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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide our view on applicability of CBM and IBM for different CA configurations. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
In last RAN4 meeting, some WFs were made for CBM and IBM for FR2 inter-band CA. Among the WFs, we would like to continue to discuss applicability of CBM/IBM for different CA configurations in [1] and [2] as below. 
R4-2016915 [1]
	WF on CBM applicability
· Issue 2-1: whether CBM is only applicable for CA configurations with same freq. group
· Option 1: Yes, CBM can only support CA configurations within same frequency group
· Option 2: No, there is not restrictions which CA configurations CBM UE can support
· Option 3: Other
· Agreement
· FFS whether CBM can only support CA configurations within same frequency group

WF on IBM applicability
· Issue 2-2: whether IBM is applicable for all CA configurations
· Option 1:  Yes, by default IBM is applicable for all CA configurations 
· Option 2:  No, IBM is not by default  applicable for all CA configurations 
· Option 3: Other
· Agreement
· IBM UE capability is applicable for all CA configurations
· FFS if IBM should be the baseline (i.e., if CBM can be considered as an incapability signaling for the UE to use for certain allowed band combinations)
· FFS if the same IBM requirements apply to all CA configurations

WF on how to state in specification
· Open issues
· Issue 2-3 on “frequency group”
· proposal: The “frequency group” term shall not be defined in specification
· Issue 2-4 on applicability of CBM/IBM requirements
· Proposal: Clearly state in specification whether IBM and/or CBM requirements are defined for certain band combination
· Issue 2-5 on applicability of CBM/IBM capability
· Proposal: Study and introduce per-band combination parameter Fs,inter in the specification as a reference of applicability for IBM/CBM
· Agreements
· on “frequency group”
· “frequency group” term shall not be defined in specification
· 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.
WF on frequency separation class
· Issue 2-6: whether separation class extends to be indicated per band combination per receiving chain for L+L and H+H CA combinations
· Option 1: New UE capability for separation class is only introduced per band combination
· Option 2: New UE capability for separation class is introduced per band combination per receiving chain
· Option 3: separation class is not indicated per band combination per receiving chain, no new UE capability is introduced
· Agreement
· Further study whether and/or how frequency separation class is introduced for inter-band CA based on CBM and IBM




R4-2017813 [2]
	WF on IBM for DL CA between bands in the same frequency group
· Typical inter-band CA deployment between bands in the same frequency group cannot be limited to co-located deployments
· IBM UEs are implementable
· Feasibility to support is left to UE vendor (implementation) choice
· Companies are encouraged to evaluate requirements based on non-co-located test cases

WF on CBM for DL CA for bands across different frequency groups
· Companies are encouraged to provide input:
· Regarding MRTD, beam switch can also be carried out when there is no DL data scheduled on one of the CCs and in the U-D switch. How often is BM carried out in relation to expected changes in the channel conditions? 
· What is the impact on the DL throughput due to PDCCH interruptions in case of non-co-location and an MRTD up to 3 us?
· What is the time needed for beam switch (typically)?
WF on inter-band UL CA
· For the case of simultaneous uplink in multiple bands, companies are encouraged to study
· whether per band or per UE :
· max TRP and max EIRP limit requirements
· Emissions requirements
· P-MPR and PHR
· whether EIRP or TRP :
· Power sharing between bands if applicable (configured power)



For CBM applicability
· Same frequency group vs different frequency group
In general, beam forming parameters are related to frequency. If inter-band CA is configured with different frequency group, L+H (e.g, 28GHz + 39GHz), difference of frequency between CCs is very high. If UE supports IBM, optimal beam forming for each band can be performed regardless of difference of frequency. However if UE supports CBM, optimal beam forming cannot be performed. This can result in big performance degradation.
On the other hand, if inter-band CA is configured within same frequency group, L+L(e.g, 28GHz + 28GHz) or H+H (e.g, 39GHz + 39GHz), difference of frequency between CCs is not high. If UE supports CBM, it can be expected performance degradation is not high. 
Therefore, CBM can be applicable to inter-band CA within same frequency group rather than with difference frequency group.
Proposal 1: CBM is applicable to inter-band CA within same frequency group rather than with difference frequency group.
· Co-located vs non-co-located deployment
CBM cannot support different beam directions simultaneously with common beam, however, can support same beam direction. Same beam direction is possible in co-located deployment. Therefore, CBM can be applicable to co-located deployment.
Proposal 2: CBM is applicable to co-located deployment.

For IBM applicability
In WF[1], it was agreed that IBM UE capability is applicable for all CA configurations, however, more discussion is needed whether IBM is baseline or not, and CBM can be considered for certain allowed band combinations.
In WF[2], it was agreed that feasibility to support IBM for DL CA between bands in the same frequency group is left to UE vendor (implementation) choice. 
Regarding both WF [1] and [2], IBM can be considered as baseline for inter-band CA with different frequency band group, not for inter-band CA within same frequency group. For same frequency group, both IBM and CBM can be applicable and UE can support either IBM or CBM.
Proposal 3: For inter-band CA with different frequency group, IBM is applicable as baseline.
Proposal 4: For inter-band CA within same frequency group, both IBM and CBM can be applicable and UE can support either IBM or CBM.

