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1 Introduction
CA bandwidth class was originally introduced in E-UTRA technical specifications to distinguish UE capability in supporting contiguous carrier aggregation (CCA). For CA bandwidth class in NR, the related concepts have been discussed extensively in the previous RAN4 meetings, and some agreements have been achieved [1-3]. In RAN4 NR Adohc#3 meeting, it was agreed that CA bandwidth class would be introduced into NR specifications to distinguish UE capabilities when operating in NR CA configurations. In addition, separated NR CA bandwidth class tables would be defined for NR range 1 and range 2 frequency bands. In RAN4 #84bis meeting, it was further agreed that NR CA bandwidth class shall be with aggregated channel bandwidth and number of contiguous CC(s). NR CA BW class A shall be defined with one CC. During the last RAN4#85 meeting, some further agreements have been achieved.
· BW class C is agreed to be 2 CCs

· CA acronym is used at least for NW deployments

· RAN4 to hold off NR CCA proposals till CA bandwidth class is clearly defined.
Furthermore, the way forwards on NR CA bandwidth class definition have been agreed in [3] as follows.
· Companies to study whether a separate CCA acronym is needed from UE side to address different UE architecture.
· From signalling point of view
· From UE RF requirements point of view
· Other possible signalling solutions to address the topic
· How to define BW Class for Contiguous Intra-band DC
· Study if only one CA bandwidth class table for both new NR bands and LTE re-farmed bands is sufficient.
In this contribution, we will further discuss the related concepts of NR CA bandwidth class and provide our considerations towards the above-mentioned issues raised in [3].
2 Discussion
2.1
CA Acronym for NW or UE
Some concerns on how to represent the contiguous carrier aggregation, i.e. what is the CA acronym for, were raised during the last RAN4 meeting [3]. The BS channel bandwidth in NR is proposed to be a range of spectrum which can be used to transmit to UEs with different bandwidths. Different UE channel bandwidths may be supported within the same spectrum. If we define a CA acronym for NR CCA, then what is it used to describe? NW deployment or UE receiver configuration? As illustrated in Fig. 1, from the view of network deployment, there are two CCs to transmit in BS side, i.e. CA BW class ‘C’ according to the current agreement on CA BW class, while from the view of UE receiver configuration, there are three CCs to receive, of which two different CC2 and CC3 in UE are supported within the same spectrum of BS CC2. Whether a new BW class such as ‘D’ for UE in this case is needed or not is for further study. Different UEs have different implementations thus different acronyms would be needed for same NW deployment. It is also noted in [3] that same acronym cannot be used for both NW and UE since the acronym for NW and UE may have different meaning. 
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Fig.1 CA Acronym for NW or UE

In NR RRC protocol [6], the UE radio access capability information is transferred from UE to network, in which CA bandwidth class DL and CA bandwidth class UL are currently specified as two important parameters to indicate the UE NR capabilities. The proposed structure for NR UE capability IE is shown in Fig.2. From the signaling perspective, the acronym indicating the CA bandwidth class for UE capability is needed. In addition to the signaling, it should be noted that the size of the UE hardware layout and the number of RF channels could be affected by the increasing number of carriers in UE. Considering that the current CA acronym has already been used by operators to describe the NW deployments, it is suggested that CA acronym convey not only information of network deployment but also information of UE receiver configuration.
According to the current NR specification in [7], table 1 and 2 show the NR CA bandwidth class for FR1 and FR2. The bandwidth class is categorized by the aggregated channel bandwidth and the number of contiguous CC from the view of network deployment. It is suggested to provide additional information to indicate the CA capability from UE side in addition to table 1 and table 2 respectively.
Fig.2  UE NR Capability IE
Table 1  NR CA Bandwidth Class for FR1

	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC

	A
	CBW ≤ TBD
	1

	C
	TBD
	2


Table 2  NR CA Bandwidth Class for FR2
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC

