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1	Introduction 
The problematic cases for simplification on increasing number of EN-DC configurations have been intensively discussed in the previous RAN4 meetings. In the last RAN4#95-e meeting, [1] suggests to replace the band combination tables in chapter 5.5 of 38.101-x by one tab for each table in a single Excel file as attachment to the Word spec. On the other hand, [2] proposes another method to simplify band combinations by introducing “wildcard within a fallback group” based on the original concept of “wildcard” in [3]. However, no agreements on simplification of band combination have been achieved and finally come to a conclusion with the following WF in [4].
(1) For applying excel format to band combination table in [1] in TS 38.101-1/2/3.
· Option 1: Apply all band combinations table in TS 38.101-1/2/3
· Detail table formats are FFS
· Option 2: Apply part of band combinations table
· It is preferred to provide specific table and spec number.
· Option 3: Do not apply any band combinations table.
(2) For using a wildcard
· Option 1: Use a wildcard to denote any intra-band contiguous and non-contiguous CA configurations for FR2 band if all the CA BW classes within a fallback group specified in TS 38.101-2 have been requested in the EN-DC configurations, as stated in [2].
· For the other cases except case 2/3, how to solve the issues by using a wildcard are FFS.
· Option 2: Use wildcard with further modification.
· Option 3: Do not use a wildcard.
In this contribution, we further discuss the issue of simplification on CA/EN-DC configurations in RAN4 spec.
2	Improvement to CA & EN-DC configuration tables 
In order to figure out the distribution of various combinations, we make a statistical analysis on the pages occupied in the current Rel-16 38.101-x specs for CA & EN-DC configurations. From the statistic we see that all CA & ED-DC configurations account for 254 pages in the 38.101-x specs, which is quite lengthy.
Table 1  Pages occupied in 38.101-x for configurations
Pages occupied in 38.101-x (Rel-16)
	Configurations
	Bands in Configurations
	Pages
	Total Pages in 38.101-x
	Simplification needed? (Y/N)

	38.101-1
	

	Intra-band contiguous CA
	
	2
	2
	N

	Intra-band non-contiguous CA
	
	1
	1
	N

	Inter-band CA
	2 Bands
	19
	35
	Y

	
	3 Bands
	12
	
	

	
	4 Bands
	4
	
	

	38.101-2
	

	Intra-band contiguous CA
	
	6
	6
	N

	Intra-band non-contiguous CA
	
	13
	13
	N

	38.101-3
	

	Inter-band CA between FR1 & FR2
	2 Bands
	25
	39
	Y

	
	3 Bands
	14
	
	

	Intra-band contiguous EN-DC
	
	1
	1
	N

	Intra-band non-contiguous EN-DC
	
	1
	1
	N

	Inter-band EN-DC within FR1
	2 Bands
	7
	57
	Y

	
	3 Bands
	22
	
	

	
	4 Bands
	20
	
	

	
	5 Bands
	7
	
	

	
	6 Bands
	1
	
	

	Inter-band EN-DC including FR2
	2 Bands
	17
	59
	Y

	
	3 Bands
	23
	
	

	
	4 Bands
	14
	
	

	
	5 Bands
	5
	
	

	Inter-band EN-DC including FR1 & FR2
	3 Bands
	9
	40
	Y

	
	4 Bands
	17
	
	

	
	5 Bands
	11
	
	

	
	6 Bands
	3
	
	

