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Introduction
In RAN4#98e meeting a WF [4] was agreed in the following.
The definition of IBM
· It is agreed that the standard would benefit from introduction of a definition.
· The definition of IBM will be introduced in 38.101-2
· The IBM definition is agreed as: 
· 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.
· It is agreed that 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
Framework of IBM inter-band CA requirement
· It is agreed that 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)
IBM inter-band CA requirements
· It is agreed that 
· 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.
In this contribution, the framework for FR2 inter-band DL CA for different frequency group such as CA_n258A-n260A and CA_n257A-n259A based on IBM is further discussed.
Discussion
Inter-band DL CA for n260 and n261 has been completed in Rel-16 FR2 UE RF WI. During that work, FR2 bands were grouped into the low bands around 28 GHz and the high bands around 39 GHz in the following.
· FR2 low frequency band group: n257, n258, n261
· FR2 high frequency band group: n259, n260
UE RF characteristics of inter-band CA between low and high frequency band group are similar to each other and therefore the agreement [1] was made that for IBM the requirement of n260+n261 CA is the baseline for other FR2 low and high band CA combinations, although such band combination (i.e., n257+n259 and n258+n260) was not specified in Rel-16. During RAN4#98-e meeting [3], this was further confirmed [4] “It is agreed that 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)”
Observation 1: The IBM requirement for n260+n261 is the baseline for other FR2 band combinations between the low and high frequency band group based on IBM.
A new FR2 inter-band combination n257+n259 has been proposed in Rel-17 basket work item [2]. As this band combination is similar to the existing FR2 inter-band CA n260+n261, the IBM requirement is expected to be reused according to the above agreements [1, 4].
There are FR2 DL CA specific receiver requirement in TS 38.101-2, such as REFSENS, EIS spherical coverage, maximum input level, ACS and in-band blocking requirement. Maximum input level, ACS, and in-band blocking requirement are band combination agnostic and can be reused as it is for any new FR2 inter-band CA combinations (i.e., it is not restricted to different frequency group but also to the same frequency group) as agreed in [4], “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.”
Observation 2: For 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.
REFSENS and EIS spherical coverage for CA n260+n261 are specified with band combination specific relaxations RIB,P,n and ΔRIB,S,n in the following.
[bookmark: _Hlk31890999]TS 38.101-2 Table 7.3A.2.3-1: ΔRIB reference sensitivity relaxation for inter-band CA for power class 3
	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n260-n261
	n260
	3.5

	
	n261
	3.5



TS 38.101-2 Table 7.3A.3.3-1: ΔRIB,S,n EIS spherical coverage requirement relaxation for inter-band CA for power class 3
	NR CA bands
	NR band
	ΔRIB,S,n (dB)

	CA_n260-n261
	n260
	3.5

	
	n261
	3.5



There were three options discussed in RAN4#98 [3] for other band combinations.
•	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.
As the relaxation values for CA_n260-n261 are relatively large and therefore no further relaxations should be considered for the similar band combinations CA_n258-n260 and CA_n257-n259. Therefore, we propose Option 3. Band combinations which are not similar to CA_n260-n261, for example, a combination including a new band such as n262, the relaxation values can be further discussed.
Proposal 1: The relaxation values for CA_n260-n261 are reused as the ones for CA_n258-n260 and CA_n257-n259. For other band pairs, it should be further discussed based on per band pair case by case.
Regarding the release independence aspects of inter-band FR2 CA based on IBM for the different frequency groups, two options in the following were discussed inRAN4#98.
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
It is proposed that the release independence from Rel-16 is applied as far as the CA bandwidth class is already introduced in Rel-16, i.e., class A to class Q (maximum 8 carriers per band or maximum aggregated bandwidth 1200 MHz per band.)
Proposal 2: 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 bandwidths class is already defined in Rel-16.
Text proposal to TR 38.851 is provided in Annex for CA_n257A_n259A, which is the requested band combination already in the NR CA basket WI [2]
Proposal 3: TP to TR 38.851 is approved as attached in Annex for CA_n257A_n259A.

Conclusion
In this contribution, the FR2 inter-band DL CA among different frequency group with IBM has been discussed.
Observation 1: The IBM requirement for n260+n261 is the baseline for other FR2 band combinations between the low and high frequency band group based on IBM.
Observation 2: For 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.
Proposal 1: The relaxation values for CA_n260-n261 are reused as the ones for CA_n258-n260 and CA_n257-n259. For other band pairs, it should be further discussed based on per band pair case by case.
Proposal 2: 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 bandwidths class already defined in Rel-16.
Proposal 3: TP to TR 38.851 is approved as attached in Annex for CA_n257A_n259A.
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[bookmark: _Toc54181852]Annex: TP to TR 38.851
4.4	UE requirements for CA configurations CA_n258A-n260A and CA_n257A-n259A based on IBM
[bookmark: _Toc21340724][bookmark: _Toc29805171][bookmark: _Toc36456380][bookmark: _Toc36469478][bookmark: _Toc37253887][bookmark: _Toc37322744][bookmark: _Toc37324150][bookmark: _Toc45889673][bookmark: _Toc52196327][bookmark: _Toc52197307][bookmark: _Toc53173030][bookmark: _Toc53173399][bookmark: _Toc61119388][bookmark: _Toc61119770]4.4.1	Operating bands for CA
NR inter-band carrier aggregation is designed to operate in the operating bands defined in Table 4.4.1-1, where all operating bands are within FR2. 
Beam management type is according to UE capability declaration [IE..]. The requirements in the following clauses are only applicable to inter-band CA with IBM type.
Table 4.4.1-1: Inter-band CA operating bands in FR2
	NR CA Band
	NR Band
(Table 5.2-1)

