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1.	Introduction
In RAN#103, the issues of further improving the RAN4 spec quality were discussed and the moderator’s summary were endorsed in [1] with the WF as below.· The RAN4 Rel-19 specifications are expected to be available by December 2024.
· RAN4 will organize the discussions for improving the specifications in Q2 and Q3 2024 in RAN4 meeting(s), and report to RAN#104 and RAN#105
· Focus on 38.133 and 38.101-1/38.101-2/38.101-3, not covering other specifications in this RAN task
· Motivation of the work:
· Try to improve the above specifications for Rel-19 for 5G in the short term
· Try to conclude on guidance including the structure, drafting rule to ensure the quality of specifications for UE RF and RRM.
· Set up one dedicated agenda to collect the input from companies for specification improvement
· Companies are expected to point out the key issues and also provide the concrete solutions.
· No corresponding CR is expected before September
· Schedule the specific time slot for the single discussions on the specification improvement in RAN4 main session starting from April
· Identify the key issues and root reasons behind
· Summarize the candidate solutions for the next action
· Further discuss and decide how to capture the outcome of this RAN task in RAN#105.

Although the spec quality related to band combination has been improved a lot during the previous study item for FS_SimBC [2], the structure of band combination in the current spec still has room to improve. In this paper, we propose to analyse how to further simplify the CA configuration tables with the intention that when Rel-19 band combination work starts some more efficient rules could be applied.
2.	Discussion
For the sake of simplicity, rules have been set up for EN-DC configurations in current RAN4 spec. In the EN-DC configuration tables shown as Table 5.5B.5.1-1 from TS 38.101-3 as below, the downlink configurations are grouped with the configurations having the same component frequency bands. If multiple UL DC configurations are listed for multiple DL DC configurations, valid uplink configurations are such that uplink does not have more carriers than downlink. However, there are no such simplification rules for CA configuration tables, shown as Table 5.5A.1.1-1b from TS 38.101-3 as below, due to the complex table structure such as CA channel bandwidth, CA bandwidth combination set, FBG, etc.
Table 5.5B.5.1-1: Inter-band EN-DC configurations including FR2 (two bands) (From TS 38.101-3)
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)

	…
	…

	DC_2A_n258A
DC_2A_n258D
DC_2A_n258G
DC_2A_n258H
DC_2A_n258I
DC_2A_n258J
DC_2A_n258K
DC_2A_n258L
DC_2A_n258M
DC_2A_n258O
DC_2A_n258P
DC_2A_n258Q
	DC_2A_n258A
DC_2A_n258D
DC_2A_n258G
DC_2A_n258H
DC_2A_n258I
DC_2A_n258J
DC_2A_n258K
DC_2A_n258L
DC_2A_n258M
DC_2A_n258O
DC_2A_n258P
DC_2A_n258Q

	DC_2A_n258(2A)
DC_2A_n258(3A)
DC_2A_n258(4A)
DC_2A_n258(5A)
	DC_2A_n258A

	…
	…



Table 5.5A.1.1-1b: Inter-band CA configurations and bandwidth combinations sets between FR1 and FR2 (two bands) (From TS 38.101-3)
	NR CA configuration
	Uplink CA configuration 
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	…
	…
	…
	…
	…

	CA_n2A-n258A
	CA_n2A-n258A
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	50, 100, 200, 400
	

	CA_n2A-n258G
	CA_n2A-n258A/G
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	CA_n258G
	

	CA_n2A-n258H
	CA_n2A-n258A/G/H
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	CA_n258H
	

	CA_n2A-n258I
	CA_n2A-n258A/G/H/I
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	CA_n258I
	

	CA_n2A-n258J
	CA_n2A-n258A/G/H/I/J
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	CA_n258J
	

	CA_n2A-n258K
	CA_n2A-n258A/G/H/I/J/K
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	CA_n258K
	

	CA_n2A-n258L
	CA_n2A-n258A/G/H/I/J/K/L
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	CA_n258L
	

	CA_n2A-n258M
	CA_n2A-n258A/G/H/I/J/K/L/M
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	CA_n258M
	

	CA_n2A-n258O
	CA_n2A-n258A/O
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	CA_n258O
	

	CA_n2A-n258P
	CA_n2A-n258A/O/P
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	CA_n258P
	

	CA_n2A-n258Q
	CA_n2A-n258A/O/P/Q
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	CA_n258Q
	

