Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk491845607]3GPP TSG-RAN WG4 Meeting #86	R4-1802111
Athens, Greece, 26th Feb – 2nd Mar 2018

Source: 	Nokia, Nokia Shanghai Bell
Title: 					CA BW Class
Agenda Item: 			7.4.4
Document for:	Approval
1	Introduction
In this paper we discuss NR CA Bandwidth class definition for FR1 and FR2
2	Discussion
2.1	FR1 Contiguous intraband CA
CA bandwidth classes are useful to reduce the number of CC combinations and in [1] we made proposal for NR. We propose to define classes also for NR but the usage of classes is bit different than in LTE.
Table 1: FR1 CA BW Class table [1]
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC

	A
	CBW ≤ 100 MHz
	1

	B
	20 MHz ≤ CBW ≤ 100 MHz
	2

	C
	100 MHz < CBW ≤ 200 MHz
	2

	D
	200 MHz < CBW ≤ 300 MHz
	3

	E
	300 MHz < CBW ≤ 400 MHz
	4



In San Diego WF [2] it was stated that applicable CC combinations are listed in TS 38.101. Applicable CC combinations and CA BW Class depend on maximum CH BW supported by the band. Class C-E are useful for bands 41, 77, 78, 79. Other bands can use Class B in case needed.
Table 1: Supported CH BW per band
	NR Bands
	Channel bandwidths per band
	Classes

	1,2, 5, 7, 8, 20, 28, 38, 71, 74, 75, 81, 82, 83, 84
	5
	10
	15
	20
	 
	 
	 
	 
	 
	 
	 
	B

	
	
	
	
	
	
	
	
	
	
	
	
	

	70
	5
	10
	15
	20
	25
	 
	 
	 
	 
	 
	 
	B

	3, 80
	5
	10
	15
	20
	25
	30
	 
	 
	 
	 
	 
	B

	66
	5
	10
	15
	20
	 
	 
	40
	 
	 
	 
	 
	B

	41, 77, 78
	 
	10
	15
	20
	 
	 
	40
	50
	60
	80
	100
	C,D,E...

	79
	 
	 
	 
	 
	 
	 
	40
	50
	60
	80
	100
	C,D,E...



In Tables 2-5 we propose what are the specified CC combinations for Classes C-E based on [4]. 
Table 2: Class C valid CC combinations (bands 41, 77, 78)
	CC1 [MHz]
	CC2 [MHz]
	Agg. BW
	BCS
	
	

	50
	60
	110
	0
	
	

	60
	60
	120
	
	
	

	50
	80
	130
	
	
	

	60
	80
	140
	
	
	

	50
	100
	150
	
	
	

	80
	80
	160
	
	
	

	80
	100
	180
	
	
	

	100
	100
	200
	
	
	

	
	
	
	
	
	
	
	
	
	


Table 3: Class D valid CC combinations
	CC1 [MHz]
	CC2 [MHz]
	CC3 [MHz]
	Agg. BW
	BCS

	50
	60
	100
	210
	0

	60
	60
	100
	220
	

	50
	80
	100
	230
	

	60
	80
	100
	240
	

	50
	100
	100
	250
	

	80
	80
	100
	260
	

	80
	100
	100
	280
	

	100
	100
	100
	300
	



Table 4: Class E valid CC combinations
	CC1 [MHz]
	CC2 [MHz]
	CC3 [MHz]
	CC4 [MHz]
	Agg. BW
	BCS