	Total
	
	
	254
	




Observation 1:	 Pages occupied in current 38.101-x specs for CA & EN-DC configurations vary greatly depending on different band combination types. 
Proposal 1: Not all types of band combinations need to be simplified because some combination types have only few pages occupied in the spec, such as Intra-band contiguous CA and non-contiguous CA in 38.101-1; Intra-band contiguous EN-DC and non-contiguous EN-DC in 38.101-3.
· Inter-band CA in 38.101-1
If we take a look at inter-band CA in 38.101-1, we will find that most of the channel bandwidth for NR band with single carrier is referred to Table 5.3.5-1 in the spec. The problem is that the channel bandwidths for some bands are referred to Rel-15, while some other bands are referred to Rel-16. The large table size is mainly caused by triple SCSs for each band, i.e. SCS={15kHz, 30kHz, 60kHz}. If we take a bit map to represent the different SCS values for the NR channel bandwidth, the size of CA configuration table will be greatly reduced.
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Fig.1 Example of SCS bitmap for NR FR1 band channel bandwidth
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The modified inter-band CA configurations in 38.101-1 can be simplified by using SCS bitmap as shown in Fig.1. By such simplification, the size of inter-band CA configuration table for FR1 will be greatly reduced.
[image: ]
Observation 2:	 NR inter-band CA configurations in FR1 can be simplified by using SCS bitmap for FR1 to represent band channel bandwidth.
· Inter-band CA between FR1 & FR2 in 38.101-3
Similar to the cases in FR1 for inter-band CA, we can also simplify the inter-band CA configurations between FR1 & FR2 in 38.101-3 by referring to Table 5.3.5-1 for channel bandwidth for each NR band.
[image: ]
The modified inter-band CA configurations between FR1 and FR2 are as follows.
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Fig.2 Example of SCS bitmap for NR FR2 band channel bandwidth
Observation 3:	 NR inter-band CA configurations between FR1 and FR2 can be simplified by using SCS bitmap for FR1 and FR2 to represent band channel bandwidth.
· Inter-band EN-DC including FR2 in 38.101-3
For the configurations of inter-band EN-DC including FR2, as mentioned in [2], we redefine the meaning of wildcards, that is, give different wildcards for different fallback groups as shown in Table 2 below.
Table 2  Wildcard for FBG in NR FR2 CA
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group
	Wildcard for FBG

	A
	BWChannel ≤ 400 MHz
	1
	 1,2,3,4
	!, @, #, $
	*

	B
	400 MHz < BWChannel_CA ≤ 800 MHz
	2
	1
	!
	

	C
	800 MHz < BWChannel_CA ≤ 1200 MHz
	3
	
	
	

	D
	200 MHz < BWChannel_CA ≤ 400 MHz
	2
	2
	@
	

	E
	400 MHz < BWChannel_CA ≤ 600 MHz
	3
	
	
	

	F
	600 MHz < BWChannel_CA ≤ 800 MHz
	4
	
	
	

	G
	100 MHz < BWChannel_CA ≤ 200 MHz
	2
	3
	#
	

	H
	200 MHz < BWChannel_CA ≤ 300 MHz
	3
	
	
	

	I
	300 MHz < BWChannel_CA ≤ 400 MHz
	4
	
	
	

	J
	400 MHz < BWChannel_CA ≤ 500 MHz
	5
	
	
	

	K
	500 MHz < BWChannel_CA ≤ 600 MHz
	6
	
	
	

	L
	600 MHz < BWChannel_CA ≤ 700 MHz
	7
	
	
	

	M
	700 MHz < BWChannel_CA ≤ 800 MHz
	8
	
	
	

	O
	100 MHz ≤ BWChannel_CA ≤ 200 MHz
	2
	4
	$
	

	P
	150 MHz ≤ BWChannel_CA ≤ 300 MHz 
	3
	
	
	

	Q
	200 MHz ≤ BWChannel_CA ≤ 400 MHz 
	4
	
	
	

	NOTE 1:	Maximum supported component carrier bandwidths for fallback groups 1, 2, 3 and 4 are 400 MHz, 200 MHz, 100 MHz and 100 MHz respectively except for CA bandwidth class A.
NOTE 2:	It is mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration that belong to a different fallback group.



For any new request EN-DC combos, we can check the availability in TS 38.101-2 by using the wildcards within each fallback group. If all CA configurations for a certain FR2 band within a fallback group are requested, the corresponding wildcard for that FBG will be used. Otherwise, each detail EN-DC combos should be requested individually, and no wildcards will be used. With that, the size of configuration table for inter-band EN-DC including FR2 will be greatly reduced.
To make more clear understanding, we show an example of the modified EN-DC configuration table in 38.101-3 as below. For DC_1_n257, since all CA BW classes for band n257 with FBG 2 and 3 defined in TS 38.101-2 have been included in the EN-DC configurations, thus the wildcards “@” and “#” will be used. For DC_4_n261, since the CA BW classes “E” and “F” in FBG 2, classes “J” and “K” in FBG 3 defined in TS 38.101-2 were not requested for EN-DC configuration DC_4_n261 including FR2 band n261, the EN-DC configurations will be shown individually without using the wildcards.
Example of modification:    ---  TS 38.101-3
Table 5.5B.5.1-1: Modified Inter-band EN-DC configurations including FR2 (two bands)
	EN-DC band combination
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)