	…
	…
	…
	…
	…



Observation 1  For inter-band EN-DC configurations in current RAN4 spec, the downlink configurations are grouped with the configurations having the same component frequency bands. If multiple UL DC configurations are listed for multiple DL DC configurations, valid uplink configurations are such that uplink does not have more carriers than downlink. However, for inter-band CA configurations, there are no such simplification rules and the downlink CA configurations are listed without grouping.
Observation 2  For inter-band CA configurations between FR1 and FR2, the delimiter “/” could be used for the FR2 part of the uplink configurations, such as CA_nxA-nyA/B/C denotes CA_nxA-nyA, CA_nxA-nyB and CA_nxA-nyC, where nx and ny are two NR bands, ny is a FR2 band and A, B and C are the corresponding bandwidth classes respectively. However, for inter-band EN-DC configurations, there are no such simplification rules and the uplink EN-DC are listed individually without using the delimiter “/”.
For the sake of spec simplicity, it is proposed for inter-band EN-DC configurations with FR2 part of the uplink configurations, the uplink configurations could be denoted such as DC_xA_nyA/B/C, where x and ny are E-UTRA band and NR band, and A, B and C are the corresponding bandwidth classes respectively. For example, Table 5.5B.5.1-1 in TS 38.101-3 for inter-band EN-DC configurations could be optimized as below.
Optimization_Table 5.5B.5.1-1: Inter-band EN-DC configurations including FR2 (two bands) (From TS 38.101-3)
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)

	…
	…

	DC_2A_n258A
DC_2A_n258D
DC_2A_n258G
DC_2A_n258H
DC_2A_n258I
DC_2A_n258J
DC_2A_n258K
DC_2A_n258L
DC_2A_n258M
DC_2A_n258O
DC_2A_n258P
DC_2A_n258Q
	DC_2A_n258A/D/G/H/I/J/K/L/M/O/P/Q

	DC_2A_n258(2A)
DC_2A_n258(3A)
DC_2A_n258(4A)
DC_2A_n258(5A)
	DC_2A_n258A

	…
	…



Proposal 1  For inter-band EN-DC configurations with FR2 part of the uplink configurations, it is proposed to optimize the configuration tables in Rel-19 with the rules as below.
· The delimiter “/” could be used for the FR2 part of the uplink configurations, such as DC_xA_nyA/B/C, where x and ny are E-UTRA band and FR2 NR band, and A, B and C are the corresponding bandwidth classes respectively.

For inter-band CA configurations within FR2, it can be found that in current RAN4 spec, there are different grouping rules in the configuration tables. For example, in Table 5.5A.3-1 from TS 38.101-2 as shown below, for the configurations CA_n258A-n260G/H/I, we see that the configurations are listed by DL CA configuration individually with the UL CA configurations grouping together for each DL configuration. However, for the configurations CA_n260A-n261G/H/I/J/K/L/M, we see that the configurations are listed by DL CA configuration individually with the UL CA configurations grouping together for multiple DL configurations. The grouping rules are that DL CA configurations are listed one by one while for the UL CA configurations, some are grouped by a single DL configuration and some are grouped by multiple DL configurations.
Observation 3  For inter-band CA configurations within FR2, there are different grouping rules for the configurations in current RAN4 spec. Some of the configurations are listed by DL CA configuration individually with the UL CA configurations grouping together for each DL configuration, while some other configurations are listed by DL CA configuration individually with the UL CA configurations grouping together for multiple DL configurations.
Table 5.5A.3-1: NR CA configurations for inter-band CA (From TS 38.101-2)
	NR CA configuration
	Uplink CA configuration
	NR Band
	Channel bandwidth (MHz) 
(NOTE 1)
	Bandwidth combination set

	…
	…
	…
	…
	…

	CA_n258A-n260A
	-
	n258
	50, 100, 200, 400
	0

	
	
	n260
	50, 100, 200, 400
	

	CA_n258A-n260G
	CA_n260G
	n258
	50, 100, 200, 400
	0

	
	
	n260
	CA_n260G
	

	CA_n258A-n260H
	CA_n260G/H
	n258
	50, 100, 200, 400
	0

	
	
	n260
	CA_n260H
	

	CA_n258A-n260I
	CA_n260G/H/I
	n258
	50, 100, 200, 400
	0

	
	
	n260
	CA_n260I
	

	CA_n258G-n260A
	CA_n258G
	n258
	CA_n258G
	0

	
	
	n260
	50, 100, 200, 400
	

	CA_n258G-n260G
	CA_n258G
CA_n260G
	n258
	CA_n258G
	0

	
	