For applicability of CBM/IBM capability
Regarding Proposal 1, we consider band combination within same frequency group with L+L or H+H.
· L + L : n257 + n258, n257+n261, n258+n261
· H + H: n259+n260 

Figure 2.1 shows 4 examples above including frequency separation between the lower edge of the lowest CC and the upper edge of the highest CC with assumption of each channel bandwidth of 100MHz. Frequency separation can be from 200MHz to 6500MHz depending on configured position of PRB in CCs. Green blocks are position for minimum frequency separation and red blocks are position for maximum frequency separation. Herein, n257+n261 is not expected to configure inter-band CA because n261 is entirely within n257.


 

a) n257+n258                           b) n257+n261                      c) n258+n261                     d) n259+n260

Figure 2.1 Examples for CA configurations with same frequency group

Table 2.1 summaries maximum frequency separation. The values are different per band combination. 

Table 2.1 Maximum frequency separation between the lower edge of the lowest CC and the upper edge of the highest CC in inter-band CA within same frequency group
	
	Inter-band CA
	Intra-band non-contiguous CA in Rel-16

	Same freq.group
	L+L
	H+H
	

	Band combination
	n257+n258
	n257+n261
	n258+n261
	n259+n260
	

	Max.freq.separation
	5250 MHz
	2000 MHz
	4100 MHz
	6500 MHz
	2400MHz

	Note : n257+n261 is not expected to configure inter-band CA because n261 is entirely within n257.



Similar to frequency separation class in intra-band non-contiguous CA, maximum frequency separation which UE can support with CBM needs to be defined per band combination. For example, some UEs can support up to 800MHz for n258+n261 and up to 3GHz for n257+n258. And, other UEs can support up to 1GHz for n258+n261 and up to 4GHz for n257+n258. UE needs to inform the supported maximum frequency separation per band combination to gNB if supporting CBM. 
Proposal 5: Consider maximum frequency separation which CBM UE can support per band combination as applicability of CBM capability.

For frequency separation class
In Rel-16, frequency separation class to inform maximum frequency separation which UE can support is defined only for intra-band non-contiguous CA. Intra-band non-contiguous CA is assumed to be deployed with co-location which CBM UE can be applicable. 
For CBM UE supporting inter-band CA, new frequency separation class is also needed to inform maximum frequency separation as mentioned in Proposal 3. Considering maximum frequency separation can be higher than intra-band non-contiguous CA as can be seen in Table 2.1, new frequency separation class needs to be extended compared to 2400MHz which is defined for intra-band non-contiguous CA. And, new UE capability for frequency separation class is needed to be introduced per band combination.
For IBM UE supporting inter-band CA, frequency separation class was not defined in Rel-16 since it is not necessary because of independent beam operation. In Rel-16, only band combination of n261+n260 (L+H) was defined for inter-band DL CA. For L+L or H+H, IBM UE can perform independent beam operation. Therefore frequency separation class is not needed to be defined for inter-band CA based on IBM UE.
Table 2.2 shows example of frequency separation classes for inter-band CA which can be applicable to CBM UE 

Table 2.2: Example of frequency separation classes for inter-band CA which can be applicable to CBM UE
	Frequency separation class
	Max. allowed frequency separation (Fs,inter) 

	I
	800 MHz

	II
	1200 MHz

	III
	1400 MHz

	IV
	1000 MHz

	V
	1600 MHz

	VI
	1800 MHz

	VII
	2000 MHz

	VIII
	2200 MHz

	IX
	2400 MHz

	X
	2600 MHz

	XI
	2800 MHz

	XII
	3000 MHz

	XIII
	3200 MHz

	XIV
	3400 MHz

	XV
	3600 MHz

	XVI
	3800 MHz

	XVII
	4000 MHz

	XVIII
	4200 MHz

	XIX
	4400 MHz

	XX
	4600 MHz

	XXI
	4800 MHz

	XXII
	5000 MHz

	XXIII
	5200 MHz

	XXIV
	5400 MHz

	XXV
	5600 MHz

	XXVI
	5800 MHz

	XXVII
	6000 MHz

	XXVIII
	6200 MHz

	XXIX
	6400 MHz

	




Proposal 6: Introduce new UE capability for frequency separation class per band combination for inter-band CA based on CBM.
Conclusion
In this contribution, we provided our views on applicability of CBM and IBM for different CA configuration based on the agreed WFs in last meeting. Proposals are as follows.

For CBM applicability
Proposal 1: CBM is applicable to inter-band CA within same frequency group rather than with difference frequency group.
Proposal 2: CBM is applicable to co-located deployment.

For IBM applicability
Proposal 3: For inter-band CA with different frequency group, IBM is applicable as baseline.
Proposal 4: For inter-band CA within same frequency group, both IBM and CBM can be applicable and UE can support either IBM or CBM.

For applicability of CBM/IBM capability
Proposal 5: Consider maximum frequency separation which CBM UE can support per band combination as applicability of CBM capability.

For frequency separation class
Proposal 6: Introduce new UE capability for frequency separation class per band combination for inter-band CA based on CBM.
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