	DC_1_n257
	DC_1A_n257A
DC_1A_n257D
DC_1A_n257E
DC_1A_n257F
DC_1A_n257G
DC_1A_n257H
DC_1A_n257I
DC_1A_n257J
DC_1A_n257K
DC_1A_n257L
DC_1A_n257M
	DC_1A_n257A
DC_1A_n257D
DC_1A_n257G
DC_1A_n257H
DC_1A_n257I
DC_1A_n257J
DC_1A_n257K
DC_1A_n257L
DC_1A_n257M

	
	DC_1A_n257@
	DC_1A_n257D

	
	DC_1A_n257#
	DC_1A_n257#

	
	
	

	DC_4_n261
	DC_4A_n261A
DC_4A_n261D
DC_4A_n261G
DC_4A_n261H
DC_4A_n261I
DC_4A_n261L
DC_4A_n261M
	DC_4A_n261A
DC_4A_n261D
DC_4A_n261G
DC_4A_n261H
DC_4A_n261I

	
	DC_4A_n261A
DC_4A_n261G
DC_4A_n261H
DC_4A_n261I
DC_4A_n261L
DC_4A_n261M
	DC_4A_n261A
DC_4A_n261G
DC_4A_n261H
DC_4A_n261I

	
	
	

	NOTE 1:	Uplink EN-DC configurations are the configurations supported by the present release of specifications.
NOTE 2:	Applicable for UE supporting inter-band EN-DC with mandatory simultaneous Rx/Tx capability for all of the above combinations
NOTE 3: 	Wildcards of “!”, “@”, “#” and “$” denotes any intra-band contiguous CA configurations within a fallback group specified in TS 38.101-2 for the FR2 band used in the EN-DC configuration. For intra-band non-contiguous CA configurations, a bracket with different fallback groups should be used, such as (#-$) denotes intra-band non-contiguous CA configuration between fallback group 3 and 4. In the UL column, the wildcard denotes a valid UL carrier or CA configuration for the FR2 band that does not have more carriers than DL within the same fallback group.



Proposal 2:	 To simplify the configurations of inter-band EN-DC including FR2 in 38.101-3, it is suggested to introduce a “wildcard for FBG” to denote the intra-band contiguous CA part of FR2 band if all the CA BW classes within the FBG specified in TS 38.101-2 have been requested in the EN-DC configurations. Otherwise, the EN-DC configurations should be requested individually. 
Proposal 3:	 For inter-band EN-DC including FR2 having intra-band non-contiguous parts, It is suggested to simplify by using a bracket to denote CA between different FBGs, such as (#-$) denotes all configurations between FBG 3 and 4 defined in TS 38.101-2.
· Inter-band EN-DC including FR1 and FR2 in 38.101-3
In the case of inter-band EN-DC including FR1 and FR2, a simplified method similar to that of inter-band EN-DC including FR2 shown as above can be adopted. A “wildcard for FBG” to denote the intra-band contiguous CA part of FR2 band if all the CA BW classes within the FBG specified in TS 38.101-2 have been requested in the inter-band EN-DC including FR1 and FR2 configurations.

Example of modification:    ---  TS 38.101-3
Table 5.5B.6.2-1: Modified Inter-band EN-DC configurations including FR1 and FR2 (three bands)
	EN-DC configuration
	Uplink EN-DC configuration (NOTE 1)

	…
	…

	DC_1A_n78A-n257A
DC_1A_n78A-n257D
DC_1A_n78A-n257E
DC_1A_n78A-n257F
DC_1A_n78C-n257A
DC_1A_n78C-n257D
DC_1A_n78C-n257E
DC_1A_n78C-n257F 
DC_1A_n78A-n257@
DC_1A_n78C-n257@
	DC_1A_n78A
DC_1A_n257A
DC_1A_n257D
DC_1A_n78A-n257A

