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1. Introduction

In last RAN4 meeting, the UE capability of IBM and CBM had been discussed in the thread of [98-bis-e][130] NR_RF_FR2_req_enh2_Part_1[1]. But there was no any progress, some companies preferred to introduce the UE capability to indicate both of IBM and CBM are supported by UE per band combinations; some companies thought current signalling supports this already; and some company proposed to consider CBM as fall back mode of IBM to save signalling. 
This contribution continue discuss the UE capability for IBM and CBM.
2.  Discussion
In RAN4 #98-e meeting, the definition of IBM and CBM are approved and excerpt as below: 

IBM (Independent Beam management): A UE that supports inter-band CA with IBM selects its DL Rx beam(s) for all CCs in each configured band based on DL reference signals measurements made in that band.
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.
That is, IBM means each band has its own BM RS, the UE will form multi-beam with different beam direction simultaneously for all bands in the inter-band DL CA. CBM just means all CCs in all configured bands will share the common BM RS configured in one CC, the UE could form single beam for all bands or multi-beam with the same beam direction for all bands in the inter-band DL CA. 
Currently, only analogue beamforming architecture is used in UE at mmWave, it can only handle one beam in one antenna penal at a time. Hence, inter-band DL CA with multi-beam (whether the beams are in the same direction or not) need be implemented by separate RX chains and separate antenna panels. In principle, the architecture of separate RX chains and separate antenna panels for inter-band DL CA can both support IBM and CBM. But whether supporting CBM with the architecture of separate RX chains and separate antenna panels also depends on the location of panels, since analogue beamforming architecture can only form a limited number of beam in some directions. For example, it is difficult to support CBM when one antenna panel is put at front side and another antenna panel is put at rear side, but it can support IBM. That is, inter-band DL CA with the architecture of separate RX chains and separate antenna panels can support IBM but not necessarily support CBM, it depends on UE implementation, but inter-band DL CA with the architecture of separate RX chains and separate antenna panels can support CBM, it must support IBM. 
In additional, inter-band DL CA within same frequency group can also be treated as intra-band CA, since the bands within the same frequency group are all overlapping or touching currently.  Therefore, inter-band DL CA within same frequency group with CBM can be implemented by the architecture of single Rx chain and single antenna panel with single beam, it can’t support IBM.
Therefore, there are three kinds of UE implementation:

· Just support IBM for inter-band DL CA with the architecture of separate RX chains and separate antenna panels.

· Just support CBM for inter-band DL CA with the architecture of single Rx chain and single antenna panel.
· Both support CBM and IBM for inter-band DL CA with the architecture of separate RX chains and separate antenna panels
To keep the flexibility for UE implementation as well as the network deployment, it is necessary to indicate the UE can support both. 
Proposal 1: The UE capability signalling to indicate both of IBM and CBM are supported by UE per band combination should be introduced.
Proposal 2: When UE report CBM, it means the UE only supports CBM with single Rx chain and single antenna panel and inter-band DL CA need be treated as intra-band CA with the separation class. 
Proposal 3: When UE report IBM, it means the UE only supports IBM but can’t support CBM due to the UE implementation.

Proposal 4: When UE report both of IBM and CBM, it means the UE supports CBM and IBM by separate RX chains and separate antenna panels, how to configure BM RS depends on network deployment.
3. Conclusion

In this contribution, we analyse the UE implementation architectures of inter-band DL CA with IBM and CBM and propose:
Proposal 1: The UE capability signalling to indicate both of IBM and CBM are supported by UE per band combination should be introduced.
Proposal 2: When UE report CBM, it means the UE only supports CBM with single Rx chain and single antenna panel and inter-band DL CA need be treated as intra-band CA with the separation class.
Proposal 3: When UE report IBM, it means the UE only supports IBM but can’t support CBM due to the UE implementation.

Proposal 4: When UE report both of IBM and CBM, it means the UE supports CBM and IBM by separate RX chains and separate antenna panels, how to configure BM RS depends on network deployment.
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