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1 Introduction
In RAN4#84 meeting, some agreements on LTE-NR DC/CA representation have been achieved [1]. The prefix “n” is used for any NR bands. Some new NR band numbers of range 1 and 2 have been assigned. For non NR-LTE coexistence bands, the following notion is used:
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And for SUL and LTE-NR coexistence bands, the representation is as below:
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*) Note: The band combination is just for example.
However, regarding to the representation of CA bandwidth class (postfix of the bands) for NR, there is no conclusion yet. How to handle the single carrier operation with larger than 100PRBs and how to handle different maximum bandwidth for each frequency range are still FFS. In this paper, we analyze the representation of CA bandwidth class. 
2 Discussion
2.1
CA bandwidth class in E-UTRA
CA is specified for some combinations of E-UTRA operating bands and number of CCs. To specify different CA combinations, the Aggregated Transmission Bandwidth Configuration (ATBC) is defined as total number of aggregated physical resource blocks. CA bandwidth class indicates a combination of maximum ATBC and maximum number of CCs. CA bandwidth classes and corresponding nominal guard bands are defined as in Table 1 [2].
Table 1 CA bandwidth classes and corresponding nominal guard bands in E-UTRA ( from Table 5.6A-1 of TS36.101)
	CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration
	Number of contiguous CC
	Nominal Guard Band BWGB

	A
	NRB,agg ≤ 100
	1
	a1 BWChannel(1) - 0.5f1 (NOTE 2)

	B
	25 < NRB,agg ≤ 100
	2
	0.05 max(BWChannel(1),BWChannel(2))

 - 0.5f1

	C
	100 < NRB,agg ≤ 200
	2
	0.05 max(BWChannel(1),BWChannel(2)) - 0.5f1

	D
	200 < NRB,agg ≤ 300
	3
	0.05 max(BWChannel(1),BWChannel(2), BWChannel(3)) - 0.5f1

	E
	300 < NRB,agg ≤ 400
	4
	0.05 max(BWChannel(1),BWChannel(2), BWChannel(3) , BWChannel(4)) - 0.5f1

	F
	400 < NRB,agg ≤ 500
	5
	NOTE 3

	I
	700 < NRB,agg ≤ 800
	8
	NOTE 3

	NOTE 1:
BWChannel(j), j = 1, 2, 3, 4 is the channel bandwidth of an E-UTRA component carrier according to Table 5.6-1 and f1 = f for the downlink with f the subcarrier spacing while f1 = 0 for the uplink.

NOTE 2:
a1 = 0.16/1.4 for BWChannel(1) = 1.4 MHz whereas a1 = 0.05 for all other channel bandwidths.

NOTE 3:
Applicable for later releases.


Observation 1: The CA bandwidth class in E-UTRA is categorized by the number of aggregated physical RBs and the number of contiguous CC. 

2.1
NR CA bandwidth class

1) Using channel bandwidth (MHz) 
Similar to E-UTRA, in order to specify different types of NR CA combinations, CA bandwidth classes in NR should also be defined. In E-UTRA, NRB, agg is defined as the number of the aggregated RBs within the fully allocated Aggregated Channel bandwidth, expressed in units of resource blocks. However, in 5G NR, since different frequency range can use different SCSs, and even the same frequency band can have different values of SCS, it will result in a more complex RB calculation and be difficult to classify CA bandwidth class with a uniform number of RBs. A WF on UE mandatory channel bandwidth was agreed in [3]. The supported NR frequency bands with different SCSs are given as follows.
· LTE refarming bands
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· Sub-6GHz bands
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· mmW bands
[image: image5.png]DataSCS= 120K

NRBma
B3 oome | powne) | mwiz Toomre o
135205 Gl e e Ve s v Ve Yer
T8-S34GrE V= V= e e Ve V= Ve
710 Gre e e Ve Ve e e e





