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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide our view on RF core requirements for CBM and IBM for inter-band CA enhancement with different CA configurations. 
[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 related RF requirements for inter-band DL CA..
R4-2103111 [1]
	WF : FR2 UEs that support inter-band DL CA with IBM 
· The definition of IBM will be introduced in 38.101-2
· IBM (Independent Beam management): A UE that supports inter-band CA with IBM selects its DL Rx beam(s) for all CCs in each configured band based on DL reference signals measurements made in that band

· RAN4 will not label CBM or IBM as a default BM method for any band combination. Used beam management is based on UE capability. This issue is not discussed anymore in RAN4

· IBM inter-CA requirement framework established for n260+n261 shall be at least applied to any requested CA band pair from different frequency groups (parameter values discussed separately)

· Further discuss 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)

· The FR2 inter-band DL CA, maximum input level, ACS, and in-band blocking requirement are band combination agnostic and shall be reused for any new FR2 inter-band combinations.
· Apply release independent approach from Rel-16 to inter-band CA including intra-band contiguous CA with maximum number of bands is 2 bands. 
· Further discuss maximum number of CCs for such combinations. 
· Option 1: no need to limit the maximum number of CCs
· Option 2: maximum number of CCs is FFS, but at least 12

· Further discuss how to define the relaxation values of FR2 inter-band CA between the low band group (n257, n258 or n261) and high band group (n259 and n260) for IBM.
· Option 1: the same relaxation values as the ones for CA_n260-n261, i.e., 3.5 dB for all these band pair.
· Option 2: The relaxation values should be further discussed based on per band pair case by case.
· Option 3: The relaxation values for CA_n260-n261 are reused as the ones for CA_n258-n260 and CA_n257-n259. For other band pairs, we should be further discussed based on per band pair case by case.




R4-2103399 [2]
	WF : FR2 UEs that support inter-band DL CA with CBM
· Definition of CBM 
· 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.
· Note the above definition is based on the agreement on next page “Beam management reference signal location for FR2 CA test”
· Beam management reference signal location for FR2 CA test
· In FR2 CA cases, requirements apply when the BM RS is provided in a CC with a configured UL BWP

· UE Requirements for inter-band DL CA within the same frequency group based on CBM
· Define UE requirements for inter-band CA within the same freq. group (e.g. 28GHz + 28GHz) for common beam management (CBM) based on requested band combinations.
· Requirement framework for inter-band DL CA within the same frequency group based on CBM: 
· REFSENS relaxations
· FFS: for CBM between overlapping or touching bands, REFSENS relaxations structure shall follow intra-band CA 
· REFSENS relaxations values are band combination dependent
· REFSENS relaxation shall be a function of frequency span between the configured DL CCs.
· FFS whether EIS spherical coverage requirements shall not be specified 
· Specify same requirements for maximum input level, ACS and in-band blocking as that for intra-band CA scenarios

· Network deployment for inter-band DL CA based on CBM
· There are no deployment restrictions (Non-co-located/co-located) for network to configure inter-band DL CA for CBM UEs. 
· UE RF requirements for CBM shall be derived based on co-located deployment scenario only.

· Fs_inter_CBM for inter-band DL CA within same frequency group based on CBM
· RAN4 needs to further discuss whether or not 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 CA based on CBM which UE can support (as Fs in 5.3A.4 of TS38.101-2)




R4-2103113 [3]
	WF : FR2 UEs that support inter-band UL CA with IBM
· About “Feasibility stage UL CA work flow”
· FR2 inter-band UL CA feasibility studies are put on hold until FR2 inter-band DL CA feasibility studies have progressed

· Max EIRP & Max TRP of CA_n257A-n259A based on IBM
· Worldwide regulator requirement study are encouraged
· Focus on CA_n257A-n259A based on IBM discussion as first step, that is requested and non-overlapping bands type
· Max EIRP
· Option 1: Specify max EIRP as per band
· PC1: max EIRP of each band set to 55 dBm 
· PC3/4: max EIRP of each band set to 43 dBm
· Option 2: Specify max EIRP as per UE
· FFS on how “per UE” concept work, and the exact corresponding requirements
· Max TRP (subject to revisit pending the final agreement on Max EIRP)
· PC1: Specify max TRP as per band, with max TRP of each band set to 35 dBm
· PC3/4: Specify max TRP as per band, with max TRP of each band set to 23 dBm

· Min Peak EIRP of CA_n257A-n259A based on IBM
· Option 1: Specify min peak EIRP as per band
· Option 1a: Same requirement as single-CC
· i.e. n257=22.4 dBm, n259=18.7 dBm
· Option 1b: FFS relaxed requirement compared to single-CC
· i.e. n257=22.4-FFS dBm, n259=18.7-FFS dBm
· Option 1c: 3dB relaxed requirement compared to single-CC
· i.e. n257=19.4 dBm, n259=15.7 dBm
· Option 2: Specify min peak EIRP as per UE
· FFS on how “per UE” concept work, and the exact corresponding requirements
· Option 3: Others
· Others are not precluded




