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1. Introduction
In the last meeting, it has been concluded that the CBM between different frequency groups is feasible, at least for multi-chain UE [1]. In this contribution, we analyze the feasibility of the single-chain architecture and the relevant requirement.
2. Discussion
2.1 Feasibility of single-chain architecture
Single-chain architecture is an easier way to implement CBM, but the UE will suffer performance degradation especially for different frequency groups, because the CCs have to share the hardware and the beam pattern will be distorted. Figure 1 shows the distorted beam pattern and the simulation is based on the 1x4 antenna model which is identical with TR 38.803, and the antennas are vertically aligned. 
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Figure 1 beam pattern of the beam point to θ = 90° (left) and θ = 135° (right)

For the boresight, the main lobe of SCC has no offset, but the width is narrower than the PCC which may lead to huge difference of antenna gain; for the other direction, in addition to the narrowing of the beam width, the high gain side lobe will appear, which may cause severe interference

Observation 1: For the different frequency groups, single-chain implementation will suffer severe performance degradation, e.g., plummeting antenna gain, side lobe interference.

Another thing that should be paid attention to is the impact of PSD imbalance. Considering the shared hardware, the PSD imbalance between CCs cannot be too large or it will lead to significant desense, but with such huge frequency gap, even for the co-located deployment, the PSD imbalance is always present. We can use the model in TR 38.901 to clarify some reasons of difference. 
The first is pathloss, taken Uma-LOS as an example, the pathloss can be calculated as:





Obviously, for different frequency groups, the  between CCs can be as high as:



The second is penetration loss, which is also significantly influenced by frequency:
Table 1 Material penetration losses [2]
	Material
	Penetration loss [dB]

	Standard multi-pane glass
	


	IRR glass
	


	Concrete
	


	Wood
	


	Note:	f is in GHz




Take the low-loss model for example, the penetration loss can be calculated as:

By simple calculation we can get the difference of the loss between 43.5 GHz and 24.25 GHz:



So, the total difference before UE receives the signal can be:



This means even if the co-located BS transmit the CCs with same power, there is already a huge imbalance before the UE receive the signal. Moreover, the PSD imbalance should be estimated after antenna combination, and if we take the antenna gain difference into consideration, the PSD imbalance will be even larger.

Observation 2: The PSD imbalance between different frequency group can be larger than 10 dB naturally, which will cause significant desense for single-chain architecture.

Based on the analysis above, we propose:

Proposal 1: For CBM between different frequency groups, single-chain architecture is not feasible, and the requirement discussion should only be based on multi-chain architecture. 
2.2 REFSENS and spherical coverage
As we discussed in last meeting, the multi-chain architecture has the potential to eliminate the impact of beam squint which make the CBM is feasible. In our understanding, for co-located deployment based on the multi-chain architecture, the first difference between IBM and CBM is the beam mapping accuracy, CBM need more relaxation due the “blind” beam selection. Another difference is PSD imbalance. In the discussion of IBM, the PSD imbalance is mainly derived from the non-co-located deployment and 1 dB relaxation was added, and the power of untested band should set to its EIS spherical coverage. However, in RAN4#98e, we have agreed that although there is no restriction on deployment, the UE RF requirement for CBM would only be derived based on co-located deployment. From this perspective, the 1 dB relaxation due to non-co-located deployment can be removed.

Observation 3: The difference for CBM and IBM with multi-chain architecture is the beam mapping accuracy and the PSD imbalance of non-co-located deployment.

As previously stated, the PSD imbalance for different frequency group is inevitable and the requirement will be impacted. To match the actual situation, we prefer define X dB PSD imbalance, and the requirement should also be discussed based on this

Proposal 2: To match the actual situation, the X dB PSD imbalance should be specified and requirement should be discussed based on the imbalance value.

Proposal 3: The REFSENS and spherical coverage for CBM between different frequency group can be: IBM requirement – 1dB + the relaxation for beam mapping accuracy(X1/Y1) + the relaxation for PSD imbalance (X2/Y2), e.g.,
[bookmark: _Hlk31890999]Table 2: ΔRIB reference sensitivity relaxation for inter-band CA for power class 3 with CBM
	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n260-n261
	n260
	2.5 + X1 + X2

	
	n261
	2.5 + X1 + X2


Table 3: ΔRIB,S,n EIS spherical coverage requirement relaxation for inter-band CA for power class 3 with CBM
	NR CA bands
	NR band
	ΔRIB,S,n (dB)

	CA_n260-n261
	n260
	2.5 + Y1 + Y2

	
	n261
	2.5 + Y1 + Y2


2.3 ACS and IBB
As we discussed before, the multi-chain architecture is the only feasible way to implement the CBM between different frequency group. In the last meeting, we agreed the ACS and IBB of CBM within the same frequency group are specified based on IBM requirement, and the “gap” condition should be considered because the spectrum of same frequency group may be adjacent. For the CBM between different frequency group, the architecture is similar to IBM and the main difference is the CBM expected the same AOA for CCs which can be captured in test, and the requirement also can be based on the IBM. 

Proposal 4: For CBM between different frequency group, the IBB and ACS should be specified based on IBM, which is align with the same frequency group.
3. Conclusion
In this contribution, we provide our views on feasibility of single-chain architecture and related requirement, and the proposals are as follows:
Observation 1: For the different frequency groups, single-chain implementation will suffer severe performance degradation, e.g., plummeting antenna gain, side lobe interference.

Observation 2: The PSD imbalance between different frequency group can be larger than 10 dB naturally, which will cause significant desense for single-chain architecture.

Observation 3: The difference for CBM and IBM with multi-chain architecture is the beam mapping accuracy and the PSD imbalance of non-co-located deployment.

Proposal 1: For CBM between different frequency groups, single-chain architecture is not feasible, and the requirement discussion should only be based on multi-chain architecture. 

Proposal 2: To match the actual situation, the X dB PSD imbalance should be specified and requirement should be discussed based on the imbalance value.

Proposal 3: The REFSENS and spherical coverage for CBM between different frequency group can be: IBM requirement – 1dB + the relaxation for beam mapping accuracy(X1/Y1) + the relaxation for PSD imbalance (X2/Y2), e.g.,
Table 2: ΔRIB reference sensitivity relaxation for inter-band CA for power class 3 with CBM
	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n260-n261
	n260
	2.5 + X1 + X2

	
	n261
	2.5 + X1 + X2


Table 3: ΔRIB,S,n EIS spherical coverage requirement relaxation for inter-band CA for power class 3 with CBM
	NR CA bands
	NR band
	ΔRIB,S,n (dB)

	CA_n260-n261
	n260
	2.5 + Y1 + Y2

	
	n261
	2.5 + Y1 + Y2



Proposal 4: For CBM between different frequency group, the IBB and ACS should be specified based on IBM, which is align with the same frequency group.
4. References
[1] R4-2114960, WF on FR2 DL CA based on CBM, Qualcomm Incorporated, RAN4#100-e
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