	n260
	CA_n260G
	

	CA_n258G-n260H
	CA_n258G
CA_n260G/H
	n258
	CA_n258G
	0

	
	
	n260
	CA_n260H
	

	CA_n258G-n260I
	CA_n258G
CA_n260G/H/I
	n258
	CA_n258G
	0

	
	
	n260
	CA_n260I
	

	CA_n258H-n260A
	CA_n258G/H
	n258
	CA_n258H
	0

	
	
	n260
	50, 100, 200, 400
	

	CA_n258H-n260G
	CA_n258G/H
CA_n260G
	n258
	CA_n258H
	0

	
	
	n260
	CA_n260G
	

	CA_n258H-n260H
	CA_n258G/H
CA_n260G/H
	n258
	CA_n258H
	0

	
	
	n260
	CA_n260H
	

	CA_n258H-n260I
	CA_n258G/H
CA_n260G/H/I
	n258
	CA_n258H
	0

	
	
	n260
	CA_n260I
	

	…
	…
	…
	…
	…

	CA_n260A-n261A
	CA_n260A-n261A
	n260
	50, 100, 200, 400
	0

	
	
	n261
	50, 100, 200, 400
	

	CA_n260A-n261G
	CA_n260A-n261A
CA_n261G/H/I/J/K/L/M
	n260
	50, 100, 200, 400
	0

	
	
	n261
	CA_n261G
	

	CA_n260A-n261H
	
	n260
	50, 100, 200, 400
	0

	
	
	n261
	CA_n261H
	

	CA_n260A-n261I
	
	n260
	50, 100, 200, 400
	0

	
	
	n261
	CA_n261I
	

	CA_n260A-n261J
	
	n260
	50, 100, 200, 400
	0

	
	
	n261
	CA_n261J
	

	CA_n260A-n261K
	
	n260
	50, 100, 200, 400
	0

	
	
	n261
	CA_n261K
	

	CA_n260A-n261L
	
	n260
	50, 100, 200, 400
	0

	
	
	n261
	CA_n261L
	

	CA_n260A-n261M
	
	n260
	50, 100, 200, 400
	0

	
	
	n261
	CA_n261M
	

	CA_n260G-n261A
	CA_n260A-n261A
CA_n260G
CA_n261G/H/I/J/K/L/M
	n260
	CA_n260G
	0

	
	
	n261
	50, 100, 200, 400
	

	CA_n260G-n261G
	
	n260
	CA_n260G
	0

	
	
	n261
	CA_n261G
	

	CA_n260G-n261H
	
	n260
	CA_n260G
	0

	
	
	n261
	CA_n261H
	

	CA_n260G-n261I
	
	n260
	CA_n260G
	0

	
	
	n261
	CA_n261I
	

	CA_n260G-n261J
	
	n260
	CA_n260G
	0

	
	
	n261
	CA_n261J
	

	CA_n260G-n261K
	
	n260
	CA_n260G
	0

	
	
	n261
	CA_n261K
	

	CA_n260G-n261L
	
	n260
	CA_n260G
	0

	
	
	n261
	CA_n261L
	

	CA_n260G-n261M
	
	n260
	CA_n260G
	0

	
	
	n261
	CA_n261M
	

	…
	…
	…
	…
	…



As mentioned above, for inter-band CA configurations, there are no rules for grouping the multiple DL CA configurations together with the multiple UL CA configurations. The reason is that for CA configurations, the content of CA configuration table is more complex than that of EN-DC configuration table. The content of inter-band CA configuration contains <DL_CA, UL_CA, NR_Band, CHBW, BCS>. For the configurations having the same component NR_Band, same CHBW and same BCS number, i.e. <*, *, NR_Band, CHBW, BCS>, the multiple DL CA configurations and UL CA configurations could also be grouped like the cases in EN-DC configurations. For example, for NR CA configurations CA_n2A-n258A/G/H/I/J/K/L/M/O/P/Q, we can have the following optimized solution. It is noted that the optimization is also beneficial to quick check the fallbacks of band combination.
Optimization_Table 5.5A.1.1-1b: Inter-band CA configurations and bandwidth combinations sets between FR1 and FR2 (two bands) (For TS 38.101-3)
	NR CA configuration
	Uplink CA configuration 
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	…
	…
	…
	…
	…

	CA_n2A-n258A
	CA_n2A-n258A
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	50, 100, 200, 400
	