	DC_1A_n78A-n257G
DC_1A_n78A-n257H
DC_1A_n78A-n257I
DC_1A_n78A-n257J
DC_1A_n78A-n257K
DC_1A_n78A-n257L
DC_1A_n78A-n257M
DC_1A_n78A-n257#
	DC_1A_n78A
DC_1A_n257A
DC_1A_n257G
DC_1A_n257H
DC_1A_n257I
DC_1A_n78A-n257A
DC_1A_n78A-n257G
DC_1A_n78A-n257H
DC_1A_n78A-n257I

	…
	…


Proposal 4:	 For inter-band EN-DC including FR1 and FR2, a simplified method using “wildcard for FBG” similar to that of inter-band EN-DC including FR2 can be adopted for FR2 CA part.
· Inter-band EN-DC within FR1 in 38.101-3
In current spec, grouping of EN-DC configurations is done based on common band combination. However, in many cases, this will make the configuration table even longer. For example, if we take a look at the case of E-UTRA or/and NR which has non-contiguous CA parts, even if the uplink configurations are the same, they are still arranged linearly in the table which will make the number of rows in the table increasing.
For the sake of simplicity, if we add a new column in the current EN-DC configuration table to indicate the non-contiguous configurations in the same row if they have the same uplink configurations, the size of the configuration table will be reduced significantly. The below table shows the example.
Example of modification:    ---  TS 38.101-3
Table 5.5B.4.2-1: Inter-band EN-DC configurations within FR1 (three bands)
	EN-DC
configuration
	EN-DC configuration with non-contiguous part
	Uplink EN-DC
configuration
(NOTE 1)

	…
	
	…

	DC_1A-3A_n7A
DC_1A-3A_n7B
DC_1A-3C_n7A
DC_1A-3C_n7B
	DC_1A-1A-3A_n7A
DC_1A-1A-3A_n7B
DC_1A-1A-3C_n7A
DC_1A-1A-3C_n7B
DC_1A-3A-3A_n7A
DC_1A-3A-3A_n7B
DC_1A-1A-3A-3A_n7A
	DC_1A_n7A
DC_3A_n7A
DC_3C_n7A

	DC_1A-1A-3A_n7A
DC_1A-1A-3A_n7B
DC_1A-1A-3C_n7A
DC_1A-1A-3C_n7B
DC_1A-3A-3A_n7A
DC_1A-3A-3A_n7B
DC_1A-1A-3A-3A_n7A
	
	DC_1A_n7A
DC_3A_n7A
DC_3C_n7A

	…
	
	…



Proposal 5:	 For inter-band EN-DC within FR1, it is suggested to add a new column in the EN-DC configuration table shown as below to indicate the non-contiguous configurations in the same row if they have the same uplink configurations. Otherwise, the “EN-DC with NC part” will be in a separate row with regard to the “basic EN-DC configuration”.
Table x.x: Inter-band EN-DC configurations within FR1
	EN-DC
configuration
	EN-DC configuration with non-contiguous part
	Uplink EN-DC
configuration
(NOTE 1)

	…
	…
	…

	Basic configuration. (1)
	EN-DC with NC part (2)
	(1) & (2) having the same uplink configurations

	
	EN-DC with NC part (3)
	(1) & (3) having the different uplink configurations

	…
	…
	…


 
3	Conclusions
In this discussion paper we have presented our considerations on CA & EN-DC simplification in the spec. To keep the compatibility with the previous RAN4 spec and for the sake of better readability, we suggest to keep the original Word format for the CA & EN-DC configuration tables. However, to avoid the increasing challenge raised by the huge number of configurations, some improvements to the configurations should be made according to the different band combination types. A proposal of using wildcard within fallback group has been proposed. We have the following observations and proposals.
Observation 1:	 Pages occupied in current 38.101-x specs for CA & EN-DC configurations vary greatly depending on different band combination types. 
Proposal 1: Not all types of band combinations need to be simplified because some combination types have only few pages occupied in the spec, such as Intra-band contiguous CA and non-contiguous CA in 38.101-1; Intra-band contiguous EN-DC and non-contiguous EN-DC in 38.101-3.
Observation 2:	 NR inter-band CA configurations in FR1 can be simplified by using SCS bitmap for FR1 to represent band channel bandwidth.
Observation 3:	 NR inter-band CA configurations between FR1 and FR2 can be simplified by using SCS bitmap for FR1 and FR2 to represent band channel bandwidth.

