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1.	Introduction
In last RAN4#110bis meeting, the issues of further improving the RAN4 spec quality were discussed in [1-3] and a WF was approved in [4] for Table modification part as below.· Following proposals to be discussed in Maintenance/TEI agenda:
Proposal for in R4-2404896, example:
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
…
…
· Following proposals to be discussed in UE RF Spec specification improvement agenda:
Proposals for CA table changes in R4-2404448 example:
NR CA bands
CA_n1-n3, CA_n1-n5, CA_n1-n7,CA_n1-n8, CA_n1-n18, CA_n1-n20, CA_n1-n26, CA_n1-n28 CA_n1-n38,
CA_n1-n40, CA_n1-n411, CA_n1-n46, CA_n1-n67, CA_n1-n74, CA_n1-n75, CA_n1-n771 No, CA_n1-n781 No
· Proposals in R4-2405036
· RAN4 to discuss if information/requirements spread across multiple tables in the TS can be merged into a single table.
· RAN4 to discuss if the listing of UE relaxation per band combination can be collected into a single table.

In this proposal, we further discuss the issues of the RAN4 spec quality improvement. Some considerations will be provided towards the issues mentioned in Tdocs [1-3].
2.	Discussion
2.1 Optimization to CA/DC band combinations
2.1.1  Optimization to DC configuration table
As mentioned in [1], for the sake of RAN4 spec simplicity, the delimiter “/” has been used for the FR2 part of the uplink configurations for inter-band CA configurations between FR1 and FR2 , 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 and NR-DC configurations, there are no such simplification rules and the uplink EN-DC/NR-DC are listed individually without using the delimiter “/”. To make the EN-DC/NR-DC configurations more concise and to be consistent with the rules for inter-band CA configurations, it is suggested that the following rules could be applied to EN-DC/NR-DC configurations. Considering that the supposed changes are only made for the uplink configurations and the changes are minor, it could be applied starting from Rel-18. Draft CRs in [5-13] have been proposed in this meeting under the corresponding band combination basket WI agenda item.
Observation 1  For inter-band CA configurations with FR2 part of the uplink configurations, grouping rules have been made in current spec for the configurations by using the delimiter “/” in uplink CA 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 grouping rules and the uplink EN-DC configurations are listed individually without using the delimiter “/”.
Proposal 1  For inter-band DC configurations with FR2 part of the uplink configurations, it is proposed to optimize the configuration tables with the grouping rules as below.
· For inter-band EN-DC configurations, 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 NR-DC configurations between FR1 and FR2, the delimiter “/” could be used for the FR2 part of the uplink configurations, such as DC_nxA_nyA/B/C, where nx and ny are FR1 NR band and FR2 NR band, and A, B and C are the corresponding bandwidth classes respectively.
· The above optimization rules could be applied starting from Rel-18.
· Example 1  Optimized EN-DC configuration table
Table 5.5B.6.5-1: Inter-band EN-DC configurations including FR1 and FR2 (six bands)
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)

	…
	…

	DC_1A-3A-7A-28A_n38A-n257A
DC_1A-3A-7A-28A_n38A-n257G
DC_1A-3A-7A-28A_n38A-n257H
DC_1A-3A-7A-28A_n38A-n257I
	DC_1A_n257A/G/H/I
DC_1A_n257G
DC_1A_n257H
DC_1A_n257I
DC_3A_n257A/G/H/I
DC_3A_n257G
DC_3A_n257H
DC_3A_n257I
DC_28A_n257A/G/H/I
DC_28A_n257G
DC_28A_n257H
DC_28A_n257I

	DC_1A-3A-7A-28A_n78A-n257A
DC_1A-3A-7A-28A_n78A-n257G
DC_1A-3A-7A-28A_n78A-n257H
DC_1A-3A-7A-28A_n78A-n257I
	DC_1A_n78A
DC_1A_n257A/G/H/I
DC_1A_n257G
DC_1A_n257H
DC_1A_n257I
DC_3A_n78A
DC_3A_n257A/G/H/I
DC_3A_n257G
DC_3A_n257H
DC_3A_n257I
DC_7A_n78A
DC_7A_n257A/G/H/I
DC_7A_n257G
DC_7A_n257H
DC_7A_n257I
DC_28A_n78A
DC_28A_n257A/G/H/I
DC_28A_n257G
DC_28A_n257H
DC_28A_n257I

	…
	…



· Example 2  Optimized NR-DC configuration table
Table 5.5B.7-4: Inter-band NR-DC configurations between FR1 and FR2 (five bands)
	Downlink NR DC
configuration
	Uplink NR DC
configuration

	DC_n3A-n28A-n77A-n79A-n257A
DC_n3A-n28A-n77A-n79A-n257G
DC_n3A-n28A-n77A-n79A-n257H
DC_n3A-n28A-n77A-n79A-n257I
	DC_n3A-n257A/G/H/I
DC_n3A-n257G
DC_n3A-n257H
DC_n3A-n257I
DC_n28A-n257A/G/H/I
DC_n28A-n257G
DC_n28A-n257H
DC_n28A-n257I
DC_n77A-n257A/G/H/I
DC_n77A-n257G
DC_n77A-n257H
DC_n77A-n257I
DC_n79A-n257A/G/H/I
DC_n79A-n257G
DC_n79A-n257H
DC_n79A-n257I

	DC_n3A-n28A-n77(2A)-n79A-n257A
DC_n3A-n28A-n77(2A)-n79A-n257G
DC_n3A-n28A-n77(2A)-n79A-n257H
DC_n3A-n28A-n77(2A)-n79A-n257I
	DC_n3A-n257A/G/H/I
DC_n3A-n257G
DC_n3A-n257H
DC_n3A-n257I
DC_n28A-n257A/G/H/I
DC_n28A-n257G
DC_n28A-n257H
DC_n28A-n257I
DC_n77A-n257A/G/H/I
DC_n77A-n257G
DC_n77A-n257H
DC_n77A-n257I
DC_n79A-n257A/G/H/I
DC_n79A-n257G
DC_n79A-n257H
DC_n79A-n257I



