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1	Introduction 
During the RAN4#101bis-e meeting it was further discussed the definition of the ΔRIB,P,n (dB) and ΔRIB,S,n (dB) for inter-band DL CA CBM with different band groups. In this contribution, we share our simulation results comparing SNR for the relative throughput between the multi-chain architecture with CBM and multi-chain architecture with IBM. These results provide the additional delta relaxation required for the support of the inter-band DL CA CBM for different band groups compared to inter-band DL CA IBM.

2	Discussion 
RAN4 agreed to define CBM requirements in such a manner that both single chain and multi-chain architectures are possible, these are summarized in [1]. During last meeting the WF [2] summarized the different positions on the definition of delta_RIB for inter-band CA CBM:

· Option 1: Same as IBM
· Option 2: The delta_RIBs of CBM should be larger than that of IBM for the same band combination.
· Option 3: For n260+n261: 3 dB
· Option 4: Same as IBM + 0.5

We have previously shown that the performance degradation [3] can be more than 10 dB when considering single-chain architecture to support two band groups (28 GHz + 39 GHz). Due to the large performance degradation, CBM between different band groups is not feasible with single-chain architecture and therefore, we propose that the requirement definition for inter-band DL CA between band group should only be based on multi-chain architecture. 

Proposal 1:	For CBM between different band groups is not feasible with single-chain architecture. The requirement definition for inter-band DL CA between different band groups should only be based on multi-chain architecture. 
In our view, the delta_RIB for inter-band CBM CA should be larger than that of IBM for the same band combination, since the UE performance loss becomes more severe with increasing carrier frequency separation – in addition to the calibration beam error estimation when mapping the same index for the LB as for the MB. 
In the next subsection, we provide the simulation results that show the performance degradation of multi-chain CBM compared multi-chain IBM and propose the delta_RIB for CBM multi-chain architecture. 

2.1	EIS relaxation for different band groups
In the RAN4 previous meeting some companies have proposed to adopt the same relaxation factor for REFSENS and EIS spherical coverage between CBM and IBM UEs for different frequency group.  There are important factors that need to be considered, when comparing multi-chain CBM to multi-chain IBM. 
One important key point is that the multi-chain architecture with CBM has independent phase shifters, such that the calculated coefficients for the beamforming weight from one of the phase shifters will have to apply to the other phase shifter. This will cause a calibration error when considering the independent chains with the CBM configuration that will contribute to the beamforming degradation. Similar issue does not occur for the multi-chain IBM where the beamforming weight can be estimated independently, and where the refence signal is schedule for both CCs. For the scenario with inter-band CA with CBM cross-array calibration of beams is essential. 
Simulation conditions:
1. The assumption of co-location of both CCs in the different band groups is needed from the network perspective for the feasibility of the scenario with inter-band CA CBM for different band groups.
2. The channel model is static (gNB is in front of the UE, no rotation applied).
3. The channel model assumes CDL-D with LOS propagation condition.
4. The simulation considers the beamforming gain from the gNB side, and QPSK modulation scheme.
5. The simulation compares both inter-band CA with different band groups (28 GHz + 39 GHz) with IBM and CBM. For CBM the reference signal is in 28 GHz band only. 
6. Cross-array calibration of beam: Same number of beams for 28 GHz band and 39 GHz band. Since the reference signal is in 28 GHz band only, the simulation has selected the beam for 28 GHz band and mapped the same index beam for 39 GHz band.

Main difference between IBM and CBM scenarios is the beam mapping accuracy. CBM needs more relaxation due to the “blind” beam selection. The channel model for this simulation is static with LOS between UE and gNB, in case of a scenario with additional rotation, it would make the correct beam selection more difficult and consequently, the SNR delta between IBM and CBM curves would be even larger. 
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Figure 1: Relative Throughput versus SNR
Figure 1 provides results for the relative throughput versus SNR considering QPSK modulation scheme and it compares the inter-band CA IBM to inter-band CA CBM case with different band groups (28 GHz + 39 GHz). The simulation shows that the SNR delta between IBM and CBM for the relative throughput at 95% is around 5 dB. 
Furthermore, the simulation results show the impact of the cross-array calibration of the beam for different band groups with only BMRS in one of the bands compared to cross-array calibration with BMRS in both bands. It can be seen that the misalignment between beam results in a performance degradation, which needs to be considered for the derivation of ΔRIB,P,n (dB) and ΔRIB,S,n (dB).

Observation 1:	The simulation results show the impact of the cross-array calibration of the beam for different band groups with only BMRS in one of the bands compared to cross-array calibration with BMRS in both bands.
Observation 2:	Simulation results show that the delta between inter-band DL CA CBM and inter-band DL IBM is 5 dB. 

Proposal 2:	Additional relaxation ΔRIB,P,n (dB) and ΔRIB,S,n (dB) for inter-band DL CA CBM is required compared to inter-band DL CA IBM:
· ΔRIB,P,n (dB) for multi-chain CBM with different band groups =  ΔRIB,P,n_IBM (dB) + 5 dB
· ΔRIB,S,n (dB) for multi-chain CBM with different band groups =  ΔRIB,S,n_IBM (dB) + 5 dB

3	Conclusions
This contribution provides the simulation results considering QPSK modulation scheme to estimate the delta relaxation required for the inter-band DL CA CBM for different band groups compared to inter-band DL CA IBM. 
In summary, we have made the following proposals and observations:

Proposal 1:	For CBM between different band groups is not feasible with single-chain architecture. The requirement definition for inter-band DL CA between different band groups should only be based on multi-chain architecture. 
Observation 1:	The simulation results show the impact of the cross-array calibration of the beam for different band groups with only BMRS in one of the bands compared to cross-array calibration with BMRS in both bands.
Observation 2:	Simulation results show that the delta between inter-band DL CA CBM and inter-band DL IBM is 5 dB. 
Proposal 2:	Additional relaxation ΔRIB,P,n (dB) and ΔRIB,S,n (dB) for inter-band DL CA CBM is required compared to inter-band DL CA IBM:
· ΔRIB,P,n (dB) for multi-chain CBM with different band groups =  ΔRIB,P,n_IBM (dB) + 5 dB
· ΔRIB,S,n (dB) for multi-chain CBM with different band groups =  ΔRIB,S,n_IBM (dB) + 5 dB
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