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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide our view on RF core requirements for FR2 inter-band CA within same frequency group based on CBM. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
In last RAN4 meeting, many issues on inter-band DL CA were discussed but most issues are still open. The discussed issues are as follows.
	· Issue 1-1: RX beam switch value
· Issue 1-2: IBM/CBM capability
· Issue 1-3: CBM UE architecture
· Issue 1-4: Fs_inter_CBM
· Issue 1-5: CBM and IBM Indication
· Issue 1-6: REFSENS based on single polarization
· Issue 1-7: MRTD for FR2 inter-band DL CA for CBM capable UEs



For Issue 1-3, the following agreement was captured in Chair’s note.
· Agreement on issue 1-3 (chair’s note)
· RAN4 agrees to define CBM requirements in such manner that both single chain and multi chain architectures are possible.

· IBM/CBM capability (both IBM and CBM)

As UE capability, IBM and CBM are defined and either one can be signaled in Rel-16. Whether to need additional UE capability supporting both IBM and CBM or not has been discussing in RAN4.
There can be some points to be clarified for the UE capability supporting both IBM and CBM.
· Can UE which supports IBM be also assumed to support CBM for inter-band CA in which frequency group, i.e, same frequency group, different frequency group or both?
· If CBM is applied, can the requirement of CBM-only be reused for the UE?
· If defined, which requirement between IBM and CBM should be passed, either one or both?

For UE supporting IBM within same frequency group, the UE can be also considered to support CBM. However, whether CBM-only requirement can be reused or not needs more discussion. 
For UE supporting IBM within different frequency group, the UE cannot be considered to support CBM because RF architecture of IBM and CBM-only must be different regarding big frequency separation of inter-band.
For test aspects, saving test time is important. If capability supporting both IBM and CBM is defined, applicability rule of test should be defined. For example, either one needs to be tested. Both tests are not desirable in an aspect of test time. 

Proposal 1: UE capability supporting both IBM and CBM applies to only inter-band CA within same frequency group if defined.

· Fs_inter_CBM
In last RAN4 meeting, there was discussion on ‘Fs_inter_CBM’ for inter-band DL CA with CBM. Study feasibility was suggested for a single RF chain CBM UE supportingg inter-band CA with CCs supporting all or some spectrum range of each band based on existing frequency separation class of each band.
In Rel-16, intra-band contiguous and non-contiguous CA was specified for band n257, n258, n259, n260 and n261. And, frequency separation classes (Fs) for the non-contiguous intra-band CA were specified. It is related to some spectrum range of band supported with a single RF chain. 
Similarly, for UE supporting CBM based inter-band DL CA within same frequency group, some UEs can support some spectrum range of bands with a single RF chain. For the UEs, frequency separation similar to Rel-16 intra-band NC CA needs to be defined.
Figure 2.1 shows 4 examples of possible frequency separation for CBM based inter-band CA (Fs_inter_CBM). The frequency separation can be defined from the lower edge of the lowest CC to the upper edge of the highest CC. For example, green blocks correspond to minimum frequency separation and red blocks correspond to maximum frequency separation. For n257+n261, n261 is entirely within n257 so it is not expected to be configured for inter-band DL CA.

 

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

Figure 2.1 Examples for CA configurations with same frequency group

Proposal 2: Introduce ‘Fs_inter_CBM’ as UE capability to indicate the maximum frequency span between the lower edge of lowest CC and the upper edge of highest CC in FR2 inter-band DL CA based on CBM which UE can support.

· Potential requirement framework as a starting point
The following options were agreed in chair’s note.
· Option 1: Intra-band NC framework including relaxations
· Option 2: Inter-band CA framework including relaxations (∆RIB)
· Other framework is not precluded

For CBM based inter-band CA within same frequency group, intra-band NC CA framework can be considered as starting point. And, comparing to intra-band NC CA, higher frequency separation needs to be considered for relaxation.
Proposal 3: Consider intra-band NC CA framework as starting point of requirement framework including extension of relaxations by high-frequency separation.

· EIS relaxation requirement  
Considering Rel-16 EIS relaxation for intra-ban non-contiguous DL CA (Table 7.3A.2.2-1 in TS38.101-2), the configured DL spectrum and corresponding EIS relaxation need to be extended for CBM based inter-band DL CA within same frequency group. Table 2.3 can be one example of EIS relaxation. 
Here, the configured downlink spectrum is defined as the frequency band from the lowest edge of the lowest CC to the upper edge of the highest CC of all DL configured CCs.
Table 7.3A.2.2-1: EIS Relaxation for CA operation (intra-band NC CA)
	Configured DL spectrum (MHz)
	 (dB)

	≤ 800
	0.0

	> 800 and ≤ 1400
	0.5

	> 1400 and ≤ 2400
	1.5



Table 2.3 Example of EIS relaxation for CBM based inter-band CA within same frequency group 
	Configured DL spectrum (MHz)
	 (dB)

	≤ 800
	0.0

	> 800 and ≤ 1400
	0.5

	> 1400 and ≤ 2400
	1.5

	> 2400 and ≤ 3400
	X1

	> 3400 and ≤ 4400
	X2

	> 4400 and ≤ 5400
	X3

	> 5400 and ≤ 6400
	X4



For X1, X2, X3 and X4, comparing to the existing ΔRIB,P,n reference sensitivity relaxation for inter-band CA for power class 3 in Table 7.3A.2.3-1, the values can be expected to be less than 3.5dB because the configured downlink spectrum of same frequency group is less than frequency separation of different frequency group as seen in Table 2.4. 
Detail value needs further discussion.
[bookmark: _Hlk31890999]Table 7.3A.2.3-1:  ΔRIB,P,n reference sensitivity relaxation for inter-band CA for power class 3
	NR CA band combinations
	NR band
	ΔRIB,P,n (dB)

	CA_n257-n259
	n257
	4.0

	
	n259
	4.0

	CA_n258-n260
	n258
	3.5

	
	n260
	3.5

	CA_n260-n261
	n260
	3.5

	
	n261
	3.5



Table 2.4 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

	Freq.group
	L+L
	H+H
	L+H

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

	Max.freq.separation
(MHz)
	5250 
	2000 
	4100 
	6500 
	17000
	15750
	12500

	Note : n257+n261 is not expected to be configured for inter-band DL CA.




Proposal 4: Extend EIS relaxation based on intra-band NC CA considering high-frequency separation.

· EIS spherical coverage relaxation
For CBM based inter-band DL CA within same frequency group, EIS spherical coverage relaxation is not necessary if intra-band NC CA framework is applied. Because the relaxation was applied to only IBM in Rel-16 considering intersection set of spherical coverage areas.
Proposal 5: Do not define EIS spherical relaxation for CBM based inter-band DL CA within same frequency group.
Conclusion
In this contribution, we provided our views on RF requirements for CBM based inter-band DL within same frequency group. Proposals are as follows.

Proposal 1: UE capability supporting both IBM and CBM applies to only inter-band CA within same frequency group if defined.
Proposal 2: Introduce ‘Fs_inter_CBM’ as UE capability to indicate the maximum frequency span between the lower edge of lowest CC and the upper edge of highest CC in FR2 inter-band DL CA based on CBM which UE can support.
Proposal 3: Consider intra-band NC CA framework as starting point of requirement framework including extension of relaxations by high-frequency separation.
Proposal 4: Extend EIS relaxation based on intra-band NC CA considering high-frequency separation.
Proposal 5: Do not define EIS spherical relaxation for CBM based inter-band DL CA within same frequency group.
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