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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, some WFs were made for inter-band DL CA with CBM and IBM, and for inter-band UL CA with IBM. 
Based on the WFs, we would like to discuss the RF requirements for inter-band DL CA.
R4-2105391 [1]
	WF : IBM Requirements 
· UE requirements for CA configurations CA_n258A-n260A and CA_n257A-n259A based on IBM
· Issue 2-1: Inter-band DL CA based on IBM relaxations of EIS and EIS spherical coverage 
· 3.5dB for CA_n258-n260 and [4] dB for spherical coverage and 4dB for peak EIS for CA_n257-n259. For other band pairs, it should be further discussed based on per band pair case by case
· Issue 2-2: What is the maximum number of CCs in 2-band DL CA combination that is release independent from REL-16
· The release independence of inter-band FR2 CA based on IBM for the different frequency groups is applied from Rel-16 as far as the number of bands is two and CA configurations already defined in Rel-16, pending further check of RAN1 constraint
· Feasibility study
· Issue 5-1-1: whether IBM inter-CA requirement framework established for n260+n261 shall be applied to any requested CA band pair from the same frequency group (parameter values discussed separately)
· IBM inter-CA requirement framework (Peak EIS, EIS spherical coverage) established for n260+n261 shall be applied to any requested CA band pair from the same frequency group (parameter values including PSD differences and relaxations to be discussed separately) with IBM.




R4-2105392 [2]
	WF : UE requirements for CA configurations based on CBM
· Applicability of requirements for CBM UEs
· 1. Reference architecture(s) for deriving CBM UE RF requirements is FFS
· 2. 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)




For inter-band DL CA with IBM
· Inter-band DL CA based on IBM relaxations of EIS and EIS spherical coverage(CA_n258A-n260A and CA_n257A-n259A based on IBM)

In WF[1], the following was agreed.
· 3.5dB for CA_n258-n260 and [4] dB for spherical coverage and 4dB for peak EIS for CA_n257-n259. For other band pairs, it should be further discussed based on per band pair case by case.

The relaxed values for EIS and EIS spherical coverage were decided for considering the difference of frequency separation between the lower edge of the lowest CC and the upper edge of the highest CC per band pair. Remaining issue is the requirement of EIS spherical coverage for CA_n257-n257. 
Table 2.1 shows the frequency separation for CA_n260-n261, CA_n258-n260 and CA_n257-n259.
Table 2.1: Frequency separation for CA_n260-n261, CA_n258-n260 and CA_n257-n259
	FR2 inter-band CA 
	Frequency separation(MHz)

	n260-n261
	12500

	n258-n260
	15750

	n257-n259
	17000

	
	



Comparing to CA_n260-n261, frequency separation for CA_ n257-n259 are larger than for CA_n258-n260. Therefore, relaxation of 4 dB for EIS spherical coverage seems to be reasonable. 
Proposal 1: Define relaxation value of 4dB for EIS spherical coverage for CA_n257A-n259A.

For inter-band DL CA with CBM
· For Fs_inter_CBM
In the last RAN4 meeting, there was discussion on ‘Fs_inter_CBM’ for inter-band DL CA with CBM, however agreement was not reached. 
FR2 inter-band CA can be supported with different band combinations in different frequency group (L+H) or same frequency group (L+L or H+H). In general, the FR2 inter-band CA in same frequency group has smaller frequency span than the different frequency group. And, the frequency span can be smaller if the configured CCs are not lowest CC in lower band and not highest CC in higher band as green coloured CCs in Figure 2.1 (c).
Figure 2.1 shows 4 examples of inter-band DL CA with CBM in same frequency group. Frequency separation between the lower edge of the lowest CC and the upper edge of the highest CC can be from 200MHz to 6500MHz by configured position of PRB in CCs. 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

Table 2.2 summaries the maximum frequency separations in the same frequency group and the frequency separation of green blocks.

Table 2.2 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

	GeenBlock’s freq.separation
	200MHz
	
	200 MHz
	200 MHz
	

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



Similar to Rel-16 FR2 intra-band non-contiguous DL CA, the frequency separation class needs to be specified as UE capability to allow which UE can support FR2 inter-band CA with same frequency group.
For example, some UEs can support inter-band CA up to 800MHz and other UEs can support up to 4GHz for n258+n261depending on the supported maximum frequency separation. 
Proposal 2: Introduce ‘Fs_inter_CBM’ as UE capability to indicate the maximum frequency span between lower edge of lowest CC and upper edge of highest CC in FR2 inter-band DL CA based on CBM which UE can support.
	
· For Reference architecture(s) for deriving CBM UE RF requirements 
For inter-band CA within same frequency group, UE can support it with different implementations. For example, UE RF architecture similar to intra-band non-contiguous DL CA can be implemented for inter-band CA with CCs of green blocks in Figure 2.1(c). Or, UE RF architecture same as that of inter-band CA with different frequency group based on IBM can be implemented. However, UE RF requirements should be defined robustly from different implementation. One possible way is to define EIS relaxation regarding extension of frequency separation which is defined in intra-band non-contiguous DL CA. It can be recommend to consider UE RF architecture of intra-band non-contiguous CA as reference.
Proposal 3: Consider UE RF architecture used for intra-band non-contiguous CA as reference to specify inter-band CA RF requirement within same frequency group based on CBM.

· EIS relaxation requirement for CBM UE 
In Rel-16, EIS relaxation for intra-ban non-contiguous DL CA was specified in Table 7.3A.2.2-1 in TS38.101-2 as follows. 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 UL and DL configured CCs.
Table 7.3A.2.2-1: EIS Relaxation for CA operation
	Configured DL spectrum (MHz)
	 (dB)

	≤ 800
	0.0

	> 800 and ≤ 1400
	0.5

	> 1400 and ≤ 2400
	1.5




The configured downlink spectrum can be extended up to maximum frequency separation as seen in Table 2.2. 
 Regarding the extension, Table 2.3 can be considered as example of EIS relaxation for inter-band DL CA within same frequency group based CBM.
Table 2.3 Example of EIS relaxation for inter-band CA within same frequency group based on CBM
	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, further discussion is needed.

Proposal 4: Define EIS relaxation for inter-band DL CA within same frequency group based CBM regarding extension of frequency separation in intra-band non-contiguous DL CA.

· EIS spherical coverage relaxation
For inter-band CA with CBM in same frequency group, EIS spherical coverage relaxation is not necessary because it is only applied to case of occurring intersection set of spherical coverage areas as IBM.
Proposal 5: Not define EIS spherical relaxation in inter-band DL CA within same frequency group based on CBM.
Conclusion
In this contribution, we provided our views on RF requirements for inter-band CA with CBM and IBM based on the agreed WFs in last meeting. Proposals are as follows.

For inter-band DL CA with IBM
Proposal 1: Define relaxation value of 4dB for EIS spherical coverage for CA_n257A-n259A.

For inter-band DL CA with CBM
Proposal 2: Introduce ‘Fs_inter_CBM’ as UE capability to indicate the maximum frequency span between lower edge of lowest CC and upper edge of highest CC in FR2 inter-band DL CA based on CBM which UE can support.
Proposal 3: Consider UE RF architecture used for intra-band non-contiguous CA as reference to specify inter-band CA RF requirement within same frequency group based on CBM.
Proposal 4: Define EIS relaxation for inter-band DL CA within same frequency group based CBM regarding extension of frequency separation in intra-band non-contiguous DL CA.
Proposal 5: Not define EIS spherical relaxation in inter-band DL CA within same frequency group based on CBM.
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