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1. Introduction

In last RAN4 meeting, the WF [1] on FR2 UEs that support inter-band DL CA with CBM was approved as follow:


[image: image1]
This contribution mainly discusses the UE implementations for inter-band DL CA with CBM and related DL requirements.
2.  Discussion
In RAN4 #98-e meeting, the definition of CBM is approved and excerpted as below: 

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, 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 supporting CBM with multi-beam (whether between different frequency groups or within the same frequency group) need be implemented by separate RX chains and separate antenna panels. 
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 with CBM within same frequency group can reuse the architecture of intra-band CA.
Accordingly, inter-band DL CA with CBM within same frequency group can have two kinds of implementation:
· Implementation 1: with single Rx chain and single antenna panel.
· Implementation 2: with separate RX chains and separate antenna panels.
The UE must support inter-band DL CA with CBM by implementation 1 since implementation 1 will reuse the architecture for single CC operation, whether the UE supports implementation 2 depends on the UE implementation. Some low cost UE maybe only support inter-band DL CA with CBM within same frequency group by implementation 1 (with single Rx chain and single antenna panel), and it is difficult to cover the whole frequency span of 5250 MHz in 28 GHz group and 6500 MHz in 39 GHz group for this kind of UE due to the limitation of the RF component performance. Therefore, to allow the low cost UE with single Rx chain and single antenna panel to support inter-band DL CA with CBM with smaller CC separation than whole frequency span of 5250 MHz in 28 GHz group and 6500 MHz in 39 GHz group, introducing separation class like intra-band non-continuous CA in FR2 for inter-band DL CA with CBM is necessary. In additional, using separation class for CBM can potentially save power consumption for the UE supporting implementation 2 by turning off the other beam/active antenna array when frequency span of configured all CCs is within the separation class. That is, the UE will active the other Rx chain and antenna panel only if frequency span of configured all CCs exceeds the separation class.
Proposal 1: Fs_inter_CBM capability is necessary to allow low cost UE support inter-band DL CA with CBM and keep the flexibility of UE implementation and network deployment.
According to above analysis, when the frequency span of configured all CCs is within the separation class, inter-band DL CA with CBM can be treated as intra-band CA, correspondingly, it can reuse the requirement framework for intra-band CA including contiguous and non-contiguous. 
When frequency span of configured all CCs exceeds the separation class, actually, inter-band DL CA with CBM is implemented by separate RX chains and separate antenna panels with multi-beam in the same direction, its requirements need consider more impact factors like inter-band DL CA with IBM than intra-band DL CA. It is more reasonable to apply the requirement framework for inter-band DL CA with IBM.
The requirement framework and considering impact factors for intra-band DL CA and inter-band DL CA with IBM are different entirely. The requirement for inter-band DL CA with CBM can’t be specified simply based on intra-band DL CA or based on inter-band DL CA with IBM and need consider both of implementations.
The requirement for inter-band DL CA with CBM through separate RX chains and separate antenna panels need consider beam squint effect in addition to consider the PSD imbalance, multi-band relaxation frame work and inter-band relaxation like DL CA_n260-n261 for IBM, due to multi-beam need share the common BM RS only in one CC. 
Therefore, the requirement for inter-band DL CA with CBM through separate RX chains and separate antenna panels can introduce additional relaxation X based on the relaxation of inter-band DL CA with IBM. 
Proposal 2: For inter-band DL CA with CBM within the same frequency group, when the frequency span of configured all CCs is within the separation class, reused the requirement framework of intra-band non-contiguous CA as Table 2-1:
Table 2-1 EIS Relaxation for inter-band CA based on CBM
	Configured DL spectrum (MHz)
	 (dB)

	≤ 800
	0.0

	> 800 and ≤ 1400
	0.5

	> 1400 and ≤ 2400
	1.5


Proposal 3: The requirements for inter-band DL CA with CBM within the same frequency group through separate RX chains and separate antenna panels reuse the requirement framework of inter-band DL CA with IBM and consider additional relaxation X based on the relaxation of related inter-band DL CA with IBM as Table 2-2 and Table 2-3:
Table 2-2 EIS relaxation for inter-band CA based on CBM

