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1
Introduction

In current RAN4 spec, NR CA configurations and EN-DC configurations have already been specified in Rel-15. The description of ‘uplink CA configurations’, ‘channel bandwidths for component carriers’, ‘maximum aggregated bandwidth’, ‘bandwidth combination set’, ‘fallback group’ and ‘SCS’ have been used respectively for the definition of NR CA configurations and EN-DC configurations. In this paper, we discuss the necessity of using the ‘maximum aggregated bandwidth’ for different types of NR CA configurations and EN-DC configurations. 
Table 1 summarizes the current usage of ‘uplink CA configurations’, ‘channel bandwidths for component carriers’, ‘maximum aggregated bandwidth’, ‘bandwidth combination set’, ‘fallback group’ and ‘SCS’ for NR CA and EN-DC configurations in 38.101 [1-3].

Table 1   Feature description for NR CA and EN-DC configurations in NR spec
	NR Spec
	Configuration Type
	FBG
	SCS
	BCS
	(Max.) aggregated BW

	38.101-1
	intra-band contiguous CA
	Y
	N
	Y
	Y

	
	intra-band non-contiguous CA
	N/A
	N/A
	N/A
	N/A

	
	inter-band CA
	N
	Y
	Y
	N

	38.101-2
	intra-band contiguous CA
	Y
	N
	Y
	Y

	
	intra-band non-contiguous CA

(with single CA BW class)
	N
	Y
	Y
	Y

	
	intra-band non-contiguous CA

(with multi CA BW classes)
	N
	N
	Y
	Y

	
	inter-band CA
	N/A
	N/A
	N/A
	N/A

	38.101-3
	Inter-band CA configurations between FR1 and FR2
	N
	Y
	Y
	N

	
	Intra-band contiguous EN-DC
	N
	N
	Y
	Y

	
	Intra-band non-contiguous EN-DC
	N
	N
	Y
	Y

	
	Inter-band EN-DC within FR1
	N
	N
	N
	N

	
	Inter-band EN-DC including FR2
	N
	N
	N
	N

	
	Inter-band EN-DC including FR1 and FR2
	N
	N
	N
	N


From the above analysis, we see that the maximum aggregated bandwidth is not used for all types of the NR CA and EN-DC configurations in current RAN4 specs.

Observation 1: In current version of 38.101, the usage of ‘(Max.) aggregated BW’ is introduced to intra-band contiguous & non-contiguous CA, while for inter-band CA & inter-band EN-DC, there is no ‘(Max.) aggregated BW’.

Question 1: Does ‘(Max.) aggregated BW’ really need for NR CA & EN-DC configurations?
Discussion

CA and EN-DC configurations in RAN4
2.1.1  intra-band contiguous CA
In 38.101-1, for intra-band contiguous CA, the CA combination is currently organized by the channel bandwidth of each component carrier case by case shown in Table 2, with each component carrier having a single channel bandwidth. The ‘Aggregated bandwidth’ column in Table 2 is the sum of all channel bandwidths of component carriers, without providing any additional information. 
Table 2   Example for NR intra-band contiguous CA in 38.101-1
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If we look at the CA configurations in LTE, we see that ‘Maximum aggregated bandwidth’ is used. In each configuration, there may be a different ‘Maximum aggregated bandwidth’ with different BCS, such as CA_5B.
Table 3   Example for LTE intra-band contiguous CA in 36.101-1
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Whether it is intra-band CA for NR or LTE, their maximum aggregate bandwidth is the sum of the maximum bandwidth of each component carrier and does not provide any additional information. It seems that there is no necessary to retain the ‘Maximum aggregated bandwidth’ in the CA configuration table.
However, if we take a look at 38.101-2 for intra-band contiguous CA, the configurations for different NR CA bands have currently been organized in different ways. For example shown in Table 4, each carrier in CA_n257B lists only a single bandwidth, while each carrier in CA_n260B contains a variety of possible bandwidths, so for the latter, the ‘Maximum aggregated BW’ refers to the maximum value of all possible bandwidth in the carriers of CA combination. 

