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1 Introduction
Several proposals have been proposed for NR CA BW class in last RAN4 meeting [1-5] and a way forward on the definition of NR CA BW class was approved in [6]. For CA configuration, it is concluded that every requested CC combination for each band should be known by UE and network explicitly. Three methods for CA configuration have been proposed.
· A) UE signals explicitly each band and CA configuration  --- increasing signaling overhead
· B) CA configurations are written in to UE requirements (38.101) and UE signals supported CA configurations and version of specification  --- release or spec version dependent
· C) CA configurations are written in to UE requirements (38.101) and UE signals supported CA configurations and specific identifier which set of CC combinations (existing LTE BCS method)  --- BCS concept needed
For intra-band contiguous CA, some agreements have been achieved as follows.

· Total aggregated BW for each CC combinations will be written to 38.101  
· CC BWs combinations for each CA configuration will be written in to 38.101 
· Forward compatibility is FFS
· Option 1: UE can refer to version of spec
· Option 2: UE can refer to BCS
· Total maximum aggregated BW will be used to denote intra-band CA support:
· E.g.  CA_n78(200)
· Wherther to use number or letter is FFS
An example of how to use BCS concept is introduced in [6]. If UE declares the support of CA_n78(160, C)_BCS1, it means that UE supports all configurations in yellow for that band. Here, class of CA is defined based on number aggregated CCs, where C = 2 CC and D = 3 CC. If UE supports CA_n78D, then it also may or may not support CA_n78C and B and in addition BCS concept or version reference to spec is needed.
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Fig.1 Example of intra-band contiguous CA
For UE support of CA configurations, whether UE will support all CA configurations for that band with lower aggregated BW or with lower aggregated BW with granularity TBD from same CA BW class group is for further study. Companies are encouraged to provide analysis on determining the granularity of the lower aggregated BW support. In this proposal, we will discuss how to use BCS concept to describe CA configurations in NR with granularity of the lower CA class support and reduce the CA combinations for each CA BW class.
2 Discussion
The concept of Bandwidth combination set (BCS) is introduced in TS 36.101 for LTE supporting CA band combinations and related set of supported uplink and downlink bandwidth combinations. The purpose of introducing BCS is to simplify the UE implementation by reducing the support combinations of bandwidth. The requirements for CA are defined for CA configurations with associated bandwidth combination sets. Within the aggregation configuration, the UE can report a combination set, which defines where to allocate the resource blocks. Take CA_1A-3A_BCS0 in table 1 as an example, the configuration states that the UE can operate on Band 1 and 3, with 2 component carriers of one in Band 1 and the other in Band 3, with a maximum of 200RBs (40MHz). Another example is CA_1A-1A-3A_BCS0 in table 1, which refers to a lower order aggregated class of CA_1A-1A_BCS0 defined in table 2. For forward compatibility, two options of release dependent or BCS could be referred by UE. However, the frequent changes of version will make the specifications harder to maintain.
Table 1   E-UTRA CA configurations and BCS defined for inter-band CA (two bands)      
(From Table 5.6A.1-2 of TS36.101)
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations (NOTE 4)
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_1A-3A
	CA_1A-3A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	1

	
	
	3
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	

	CA_1A-1A-3A
	-
	1
	See CA_1A-1A Bandwidth combination set 0 in Table 5.6A.1-3
	60
	0

	
	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	


Table 2   E-UTRA CA configurations and BCS defined for non-contiguous intra-band CA (two sub-blocks)  
 (From Table 5.6A.1-3 of TS36.101)
	
	
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRACA configuration
	Uplink CA configurations (NOTE 1)
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	Channel bandwidths for carrier [MHz]
	
	

	CA_1A-1A
	-
	5, 10, 15, 20
	5, 10, 15, 20
	
	
	
	40
	0


If we look at the CA configuration tables defined in TS36.101, we will find that there are too many duplicated rows between the higher order aggregation and the lower order aggregation class tables. Thus, in order to simplify the description of CA combination in NR and reduce the signaling cost, a new BCS concept could be introduced for NR as shown in Fig.2.
Fig.2  New BCS Concept in NR
Suppose in each lower order CA configuration, BCS0 is the basic combination set to be inherited by the higher order CA configuration. For higher order CA configuration, new basic combinations will be added to basic combination set BCS0. Take Fig.2 as an example, for higher order CA configuration 3, basic combination sets BCS0 includes BCS01 of lower order CA configuration 1 and BCS02 of lower order CA configuration 2. BCS1 is used for higher order CA configuration 3 only, while BCS0 can be inherited by even higher order CA configuration. So, for higher order CA configuration 3, only BCS03 and BCS13 need to be defined which can largely reduce the size of the CA configuration tables. There is no need to define the BCS0Lower= { BCS01, BCS02} in higher order CA configuration.
Observation 1    For forward compatibility, using a proper designed BCS method for CA configuration in NR is more suitable than using the release version dependent method. 
Proposal 1   It is suggested to define BCS0 as a basic combination set for each CA configuration. All BCS0 from lower order CA configurations will be inherited by the higher order CA configurations. For higher order CA configurations, only BCS other than BCS0Lower from lower order CA configurations need to be defined.
For the notation of CA configuration, total maximum aggregated BW is currently suggested to be used for intra-band CA, while whether to use number or letter is still FFS. From our point of view, notation with total maximum aggregated BW, letter for carriers being used and which BCS group belongs to will be more clear, for example CA_n78(160, D)_BCS1 means that UE supports all configurations within BCS1, maximum aggregated BW of 160MHz, and the number of CA carriers less than 3. With using a letter to indicate the maximum number of carriers in the CA configuration, we have for example CA_n78B ( CA_n78C ( CA_n78D, etc. Thus, it is easy to solve the problem of inconsistent representation between network and UE.
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Fig.3 CA BW class from NW and UE

Proposal 2   It is suggested to use a letter to indicate the maximum number of carriers in the notation of intra-band CA. The maximum aggregated BW, carrier number and BCS group should be used for the notation (ex. CA_n78(160, D)_BCS1).
3 Conclusion

In this paper, some considerations on CA BW class definition have been proposed. With regards to the BCS concept, we provide our considerations in NR with CA granularity of the lower CA class and reduce the CA combinations for each CA BW class. Based on the discussion, we have the following observations and proposals.
Observation 1    For forward compatibility, using a proper designed BCS method for CA configuration in NR is more suitable than using the release version dependent method.
Proposal 1   It is suggested to define BCS0 as a basic combination set for each CA configuration. All BCS0 from lower order CA configurations will be inherited by the higher order CA configurations. For higher order CA configurations, only BCS other than BCS0Lower from lower order CA configurations need to be defined.

Proposal 2   It is suggested to use a letter to indicate the maximum number of carriers in the notation of intra-band CA. The maximum aggregated BW, carrier number and BCS group should be used for the notation (ex. CA_n78(160, D)_BCS1).
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