	CA_n2A-n258G
CA_n2A-n258H
CA_n2A-n258I
CA_n2A-n258J
CA_n2A-n258K
CA_n2A-n258L
CA_n2A-n258M
	CA_n2A-n258A/G/H/I/J/K/L/M
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	CA_n258G/H/I/J/K/L/M
	

	CA_n2A-n258O
CA_n2A-n258P
CA_n2A-n258Q
	CA_n2A-n258A/O/P/Q
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	CA_n258O/P/Q
	

	…
	…
	…
	…
	…



Similar to inter-band CA configurations between FR1 and FR2 in TS 38.101-3, for the cases of inter-band CA configurations within FR2 in TS 38.101-2, the content of FR2 inter-band CA configuration also contains <DL_CA, UL_CA, NR_Band, CHBW, BCS>. It is suggested to group the multiple DL CA configurations and UL CA configurations having the same component FR2 NR_Band, same CHBW and same BCS number, i.e. <*, *, NR_Band, CHBW, BCS>.
Optimization_Table 5.5A.3-1: NR CA configurations for inter-band CA (From TS 38.101-2)
	NR CA configuration
	Uplink CA configuration
	NR Band
	Channel bandwidth (MHz) 
(NOTE 1)
	Bandwidth combination set

	…
	…
	…
	…
	…

	CA_n258A-n260A
	-
	n258
	50, 100, 200, 400
	0

	
	
	n260
	50, 100, 200, 400
	

	CA_n258A-n260G
CA_n258A-n260H
CA_n258A-n260I
	CA_n260G/H/I
	n258
	50, 100, 200, 400
	0

	
	
	n260
	CA_n260G/H/I
	

	CA_n258G-n260A
CA_n258G-n260G
CA_n258G-n260H
CA_n258G-n260I
CA_n258H-n260A
CA_n258H-n260G
CA_n258H-n260H
CA_n258H-n260I
	CA_n258G/H
CA_n260G/H/I
	n258
	CA_n258G/H
	0

	
	
	n260
	50, 100, 200, 400
	

	
	
	
	CA_n260G/H/I
	

	…
	…
	…
	…
	…

	CA_n260A-n261A
	CA_n260A-n261A
	n260
	50, 100, 200, 400
	0

	
	
	n261
	50, 100, 200, 400
	

	CA_n260A-n261G
CA_n260A-n261H
CA_n260A-n261I
CA_n260A-n261J
CA_n260A-n261K
CA_n260A-n261L
CA_n260A-n261M
	CA_n260A-n261A
CA_n261G/H/I/J/K/L/M
	n260
	50, 100, 200, 400
	0

	
	
	n261
	CA_n261G/H/I/J/K/L/M
	

	CA_n260G-n261A
CA_n260G-n261G
CA_n260G-n261H
CA_n260G-n261I
CA_n260G-n261J
CA_n260G-n261K
CA_n260G-n261L
CA_n260G-n261M
	CA_n260G
CA_n261G/H/I/J/K/L/M
CA_n260A-n261A
	n260
	CA_n260G
	0

	
	
	n261
	50, 100, 200, 400
	

	
	
	
	CA_n261G/H/I/J/K/L/M
	

	…
	…
	…
	…
	…



Next let us take another configuration “CA_n1-n257” as an example to further illustrate how the optimization of inter-band CA configurations works. The configurations have different channel bandwidth or have no set inclusion relationship in the column of “Uplink CA configuration” in the configuration table. For example in “CA_n1A-n257D/E/F” in FBG#2, the uplink configurations for “CA_n1A-n257D” are “CA_n257D” and “CA_n1A-n257A/D”, however the uplink configurations for “CA_n1A-n257E/F” are “-” which means the uplink CA configuration is not supported. Thus for the cases in “CA_n1A-n257D/E/F” in FBG#2, we leave these configurations un-grouped. Furthermore, with such optimization, we can also easily check if there are any missing fallback configurations in the configuration table. Again for example in “CA_n1A-n257A”, we see that there is only one BCS0 with the channel bandwidth being “5, 10, 15, 20” for band n1 in the configuration table. However, we notice that for “CA_n1A-n257(2A)”, BCS0 has the channel bandwidth “5, 10, 15, 20, 25, 30, 40, 50” for band n1 which is not covered by the lower order fallbacks. Thus we think this may be an error in the current spec which should be fixed.