	50
	60
	100
	100
	310
	0

	60
	60
	100
	100
	320
	

	50
	80
	100
	100
	330
	

	60
	80
	100
	100
	340
	

	50
	100
	100
	100
	350
	

	80
	80
	100
	100
	360
	

	80
	100
	100
	100
	380
	

	100
	100
	100
	100
	400
	



Also stated in WF [2] that there needs to be a way in future to add CC combinations and one possibility is to use BCS. Table 2 lists the agreed [4] Class C combinations which hopefully makes a need of new BCS in REL-15 redundant however if Table 2 is lacking some CC combination we prefer to update BCS 0 instead of creating BCS 1. 
BCS between higher order and lower order CA should be aligned i.e. Class E BCS 0 need to have specified fallbacks in Class D and C with same BCS 0 number. BCS 0 should be a default and may not be necessarily signalled but that is up to RAN2.
UE does not need to support all aggregated bandwidths for particular Class, instead UE can indicate support up to a certain aggregated bandwidth in MHz like presented in [2]. However UE must support all aggregated bandwidths that are smaller than the indicated aggregated bandwidth . As an example, if UE indicates support for up to 3CC and 250 MHz of aggregated bandwidth which can be notated for example CA_n78(D,250) it also supports all Class D CC combinations that have aggregated BW of 210 – 240 within same BCS. Furthermore, it supports all Class C combinations that have same BCS number. For full support description a notation of CA_n78(D,250,BCS0) is needed but RAN4 can agree that in RAN4 specs BCS0 is default and need not to be written out, RAN2 may also agree that it is not necessary to signal 0.

2.1.1	FR1 Class B
CA BW classes can be used also for EN-DC, as an example DC_(n)71(B,20) would be the one that is already captured into TS 38.101-3. Notation means two CCs with aggregated bandwidth of 20 MHz.
Valid CC combinations are likely to be CA and EN-DC combination dependent.
Table 5: DC_(n)71(B,20) CC combinations
	CC1 [MHz]
	CC2 [MHz]
	Agg. BW
	BCS

	5
	15
	20
	0

	15
	5
	
	

	10
	10
	
	



For more complex cases like NR 100 MHz + LTE contiguous CA of 20+20 more complex notation is required.

2.2	FR2 Contiguous intraband CA
We also propose to define classes for FR2. Classes are based on assumption that there are three different types of UEs. Some can handle 100 MHz carriers, some 200 MHz and most capable 400 MHz carriers.
Table 6: FR2 CA BW Class table
	[bookmark: _Hlk505341716]NR CA bandwidth class
	Aggregated channel bandwidth
	number of contiguous CC
	Fallback group

	A
	CBW ≤ 400 MHz
	1
	

	B
	400 MHz < CBW ≤ 800 MHz
	2
	1

	C
	800 MHz < CBW ≤ 1200 MHz
	3
	

	D
	200 MHz < CBW ≤ 400 MHz
	2
	2

	E
	400 MHz < CBW ≤ 600 MHz
	3
	

	F
	600 MHz < CBW ≤ 800 MHz
	4
	

	G
	100 MHz < CBW ≤ 200 MHz
	2
	3

	H
	200 MHz < CBW ≤ 300 MHz
	3
	

	I
	300 MHz < CBW ≤ 400 MHz
	4
	

	J
	400 MHz < CBW ≤ 500 MHz
	5
	

	K
	500 MHz < CBW ≤ 600 MHz
	6
	

	L
	600 MHz < CBW ≤ 700 MHz
	7
	

	M
	700 MHz < CBW ≤ 800 MHz
	8
	



In [3] it was agreed to define 100MHz x 8CC, 200MHz x 4CC and 400MHz x 2CC for intra-band contiguous CA for n257 these cases would map to classes M, F and B respectively in Table 6. However as also fallback classes are required there is a need to specify more classes. As these 3 CC combinations are based on different UE RF bandwidth capability assumptions we propose to define fallback groups because class that is meant to 400 MHz CC capable UE cannot be a fallback class for 100 MHz capable UE. In other words 100 MHz carrier capable UE belongs to Fall back group 3 and must be able to fall back any lower class than its maximum class capability with in that fall back group 3.
Similarly as for FR1 UE can indicate its maximum bandwidth capability, for example CA_n257(K,600). Which means that UE can support maximum aggregated BW of 600 MHz by using 100 MHz carriers. UE must support all lower order fallback classes G-J within a same fall back group 3.
Table 6: Class B, fall back group 1
	NR CA configuration
	Uplink NR CA configurations
	Channel bandwidths for carrier in order of increasing carrier frequency [MHz]
	Aggregated 
bandwidth [MHz]
	Bandwidth combination set

	CA_n257B
	 
	50
	400
	450
	0

	
	
	100
	400
	500
	

	
	
	200
	400
	600
	

	
	
