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1. Introduction
In RAN#89e, FR2 RF enhancement WI, RP-202107, was approved. On DL inter-band CA related scope, it is agreed to study and if feasible define UE requirements for CBM between different freq. groups (e.g. 28GHz + 37GHz).
In RAN4#97e, some progress has been made regarding CBM for FR2 inter-band CA across the different frequency groups as follow
· FFS whether CBM can only support CA configurations within same frequency group
· On applicability of CBM/IBM requirements
· If either CBM or IBM is concluded as infeasible for certain band combinations, it is reasonable to clearly state in the spec that only the requirements of feasible BM apply to these band combinations. If both CBM and IBM are concluded as feasible for certain band combinations, IBM/CBM is up to UE’s capability.
· On applicability of CBM/IBM capability
· Detailed approach to justify applicability of CBM capability is TBD. Further discuss approaches including Fs,inter parameter in next meeting.

In this contribution, the feasibility of inter-band CA between different freq. group (e.g. 28GHz + 37GHz) for CBM is further discussed.
2. Deployment scenario for CBM
For FR2 inter-band CA, there are generally two deployment scenarios considered, i.e. collocated scenario and non-collocated scenario. Non-collocated scenario is typically assumed when the coverages between aggregated bands are significantly imbalanced. With non-collocated deployment, the ISD of cells of different bands can be independently and flexibly configured. However, non-collocated deployment typically requires more cell sites/towers to place the base stations. The related deployment efforts and costs can be significant.
The cell size or coverage difference between 28GHz and 37GHz band group can be as large as 3 times based on free space path loss model. If n262 is considered, the corresponding difference can be even larger.
In case of non-collocated deployment, the cell distance difference impacts AGC and TPC. Moreover, the orientation relative to UE can also be different and will affects phase shifter setting. All aforementioned factors will negatively impact CBM performances.
In CBM, a common spatial signature should be aligned with channel state information across all CC. Obviously, when different CC are not collocated, the associated channel state information is independent. In other words, it is impossible to have a single Tx/Rx beam to fit all channels for non-collocated scenario. 
Proposal 1: CBM should be limited to collocated scenarios, which include the FR2 inter-band CA within the same frequency group and between different frequency groups. 
3. CBM, frequency separation and beam squint 
For FR2 inter-band CA between different frequency groups, the corresponding frequency separation can be up to 19GHz. The related beam squint is expected to be much more significant than the case within frequency group. As shown in [1], the beamforming gain loss can be more than 10dB when the frequency separation between CCs are large. If CBM is assumed, 
Such large beamforming gain degradation can easily result in the beam failure for certain CC if single Tx/Rx beam is mandated for all CC. Meanwhile, it is questionable if a single transceiver can effectively cover such large frequency span. 
Observation 1: Substantial performance degradation is expected for CBM with FR2 inter-band CA between different frequency groups from the aspects of frequency separation and beam squint. 
With aforementioned observations, there is no clear benefit to deploy CBM with FR2 inter-band CA between different frequency groups, considering IBM related requirements have been specified and supported. It is proposed 
Proposal 2: No CBM based RF, RRM and demod requirements should be specified for FR2 inter-band CA between different frequency groups.

4. MRTD for CBM and its impact
In R16, no agreement has been made on MRTD of CBM with the following observations
· At least 260ns is feasible from UE perspective
· At least 3us MRTD is feasible from network perspective for co-located deployments
When non-collocated deployment is assumed, MRTD can be as large as 8us. 
When MRTD, e.g. 3us or 8us, is more than CP length, CBM will result in Rx beam switching outside of CP on the CC which is not taken as DL time reference, as shown in Figure 1.
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Figure 1: Rx beam switch when MRTD is more than CP length
As illustrated in Figure 1, Rx beam is switched during symbol #n on CC2. Obviously, symbol #n on CC2 will be interrupted. Since Rx beam switch is decided at UE side and invisible to the NW, scheduling restriction on the impacted symbol is impossible. In this case, the whole slot where symbol #n is located can be interrupted including both PDCCH and PDSCH. 
Observation 2: When MRTD is more than CP length in CBM, one slot per Rx beam switching can be interrupted on all CCs where the symbol boundary misalignment from the reference CC is more than CP. If PDCCH is interrupted, the corresponding impacts can last multiple slots. 
Observation 3: When non-collocated scenario is assumed, it is infeasible to assume MRTD is less than CP length due to both TAE and propagation delay differences. The performance degradation due to Rx switch and the corresponding interruption can be quite significant. 
From RRM measurement perspective, parallel RRM measurements on serving CCs are generally assumed and subject to searcher limitation. Parallel RRM measurement can efficiently reduce the measurement delay. However, when MRTD>CP, parallel measurement becomes questionable due to the reason illustrated in Figure 1. 
Observation 4: When MRTD>CP, parallel RRM measurement on FR2 CC becomes questionable since beam switch may happen during the symbol duration. 
Conclusion
In this contribution, the feasibility of CBM for FR2 inter-band CA between the different frequency groups is discussed. 
The observations can be summarized as 
Observation 1: Substantial performance degradation is expected for CBM with FR2 inter-band CA between different frequency groups from the aspects of frequency separation and beam squint. 
Observation 2: When MRTD is more than CP length in CBM, one slot per Rx beam switching can be interrupted on all CCs where the symbol boundary misalignment from the reference CC is more than CP. If PDCCH is interrupted, the corresponding impacts can last multiple slots. 
Observation 3: When non-collocated scenario is assumed, it is infeasible to assume MRTD is less than CP length due to both TAE and propagation delay differences. The performance degradation due to Rx switch and the corresponding interruption can be quite significant. 
Observation 4: When MRTD>CP, parallel RRM measurement on FR2 CC becomes questionable since beam switch may happen during the symbol duration. 
With all aforementioned observations, it is proposed that 
Proposal 1: CBM should be limited to collocated scenarios, which include the FR2 inter-band CA within the same frequency group and between different frequency groups. 
Proposal 2: No CBM based RF, RRM and demod requirements should be specified for FR2 inter-band CA between different frequency groups.
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