Table 5.5A.1.1-1a: Inter-band CA configurations and bandwidth combinations sets between FR1 and FR2 (two bands) (From TS 38.101-3)
	NR CA configuration
	Uplink CA configuration 
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	CA_n1A-n257A
	CA_n1A-n257A
	n1
	5, 10, 15, 20
	0

	
	
	n257
	50, 100, 200, 400
	

	CA_n1A-n257D
	CA_n257D
CA_n1A-n257A/D
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257D
	

	CA_n1A-n257E
	-
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257E
	

	CA_n1A-n257F
	-
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257F
	

	CA_n1A-n257G
	CA_n257G
CA_n1A-n257A/G
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257G
	

	CA_n1A-n257H
	CA_n257G/H
CA_n1A-n257A/G/H
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257H
	

	CA_n1A-n257I
	CA_n257G/H/I
CA_n1A-n257A/G/H/I
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257I
	

	CA_n1A-n257J
	CA_n257G/H/I/J
CA_n1A-n257A/G/H/I/J
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257J
	

	CA_n1A-n257K
	CA_n257G/H/I/J/K
CA_n1A-n257A/G/H/I/J/K
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257K
	

	CA_n1A-n257L
	CA_n257G/H/I/J/K
CA_n1A-n257A/G/H/I/J/K
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257L
	

	CA_n1A-n257M
	CA_n257G/H/I/J/K
CA_n1A-n257A/G/H/I/J/K
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257M
	

	CA_n1A-n257(2A)
	CA_n1A-n257A
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	CA_n257(2A)
	

	CA_n1A-n257(2G)
	CA_n1A-n257A/G
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	CA_n257(2G)
	

	CA_n1A-n257(A-G)
	CA_n1A-n257A/G
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	CA_n257(A-G)
	

	…
	…
	…
	…
	…



Based on the above discussion, we have the following optimized table shown as in “Optimization_Table 5.5A.1.1-1a”.
Optimization_Table 5.5A.1.1-1a: Inter-band CA configurations and bandwidth combinations sets between FR1 and FR2 (two bands) (From TS 38.101-3)No grouping due to non-superset UL CA operation in high order uplink configurations
The missing fallback BCS1 in the lower order configuration

	NR CA configuration
	Uplink CA configuration 
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	CA_n1A-n257A
	CA_n1A-n257A
	n1
	5, 10, 15, 20
	0

	
	
	n257
	50, 100, 200, 400
	

	
	
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	1

	
	
	n257
	50, 100, 200, 400
	

	CA_n1A-n257D
	CA_n257D
CA_n1A-n257A/D
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257D
	

	CA_n1A-n257E
	-
	n
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257E
	

	CA_n1A-n257F
	-
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257F
	

	CA_n1A-n257G
CA_n1A-n257H
CA_n1A-n257I
CA_n1A-n257J
CA_n1A-n257K
CA_n1A-n257L
CA_n1A-n257M
	CA_n257G/H/I/J/K
CA_n1A-n257A/G/H/I/J/K
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257G/H/I/J/K/L/M
	

	CA_n1A-n257(2A)
CA_n1A-n257(2G)
CA_n1A-n257(A-G)
	CA_n1A-n257A/G
	n1Non-contiguous CA are in different groups than contiguous CA.

	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	CA_n257(2A)/(2G)/(A-G)
	

	…
	…
	…
	…
	…



For the CA configurations having BCS 4 and 5, the similar optimization could be applied, such as CA configuration “CA_n7-n257” for an example shown as below.
Table 5.5A.1.1-1e: Inter-band CA configurations and bandwidth combinations sets between FR1 and FR2 (two bands) (From TS 38.101-3)
	NR CA configuration
	Uplink CA configuration 
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	CA_n7A-n257A
	CA_n7A-n257A
	n7
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	50, 100, 200, 400
	

	
	
	n7
	See n7 channel bandwidths in Table 5.3.5-1
	4 and 5

	
	
	n257
	See n257 channel bandwidths in Table 5.3.5-1
	

	CA_n7A-n257G
	CA_n7A-n257A
	n7
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	CA_n257G
	

	
	CA_n7A-n257A/G
	n7
	See n7 channel bandwidths in Table 5.3.5-1
	4 and 5

	
	
	n257
	CA_n257G
	

	CA_n7A-n257H
	CA_n7A-n257A
	n7
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	CA_n257H
	

	
	CA_n7A-n257A/G/H
	n7
	See n7 channel bandwidths in Table 5.3.5-1
	4 and 5

	
	
	n257
	CA_n257H
	

	CA_n7A-n257I
	CA_n7A-n257A
	n7
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	CA_n257I
	