	A
	CBW ≤ TBD
	1

	C
	TBD
	2


In order to avoid the explosion of bandwidth combinations when considering both the information of network deployment and UE receiver configuration, we further suggest that in addition to the existing NR CA BW class from NW deployment side, two additional tables for describing the NR CA bandwidth class are needed. One is to define the CA BW class from UE configuration aspects. The other is to describe the relationship between the NR CA BW class from NW deployment and UE configuration aspects. According to the proposal raised in [8], a number range of contiguous CC could be used to define CA BW class from UE configuration aspects. Take table 3 as an example, for CA BW classes ‘C’ and ‘D’, the UE number of contiguous CC shall within the range of [NCat-C, min, NCat-C, max] and [NCat-D, min, NCat-D, max]. When BWchannel_CA, C = BWchannel_CA, D, the formula NCat-C, max < NCat-D, min should be satisfied. The detail values of NCat-C, min, NCat-C, max and NCat-D, min, NCat-D, max are FFS, which will be determined by the different UE architectures or different capabilities of UE implementation. By using the concept of number range of contiguous CC, the problem of forward compatibility could be solved if new wider CBW is introduced in future releases.
Table 3  NR CA Bandwidth Class from UE Configuration Aspects
	NR CA bandwidth class 

(UE)
	Aggregated channel bandwidth
	UE Number of contiguous CC

	A
	CBW ≤ TBD
	1

	C
	BWchannel_CA, C (TBD)
	[NCat-C, min, NCat-C, max](*)

	D
	BWchannel_CA, D (TBD)
	[NCat-D, min, NCat-D, max](*)

	* Notes: (1) If BWchannel_CA, C = BWchannel_CA, D, then NCat-C, max < NCat-D, min.


Table 4 illustrates the relationship between NR CA bandwidth classes from NW deployment and from UE configuration aspects, in which UE CA BW class ‘C’ and ‘D’ have the same aggregated channel bandwidth as NW CA BW class ‘C’.
Table 4  Example for NR CA BW Class for FR1
	NR CA bandwidth class (NW)
	NR CA bandwidth class (UE)
	Aggregated channel bandwidth
	NW Number of contiguous CC(*)
	UE Number of contiguous CC(*)

	A
	A
	CBW ≤ 100MHz
	1
	1

	C
	C
	200MHz
	2
	[2, 3]

	C
	D
	200MHz
	2
	[4, 5]

	(
	(
	(
	(
	(

	* Notes: (1) NCat-X, NW < NCat-X, UE, min


Proposal 1    It is suggested that two additional tables for describing the NR CA bandwidth classes are needed. One is to define the CA BW class from UE configuration aspects. The other is to describe the relationship between the NR CA BW class from NW deployment and UE configuration aspects. A number range of contiguous CC could be introduced in CA BW class definition from UE configuration aspects so as to avoid the explosion of bandwidth combinations.
2.2
BW Class for Contiguous Intra-band DC
As proposed by [9], the representation of LTE-NR DC/CA is introduced for inter-band CA and DC. The NR CA bandwidth class can also be used accordingly in the notations. If non-contiguous carriers are aggregated within one band, we suggest separate acronyms for the corresponding combination parts could be applied, such as we can denote 2 non-contiguous carriers in NR band n78 by CA_n78A-n78A.
Regarding to the BW class for contiguous intra-band DC, there are two different ways to represent the band combinations. Take 2 contiguous CCs in band x and nx as an example, the first way is to represent it as two parts just like notation in the case of inter-band DC, denoted as DC_xA-nxA. The other way to represent the combination is to group the carriers in LTE and NR together, denoted as DC_(n)xC.

Proposal 2    Two options for the notation of intra-band DC are suggested to be chosen as follows,

(2a)  To denote the LTE and NR CC combinations as different parts, e.g., DC_xA-nxA.

(2b)  To denote the LTE and NR CC combinations as an integrated part with one BW class acronym, e.g., DC_(n)xC.

Option (2a) is suitable to represent non-contiguous intra-band DC while choosing option (2b) as the notation of contiguous intra-band DC is more preferable.
2.3
Representation for Uplink CA Configuration
Currently for LTE-NR DC and NR CA combinations there are only 1UL cases. It can be seen that more and more 2UL combination cases will be introduced in the near future. How to represent uplink CA configuration in NR CA combinations should be noted. In E-UTRA specification, in order to represent the uplink CA configuration, one column indicating uplink CA configuration is introduced for E-UTRA CA configuration (see Table 5). Similar to E-UTRA, the representation for uplink CA configuration in NR CA combination is suggested as an example in Table 6.
Table 5 Illustration for E-UTRA CA with uplink configurations
	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
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	(
	(
	(
	(
	(
	(
	(
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Table 6 Example for NR CA with uplink configurations
	NR CA configuration

