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1 Background
RAN4#103-e reached the following agreement on the new FR2 CA BW classes:
Agreement: 

· Keep R~U and inform RAN2 that R~U is under consideration

· Further discuss whether to remove R~U and if not how to specify the fallback rule
· FFS to introduce the new IE to limit the maximum aggregated bandwidth

· Put the 1600MHz limitation in the corresponding baseket WID

In this contribution we propose to remove R-U, introduce the proposed IE and inform RANB2 accordingly.
Option 2c introduces a new fallback group 5 (FBG5) designed according to the the existing fallback rule
NOTE 2: It is mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration that belong to a different fallback group.

with 11 new classes and up to 12 CCs as shown below.
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R5 500 MHZ < BWohanne,_ca < 1000 MHz
R6 600 MHz < BWohanel_ca < 1200 MHz
R7 700 MHz < BWohane,_ca < 1400 MHz
RS 800 MHz < BWohanel_ca < 1600 MHz
R9 900 MHZ < BWohane,_ca < 1800 MHz 9
R10 1000 MHz < BWonanmelca < 2000 MHz 10
R11 1100 MHz < BWohame,_ca < 2200 MHz 11
R12 1200 MHz < BWoname, ca < 2400 MHz 12
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parsing by the network).
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2 The classes R-U

The classes R-U are no longer needed, they are superseded by the R5-R8 for any operator deployment up to a 1600 MHz block size in any geographical region. There is no NBC problem since the R-U classes are not included in any published version of the 38.331, introduction of these classes was put on hold by RAN2 anticipating further RAN4 input.  

Proposal 1: remove the CA BW classes R-U since superseded by the new R5-R8 classes (no NBC problem since R-U are not included in a published version of 38.331).
Observation 1: there is no need to introduce any additional fall-back rules.

D-F and thus the entire FBG2 would be obsolete FBG2 in the long term. This means that the new FBG5 only introduces four new classes in practice. Requirements only apply for non-interlaced 100 MHz and 200 MHz channel bandwidths.
3 Introduction of a new parameter for maximum aggregated bandwidth supported
A new parameter/IE indicating the maximum aggregated bandwidth supported (in MHz) by the UE should be introduced as a per-band capability for each transmission direction, tentatively denoted maxAggregatedBandwidthSupportedDL below (similarly for the UL) . This parameter should apply for bands in both FR1 and FR2 to reduce required capability transfer of feature sets in feature-set combinations and thus to avoid introduction of another FBG for FR2 with aggegated bandwidths up to 2400 MHz later on. 
FBG5 in FR2

In the absence of the new parameter/IE, we recall that a UE supporting BW class R12 (2400 MHz) for a band combination but only an aggregated bandwidth of 1600 MHz could indicate the following featureSet (FS), the CC bandwidths indicated in the list featureSetListPerDownlinkCC for each downlink set,
8x100+4x200, 6x100+5x200, 4x100+6x200, 2x100+7x200 and 8x200

which would be up five FS in the featureSetCombination associated with the band combination depending on the CC bandwidth combinations supported. While slightly more involved than a hard 1600 MHz limit on a CA BW class, this is possible without any changes and we avoid having to define a new FBG later. The bandwidth is indicated by the featureSetListPerDownlinkCC 
FeatureSetDownlinkPerCC information element

-- ASN1START

-- TAG-FEATURESETDOWNLINKPERCC-START

FeatureSetDownlinkPerCC ::=         SEQUENCE {

    supportedSubcarrierSpacingDL        SubcarrierSpacing,

    supportedBandwidthDL                SupportedBandwidth,

    channelBW-90mhz                     ENUMERATED {supported}                                                  OPTIONAL,

    maxNumberMIMO-LayersPDSCH           MIMO-LayersDL                                                           OPTIONAL,

    supportedModulationOrderDL          ModulationOrder                                                         OPTIONAL

}
[…]
where SupportedBandwidth is the maximum supported bandwidth on the carrier, 
–
SupportedBandwidth
The IE SupportedBandwidth is used to indicate the maximum channel bandwidth supported by the UE on one carrier of a band of a band combination.

SupportedBandwidth information element

-- ASN1START

-- TAG-SUPPORTEDBANDWIDTH-START

SupportedBandwidth ::=      CHOICE {

    fr1                         ENUMERATED {mhz5, mhz10, mhz15, mhz20, mhz25, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100},

    fr2                         ENUMERATED {mhz50, mhz100, mhz200, mhz400}

}
[…]
UE indicating maxAggregatedBandwidthSupportedDL = 1600 MHz and R12 would only have to indicate one FS, 12 x 200 MHz, the network would then configure the appropriate combination of 100 MHz and 200 MHz carriers for R12 and its fallbacks not included (but supported) by the UE capability, e.g. 4x100+6x200 for R10 in case of 10 or more carriers are used in the network configuration and requested in the band filter (frequencyBandListFilter). 
Intra-band non-contiguous CA in FR1
Another example is intra-band non-contigous CA with two band entries for which a UE supports a maximum aggregted bandwidth. The number of bandwidth and carrier combinations across the two band entries can be large and necessitate a large number of FS with the supported bandwidth per CC and band entry. The proposed IE would be an envelope across the band entries of the intra-band CA configuration.
Inter-band CA

For inter-band FDD-TDD combiantions the maximum aggregated bandwidth is less relevant due to the different U/D configurations, maxAggregatedBandwidthSupportedDL should therefore be an envelope for intra-band configurations within an operating band.
Proposal 2: introduce a new parameter indicating the maximum aggregated bandwidth supported (in MHz) by the UE as a per-band capability for each transmission direction. This parameter should apply for operating bands in both FR1 and FR2 to reduce required capability transfer of feature sets in feature-set combinations. If a general specification is not feasible, the parameter should at least cover FBG5 > 800 MHz.
Non-backwards compatibility issues, e.g. networks not comprehending the new capability, to be handled by RAN2.
4 Proposal