Proposal 2:	 To simplify the configurations of inter-band EN-DC including FR2 in 38.101-3, it is suggested to introduce a “wildcard for FBG” to denote the intra-band contiguous CA part of FR2 band if all the CA BW classes within the FBG specified in TS 38.101-2 have been requested in the EN-DC configurations. Otherwise, the EN-DC configurations should be requested individually. 
Table 2  Wildcard for FBG in NR FR2 CA
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group
	Wildcard for FBG

	A
	BWChannel ≤ 400 MHz
	1
	 1,2,3,4
	!, @, #, $
	*

	B
	400 MHz < BWChannel_CA ≤ 800 MHz
	2
	1
	!
	

	C
	800 MHz < BWChannel_CA ≤ 1200 MHz
	3
	
	
	

	D
	200 MHz < BWChannel_CA ≤ 400 MHz
	2
	2
	@
	

	E
	400 MHz < BWChannel_CA ≤ 600 MHz
	3
	
	
	

	F
	600 MHz < BWChannel_CA ≤ 800 MHz
	4
	
	
	

	G
	100 MHz < BWChannel_CA ≤ 200 MHz
	2
	3
	#
	

	H
	200 MHz < BWChannel_CA ≤ 300 MHz
	3
	
	
	

	I
	300 MHz < BWChannel_CA ≤ 400 MHz
	4
	
	
	

	J
	400 MHz < BWChannel_CA ≤ 500 MHz
	5
	
	
	

	K
	500 MHz < BWChannel_CA ≤ 600 MHz
	6
	
	
	

	L
	600 MHz < BWChannel_CA ≤ 700 MHz
	7
	
	
	

	M
	700 MHz < BWChannel_CA ≤ 800 MHz
	8
	
	
	

	O
	100 MHz ≤ BWChannel_CA ≤ 200 MHz
	2
	4
	$
	

	P
	150 MHz ≤ BWChannel_CA ≤ 300 MHz 
	3
	
	
	

	Q
	200 MHz ≤ BWChannel_CA ≤ 400 MHz 
	4
	
	
	

	NOTE 1:	Maximum supported component carrier bandwidths for fallback groups 1, 2, 3 and 4 are 400 MHz, 200 MHz, 100 MHz and 100 MHz respectively except for CA bandwidth class A.
NOTE 2:	It is mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration that belong to a different fallback group.



Proposal 3:	 For inter-band EN-DC including FR2 having intra-band non-contiguous parts, It is suggested to simplify by using a bracket to denote CA between different FBGs, such as (#-$) denotes all configurations between FBG 3 and 4 defined in TS 38.101-2.
Proposal 4:	 For inter-band EN-DC including FR1 and FR2, a simplified method using “wildcard for FBG” similar to that of inter-band EN-DC including FR2 can be adopted for FR2 CA part.
Proposal 5:	 For inter-band EN-DC within FR1, it is suggested to add a new column in the EN-DC configuration table shown as below to indicate the non-contiguous configurations in the same row if they have the same uplink configurations. Otherwise, the “EN-DC with NC part” will be in a separate row with regard to the “basic EN-DC configuration”.
Table x.x: Inter-band EN-DC configurations within FR1
	EN-DC
configuration
	EN-DC configuration with non-contiguous part
	Uplink EN-DC
configuration
(NOTE 1)

	…
	…
	…

	Basic configuration. (1)
	EN-DC with NC part (2)
	(1) & (2) having the same uplink configurations

	
	EN-DC with NC part (3)
	(2) & (3) having the different uplink configurations

	…
	…
	…
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Table 5.5A.1-1: Inter-band CA configurations and bandwidth combinations sets between FR1 and FR2 (two bands)
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Table 5.5A.3.1-1: NR CA configurations and bandwith combinations sets defined for inter-band CA (two bands)
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