For inter-band DL CA with CBM
· For Fs_inter_CBM
In WF[1], it was agreed that RAN4 will not to label CBM or IBM as a default BM method for any band combination and used beam management is based on UE capability. It means UE can support either CBM or IBM  for any band combination in inter-band CAdifferent BM depending on band combination. For example, it is possible for UE to support inter-band DL CA with CBM for following same frequency group, L+L or H+H. 
· L + L : n257 + n258, n257+n261, n258+n261
· H + H: n259+n260 

In WF[2], it was agreed that RAN4 needs to further discuss whether or not 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 CA based on CBM which UE can support (as Fs in 5.3A.4 of TS38.101-2).

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 corresponds to minimum frequency separation and red blocks corresponds 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

As seen in Table 2.1, maximum frequency separations are different per band combination. And, the frequency separation is larger than that of Rel-16 intra-band non-contiguous CA.

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 be configured for inter-band DL CA.



In Rel-16, frequency separation class which UE can support was specified in intra-band non-contiguous CA. It can apply to the inter-band DL CA with CBM.
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. It means that whether inter-band DL CA with CBM is supported or not depends on the supported maximum frequency separation (span). Therefore, RAN4 needs to specify the supported maximum frequency separation and it is per band combination for supporting CBM. 
Proposal 1: 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.

Table 2.2 shows the example of Fs_inter_CBM. 

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

	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

	




· For REFSENS relaxations
Based on WF[2], REFSENS relaxations needs further discussion. 
· REFSENS relaxations
· FFS: for CBM between overlapping or touching bands, REFSENS relaxations structure shall follow intra-band CA 
· REFSENS relaxations values are band combination dependent
· REFSENS relaxation shall be a function of frequency span between the configured DL CCs.

For inter-band CA with CBM in same frequency group, REFSENS relaxation similar to Rel-16 intra-band non-contiguous CA needs to be defined in condition of maximum frequency separation per band combination which UE can support. It needs to take maximum frequency span up to 6400MHz into account.
Table 2.3 shows example of REFSENS relaxation. Rel-16 reference sensitivity relaxation of intra-band non-contiguous CA can be reused up to 2400MHz. Above 2400MHz, we need further discussion.
Table 2.3: REFSENS relaxation for inter-band CA with CBM in same frequency group
	Configured DL frequency separation (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



Proposal 2: Define REFSENS relaxation similar to Rel-16 intra-band non-contiguous CA by considering an extended frequency separation in FR2 inter-band DL CA based on CBM.

· For EIS relaxations
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 3: Not define EIS relaxation in FR2 inter-band DL CA based on CBM.

For inter-band DL CA with IBM
· Relaxation values of FR2 inter-band DL CA between the low band group (n257, n258 or n261) and high band group (n259 and n260) for IBM
In WF[1], 3 options were listed.
· Option 1: the same relaxation values as the ones for CA_n260-n261, i.e., 3.5 dB for all these band pair.
· Option 2: The relaxation values should be further discussed based on per band pair case by case.
· Option 3: The relaxation values for CA_n260-n261 are reused as the ones for CA_n258-n260 and CA_n257-n259. For other band pairs, we should be further discussed based on per band pair case by case.

Frequency separation between the lower edge of the lowest CC and the upper edge of the highest CC needs to be investigated. 
Table 2.4 shows the frequency separation for CA_n260-n261, CA_n258-n260 and CA_n257-n259.
Table 2.4: 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 n260-n261, frequency separation for n258-n260 and n257-n259 are larger than 3250MHz and 4500MHz respectively.  Therefore, relaxation values should be decided by considering frequency separation per band pair. 
Proposal 4: Define relaxation values by considering frequency separation per band pair for FR2 inter-band CA with IBM in different frequency group.

· FR2 inter-band DL CA for band pair from same frequency group for IBM
Frequency separation for band pair from same frequency group is significantly smaller than that of CA_n260-n261 band pair. It also needs to be considered.
Proposal 5: Consider frequency separation per band pair to define RF requirements for FR2 inter-band CA with IBM in same frequency group.

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 CBM
Proposal 1: 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 2: Define REFSENS relaxation similar to Rel-16 intra-band non-contiguous CA by considering an extended frequency separation in FR2 inter-band DL CA based on CBM.
Proposal 3: Not define EIS relaxation in FR2 inter-band DL CA based on CBM.

For inter-band DL CA with IBM
Proposal 4: Define relaxation values by considering frequency separation per band pair for FR2 inter-band CA with IBM in different frequency group.
[bookmark: _GoBack]Proposal 5: Consider frequency separation per band pair to define RF requirements for FR2 inter-band CA with IBM in same frequency group.
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