	400
	400
	800
	



Table 7: Class D, fall back group 2
	NR CA configuration
	Uplink NR CA configurations
	Channel bandwidths for carrier in order of increasing carrier frequency [MHz]
	Aggregated 
bandwidth [MHz]
	Bandwidth combination set

	CA_n257D
	 
	50
	200
	250
	0

	
	
	100
	200
	300
	

	
	
	200
	200
	400
	



Table 8: Class E, fall back group 2
	NR CA configuration
	Uplink NR CA configurations
	Channel bandwidths for carrier in order of increasing carrier frequency [MHz]
	Aggregated 
bandwidth [MHz]
	Bandwidth combination set

	CA_n257E
	 
	50
	200
	200
	450
	0

	
	
	100
	200
	200
	500
	

	
	
	200
	200
	200
	600
	



Table 9: Class F, fall back group 2
	NR CA configuration
	Uplink NR CA configurations
	Channel bandwidths for carrier in order of increasing carrier frequency [MHz]
	Aggregated 
bandwidth [MHz]
	Bandwidth combination set

	CA_n257F
	 
	50
	200
	200
	200
	650
	0

	
	
	100
	200
	200
	200
	700
	

	
	
	200
	200
	200
	200
	800
	



Table 10: Class G, fall back group 3
	NR CA configuration
	Uplink NR CA configurations
	Channel bandwidths for carrier in order of increasing carrier frequency [MHz]
	Aggregated 
bandwidth [MHz]
	Bandwidth combination set

	CA_n257G
	 
	50
	100
	150
	0

	
	
	100
	100
	200
	



Table 11: Class H, fall back group 3
	NR CA configuration
	Uplink NR CA configurations
	Channel bandwidths for carrier in order of increasing carrier frequency [MHz]
	Aggregated 
bandwidth [MHz]
	Bandwidth combination set

	CA_n257H
	 
	50
	100
	100
	250
	0

	
	
	100
	100
	100
	300
	



Table 12: Class I, fall back group 3
	NR CA configuration
	Uplink NR CA configurations
	Channel bandwidths for carrier in order of increasing carrier frequency [MHz]
	Aggregated 
bandwidth [MHz]
	Bandwidth combination set

	CA_n257I
	 
	50
	100
	100
	100
	350
	0

	
	
	100
	100
	100
	100
	400
	



Table 12: Class J, fall back group 3
	NR CA configuration
	Uplink NR CA configurations
	Channel bandwidths for carrier in order of increasing carrier frequency [MHz]
	Aggregated 
bandwidth [MHz]
	Bandwidth combination set

	CA_n257J
	 
	50
	100
	100
	100
	100
	450
	0

	
	
	100
	100
	100
	100
	100
	500
	



Table 12: Class K, fall back group 3
	NR CA configuration
	Uplink NR CA configurations
	Channel bandwidths for carrier in order of increasing carrier frequency [MHz]
	Aggregated 
bandwidth [MHz]
	Bandwidth combination set

	CA_n257K
	 
	50
	100
	100
	100
	100
	100
	550
	0

	
	
	100
	100
	100
	100
	100
	100
	600
	



Table 12: Class L, fall back group 3
	NR CA configuration
	Uplink NR CA configurations
	Channel bandwidths for carrier in order of increasing carrier frequency [MHz]
	Aggregated 
bandwidth [MHz]
	Bandwidth combination set

	CA_n257L
	 
	50
	100
	100
	100
	100
	100
	100
	650
	0

	
	
	100
	100
	100
	100
	100
	100
	100
	700
	



Table 12: Class M, fall back group 3
	NR CA configuration
	Uplink NR CA configurations
	Channel bandwidths for carrier in order of increasing carrier frequency [MHz]
	Aggregated 
bandwidth [MHz]
	Bandwidth combination set

	CA_n257M
	 
	50
	100
	100
	100
	100
	100
	100
	100
	750
	0

	
	
