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1. Introduction
In previous meetings, the CBM discussions seemed to be stuck in a deadlock, and we seemed to have difficulty agreeing on numerous controversial issues, e.g., Fs, inter, PSD condition, etc. In this contribution, we try to provide some possible solution for these issues based on the WF [1].
2. Discussion
2.1 Fs, inter and PSD condition 
The Fs, inter has been discussed for a whole release, this capability is derived from hardware limitation of single-chain architecture which is similar to Fs in intra-band NC CA. One discussion point about this capability is that whether the Fs, inter is for functional limitation or for performance functional separation, and in our understanding, they are not in conflict with each other. The Fs, inter is a functional capability first, which mean that UE is not expected the separation of CCs is larger than this capability, and this is cause by the limitation of baseband component, e.g., ADC. If the CC separation is too large, the ADC may not work normally, and the performance degradation may be precipitous. Then, the UE performance degradation for different separation class may also be different, but the degradation is caused by RF device, e.g., LNA, filter. When the aggregated bandwidth increases, single-chain UE will be challenge by the impedance mismatch which will impact the performance of these RF device, but the degradation is smoother.
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Figure 1 Different degradation for single-chain UE
As a compromise, we think the Fs, inter can introduced as a functional capability based on no relaxation is expected when CC is configured within Fs, inter.
Proposal 1: Introduce Fs, inter as a functional capability with no relaxation.  

Another controversial issue is PSD condition. For single-chain, the UE cannot withstand high PSD imbalance, so the “simultaneous sensitivity” is more suitable. However, for multi-chain, there is no big difference between CBM and IBM on the architecture, so PSD condition of IBM is preferred. The most straightforward way is defining a capability based on the UE architecture, however, the introduction of capability for different architecture have been denied. 
As we discussed above, the Fs, inter is only required by single-chain UE, so instead of introducing a capability to indicate the UE architecture, we can reuse the Fs, inter to achieve the same purpose.

Observation 1: The Fs, inter is only needed for single-chain UE.
 
Proposal 2: 
Combine Fs, inter and “simultaneous sensitivity” as a package:
· UE report Fs, inter test with “simultaneous sensitivity”ΔRIB,S,n =0, ΔRIB,P,n = 0
· UE don’t report Fs, inter  test with IBM PSD condition ΔRIB,S,n =X, ΔRIB,P,n = Y
· X and Y is derived from the worst case of the specific band combination.
	
2.2 Requirement for n258-n261 
Although no operator has explicitly requested a band combination within the same frequency group, we still think it is worthwhile to define the requirement for an example band combination. The CBM is a really controversial topic, and the discussion has been going on almost 2 releases. We hope an example band combination can record our effort on this topic and avoid the unnecessary argument in the future. As we suggested before, the n258-n261 may be good choice which can avoid additional discussion on the overlapping spectrum.
However, some companies seem still insist the requirement should only be defined after operator request. We think it is a good compromise to only introduce the example band combination in TR, and when this band combination is request by operator, we can easily transfer it to TS. To further dispel doubts, maybe we can add an additional note in TR, to indicate the requirement can be revised with sufficient technical justification when the example band combination need to be transferred to TS.

Observation 2: The purpose of introducing the example band combination is record our effort on CBM discussion, to avoid unnecessary argument in the future.

Proposal 3: Introduce requirement of n258-n261 as an example band combination in TR and with note as follows:
Note: the ΔRIB,S,n and ΔRIB,P,n can be revised with sufficient technical justification when the band combination is request by operator.

In [3], we discussed in detail the impact factors and the corresponding relaxation values for CBM, but for the beam mapping accuracy, some companies concern about double counting with common spherical coverage, so we put them together and provide further simulation results on this issue. The simulation steps are as follows:

Step 1: Assume that the phase error between 2 Rx chain follows N (0,102), and pick out the phase shift value of each element which lead to the largest degradation based on 500 times simulation. The antenna array is 1x4, and model is the same as in TR 38.803.
Step 2: Apply the phase shift values from step 1 to the actual 3D EM antenna model to obtain the field distribution. The EM model is show in Figure 2 (back & side: plastic, top: glass) and the actual EM model can cover both n258 and n261.
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Figure 2 Simulation model

Step 3: Process the data and get the relaxation of common spherical coverage with beam mapping error.

The simulation result is shown in Table 1

Table 1 common spherical coverage for n258-n261 with beam mapping error

	Relaxation
(dB) 
	Baseline (without error)
	Case 1
	Case 2
	Case 3
	Case 4

	0
		43.3%



	40.6%
	39.2%
	39.0%
	40.2%

	0.5
		47.1%



	44.6%
	45.6%
	44.3%
	43.9%

	1
		51.2%



	47.3%
	47.0%
	47.6%
	47.4%

	1.5
		54.9%



	51.8%
	52.2%
	51.9%
	51.6%



Comparing to the baseline, 0.5 dB relaxation is expected. 

Observation 3: Additional 0.5 dB relaxation for common spherical coverage is required due to the beam mapping accuracy.

For the Peak EIS, the impact on beam mapping error depends on the definition of the requirement. In our understanding, the impact of beam mapping accuracy on peak EIS is only needed when the requirement needs to be met in same direction simultaneously. However, we think this type of restriction is too strict, and even for IBM it is not easy to meet such restriction.

Proposal 4: For CBM, the peak EIS does not necessary to be met in the same direction simultaneously.