Furthermore, for the configurations in 38.101-2 with possible bandwidths grouped in a component carrier, the ‘Maximum aggregated BW’ is not always the sum of the max component carrier bandwidth, and also not always the same as the max aggregated channel BW that belongs to the CA bandwidth class of the configuration, such as CA_261C whose ‘Maximum aggregated BW’ is 850MHz, not the maximum BW of 1200MHz for CA BW class C.
Table 4   Example for NR intra-band contiguous CA in 38.101-2
[image: image3.png]3 NR CA configuration / Bandwidth combination set / Fallback group= o
Component carriers n order of ncreasing carrier frequency - Viaximum 1
- wRca Uplink CA Fallback
CBW | CBW | CBW | CBW | CBW | CBW | CBW | agoregated s | BCS
figuratione | configurati -
configuration conflgurations _ CBW (M) (MHz) | (MHz)0 | (MHz)o | (MHz) | (MHz)o | (MHz)o | (MHz)o BW (MHz)< group
£ e = = = = = =
7000 P d d d d d Ei
- cansee | canzsee = o — z z z z z = 02 10
| 000 P d d d d d 000 ).
E 000 |- = = = = = 50~ o
- camsme | canese 7000 F T = = = = = 00 00 20 o
00 F d d d d d 00 |
= = = = = = = = = = = = ]
CArooB. | CAnze0b. | 50,100,200, 400 400- | - = = = = = 00 o i}
= CA _n260Ce (CA_n260B+< | 50,100, 200, 400 400+ 4004 12000 0¢ |
= e e e e e e e e e ° ° ° ° |
= CA n261B¢ CA_n261B¢_| 50, 100, 200, 400+ 400+ o o o o o o 800¢ 0e ¥
- CAn®IC: | oA ncsibo | 50100200400 oo | aooo | = = = = a0 0 B
= e e e e e e e e e ° ° ° ° |
-NOTE 1-_The masimum bandwidth of band n261 is B50VHz = 5





2.1.2  intra-band non-contiguous CA and EN-DC
For intra-band non-contigous CA in 38.101-2, the ‘Maximum aggregated BW’ is used, with each component carrier containing a variety of possible bandwidths under a certain SCS, shown in Table 5 as an example.

Table 5   Example for NR intra-band non-contiguous CA in 38.101-2
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For intra-band non-contiguous EN-DC in 38.101-3, the ‘Maximum aggregated BW’ is used similar to that in 38.101-2, except that SCS is not introduced.
Based on the above discussion, although we see no strong opinion to retain the ‘Maximum aggregated bandwidth’ in CA and EN-DC configurations, to keep consistent with LTE and configurations in 38.101-2 and 38.101-3, and in addition there exists cases in 38.101-2 that the ‘Maximum aggregated BW’ is not always the same as the max aggregated channel bandwidth that belongs to the CA bandwidth class, we suggest to keep the ‘Maximum aggregated BW’ for intra-band CA in 38.101, and change the ‘Aggregated bandwidth’ to ‘Maximum aggregated BW’ in 38.101-1.

Proposal 1: For intra-band CA, it is suggested to keep the description of ‘Maximum aggregated BW’ and change the ‘Aggregated bandwidth’ to ‘Maximum aggregated BW’ in 38.101-1 shown as follows.
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Observation 2: The CA configurations in 38.101-2 for different NR CA bands have been currently organized in different ways. For some configurations, the component carriers have only single bandwidth, while for some other configurations, the component carriers contain a variety of possible bandwidths.

Proposal 2: For intra-band CA in 38.101-2, a uniform expression of configuration should be used for each band, i.e., each component carrirer contains a variety of possible bandwidths as follows.
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Observation 3: The ‘Maximum aggregated BW’ is not always the sum of the max component carrier channel bandwidth in 38.101-2, such as CA_261C.
Band combination description in RAN2
In RAN2, information of band combination as the capability of UE is signaled to NW. UE capability information elements indicate the BandCombinationList which UE supports. 