	
	CA_n7A-n257A/G/H/I
	n7
	See n7 channel bandwidths in Table 5.3.5-1
	4 and 5

	
	
	n257
	CA_n257I
	

	CA_n7A-n257J
	CA_n7A-n257A
	n7
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	CA_n257J
	

	
	CA_n7A-n257A/G/H/I/J
	n7
	See n7 channel bandwidths in Table 5.3.5-1
	4 and 5

	
	
	n257
	CA_n257J
	

	CA_n7A-n257K
	CA_n7A-n257A
	n7
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	CA_n257K
	

	
	CA_n7A-n257A/G/H/I/J/K
	n7
	See n7 channel bandwidths in Table 5.3.5-1
	4 and 5

	
	
	n257
	CA_n257K
	

	CA_n7A-n257L
	CA_n7A-n257A
	n7
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	CA_n257L
	

	
	CA_n7A-n257A/G/H/I/J/K/L
	n7
	See n7 channel bandwidths in Table 5.3.5-1
	4 and 5

	
	
	n257
	CA_n257L
	

	CA_n7A-n257M
	CA_n7A-n257A
	n7
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	CA_n257M
	

	
	CA_n7A-n257A/G/H/I/J/K/L/M
	n7
	See n7 channel bandwidths in Table 5.3.5-1
	4 and 5

	
	
	n257
	CA_n257M
	

	CA_n7A-n257O
	CA_n7A-n257A/O
	n7
	5, 10, 15, 20, 25, 30, 35, 40, 50
	0

	
	
	n257
	CA_n257O
	

	CA_n7A-n257P
	CA_n7A-n257A/O/P
	n7
	5, 10, 15, 20, 25, 30, 35, 40, 50
	0

	
	
	n257
	CA_n257P
	

	CA_n7A-n257Q
	CA_n7A-n257A/O/P/Q
	n7
	5, 10, 15, 20, 25, 30, 35, 40, 50
	0

	
	
	n257
	CA_n257Q
	



Optimization_Table 5.5A.1.1-1e: Inter-band CA configurations and bandwidth combinations sets between FR1 and FR2 (two bands) (From TS 38.101-3)
	NR CA configuration
	Uplink CA configuration 
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	CA_n7A-n257A
	CA_n7A-n257A
	n7
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	50, 100, 200, 400
	

	
	
	n7
	See n7 channel bandwidths in Table 5.3.5-1
	4 and 5

	
	
	n257
	See n257 channel bandwidths in Table 5.3.5-1
	

	CA_n7A-n257G
CA_n7A-n257H
CA_n7A-n257I
CA_n7A-n257J
CA_n7A-n257K
 CA_n7A-n257L
CA_n7A-n257M
	CA_n7A-n257A
	n7
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	CA_n257G/H/I/J/K/L/M
	

	
	CA_n7A-n257A/G/H/I/J/K/L/M
	n7
	See n7 channel bandwidths in Table 5.3.5-1
	4 and 5

	
	
	n257
	CA_n257G/H/I/J/K/L/M
	

	CA_n7A-n257O
CA_n7A-n257P
CA_n7A-n257Q
	CA_n7A-n257A/O/P/Q
	n7
	5, 10, 15, 20, 25, 30, 35, 40, 50
	0

	
	
	n257
	CA_n257O/P/Q
	



Proposal 2  For inter-band CA configurations including FR2 NR band, it is proposed in Rel-19 to group the configurations with the guidelines as below.
· For the configurations having the same component NR_Band, same CHBW and same BCS number in <DL_CA, UL_CA, NR_Band, CHBW, BCS>, the multiple DL CA configurations are considered to be grouped with the UL CA configurations if the UL configurations of higher order band combination are the superset of the UL configurations of lower order band combination.
· If multiple UL CA configurations are listed for multiple DL DC configurations, valid uplink configurations are such that uplink does not have more carriers than downlink.
· The inter-band CA configurations with a non-contiguous CA part and inter-band CA configurations with a contiguous CA part are listed in different groups.
· The CA configurations are grouped within one fallback group (FBG) except for the single CC bandwidth class.

