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1 Background
The composite CA BW classes proposed for supporting aggregated bandwidths up to 1600 MHz using existing fallback groups was not agreed by last RAN4 as recorded by the WF [1]. The draft CR discussed [2] proposed specification of hybrid classes based on FBG2 and FBG3 with fallback starting from FBG2 before release of carriers from FBG3, denoted “Alt 1” with  

	Intra-band contiguous CA bandwidth class
	Number of

contiguous CC

	
	FBG3
	FBG2

	MA
	8
	1

	MD
	8
	2

	ME
	8
	3

	MF
	8
	4


In an alternative “Alt 2”, Option 2 below, fallback can start from either FBG2 or FBG3 before release of carrier from the other fallback group. 
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Putting these proposals on hold was motivated by a proposal to consider deployment aspects before agreeing on new CA BW classes for extension up to 1600 MHz given the restrictions of the proposals. The four BW classes MA-MF above and the mix of FBG3 and FBG2 may imply fewer BW classes and CCs needed for extension to 1600 MHz, but are at the expense of less flexible fallback with new restrictions on release of carriers, less flexible assignment of UEs within the operator block, less flexible UL assignment and less flexible adaptation to different operator block sizes.  
In this contribution we reiterate the proposed new CA BW classes supporting an aggregated bandwidth up to 1600 MHz with up to 12 carriers based on FBG 2 and FBG3, but reusing existing fallback meachanisms thus avoiding most of the issues listed above.  
2 Alternative new CA BW classes based on existing fallback mechanisms
First we reiterate the considerations of deployment aspects.
Adoption of Option 2 with its mix of fallback groups and fallback restrictions would imply that the legacy UEs only supporting 100 MHz bandwidth have to be allocated in one part of an operator block and at least one of the UL CCs of any UE may have to remain in this part (depending on the fallback rules) as illustrated in the top part of Figure 1. Secondly, CCs of a UE supporting the top-level band combination MF in the figure can only be released from one edge (FBG2), release from either edge as allowed by the current standard due to e.g. radio conditions is not permitted. Alt 2 would have the same restriction. Thirdly, unlike for Option 1 (16 x 100 MHz no longer considered) shown in the bottom part of Figure 1, Alt 1 does not allow UEs be assigned anywhere within the operator block, which leads to inefficient spectrum utilization.
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Figure 1: operator block of 1600 MHz implemented with either Option 2/Alt 1 (top) or Option 1 (bottom).
The need for supporting a contiguous block of 100 MHz carrier for legacy UE operation is hard to circumvent, but the fallback restrictions could be avoided by specifying new bandwidth classes in a separate fallback group in the converntional manner based on FBG3 and D-F from FBG2 but without fallback restrictions restrictions. This would require 11 new BW classes with 2-12 CCs and an aggregated channel bandwidth of

BWChannel_CA = k*50 + m*100 + n*200 MHz ≤ 1600 MHz

with n ≤ 4 covering classes D-F with 200 MHz carriers, m ≤ 9 with eight 100 MHz carriers from FBG3 and one 100 MHz from D-F and k ≤ 1 accommodating one 50 MHz carrier to fit any block size. In this way the number of CCs can be limited to 12 but yet allowing release of any carrier according to the existing fallback rules for contiguous carriers. Figure 2 shows the case of a 1600 MHz operator block with different UEs the carriers of which can be released from either edge as needed due to prevailing radio conditions. Moreover, UEs of different BW class capabilities can be readily supported.
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Figure 2: operator block of 1600 MHz with UEs capable of flexible fallback.

We make the following 

Proposal 1: specify 11 new CA BW classes with aggregated bandwidths k*50 + m*100 + n*200 MHz based on FBG3 and classes D-F of FBG2 with k ≤ 1, m ≤ 9, n ≤ 4 and a maximum aggregated bandwidth of 1600 MHz with up to 12 CCs in a new fallback group; the existing fallback rules applying.
These classes could also support 100 MHz and 200 MHz carriers if desired subject to the existing rules for contiguous carriers as specified in 38.101-2 and 38.306. 
In the absence of fallback restrictions, the bandwidth classes up to 1600 MHz aggregated bandwidth also allow an adaptation to any spectrum block size down to 50 MHz granularity, examples are shown in Figure 3. The part supporting legacy 100 MHz carriers can be varied while still allowing up to four 200 MHz carriers. 
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Figure 3: support of various operator block sizes.
Any order of the carriers in frequency would also be permitted in line with existing fallback groups. 

