA operation with CBM
	Frequency separation class
	Max. allowed frequency separation (Fs, inter) 

	I
	800 MHz

	II
	1200 MHz

	III
	1400 MHz

	IV
	1000 MHz

	V
	1600 MHz

	VI
	1800 MHz

	VII
	2000 MHz

	VIII
	2200 MHz

	IX
	2400 MHz

	…….
	…….

	NOTE 1: This table will be invalid when UE declare support [MultiChainCBM].



Proposal 6: Introduce Fs, inter based on the UE capability as described in proposal 1, as shown in table 3.
3. Conclusion
In this contribution, we discuss the requirement for CBM and propose a framework based on UE capability, our proposals are as below: 
Observation 1: The multi-chain architecture’s performance is not necessarily better than single chain’s, while higher cost and complexity is ensured. 

Observation 2: Even if the UE has multiple RF chains, it may not necessarily support multi-chain CBM, which also depends on the implementation.

Observation 3: The typical use case for CBM is receiving CCs from different band in similar direction, and if the performance difference of the peak direction is too huge, the CBM may not work properly.

Observation 4: The multi-chain UE can also work similarly to single chain by only activating one of the RF chains, and this case also should not be precluded.

Proposal 1: The capability to indicate that whether the UE support CBM under multi-chain work mode is needed, e.g, MultiChainCBM.

Proposal 2: The difference on the beam peak direction for common beam pair should be restricted to ensure the CBM performance, and the intra-band requirement framework can be used.

Proposal 3: Both single-chain and multi-chain UE need specify the common spherical coverage requirement.

Proposal 4: the ACS/IBB should be specified based on the intra-band NC CA framework, because the spectrum within same frequency group is quite close than inter-band case.   

Proposal 5: Considering both single-chain and multi-chain can work with shared RF chain, the intra-band requirement framework can be a baseline for CBM, and when UE report its support multi-chain mode capability，the additional requirements will apply. Take REFSENS as example:

Table 1: EIS Relaxation for inter-band CA operation with CBM
	NR CA bands
	Configured DL spectrum (MHz)
	 (dB)

	nX-nY
	≤ xxx
	0.0

	
	> xxx and ≤ yyy
	0.5

	
	……
	TBD



Table 2: Additional EIS Relaxation for inter-band CA operation with CBM
	NR CA bands
	Configured DL spectrum (MHz)
	 (dB)

	nX-nY
	≤ xxx
	0.0

	
	> xxx and ≤ yyy
	TBD

	
	……
	TBD

	NOTE: This table will be valid only when UE declare support [MultiChainCBM].



Proposal 6: Introduce Fs, inter based on the UE capability as described in proposal 1, as shown in table 3.
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