3. Conclusion
In this paper, we provide our considerations on how to further improve the band combination specification for Rel-19. The following observations and proposals are proposed. The intention is that when Rel-19 band combination work starts the following guidelines on band combination could be applied for the purpose of having a more efficient spec.
Observation 1  For inter-band EN-DC configurations in current RAN4 spec, the downlink configurations are grouped with the configurations having the same component frequency bands. If multiple UL DC configurations are listed for multiple DL DC configurations, valid uplink configurations are such that uplink does not have more carriers than downlink. However, for inter-band CA configurations, there are no such simplification rules and the downlink CA configurations are listed without grouping.
Observation 2  For inter-band CA configurations between FR1 and FR2, the delimiter “/” could be used for the FR2 part of the uplink configurations, such as CA_nxA-nyA/B/C denotes CA_nxA-nyA, CA_nxA-nyB and CA_nxA-nyC, where nx and ny are two NR bands, ny is a FR2 band and A, B and C are the corresponding bandwidth classes respectively. However, for inter-band EN-DC configurations, there are no such simplification rules and the uplink EN-DC are listed individually without using the delimiter “/”.
Proposal 1  For inter-band EN-DC configurations with FR2 part of the uplink configurations, it is proposed to optimize the configuration tables in Rel-19 with the rules as below.
· The delimiter “/” could be used for the FR2 part of the uplink configurations, such as DC_xA_nyA/B/C, where x and ny are E-UTRA band and FR2 NR band, and A, B and C are the corresponding bandwidth classes respectively.
Observation 3  For inter-band CA configurations within FR2, there are different grouping rules for the configurations in current RAN4 spec. Some of the configurations are listed by DL CA configuration individually with the UL CA configurations grouping together for each DL configuration, while some other configurations are listed by DL CA configuration individually with the UL CA configurations grouping together for multiple DL configurations.
Proposal 2  For inter-band CA configurations including FR2 NR band, it is proposed in Rel-19 to group the configurations with the guidelines as below.
· For the configurations having the same component NR_Band, same CHBW and same BCS number in <DL_CA, UL_CA, NR_Band, CHBW, BCS>, the multiple DL CA configurations are considered to be grouped with the UL CA configurations if the UL configurations of higher order band combination are the superset of the UL configurations of lower order band combination.
· If multiple UL CA configurations are listed for multiple DL DC configurations, valid uplink configurations are such that uplink does not have more carriers than downlink.
· The inter-band CA configurations with a non-contiguous CA part and inter-band CA configurations with a contiguous CA part are listed in different groups.
· The CA configurations are grouped within one fallback group (FBG) except for the single CC bandwidth class.


The examples for optimized inter-band CA configuration table including FR2 NR band.

Example 1
Optimization_Table 5.5B.5.1-1: Inter-band EN-DC configurations including FR2 (two bands) (From TS 38.101-3)
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)

	…
	…

	DC_2A_n258A
DC_2A_n258D
DC_2A_n258G
DC_2A_n258H
DC_2A_n258I
DC_2A_n258J
DC_2A_n258K
DC_2A_n258L
DC_2A_n258M
DC_2A_n258O
DC_2A_n258P
DC_2A_n258Q
	DC_2A_n258A/D/G/H/I/J/K/L/M/O/P/Q

	DC_2A_n258(2A)
DC_2A_n258(3A)
DC_2A_n258(4A)
DC_2A_n258(5A)
	DC_2A_n258A

	…
	…



Example 2
Optimization_Table 5.5A.1.1-1b: Inter-band CA configurations and bandwidth combinations sets between FR1 and FR2 (two bands) (For TS 38.101-3)
	NR CA configuration
	Uplink CA configuration 
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	…
	…
	…
	…
	…

	CA_n2A-n258A
	CA_n2A-n258A
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	50, 100, 200, 400
	

	CA_n2A-n258G
CA_n2A-n258H
CA_n2A-n258I
CA_n2A-n258J
CA_n2A-n258K
CA_n2A-n258L
CA_n2A-n258M
	CA_n2A-n258A/G/H/I/J/K/L/M
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	CA_n258G/H/I/J/K/L/M
	

	CA_n2A-n258O
CA_n2A-n258P
CA_n2A-n258Q
	CA_n2A-n258A/O/P/Q
	n2
	5, 10, 15, 20, 25, 30, 35, 40
	0

	
	
	n258
	CA_n258O/P/Q
	

	…
	…
	…
	…
	…



Example 3
Optimization_Table 5.5A.3-1: NR CA configurations for inter-band CA (From TS 38.101-2)
	NR CA configuration
	Uplink CA configuration
	NR Band
	Channel bandwidth (MHz) 
(NOTE 1)
	Bandwidth combination set

	…
	…
	…
	…
	…

	CA_n258A-n260A
	-
	n258
	50, 100, 200, 400
	0

	
	
	n260
	50, 100, 200, 400
	

	CA_n258A-n260G
CA_n258A-n260H
CA_n258A-n260I
	CA_n260G/H/I
	n258
	50, 100, 200, 400
	0