The proposed BW classes can be specified as follows, the restrictions with k ≤ 1, m ≤ 9, n ≤ 4 are implicit in the aggregated bandwidth for each BW class supporting a fixed number of CCs and the modified NOTE 1:
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
	

	R
	800 MHz < BWChannel_CA ≤ 1000 MHz
	5
	

	S
	1000 MHz < BWChannel_CA ≤ 1200 MHz
	6
	

	T
	1200 MHz < BWChannel_CA ≤ 1400 MHz
	7
	

	U
	1400 MHz < BWChannel_CA ≤ 1600 MHz
	8
	

	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
	

	V2
	150 MHz ≤ BWChannel_CA ≤ 400 MHz
	2
	5


	V3
	250 MHz ≤ BWChannel_CA ≤ 600 MHz
	3
	

	V4
	350 MHz ≤ BWChannel_CA ≤ 800 MHz
	4
	

	V5
	450 MHz ≤ BWChannel_CA ≤ 900 MHz
	5
	

	V6
	550 MHz ≤ BWChannel_CA ≤ 1000 MHz
	6
	

	V7
	650 MHz ≤ BWChannel_CA ≤ 1100 MHz
	7
	

	V8
	750 MHz ≤ BWChannel_CA ≤ 1200 MHz
	8
	

	V9
	850 MHz ≤ BWChannel_CA ≤ 1300 MHz
	9
	

	V10
	1050 MHz ≤ BWChannel_CA ≤ 1400 MHz
	10
	

	V11
	1250 MHz ≤ BWChannel_CA ≤ 1500 MHz
	11
	

	V12
	1450 MHz ≤ BWChannel_CA ≤ 1600 MHz
	12
	

	NOTE 1:
Maximum supported component carrier bandwidths for fallback groups 1, 2, 3 and 4 are 400 MHz, 200 MHz, 100 MHz and 100 MHz respectively except for CA bandwidth class A. For CA BW classes of fallback group 5 the maximum supported channel bandwidth is 200 MHz and the number of carriers of 50 MHz channel bandwidth is less than or equal to one.
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.


A new fallback group 5 is introduced. The CA classes of FBG5 can be associated with different BCSs, a few examples are shown in Table 1. Not fully supporting a BCS can be handled on a band- and feature set level. We make the following
Observation 1: the CA classes of FBG5 can be associated with corresponding BCSs. Not fully supporting a BCS can be handled on a band- and feature set level.
Table 1: example BCS using the proposed CA BW classes
	NR CA configuration / Bandwidth combination set / Fallback group

	NR CA configuration
	Uplink CA configurations
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	Maximum aggregated

BW (MHz)
	BCS
	Fallback group

	CA_n257B
	CA_n257B
	50, 100, 200, 400
	400
	
	
	
	
	
	
	800
	0
	1

	CA_n257C
	CA_n257B
	50, 100, 200, 400
	400
	400
	
	
	
	
	
	1200
	0
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	CA_n260V10
	CA_n260V2
	200
	200, 100
	200, 100
	200, 100
	100
	100
	100
	100
	1400
	0
	5

	
	
	100
	100,50
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	CA_n260V12
	CA_n260V2
	200
	200
	200
	200, 100
	100
	100
	100
	100
	1600
	0
	5

	
	
	100
	100
	100
	100, 50
	
	
	
	


3 Comparison between the proposals
Inspired by the discussion at RAN4#101-bis-e, we compare Option 2 and “Option 4” (Proposal 1 as captured in [1]) proposed above from a numbers of viewpoints.
Table 2: comparison between Option 2 and Option 4

