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1. Introduction
The capability Fs, inter_CBM have been discussed for a long time, but it is still a controversial issue as NW control complexity and hardware limitation seem to be hard to compromise. In this contribution, we try to discuss how to introduce this capability.
2. Discussion
2.1 Why Fs, inter_CBM need to be introduced
In the discussion of CBM, the single-chain is a typical architecture which is low cost and easy to implement, but it also has some limitations, the most notable of which ADC/BB bandwidth and beam squint. As we have discussed in intra-band CA, the single-chain UE is hard to support arbitrarily wide CC separation due the limitation of ADC or BB component bandwidth.
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Figure 1 Single-chain architecture

Considering the much larger CC separation in inter-band CA, the single-chain UE is hard to cover both band and the gap between band which will significantly increase the hardware cost. In order to lower the bar on enabling CA with single-chain CBM, the capability for UE to indicate the frequency separation is needed.

Observation 1: The need for capability Fs, inter_CBM is derived from single-chain hardware limitation, and it can help more UE support CA with CBM. 

2.2 Fs, inter_CBM and △Rib 
Another controversial issue here is relationship between Fs, inter_CBM and △Rib, and some companies propose the △Rib should related to the different Fs, inter_CBM value. For intra-band CA, we have a table below:
Table 7.3A.2.2-1: EIS Relaxation for CA operation
	Configured DL spectrum (MHz)
	 (dB)

	≤ 800
	0.0

	> 800 and ≤ 1400
	0.5

	> 1400 and ≤ 2400
	1.5



[bookmark: _Hlk91260796]The EIS relaxation is related to the configured DL spectrum rather capability Fs of intra-band CA, and the reason behind is that with the increase of configured DL spectrum, the RF device need wider operation bandwidth, and the performance may be degraded due to impedance match, insertion loss or other reason. 

Observation 2: The EIS relaxation of intra-band CA is related to configured DL spectrum rather than the capability Fs.

For inter-band CA, the requirements (REFSENSE or spherical coverage) are defined based on band combination, and we only need to define the relaxion for the worst case, i.e., the configured DL spectrum is between lowest edge of lower band and highest edge of upper band. The EIS relaxation for the UE supports any Fs, inter_CBM value will be less than the worst case.  
Another concern here is the complexity of spec and test. Considering the frequency span of inter-band is quite large, if the △Rib is defined based on each Fs, inter_CBM value, we have to create a very long table only for single-chain UE and the test complexity will also increase.

Observation 3: If the △Rib is defined as function of Fs, inter_CBM, it will increase the complexity of both spec and test due to the large frequency span of inter-band. 

Proposal 1：The △Rib of inter-band CA with CBM is not necessary to be associated with Fs, inter_CBM. Instead, it can be based on the relaxation of worst case only, just like IBM.

2.3 How to introduce Fs, inter_CBM
In the last meeting, one company propose a compromised method for introducing the Fs, inter_CBM [1] and we think it can be a starting point for discussion. The core idea of this method is that the additional relaxation due to frequency separation exceeding ADC bandwidth or other hardware limitation is reported as a capability together with Fs, inter_CBM, and let NW decide whether configure the CC outside of Fs, inter_CBM. However, our concern for this method is the complexity and a suitable granularity need to be discussed.
In our understanding, the capability Fs, inter_CBM can be separated into two parts, as show in Figure 2.
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Figure 2 Fs and Fs, inter_CBM for inter-band CA

One part is to indicate the original hardware limitation, and we think this part is same as the Fs in intra-band CA and the table of Fs can be reused for inter-band CA. As further compromise, when UE who support inter-band CA indicate the Fs, we can accept that no additional relaxation is required.

Proposal 2: The Fs table in intra-band CA can be reused for CBM to indicate the hardware limitation, and when inter-band CA UE indicate the Fs, no additional EIS relaxation is required as compromise. 

Another part is to indicate the UE degradation due to the configured DL spectrum being larger than Fs, and the relaxation required depend on the UE implementation, an example similar to [1] is: 

Fs, inter_CBM_400MHz = {3dB, 6dB, 9dB, 12dB, …}
Fs, inter_CBM_600MHz = {3dB, 6dB, 9dB, 12dB, …}
….
The details of signaling and how to reduce the overhead can be further discussed in RAN4 and RAN2.

Proposal 3: Introduce Fs, inter_CBM to indicate addition DL spectrum that suffer from the hardware limitation, and the performance degradation based on UE implementation will be reported together. 
3. Conclusion
In this contribution, we provide our views on introducing the capability Fs,inter_CBM, and our proposals are as follows:
Observation 1: The need for capability Fs, inter_CBM is derived from single-chain hardware limitation, and it can help more UE support CA with CBM. 

Observation 2: The EIS relaxation of intra-band CA is related to configured DL spectrum rather than the capability Fs.

Observation 3: If we define the △Rib as function of Fs, inter_CBM, it will increase the complexity of both spec and test due to the large frequency span of inter-band. 

Proposal 1：The △Rib of inter-band CA with CBM is not necessary to be associated with Fs, inter_CBM. Instead, it can be based on the relaxation of worst case only, just like IBM.

Proposal 2: The Fs table in intra-band CA can be reused for CBM to indicate the hardware limitation, and when inter-band CA UE indicate the Fs, no additional EIS relaxation is required as compromise. 

Proposal 3: Introduce Fs, inter_CBM to indicate addition DL spectrum that suffer from the hardware limitation, and the performance degradation based on UE implementation will be reported together.
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