Furthermore, since different numerologies may be applied to different CCs in NR, this will make the RB calculation between different CCs more complex. In this case, to classify CA bandwidth class by using the channel bandwidth for each carrier and the total aggregated channel bandwidth are more appropriate in NR.
Observation 2: In 5G NR, since different frequency range can use different SCSs, and even the same frequency band can have different values of SCS, it will result in a more complex RB calculation and be difficult to classify CA bandwidth class with a uniform number of RBs.
Observation 3: Different numerologies may be applied to different CCs in NR CA. It will make the RB calculation between different CCs more complex.
Proposal 1: It is suggested to classify CA bandwidth class by using the channel bandwidth for each carrier and the total aggregated channel bandwidth directly instead of calculating the RB numbers in NR.
2) Using different maximum channel bandwidth for each frequency range
Table 2 shows the agreed maximum channel bandwidth in NR. From the table, we can see that the maximum channel bandwidth is 8 times the difference between the Frequency Range 1 at SCS=15 KHz and the Frequency Range 2 at SCS=120 KHz, which is quite a large difference. The former maximum channel bandwidth is 50MHz, and the latter is 400MHz. If we continue to use the single carrier maximum bandwidth 20MHz (100RBs) like in E-UTRA as a classification criterion, it will be inappropriate for NR CA classification in different frequency ranges. We need to have different maximum channel bandwidth for each frequency range to classify carrier aggregation in NR. In addition, NR CA CC channel bandwidths can follow single carrier’s channel bandwidths but it is suggested to provide possibility to further reduction by allowing only a sub-set of single carrier NR BW’s.
Table 2 Maximum channel bandwidth in NR

	Frequency Range
	SCS (kHz)
	Max CHBW (MHz)

	1
	15
	50

	
	30
	100

	
	60
	100

	2
	60
	200

	
	120
	400


Proposal 2: It is suggested to classify CA bandwidth class in NR by different maximum channel bandwidth for each frequency range, respectively.

Proposal 3: NR CA CC channel bandwidths can follow single carrier’s channel bandwidths but it is suggested to provide possibility to further reduction by allowing only a sub-set of single carrier NR BW’s.
3) Using the number of CC
To follow the principle of E-UTRA CA bandwidth class, the number of CC is also suggested to be used for NR CA classification. In order to keep receiver requirements reasonable, whether to specify how many CCs are allowed to be used for certain NR CA bandwidth is FFS. 
Proposal 4: It is suggested that CA bandwidth class in NR be categorized according to the number of CCs supported in carrier aggregation.

4) Example

Based on the above discussion, an example for illustrating the principle of NR CA bandwidth class is shown in Table 3.
Table 3 NR CA bandwidth class
	Number of Contiguous CC
	LTE Refarming Bands
	Sub-6GHz Bands
	mmW Bands

	
	CA Bandwidth Class
	Aggregated BW

(BWAgg)(MHz)
	CA Bandwidth Class
	Aggregated BW

(BWAgg)(MHz)
	CA Bandwidth Class
	Aggregated BW

(BWAgg)(MHz)

	1
	A
	BWAgg ≤ 60
	J
	BWAgg ≤ 100
	Q
	BWAgg ≤ 400

	2
	B
	 BWAgg ≤ 60
	K
	BWAgg ≤ 100
	R
	BWAgg ≤ 400

	
	C
	60 < BWAgg ≤ 120
	L
	100 < BWAgg ≤ 200
	S
	400 < BWAgg ≤ 800

	3
	D
	120 < BWAgg ≤ 180
	M
	200 < BWAgg ≤ 300
	T
	800 < BWAgg ≤ 1200

	4
	E
	180 < BWAgg ≤ 240
	N
	300 < BWAgg ≤ 400
	(
	(

	5
	F
	240 < BWAgg ≤ 300
	(
	(
	
	

	(
	(
	(
	
	
	
	


3 Conclusion

In this paper, how to represent CA bandwidth class (postfix of the bands) for NR is discussed. Based on the discussion, we have the following observations and proposals. In addition, an example for illustrating the principle of NR CA bandwidth class is shown in Table 3.
Observation 1: The CA bandwidth class in E-UTRA is categorized by the number of aggregated physical RBs and the number of contiguous CC. 

Observation 2: In 5G NR, since different frequency range can use different SCSs, and even the same frequency band can have different values of SCS, it will result in a more complex RB calculation and be difficult to classify CA bandwidth class with a uniform number of RBs.
Observation 3: Different numerologies may be applied to different CCs in NR CA. It will make the RB calculation between different CCs more complex.
Proposal 1: It is suggested to classify CA bandwidth class by using the channel bandwidth for each carrier and the total aggregated channel bandwidth directly instead of calculating the RB numbers in NR.

Proposal 2: It is suggested to classify CA bandwidth class in NR by different maximum channel bandwidth for each frequency range, respectively.

Proposal 3: NR CA CC channel bandwidths can follow single carrier’s channel bandwidths but it is suggested to provide possibility to further reduction by allowing only a sub-set of single carrier NR BW’s.
Proposal 4: It is suggested that CA bandwidth class in NR be categorized according to the number of CCs supported in carrier aggregation.
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