	Item
	Option 4
	Option 2

	Carrier support
	(0-1)x50 + (0-9)x100 + (0-4)x200
	8x100 + (1-4)x200 or (1-8)x100 + 4x200, where one of the 100 MHz carriers can be replaced by 50 MHz due to fallback rules and one of the 200 MHz carriers can be replaced by 100/50 MHz due to fallback rules

	50 MHz support
	Can be simplified to skip 50 MHz if that is deemed unnecessary complex
	Since the building block fallback classes FBG2 and FBG3 allow for one 50 MHz carrier each, 50 MHz support cannot easily be removed

	New bandwidth classes
	11 new BWC that follow current principles and can be documented in existing BWC table
	11 new BWC that introduce a new principle where a BWC is made up from two fallback group entries, unclear how this can be documented in the existing BWC table

	ASN1 impact
	New bandwidth classes need to be added (same impact as other proposal, only difference is the enum value names)
	New bandwidth classes need to be added (same impact as other proposal, the only difference is the enum value names)

	Carrier release / fallback principle
	Same as today, carriers can be released from either end
	New principle, where carriers can be released from one of the ends but not both. A contiguous set A of cells that is a subset of a larger set B of cells may not be supported by a BC that supports set B. This is a completely new fallback principle, fundamentally changing the rules what fallbacks are and how they can be used.

	Flexibility
	Allows for a mix of 100 and 200 MHz
	Mix of 100 and 200 MHz is locked to either 8x100 or 4x200.

	Future-proofness
	Future-proof as it supports an arbitrary mix of 100 and 200 MHz.
	Not future proof if new combinations such as 6x100 + 2x200 would be required later. Then the discussion will restart and we will have additional BWCs, additional principles, making an already complicated area even more complicated. Worrying to see companies saying that this option is preferred in short-term and open up for another alternative long-term.

	Impact on legacy
	No impact on legacy UE
	No impact on legacy UE

	Capability size impact (in context with old gNBs)
	Need to signal both BCs with new BWC and also BCs using only old BWC (same as other proposal)
	Need to signal both BCs with new BWC and also BCs using only old BWC (same as other proposal)

	Capability size impact (in context with only new gNBs)
	UE with BW limitation < 1600 MHz only needs to signal a single BC and all support below that follows from the fallback rules.

Example for UE that supports 1200 MHz:

- BC#1: V8
	UE with BW limitation < 1600 MHz need to signal multiple BC to indicate its true capability. 

E.g. for UE that supports 1200 MHz:

- BC#1: MD

- BC#2: IF

	Migration
	Smooth migration from 100 MHz carriers to 200 MHz carriers, where amount of carriers of each type can be determined based on legacy capacity need
	Difficult to migrate from 8x100 MHz carriers, as reducing to fewer 100 MHz carriers would only be allowed together with 4x200 MHz

	gNB implementation
	The new BWCs work like the existing
	Special implementation for the new BWCs due to special carrier release and fallback handling. 

	Overlap between BWCs
	Considering all specified BWCs, overlaps exist
	Considering all specified BWCs, overlaps exist

	Overlap of aggregated bandwidth within one fallback group
	Considering all specified BWCs and fallback groups, overlaps exist
	Considering all specified BWCs and fallback groups, overlaps exist

	Specification impact
	A complete proposal provided
	No full proposal has been provided, e.g. how to document the fundamentally new fallback rules


From the items listed above, we claim that Option 4 is the most beneficial both for the short- and long term. Option 4 also provides a clear migration path for new operator requests for specification coverage of frequency blocks with a mix of 100 MHz and 200 MHz carriers without the need for specifying yet another set of BW classes.
4 Proposal
We make the following 

Proposal 1: specify 11 new CA BW classes with aggregated bandwidths k*50 + m*100 + n*200 MHz based on FBG3 and classes D-F of FBG2 with k ≤ 1, m ≤ 9, n ≤ 4 and a maximum aggregated bandwidth of 1600 MHz with up to 12 CCs in a new fallback group; the existing fallback rules applying.

and observe that
Observation 1: the CA classes of FBG5 can be associated with corresponding BCSs. Not fully supporting a BCS can be handled on a band- and feature set level.
A draft CR to introduce the proposed classes is provided in [3].
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