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1
Introduction 

In RAN4#94bis-e meeting, a discussion paper on simplification of EN-DC configuration including FR2 was proposed in [1]. The aim of [1] is to handle the increasing number of new EN-DC configurations introduced into RAN4 spec. The issue of EN-DC configuration simplification has been discussed for several meetings. To summary the previous agreements, the following proposals were captured in [2,5].

------------------------------------------------------------------------------------------------------------------------------------------
Option 2-2: 

Capture only the highest configurations for Downlink and Uplink for configurations below 7.125GHz and FR2 part does not include configurations.

Add an additional column to capture EN-DC band combination to make readers to reach configuration information quickly. Note: This is to address the concern 1 explained in the introduction section.

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_5_n260
	DC_5A_n260”X”

DC_5B_n260”X”
	DC_5B_n260”Y”

	Note: X and Y can be replaced with CA configuraitons specified in TS38.101-2 for downlink(“X”) and uplink(“Y”), respectievely.


---------------------------------------------------------------------------------------------------------------------------------------------
In [3], a certain “wildcard” character such as “@” to replace the carrier or CA configuration of the FR2 carrier(s) is proposed for the above configuration table. The wildcard character is to represent all possible FR2 CA band combinations. However, some concerns [4] towards to the ambiguity of using wildcard “@” were raised during the meeting since it may cause the problem of many band combinations which were not actually proposed before in Rel-15 and Rel-16. If company submits a request sheet with wildcard “@”, it means that all FR2 CAs in 38.101-2 applicable for this band should be supported. With that, people cannot distinguish between the information of the real market requirement and the configuration in the spec. In addition, how to handle if the EN-DC configuration contains non-contiguous part should also be further discussed. What does the wildcard “@” stand for in detail? Does it only represent the single carrier or contiguous CA part? 

To improve the representation of EN-DC configuration, this paper further discusses the arrangement of EN-DC configurations in the RAN4 spec and requirements on request sheet related to certain EN-DC combos.

2
Improvement to EN-DC configuration tables 

In [5], clarification of the use of wildcard “@” is proposed as below,

It impacts on only how to write EN-DC configuration table and how to introduce new EN-DC configuration in the specification. Other aspects including signalling aspects does not change.

Example)  TS 38.101-2 specify CA_n257G and CA_n257H, and TS 38.101-3 specify DC_1A_n257”@”, which means TS 38.101-3 have DC_1A_n257G and DC_1A_n257H. UE can signal its capability in the same manner before.

Description method

NR FR2 band n2XX”@” indicates single carrier, intra-band contiguous CA, and intra-band non-contiguous CA specified in TS 38.101-2.

n2XX”@”-n2YY”@” should be used for FR2 Inter-band CA.

With the interpretation of wildcard “@” above, since the wildcard “@” is too general and almost represent all CA configuration cases including single carrier, intra-band contiguous CA and intra-band non-contiguous CA towards the corresponding FR2 band, EN-DC configurations will be completed automatically even if they were not requested in the past. For example, in TS 38.101-2 NR intra-band non-contiguous CA for CA_n261(A-D) and CA_n261(A-G) have been specified in Table 5.5A.2-2. However, in TS 38.101-3 for inter-band EN-DC configuration of DC_2-5_n261, there is no DC_2A-5A_n261(A-D) specified, which is only a sub-set of FR2 as a part of CA_n261(*) specified in TS 38.101-2.

TS 38.101-2:
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TS 38.101-3:
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In order to distinguish different groups, we redefine the meaning of wildcards, that is, give different wildcards for different fallback groups as shown in the table below.
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group
	Wildcards 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 can be used. To make more clear understanding, we show an example of the modified EN-DC configuration table 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:

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_n257@
	DC_1A_n257D

	
	DC_1A_n257#
	DC_1A_n257#

	(
	(
	(

	DC_4_n261
	DC_4A_n261A

DC_4A_n261D






	DC_4A_n261A

DC_4A_n261D





	
	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 1:
 It is suggested to use a wildcard to denote any intra-band 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. Otherwise, the detail EN-DC configurations should be requested individually. If CA configurations for all fallback groups specified in TS 38.101-2, then a general wildcard such as ‘ * ’ will be used for the FR2 band. The wildcard for each fallback group is suggested as below.

	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group
	Wildcards 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 2:
 It is suggested to use a bracket to denote intra-band non-contiguous CA configurations, such as (#-$) denotes all configurations between FBG 3 and 4 defined in TS 38.101-2.

Proposal 3:
 For UL column in the EN-DC configuration table, if a wildcard is used, it 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.

3
Conclusions

In this discussion paper we have presented our considerations on EN-DC simplification including FR2. To avoid the problem of many band combinations which are not actually requested by the companies, a proposal for using wildcard within different fallback groups are suggested. The following proposals have been proposed.
Proposal 1:
 It is suggested to use a wildcard to denote any intra-band 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. Otherwise, the detail EN-DC configurations should be requested individually. If CA configurations for all fallback groups specified in TS 38.101-2, then a general wildcard such as ‘ * ’ will be used for the FR2 band. The wildcard for each fallback group is suggested as below.

	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group
	Wildcards 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 2:
 It is suggested to use a bracket to denote intra-band non-contiguous CA configurations, such as (#-$) denotes all configurations between FBG 3 and 4 defined in TS 38.101-2.

Proposal 3:
 For UL column in the EN-DC configuration table, if a wildcard is used, it 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.
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