	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n257-n258
	n257
	Y+X

	
	n258
	Y+X


Table 2-3 EIS spherical coverage requirement relaxation for inter-band CA based on CBM

	NR CA bands
	NR band
	ΔRIB,S,n (dB)

	CA_n257-n258
	n257
	Y+X

	
	n258
	Y+X


Proposal 4: The requirements for inter-band DL CA with CBM between different frequency groups reuse the requirement framework of inter-band DL CA with IBM and consider additional relaxation X based on the relaxation of related inter-band DL CA with IBM.
Table 2-4 EIS relaxation for inter-band CA based on CBM

	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n260-n261
	n260
	3.5+X

	
	n261
	3.5+X


Table 2-5 EIS spherical coverage requirement relaxation for inter-band CA based on CBM

	NR CA bands
	NR band
	ΔRIB,S,n (dB)

	CA_n260-n261
	n260
	3.5+X

	
	n261
	3.5+X


3. Conclusion

In this contribution, we analyse the requirements framework of different UE implementation for inter-band DL CA with CBM and proposed:
Proposal 1: Fs_inter_CBM capability is necessary to allow low cost UE support inter-band DL CA with CBM and keep the flexibility of UE implementation and network deployment.
Proposal 2: For inter-band DL CA with CBM within the same frequency group, when the frequency span of configured all CCs is within the separation class, reused the requirement framework of intra-band non-contiguous CA as Table 2-1:
Table 2-1 EIS Relaxation for inter-band CA based on CBM
	Configured DL spectrum (MHz)
	 (dB)

	≤ 800
	0.0

	> 800 and ≤ 1400
	0.5

	> 1400 and ≤ 2400
	1.5


Proposal 3: The requirements for inter-band DL CA with CBM within the same frequency group through separate RX chains and separate antenna panels reuse the requirement framework of inter-band DL CA with IBM and consider additional relaxation X based on the relaxation of related inter-band DL CA with IBM as Table 2-2 and Table 2-3:
Table 2-2 EIS relaxation for inter-band CA based on CBM

	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n257-n258
	n257
	Y+X

	
	n258
	Y+X


Table 2-3 EIS spherical coverage requirement relaxation for inter-band CA based on CBM

	NR CA bands
	NR band
	ΔRIB,S,n (dB)

	CA_n257-n258
	n257
	Y+X

	
	n258
	Y+X


Proposal 4: The requirements for inter-band DL CA with CBM between different frequency groups reuse the requirement framework of inter-band DL CA with IBM and consider additional relaxation X based on the relaxation of related inter-band DL CA with IBM.
Table 2-4 EIS relaxation for inter-band CA based on CBM

	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n260-n261
	n260
	3.5+X

	
	n261
	3.5+X


Table 2-5 EIS spherical coverage requirement relaxation for inter-band CA based on CBM

	NR CA bands
	NR band
	ΔRIB,S,n (dB)

	CA_n260-n261
	n260
	3.5+X

	
	n261
	3.5+X
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Applicability of requirements for CBM UEs:


Reference architecture(s) for deriving CBM UE RF requirements is FFS


Beam management reference signal (BMRS) side condition for inter-band DL CA based on CBM test is FFS. Companies are encouraged to share analysis of degradation in spherical coverage as a function of frequency distance to BMRS.


REFSENS requirement:


Option 1: REFSENS relaxation structure of intra-band non-contiguous CA is a starting point applied to inter-band CA within same freq group and same REFSENS relaxation is applied to both bands of a band combination within same freq group.


Option 2: REFSENS relaxation structure is based on IBM interband CA


Agreement:


Discussion postponed until after decision on reference architecture(s)


EIS spherical coverage requirement:


Option 1: EIS spherical coverage requirements is not specified for CBM UE.


Option 2: EIS spherical coverage requirements is specified for CBM UE


Agreement:


Discussion postponed until after decision on reference architecture(s)


Whether Fs_inter_CBM capability is needed:


FFS


PSD condition for EIS tests:


Discussion postponed until after decision on reference architecture(s)
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