	NR CA Configuration
	Uplink CA configurations
	NR Bands
	SCS

kHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	100
MHz
	Maximum aggregated bandwidth

[MHz]

	CA_nxA-nyA
	CA_nxA-nyA
	nx
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	ny
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Proposal 3    Uplink CA configurations should be added for representing NR CA configuration. An example for NR CA with uplink configurations is recommended in Table 6.
2.4
BW Class for New NR Bands and LTE Re-farmed Bands
With regard to CA bandwidth class for both new NR bands and LTE re-farmed bands, in [10] we suggested that 3 categories, i.e., LTE Re-farmed bands, NR sub-6GHz bands and mmW bands, could be categorized according to the aggregated BW and the number of contiguous CCs. In TS 38.101-1, the supported channel bandwidth for each NR operating band is provided and the requirements shall also apply to the combination of channel bandwidths, SCS and operating bands [11].
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Fig.3  Ratio of CH BW in Each Band and Distribution of Maximum CH BW
From Fig.3, we can see that most of the channel bandwidth for LTE re-farmed & SUL bands locates in {5MHz, 10MHz, 15MHz, 20MHz}, and most of the channel bandwidth for new NR bands locates in {40MHz, 50MHz, 60MHz, 80MHz, 100MHz}. Furthermore, the maximum channel bandwidth between LTE re-farmed & SUL bands and new NR bands also vary greatly. Thus, we suggest using different CA BW class tables for new NR bands and LTE re-farmed bands is preferable.
Proposal 4    With regards to different CH BW and Maximum CH BW defined in new NR FR1 bands and LTE Re-farmed bands, it is suggested to use different CA BW class tables for new NR FR1 bands and LTE re-farmed bands.
3 Conclusion

In this paper, we provide our views on NR CA channel bandwidth class. CA acronym for NW or UE, BW class for contiguous intra-band DC, representation for uplink CA configuration, and BW class for new NR bands and LTE re-farmed bands have been discussed in the paper. Based on the discussion, we have the following proposals.
Proposal 1    It is suggested that two additional tables for describing the NR CA bandwidth classes are needed. One is to define the CA BW class from UE configuration aspects. The other is to describe the relationship between the NR CA BW class from NW deployment and UE configuration aspects. A number range of contiguous CC could be introduced in CA BW class definition from UE configuration aspects so as to avoid the explosion of bandwidth combinations.
Table 3  NR CA Bandwidth Class from UE Configuration Aspects
	NR CA bandwidth class
	Aggregated channel bandwidth
	UE Number of contiguous CC

	A
	CBW ≤ TBD
	1

	C
	BWchannel_CA, C (TBD)
	[NCat-C, min, NCat-C, max](*)


	D
	BWchannel_CA, D (TBD)
	[NCat-D, min, NCat-D, max](*)

	* Notes: (1) If BWchannel_CA, C = BWchannel_CA, D, then NCat-C, max < NCat-D, min.


Proposal 2    Two options for the notation of intra-band DC are suggested to be chosen as follows,

(2a)  To denote the LTE and NR CC combinations as different parts, e.g., DC_xA-nxA.

(2b)  To denote the LTE and NR CC combinations as an integrated part with one BW class acronym, e.g., DC_(n)xC.

Option (2a) is suitable to represent non-contiguous intra-band DC while choosing option (2b) as the notation of contiguous intra-band DC is more preferable.
Proposal 3    Uplink CA configurations should be added for representing NR CA configuration. An example for NR CA with uplink configurations is recommended in Table 6.
Table 6 Example for NR CA with uplink configurations
	NR CA configuration

	NR CA Configuration
	Uplink CA configurations
	NR Bands
	SCS

kHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	100
MHz
	Maximum aggregated bandwidth

[MHz]

	CA_nxA-nyA
	CA_nxA-nyA
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Proposal 4    With regards to different CH BW and Maximum CH BW defined in new NR FR1 bands and LTE Re-farmed bands, it is suggested to use different CA BW class tables for new NR FR1 bands and LTE re-farmed bands.
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