	
	
	n260
	CA_n260G/H/I
	

	CA_n258G-n260A
CA_n258G-n260G
CA_n258G-n260H
CA_n258G-n260I
CA_n258H-n260A
CA_n258H-n260G
CA_n258H-n260H
CA_n258H-n260I
	CA_n258G/H
CA_n260G/H/I
	n258
	CA_n258G/H
	0

	
	
	n260
	50, 100, 200, 400
	

	
	
	
	CA_n260G/H/I
	

	…
	…
	…
	…
	…

	CA_n260A-n261A
	CA_n260A-n261A
	n260
	50, 100, 200, 400
	0

	
	
	n261
	50, 100, 200, 400
	

	CA_n260A-n261G
CA_n260A-n261H
CA_n260A-n261I
CA_n260A-n261J
CA_n260A-n261K
CA_n260A-n261L
CA_n260A-n261M
	CA_n260A-n261A
CA_n261G/H/I/J/K/L/M
	n260
	50, 100, 200, 400
	0

	
	
	n261
	CA_n261G/H/I/J/K/L/M
	

	CA_n260G-n261A
CA_n260G-n261G
CA_n260G-n261H
CA_n260G-n261I
CA_n260G-n261J
CA_n260G-n261K
CA_n260G-n261L
CA_n260G-n261M
	CA_n260G
CA_n261G/H/I/J/K/L/M
CA_n260A-n261A
	n260
	CA_n260G
	0

	
	
	n261
	50, 100, 200, 400
	

	
	
	
	CA_n261G/H/I/J/K/L/M
	

	…
	…
	…
	…
	…



Example 4

Optimization_Table 5.5A.1.1-1a: Inter-band CA configurations and bandwidth combinations sets between FR1 and FR2 (two bands) (From TS 38.101-3)No grouping due to non-superset UL CA operation in high order uplink configurations
The missing fallback BCS1 in the lower order configuration

	NR CA configuration
	Uplink CA configuration 
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	CA_n1A-n257A
	CA_n1A-n257A
	n1
	5, 10, 15, 20
	0

	
	
	n257
	50, 100, 200, 400
	

	
	
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	1

	
	
	n257
	50, 100, 200, 400
	

	CA_n1A-n257D
	CA_n257D
CA_n1A-n257A/D
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257D
	

	CA_n1A-n257E
	-
	n
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257E
	

	CA_n1A-n257F
	-
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257F
	

	CA_n1A-n257G
CA_n1A-n257H
CA_n1A-n257I
CA_n1A-n257J
CA_n1A-n257K
CA_n1A-n257L
CA_n1A-n257M
	CA_n257G/H/I/J/K
CA_n1A-n257A/G/H/I/J/K
	n1
	5, 10, 15, 20
	0

	
	
	n257
	CA_n257G/H/I/J/K/L/M
	

	CA_n1A-n257(2A)
CA_n1A-n257(2G)
CA_n1A-n257(A-G)
	CA_n1A-n257A/G
	n1Non-contiguous CA are in different groups than contiguous CA.

	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	CA_n257(2A)/(2G)/(A-G)
	

	…
	…
	…
	…
	…



Example 5
Optimization_Table 5.5A.1.1-1e: Inter-band CA configurations and bandwidth combinations sets between FR1 and FR2 (two bands) (From TS 38.101-3)
	NR CA configuration
	Uplink CA configuration 
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	CA_n7A-n257A
	CA_n7A-n257A
	n7
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	50, 100, 200, 400
	

	
	
	n7
	See n7 channel bandwidths in Table 5.3.5-1
	4 and 5

	
	
	n257
	See n257 channel bandwidths in Table 5.3.5-1
	

	CA_n7A-n257G
CA_n7A-n257H
CA_n7A-n257I
CA_n7A-n257J
CA_n7A-n257K
 CA_n7A-n257L
CA_n7A-n257M
	CA_n7A-n257A
	n7
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n257
	CA_n257G/H/I/J/K/L/M
	

	
	CA_n7A-n257A/G/H/I/J/K/L/M
	n7
	See n7 channel bandwidths in Table 5.3.5-1
	4 and 5

	
	
	n257
	CA_n257G/H/I/J/K/L/M
	

	CA_n7A-n257O
CA_n7A-n257P
CA_n7A-n257Q
	CA_n7A-n257A/O/P/Q
	n7
	5, 10, 15, 20, 25, 30, 35, 40, 50
	0

	
	
	n257
	CA_n257O/P/Q
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