Observation 4: The beam mapping accuracy will not impact the peak EIS if the requirement is not need to be met in the same direction simultaneously. 

Based on our proposal 2, all single-chain UE will report Fs,inter and no relaxation is required, and the X/Y relaxation will derived from multi-chain only, so we revise our table in [2]:

	NR CA band combinations
	NR band
	Influential factors
	ΔRIB,P,n (dB)
(multi-chain)
	ΔRIB,S,n (dB)
(multi-chain)

	n258-n261
	n258
	Beam squint 
	0
	0

	
	
	Beam mapping accuracy
	0 
	0.5

	
	
	common spherical coverage  
	0
	1.5

	
	
	Multi-chain degradation
	1.5
	1.5

	
	
	PSD imbalance
	1.0
	1.0

	
	
	MBR
	0.7
	0.7

	
	
	summary
	3.2
	5.2

	
	n261
	Same as n258
	
	



Considering some margin is needed, we propose:

Proposal 5: The CBM requirement for n258-n261 can be:

	NR CA band combinations
	BM type
	NR band
	ΔRIB,P,n (dB)
	ΔRIB,S,n (dB)

	CA_n258-n261
	CBM
	n258
	3.5
	5.5

	
	
	n261
	3.5
	5.5




As for the IBM requirement for n258-n261, it can be discussed based on the different frequency group which we have done in R16, e.g., n260-n261 because the architecture is the same. Comparing to different frequency group, the PSD imbalance is less in the same frequency group and the relaxation for common spherical coverage also decrease. So, we propose the IBM requirement for n258-n261 is smaller than n260-n261 by 0.5 dB.

Proposal 6: The IBM requirement for n258-n261 can be:

	[bookmark: _Hlk92385081]NR CA band combinations
	BM type
	NR band
	ΔRIB,P,n (dB)
	ΔRIB,S,n (dB)

	CA_n258-n261
	IBM
	n258
	3.0
	3.0

	
	
	n261
	3.0
	3.0



2.3 BMRS side condition 
The BMRS side condition have been discussed for several meetings. In RAN4#100e and RAN4#101e, we have agreements as follows:

GTW Agreement: For core requirements applicability in relation to BMRS location:
0. CBM inter-band CA requirements apply per-band with the BMRS configured in any one of the participating bands.
0. Introduce side condition for core requirement that BMRS can only be placed on PCC for the DL CA case with a single uplink.
0. FFS whether to set side condition only for the worst case
GTW Agreement: For test cases, further discussion on setup for testing to reduce the test burden and send LS to RAN5.

The different BMRS types, i.e., configuration of CSI-RS or SSB, have no impact on DL requirements.
As we analyzed above, the relaxation takes many impact factors into account, some of which are unrelated to BMRS, e.g., PSD imbalance, multi-chain degradation, etc., while others are performance degradation due to the absent of BMRS, e.g., beam squint, beam mapping accuracy, etc. Therefore, it is reasonable to treat the case that the BMRS is only located in the untested band as worst case. Furthermore, the side condition will not impact the DL requirement, which means the side condition is only used in test. To reduce the test complexity, the BMRS only need to be set for worst case.

[bookmark: _Hlk95752057]Proposal 7: The REFSENSE and spherical coverage will only be tested with worst case of BMRS side condition, i.e., the BMRS is only located in the untested band, to reduce the test complexity.
3. Conclusion
In this contribution, we provide our vies on the compromise solution on CBM.
Observation 1: The Fs, inter is only needed for single-chain UE.

Observation 2: The purpose of introducing the example band combination is record our effort on CBM discussion, to avoid unnecessary argument in the future.

Observation 3: Additional 0.5 dB relaxation for common spherical coverage is required due to the beam mapping accuracy.

Observation 4: The beam mapping accuracy will not impact the peak EIS if the requirement is not need to be met in the same direction simultaneously. 

Proposal 1: Introduce Fs, inter as a functional capability with no relaxation.  

Proposal 2: Combine Fs, inter and “simultaneous sensitivity” as a package:
· UE report Fs, inter test with “simultaneous sensitivity”ΔRIB,S,n =0, ΔRIB,P,n = 0
· UE don’t report Fs, inter  test with IBM PSD condition ΔRIB,S,n =X, ΔRIB,P,n = Y
· X and Y is derived from the worst case of the specific band combination.

Proposal 3: Introduce requirement of n258-n261 as an example band combination in TR and with note as follows:
Note: the ΔRIB,S,n and ΔRIB,P,n can be revised with sufficient technical justification when the band combination is request by operator.

Proposal 4: For CBM, the peak EIS does not necessary to be met in the same direction simultaneously.

Proposal 5: The CBM requirement for n258-n261 can be:

	NR CA band combinations
	BM type
	NR band
	ΔRIB,P,n (dB)
	ΔRIB,S,n (dB)

	CA_n258-n261
	CBM
	n258
	3.5
	5.5

	
	
	n261
	3.5
	5.5



Proposal 6: The IBM requirement for n258-n261 can be:

	NR CA band combinations
	BM type
	NR band
	ΔRIB,P,n (dB)
	ΔRIB,S,n (dB)

	CA_n258-n261
	IBM
	n258
	3.0
	3.0

	
	
	n261
	3.0
	3.0



Proposal 7: The REFSENSE and spherical coverage will only be tested with worst case of BMRS side condition, i.e., the BMRS is only located in the untested band, to reduce the test complexity.
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