The IE BandCombinationList contains a list of NR CA and/or MR-DC band combinations [4, 5]. The UE shall include the same number of entries, and listed in the same order, as in BandCombinationList. FeatureSetCombination, a two-dimensional matrix of FeatureSets, is introduced to represent the band combination. Each FeatureSetsPerBand contains a list of feature sets applicable to the carrier(s) of one band entry of the associated band combination.  Across the associated bands, the UE shall support the combination of FeatureSets at the same position in the FeatureSetsPerBand. All FeatureSetsPerBand in one FeatureSetCombination must have the same number of entries. The number of FeatureSetsPerBand in the FeatureSetCombination must be equal to the number of band entries in an associated band combination. The FeatureSets is used to provide pools of downlink and uplink features sets. The FeatureSetDownlink / FeatureSetUplink indicates a set of features that the UE supports on the carriers corresponding to one band entry in a band combination.

Fig.1 illustrates the hierarchical structure of IE for NR band combinations from signaling aspect. The band combination is represented by FeatureSet. The FeatureSet per band and per CC indicates a set of features that the UE supports on the corresponding carrier of one band entry of a band combination. From the structure, we see that the supported bandwidth is only for the band combination per band and per CC, and it seems no maximum aggregated BW for the band combination is defined.
 SHAPE  \* MERGEFORMAT 
[image: image7]

Fig.1 NR band combination structure
Observation 4: From RAN2 signaling aspects, the supported bandwidth of band combination is only defined for per band and per CC. It seems that no maximum aggregated BW for the band combination is designed.
Proposal 3: It is suggested to send a LS to RAN2 to ask how does the ‘Maximum aggregated BW’ design for UE capability in band combinations? RAN4 inform RAN2 that ‘Maximum aggregated BW’ has been decided for intra-band CA configuration in both FR1 and FR2. In addition, for some CA configurations in 38.101-2, the ‘Maximum aggregated BW’ is not always the sum of the max channel bandwidth of component carriers.
3
Conclusion

In this contribution, the issue related to feature description especially for ‘(Max.) aggregated BW ’ of NR CA and EN-DC configurations in NR spec has been discussed. We summarize the usage of ‘(Max.) aggregated BW’’ in current specs of 38.101. The necessity of using the ‘(Max.) aggregated BW ’ for different types of NR CA and EN-DC configurations has been pointed out. Based on the discussion, we have concluded the following observations and proposals.

Observation 1: In current version of 38.101, the usage of ‘(Max.) aggregated BW’ is introduced to intra-band contiguous & non-contiguous CA, while for inter-band CA & inter-band EN-DC, there is no ‘(Max.) aggregated BW’.

Question 1: Does ‘(Max.) aggregated BW’ really need for NR CA & EN-DC configurations?
Proposal 1: For intra-band CA, it is suggested to keep the description of ‘Maximum aggregated BW’ and change the ‘Aggregated bandwidth’ to ‘Maximum aggregated BW’ in 38.101-1.

Observation 2: The CA configurations in 38.101-2 for different NR CA bands have been currently organized in different ways. For some configurations, the component carriers have only single bandwidth, while for some other configurations, the component carriers contain a variety of possible bandwidths.

Proposal 2: For intra-band CA in 38.101-2, a uniform expression of configuration should be used for each band, i.e., each component carrirer contains a variety of possible bandwidths.
Observation 3: The ‘Maximum aggregated BW’ is not always the sum of the max component carrier channel bandwidth in 38.101-2, such as CA_261C.
Observation 4: From RAN2 signaling aspects, the supported bandwidth of band combination is only defined for per band and per CC. It seems that no maximum aggregated BW for the band combination is designed.
Proposal 3: It is suggested to send a LS to RAN2 to ask how does the ‘Maximum aggregated BW’ design for UE capability in band combinations? RAN4 inform RAN2 that ‘Maximum aggregated BW’ has been decided for intra-band CA configuration in both FR1 and FR2. In addition, for some CA configurations in 38.101-2, the ‘Maximum aggregated BW’ is not always the sum of the max channel bandwidth of component carriers.
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