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1. Introduction
In the last meeting, the agreement in WF [1] is summarized as follows:

· REFSENS requirement
· EIS spherical coverage requirement
· PSD condition for EIS tests
Agreement:
· Discussion postponed until after decision on reference architecture(s)

Obviously, the discussion on the requirements of CBM was stuck by the reference architecture (single-chain or multi-chain). In this contribution, we will share our views on the requirements of CBM and its relationship with different architecture.
2. Discussion
2.1 single-chain/multi-chain architecture
In RAN4#98e, we achieve consensus on CBM definition which can be described as:

· CBM: (Common Beam Management) A UE that supports inter-band CA with CBM selects its DL Rx beam(s) for all CCs in all configured bands based on DL measurements made in the only CC configured with the reference signal for beam management.

The definition characterizes the behavior of CBM precisely and gives the UE enough freedom to implement it. There are two typical architecture can be considered as reference, as shown in Figure 1: 
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Figure 1 (a)single-chain architecture (b) multi-chain architecture

The single-chain architecture receives the different CCs through the same beam which is similar to intra-band CA and this architecture can only perform CBM due to hardware constraints. The main reason for its performance deterioration is beam squint, and it is also limited by hardware bandwidth.
The multi-chain architecture is more flexible, the UE can use different beams to perform CBM, but we also noticed that the CBM implies that when receiving different beams under this architecture, there needs to be a certain correspondence in the spatial area, otherwise may cause the UE cannot work normally. An example we mentioned in the paper at the last meeting [2], as shown in Figure 2:
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Figure 2 Different implementation of CBM

The reference signal is configured in CC1, so the beam of CC2 will choose its beam based on the measurement of CC1. (A) represent the UE with single-chain architecture, and (B) and (C) is the UE with multi-chain architecture, but the difference is the panel location. The panels of (B) are on the same side, while the panels of (C) are on different sides. Obviously, the performance of (C) will have a serious degradation, which is not the implementation of CBM that we expected. In addition, the beam peak of multi-chain UE may be misaligned which also affects the CBM performance. All the issues described above may cause the performance of multi-chain UE is poorer than the single-chain.

Observation 1: The multi-chain architecture does not always improve the performance of CBM, it can also cause problems that do not exist in single-chain due to the different implementations.

To make the problem clearer, we can divide the discussion into two situations. For same frequency group, the degradation of beam squint may be acceptable, and the performance gain of introducing multi-chain architecture is small due to the increase of complexity, power consumption, and cost. In our understanding, the multi-chain UE also can perform CBM by only activating one of the TRx chains; For different frequency group, it seems the multi-chain architecture is the only possible way to achieve CBM, which may mitigate the affection of beam squint and break the hardware constraint.

Observation 2: For same frequency group, the multi-chain UE also can perform CBM by only activating one of the chains, and the performance gain of multi-chain is minor.
  
Proposal 1: The single-chain architecture can be used as a reference for same frequency group and the multi-chain can be considered for different frequency group.  

According to the discussion above, the REFSENS relaxation framework of CBM within same frequency group can be based on the intra-band non-contiguous CA due to the similar architecture. The relaxation value includes not only the affection of hardware, i.e., insertion loss, but also the influence of beam squint. 

Proposal 2: The relaxation framework of CBM within same frequency group should base on the structure of intra-band non-contiguous CA, and the influence of beam squint should be captured. 
2.2 EIS spherical coverage
There has been a lot of discussion about whether CBM needs to specify the spherical coverage, but no agreement has been reached. In [2], we have clarified that multi-chain UE should define the spherical coverage to avoid unexpected implementations, just like the (C) in Figure 2. 

Observation 3: For multi-chain architecture, the flexible implementation may break the correspondence between beams that CBM should have, which will cause the spherical coverage to fail to meet the requirement.   

Proposal 3: For the CBM of multi-chain architecture, the spherical coverage should be specified.

As for single-chain, it seems unnecessary to specify the spherical coverage because the shared RF chain may imply that the spherical coverage of each band is similar naturally. However, we also notice that the response of antenna in wild bandwidth varies which cause the beam pattern in different frequency point is not always similar, furthermore, the precision of phase shifter will also have an impact. In this part, we do some EM simulation to verify whether the spherical coverage is needed for single-chain CBM. The antenna is a 1*4 patch array that can cover 24~ 30 GHz, and the location is top of the phone. The frequency point of simulation is 24.25GHz and 29.5 GHz, which is the largest span in same frequency group, and the performance of each band just meets the 50% spherical coverage requirement when there is no relaxation.
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Figure 3 (a) simulation model (b) spherical coverage result

Obviously, even within same frequency group, the common spherical coverage cannot always meet the 50% requirement, and the result shows at least 0.8 dB relaxation is needed for each band in this scenario. This has nothing to do with CBM distortion but with the antenna characteristic itself. The figure 4 shows that the antenna pattern of each frequency when the beam points to 45°.
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Figure 4 (a) beam pattern for 24.25GHz (b) beam pattern for 29.5GHz

The beam pattern is quite different between frequency points which may be the reason why the common spherical coverage may not meet the requirement.

Observation 4：For single-chain architecture, the response of the antenna is difficult to be consistent across the entire broadband, resulting in different beam patterns and common spherical coverage cannot always meet the requirement.  

Proposal 4: Even the CBM using single chain architecture, the spherical coverage requirement also should be specified.
3. Conclusion
In this contribution, we discuss the issue about the reference architecture of CBM and related requirements, and the proposals are as follows: 
Observation 1: The multi-chain architecture does not always improve the performance of CBM, it can also cause problems that do not exist in single chain due to the different implementations.

Observation 2: For same frequency group, the multi-chain UE also can perform CBM by only activating one of the chains, and the performance gain of multi-chain is minor.
  
Observation 3: For multi-chain architecture, the flexible implementation may break the correspondence between beams that CBM should have, which will cause the spherical coverage to fail to meet the requirement.   

Observation 4：For single-chain architecture, the response of the antenna is difficult to be consistent across the entire broadband, resulting in different beam patterns and common spherical coverage cannot always meet the requirement.  

Proposal 1: The single-chain architecture can be used as reference for same frequency group and the multi-chain can be considered for different frequency group.  

Proposal 2: The relaxation framework of CBM within same frequency group should base on the structure of intra-band non-contiguous CA, and the influence of beam squint should be captured. 

Proposal 3: For the CBM of multi-chain architecture, the spherical coverage should be specified.

Proposal 4: Even the CBM using single chain architecture, the spherical coverage requirement also should be specified.
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