We make the following
Proposal 1: remove the CA BW classes R-U since superseded by the new R5-R8 classes (no NBC problem since R-U are not included in a published version of 38.331).
Observation 1: there is no need to introduce any additional fall-back rules.
Proposal 2: introduce a new parameter indicating the maximum aggregated bandwidth supported (in MHz) by the UE as a per-band capability for each transmission direction. This parameter should apply for operating bands in both FR1 and FR2 to reduce required capability transfer of feature sets in feature-set combinations. If a general specification is not feasible, the parameter should at least cover FBG5 > 800 MHz.
Proposal 3: ask RAN2 to introduce FBG5 and the new parameter into 38.331.
An accompanying CR removing R-U is provided in [2] and a draft LS to RAN2 is attached below.
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1. Overall Description:
RAN4 has agreed new FR2 CA BW classes for supporting operator block sizes up to 2400 MHz with a mix of 100 MHz and 200 MHz carriers and agreed to introduce a new CA BW classes as shown in the table below: 
Table 5.3A.4-1: CA bandwidth classes

	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ 400 MHz
	1
	1,2,3,4,5

	B
	400 MHz < BWChannel_CA ≤ 800 MHz
	2
	1

	C
	800 MHz < BWChannel_CA ≤ 1200 MHz
	3
	

	D
	200 MHz < BWChannel_CA ≤ 400 MHz
	2
	2

	E
	400 MHz < BWChannel_CA ≤ 600 MHz
	3
	

	F
	600 MHz < BWChannel_CA ≤ 800 MHz
	4
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	G
	100 MHz < BWChannel_CA ≤ 200 MHz
	2
	3

	H
	200 MHz < BWChannel_CA ≤ 300 MHz
	3
	

	I
	300 MHz < BWChannel_CA ≤ 400 MHz
	4
	

	J
	400 MHz < BWChannel_CA ≤ 500 MHz
	5
	

	K
	500 MHz < BWChannel_CA ≤ 600 MHz
	6
	

	L
	600 MHz < BWChannel_CA ≤ 700 MHz
	7
	

	M
	700 MHz < BWChannel_CA ≤ 800 MHz
	8
	

	O
	100 MHz ≤ BWChannel_CA ≤ 200 MHz
	2
	4

	P
	150 MHz ≤ BWChannel_CA ≤ 300 MHz
	3
	

	Q
	200 MHz ≤ BWChannel_CA ≤ 400 MHz
	4
	

	R2
	200 MHz ≤ BWChannel_CA ≤ 400 MHz
	2
	5


	R3
	300 MHz ≤ BWChannel_CA ≤ 600 MHz
	3
	

	R4
	400 MHz ≤ BWChannel_CA ≤ 800 MHz
	4
	

	R5
	500 MHz ≤ BWChannel_CA ≤ 1000 MHz
	5
	

	R6
	600 MHz ≤ BWChannel_CA ≤ 1200 MHz
	6
	

	R7
	700 MHz ≤ BWChannel_CA ≤ 1400 MHz
	7
	

	R8
	800 MHz ≤ BWChannel_CA ≤ 1600 MHz
	8
	

	R9
	900 MHz ≤ BWChannel_CA ≤ 1800 MHz
	9
	

	R10
	1000 MHz ≤ BWChannel_CA ≤ 2000 MHz
	10
	

	R11
	1100 MHz ≤ BWChannel_CA ≤ 2200 MHz
	11
	

	R12
	1200 MHz ≤ BWChannel_CA ≤ 2400 MHz
	12
	

	NOTE 1:
Maximum supported component carrier bandwidths for fallback groups 1, 2, 3, 4 and 5 are 400 MHz, 200 MHz, 100 MHz, 100 MHz and 200 MHz respectively except for CA bandwidth class A. For CA bandwidth classes of fallback group 5, requirements apply for non-interlaced 100 MHz and 200 MHz channel bandwidths (each CA bandwidth class consisting of up to two contiguous sub-blocks each with component carriers of a single channel bandwidth).
NOTE 2:
It is mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration that belong to a different fallback group.
NOTE 3:
In this release of the specification, the minimum requirements for intra-band contiguous CA configurations apply for aggregated channel bandwidths up to 1600 MHz (this note is not relevant for UE capability parsing by the network).


It is the RAN4 understanding that introduction of the new FR2 classes R2-R12 require amendments of the 38.331. The classes R-U are superseded and no longer needed (it is the RAN4 understanding that these are not yet introduced into a published version of 38.331).

The value names ‘Rx’ can be modified if necessary. 
The new fall-back group 5 contains classes with up to 2400 MHz aggregated bandwidth with 12 carriers. RAN4 has also discussed how to accommodate UEs capable of aggregating up to 12 carriers but with an aggregated bandwidth less than 2400 MHz (1600 MHz discussed). It is the understanding of RAN4 that this can be indicated by different feature sets of a band band combination, but that it could also imply significant increased capability signaling. RAN4 would like to ask RAN2 if the capability signaling and transfer could be reduced by a new parameter indicating the maximum aggregated bandwidth supported (in MHz) by the UE for intra-band CA configurations in an operating band for each transmission direction. Preferably, this parameter should be applicable for both FR1 and FR2 bands. In case this is not feasible, the parameter should at least cover the new fall-back group 5 (FR2).
2. Actions:

To RAN2 group.

ACTION: RAN4 asks RAN2 to accommodate new FR2 CA BW classes in the 38.331 and whether a maximum aggregated bandwidth capability as per the above would be useful
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