	100
	100
	100
	100
	100
	100
	100
	100
	800
	



So valid CA acronyms from [3] are below
100MHz x 8CC would be CA_n257(M,800)
200MHz x 4CC would be CA_n257(F,800)
400MHz x 2CC would be CA_n257(B,800)
Note that RAN4 has agreed [3] that requirements RF are same for all cases above.
2.3	Interband CA
WF asked a question that Inter-band CA: FFS to study if UE can support all BWs for indicated bands
Our preference is that similarly as for EN-DC all channel bandwidths defined for a band are mandatory for UE to support incase interband CA consists one CC per band i.e. class A for all bands. Incase intraband contiguous CA is part of interband CA then rules presented in preceding clauses apply to intraband contiguous CA. Notation for inteband CA would be CA_nXA-nYA.
Incase RAN4 agrees it to be optional to support all channel banwidths then notation for inteband CA would be for example CA_nX(A,50)-nY(A,50) where UE is capable to aggregate two times 50 MHz. UE has to be able to support all smaller bandwidths than the indicated bandwidth that are specified for that particular band.
2.4	Intraband non-contiguous CA
In case RAN4 agrees that FR 1 interband CA UE must support all channel bandwidths for indicated bands then it is logical that also FR1 intraband non-contiguous UE needs to support all channel bands for indicated band for all sub-blocks. However if RAN4 agrees for FR1 interband CA that BW support is a capability then it should apply also for FR 1 intraband non-contiguous CA.
One open issue is what kind on notation is used for non-contiguous CA, there is for example a request for a CA configuration of 8x100 MHz non-contiguous carriers. It would be awkward and finger breaking to write CA_n257A- n257A- n257A- n257A- n257A- n257A- n257A- n257A. To get a clear picture how we propose to define acronyms we present Table 9. In the table we have assumed that for CA UE can declare its maximum aggregated BW capability for intraband contiguous CA and similarly for interband and non-contiguous CA the BW capability per carrier or sub-block. If RAN4 agrees that it is mandatory to support all bandwidths or CC combinations within a class then acronyms get simples as there is no need to indicate the BW in numbers.
Table 9: Acronyms
	Type
	Example
	Note

	CA
	Intraband contiguous
	CA_nX(D,250) 
	3CC NR CA with maximum 250 MHz aggregated BW, CA_n78(D,250,BCSx) incase other BCS than 0

	
	Intraband non-contiguous example 1
	CA_nX(8xA,100)
	non-contiguous CA with 8 single carrier sub-blocks of 100 MHz BW

	
	Intraband non-contiguous example 2
	CA_nX((2xA,100)-(C,150)-(A,100))
	non-contiguous CA with 4 sub-block. 3 single carrier sub-blocks of 100 MHz BW and one 2CC CA limited to 150 MHz BW

	
	Interband alt 1
	CA_nX(A,50)-nY(A,50) 
	50 MHz maximum BW capability for bands X and Y

	
	Interband alt 2
	CA_nXA-nYA
	full BW support on all bands

	EN-DC
	Intraband contiguous
	DC_(n)X(B,20)
	2 CC EN-DC with maximum 20 MHz aggregated BW

	
	Intraband non-contiguous
	DC_(n)X(2xA)
	non-contiguous EN-DC with 2 sub-blocks

	
	Interband
	DC_XA-nYA
	 



3	Conclusion
In this paper we propose following
Proposal 1: Define FR1 CA BW Class as presented in Table 1
Proposal 2: Define FR2 CA BW Class as presented in Table 6
Proposal 3: UE can indicate support up to a certain aggregated bandwidth in MHz that is less than the maximum aggregated BW of certain CA BW Class. UE must support all specified aggregated bandwidths that are smaller than the indicated aggregated bandwidth  and are part of same BCS that was indicated. UE must support also all specified lower order CA configuration that have same BCS as the indicated one.
Proposal 4: BCS with same number (for-example BCS0) need to aligned between lower and higher order fallback configuration
We have also stated our preference is that similarly as for EN-DC all channel bandwidths defined for a band are mandatory for UE to support incase interband CA consists one CC per band i.e. class A for all bands.
Some examples for CA and EN-DC acronym for more complex cases s were presented in Table 9, however more work is necessary especially for contiguous intraband EN-DC when aggregated signal consist of more than 2 CC.
[bookmark: _GoBack]Initial draft CRs are included in zip-file to visualize the proposal.
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