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1. Introduction
The feasibility issue about the CBM between different frequency group has been raised before several meetings, but it is still unclear. In the last meeting, we have agreement as follows [1]:

In following meetings discuss the following two options
1.	Label n260+n261 as IBM only
2.	Conclude that CBM UE is feasible for n260+n261 and define requirements in REL17

In the previous discussion about the CBM within same frequency group, there are two available architectures has been proposed, called single-chain and multi-chain. In this contribution, we try to find out if the CBM between different frequency group is feasible base on the different potential architectures.
2. Discussion
2.1 CBM between different frequency group based on single-chain architecture
Single-chain architecture is a simple way to make UE perform CBM, and it means different CCs can be received by same front-end as shown in Figure 1.
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Figure 1. single-chain architecture

The first issue that affects the feasibility of CBM is beam squint and it seems cannot be avoided in single-chain architecture. Due to the shared front-end, the analog Rx beam can only be optimized for one of the CC where the reference signal is located and the UE have to suffer from the performance degradation of other CCs because the beam pattern is distorted. The degradation, in fact, is related to the frequency span between CCs. For same frequency group, the distortion of beam pattern may be minor, but it seems the degradation is hard to be accepted for different frequency group.
In [2], we have provided some simulation results as shown in follows, the “28GHz+39GHz” means the center frequency of CC1 is 27.5 GHz, and the center frequency of CC2 is 40 GHz, which is the largest gap (worst case) in band combination n260-n261. We simulated two different antenna model, the model 1 is 2x2 array which have wide beam and the model 2 is 1x4 array whose beam pattern is narrower.

Table 1 SCC RSRP difference for IBM/CBM with different frequency group under co-location 
	
	
	Median
	95%-tile

	“28GHz+39GHz”
(27.5GHz+40GHz)
	Model 1 (wide beam)
	2.6 dB
	17.1 dB

	
	Model 2 (narrow beam)
	7.8 dB
	17.4 dB
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Figure 2. RSRP difference for CBM with different frequency group under the co-location
The RSRP difference express the difference between the RSRP of optimal beam and the distorted beam, which can reflect the performance degradation of CBM. We can find that in the worst case of n260-n261, the degradation can be as high as 17 dB and the narrower beam will suffer more losses. The inter-band CA may not work due to such high losses.

Observation 1: The performance degradation of CBM for n260-n261 under single-chain architecture is unacceptable because the high loss from beam squint may cause the performance of inter-band CA is poor.  

Another issue is PSD imbalance. Apparently, the free space path loss of 28GHz and 39GHz is different naturally, and the imbalance can be roughly estimated by the path loss model in [3], which is about 3dB. However, there are various factors may affect the imbalance, such as penetration loss. So we also try to simulate the PSD imbalance between the CCs from different frequency group under co-located deployment and the result as follows:

Table 1 PSD imbalance between different frequency group under co-location 
	95%-tile
	Model1 (wide beam)
	Model2 (narrow beam)

	PSD imbalance
(27.5GHz+40GHz)
	7.0 dB
	7.2 dB



The antenna gain is assumed to be same, which means that the imbalance doesn’t include the effect of spatial filtering. The simulation result demonstrates 7 dB imbalance will occur in most cases. Considering the single-chain architecture will share the front-end and the selectivity of the antenna between 28GHz and 39GHz is weak, the performance of receiver will be degraded. 

Observation 2: The PSD imbalance for n260-n261 is about 7 dB and the performance of receiver will be degraded due to the shared front-end.

Proposal 1: The CBM between different frequency group based on single-chain architecture is not feasible, since it may suffer severe performance degradation.
2.2 CBM between different frequency group based on multi-chain architecture
The multi-chain architecture is more complicated which can be illustrated as Figure 3:
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Figure 3. multi-chain architecture

In our understanding, the multi-chain architecture also can be used for IBM. As for the CBM mode, the reference signal is only located in one of CCs and only this CC (CC1) can select the optimal beam, while the other CCs (CC2) will follow. In the DL beam management process, The BS will indicate the Tx beam and the UE will choose a best beam based on the previous beam training, but how to form the analog beam depends on the UE implementation. Here are two possible approaches:
1st approach: The array weighting coefficient of CC1 is directly applied to CC2.
This method is not much different from single-chain and the performance will degraded obviously due to the beam squint.
2nd approach: The array weighting coefficient of CC1 and CC2 is independent, and the correspondence between each beam index is needed.
It may be achievable that each RF chain can choose the phase shift independently for the CC from different band, which can avoid the beam distortion. The key point of this method is there should be some certain correspondence between the beam index of two antenna module to ensure the CC2 can follow the CC1. 

Observation 3: The multi-chain can avoid the performance degradation of beam squint but the correspondence between beam index of different module is needed.

In addition, the multi-chain architecture does not need receive CCs through the shared front-end, and the influence of PSD imbalance can be mitigated by the physical isolation to some extent.

Proposal 2: RAN4 conclude the CBM between different frequency group is feasible.

Proposal 3: The multi-chain can be chosen as reference architecture for the CBM between different frequency group during the requirement discussion.
3. Conclusion
In this contribution, we discuss the feasibility of the CBM between the different frequency group, and our proposals are as follows:
Observation 1: The performance degradation of CBM for n260-n261 under single-chain architecture is unacceptable because the high loss from beam squint may cause the performance of inter-band CA is poor.  

Observation 2: The PSD imbalance for n260-n261 is about 7 dB and the performance of receiver will be degraded due to the shared front-end.

Observation 3: The multi-chain can avoid the performance degradation of beam squint but the correspondence between beam index of different module is needed.


Proposal 1: The CBM between different frequency group based on single-chain architecture is not feasible, otherwise it may suffer severe performance degradation.

Proposal 2: RAN4 conclude the CBM between different frequency group is feasible.

Proposal 3: The multi-chain can be chosen as reference architecture for the CBM between different frequency group during the requirement discussion.
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