	CA_n257-n259
	n257, n259


[bookmark: _Toc52196357][bookmark: _Toc52197337][bookmark: _Toc53173060][bookmark: _Toc53173429][bookmark: _Toc61119418][bookmark: _Toc61119800]4.4.2	Configurations for inter-band CA
Table 4.4.2-1: NR CA configurations for inter-band CA
	NR CA configuration
	Uplink CA configuration
	NR Band
	Channel bandwidth (MHz) (NOTE 1)
	Bandwidth combination set

	
	
	
	50
	100
	200
	400
	

	CA_n257A-n259A
	-
	n257
	50
	100
	200
	400
	0

	
	
	n259
	50
	100
	200
	400
	


[bookmark: _Toc52196580][bookmark: _Toc52197560][bookmark: _Toc53173283][bookmark: _Toc53173652][bookmark: _Toc61119654][bookmark: _Toc61120036]4.4.3	Reference sensitivity for inter-band CA
The inter-band requirement applies for all active component carriers. The throughput for each component carrier shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.3.2 of TS 38.101-2 and A.3.3.2 of TS 38.101-2 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.5.2.1) with peak reference sensitivity for each carrier specified in section 7.3.2 of TS 38.101-2, and relaxation ΔRIB,P,n applied  to peak reference sensitivity requirement. ΔRIB,P,n is specified in Table 4.4.3-1. The requirement on each component carrier shall be met when the power in the component carrier in the other band is set to its EIS spherical coverage requirement for inter-band CA specified in sub-clause 4.4.4.
For the combination of intra-band and inter-band carrier aggregation, the intra-band CA relaxation, ΔRIB, is also applied according to the clause 7.3A.2.1 and 7.3A.2.2 of TS 38.101-2.
Table 4.4.3-1: ΔRIB reference sensitivity relaxation for inter-band CA for power class 3
	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n257-n259
	n257
	3.5

	
	n259
	3.5


[bookmark: _Toc52196584][bookmark: _Toc52197564][bookmark: _Toc53173287][bookmark: _Toc53173656][bookmark: _Toc61119658][bookmark: _Toc61120040]4.4.4	EIS spherical coverage for inter-band CA
The inter-band CA requirement applies per operating band, for all active component carriers with UL assigned to one band and one DL component carrier per band. The requirement on each component carrier shall be met when the power in the component carrier in the other band is set to its EIS spherical coverage requirement for inter-band CA specified in this sub-clause.
The inter-band CA spherical coverage requirement for each power class will be satisfied if the intersection set of spherical coverage areas exceeds the common coverage requirement. Intersection set of spherical coverage areas is defined as a fraction of area of full sphere measured around the UE where both bands meet their defined individual EIS spherical coverage requirements for inter-band CA operation. The common coverage requirement is determined as <100-percentile rank> %, where ‘percentile rank’ is the percentile value in the specification of spherical coverage for that power class from clause 7.3.4 of TS 38.101-2. The requirement is verified with the test metric of EIS (Link=Beam peak search grids, Meas=Link angle).
The reference measurement channels and throughput criterion shall be as specified in clause 7.3A.2.3. The requirement shall be met for an uplink transmission using QPSK DFT-s-OFDM waveforms and for uplink transmission bandwidth less than or equal to that specified in clause 7.3.2 of TS 38.101-2.
Unless otherwise specified, the minimum requirements for reference sensitivity shall be verified with the network signalling value NS_200 (Table 6.2.3.1-1 of TS 38.101-2) configured. 
The required spherical coverage EIS for each band in inter-band CA operation is given in clause 7.3.4 of TS 38.101-2 and modified by ΔRIB,S,n. The value of ∆RIB,S,n is defined in Table 4.4.4-1.
Table 4.4.4-1: ΔRIB,S,n EIS spherical coverage requirement relaxation for inter-band CA for power class 3
	NR CA bands
	NR band
	ΔRIB,S,n (dB)

	CA_n257-n259
	n257
	3.5

	
	n259
	3.5


4.4.5	Other receiver characteristics
For the FR2 inter-band DL CA configurations in Table 4.4.2-1, maximum input level, ACS, and in-band blocking requirement are band combination agnostic and the existing requirements in clause 7.4A.3, 7.5A.3, and 7.6A.2.3 of TS 38.101-2 shall be reused.