From the above examples, we see that with the optimization in Proposal 1, the configuration tables for inter-band DC can be optimized at least in the following aspects.
· The uplink configurations are optimized to be more concise and easy to read.
· It has the same grouping rules on uplink configuration as inter-band CA configurations.
· The table size will be reduced or at least no larger than the current spec.
· The optimization has no obvious flaw and with no information lost.
Observation 2  With the optimization in Proposal 1, we see that the following benefits can be foreseen.
· More concise and readable uplink configurations.
· Same grouping rules on uplink as inter-band CA configurations.
· Reduced configuration table size.
· No information lost in the optimization.
2.1.2  Optimization to CA configuration table
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. As mentioned in [1], the reason for inter-band CA not applying the same grouping rules as inter-band DC configuration is that 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>. However, for inter-band DC configuration, the configuration table only contains downlink configuration and uplink configuration, no CHBW and BCS information is included. For inter-band DC configuration, it is noted that the bandwidth combination sets for the corresponding E-UTRA CA or NR CA are also applicable to DC. To further optimize the inter-band CA configuration table, we notice that a large number of CA configurations in the table have the same component NR_Band, CHBW and BCS number, i.e. <*, *, NR_Band, CHBW, BCS>. With that, if we take such cases having same <*, *, NR_Band, CHBW, BCS> into account, the multiple DL CA configurations and UL CA configurations could also be grouped like what has been specified in current inter-band DC configurations. Considering that the supposed changes have big influence to the inter-band CA configuration, we intend to optimize the inter-band CA configuration from Rel-19.
Observation 3  For inter-band EN-DC configurations, the downlink configurations are grouped with the configurations having the same component frequency bands in current RAN4 spec. 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 similar grouping rules for inter-band CA configurations.
Proposal 2  For inter-band CA configuration having FR2 component band, it is proposed 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 could 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.
· It is supposed to apply the above guidelines starting from Rel-19.

· Example 3  Optimized inter-band CA configuration table having FR2 component band
Table 5.5A.1.1-1b: Inter-band CA configurations and bandwidth combinations sets between FR1 and FR2 (two bands)
	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
	

	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
	



2.2 Optimization to NR CA bands
The redundant issue in the table of band combination operating bands such as intra-band CA, inter-band CA, inter-band DC and SUL combination was raised in [2] in last RAN4 meeting. If we take inter-band CA operating band as an example, the second column is redundant since the NR bands in each band combination can be derived from its notation, e.g., for NR CA band CA_n1-n5, the NR bands should be n1 and n5. For the third column “DL interruption allowed”, it is to indicate the applicability when dynamic Tx switching is conducted. It is noted that the values in the third column is quite sparse and as a consequence a template (CA_nA-nB[,DL interruption allowed]) was introduced in [2] which means its NR bands are nA and nB, and if the optional part [DL interruption allowed] is present, the DL interruption is not allowed for this band combination. One example for the template-based approach to reduce the redundancy for inter-band CA operating bands is as below.
	NR CA bands 

	CA_n1-n3, CA_n1-n5, CA_n1-n7,CA_n1-n8, CA_n1-n18, CA_n1-n20, CA_n1-n26, CA_n1-n28 CA_n1-n38,

	CA_n1-n40, CA_n1-n411, CA_n1-n46, CA_n1-n67, CA_n1-n74, CA_n1-n75, CA_n1-n771 No, CA_n1-n781 No



However, from our point of view, the above template-based approach is not easy for people to read. We suggest to keep the current table format as it is now in the spec and remove the obviously redundant rows in which the “DL interruption allowed” column is absent and add a note in the NR CA operating band table indicating that all inter-band CA configurations supported in clause 5.5A.3 are not explicitly listed in the table if “DL interruption allowed” is absent and no note exists in the table. For example, Table 5.2A.2.1-1 for inter-band CA operating bands can be optimized as below. For the other types of band combinations, such as operating bands for SUL and operating bands for UL MIMO, etc., since the table size is not too large, it is suggested to keep the current table template as it is now.
Table 5.2A.2.1-1: Inter-band CA operating bands involving FR1 (two bands)
	NR CA Band
(Note x)
	NR Band
(Table 5.2-1)
	DL interruption allowed (Note 8)

	CA_n1-n3
	n1, n3
	

	CA_n1-n5
	n1, n5
	

	CA_n1-n7
	n1, n7
	

	CA_n1-n8
	n1, n8
	

	CA_n1-n18
	n1, n18
	

	CA_n1-n20
	n1, n20
	

	CA_n1-n26
	n1, n26
	

	CA_n1-n28
	n1, n28
	

	CA_n1-n38
	n1, n38
	

	CA_n1-n40
	n1, n40
	

	CA_n1-n411
	n1, n41
	

	CA_n1-n46
	n1, n46
	

	CA_n1-n67
	n1, n67
	

	CA_n1-n74
	n1, n74
	

	CA_n1-n75
	n1, n75
	

	CA_n1-n771
	n1, n77
	No

	CA_n1-n781
	n1, n78
	No

	CA_n1-n791
	n1, n79
	No

	CA_n1-n102
	n1, n102
	

	CA_n1-n105
	n1, n105
	

	…
	…
	…

	NOTE 1:	Applicable for UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability.
…
NOTE x:	All inter-band CA configurations supported in clause 5.5A.3 are not explicitly listed in this table if “DL interruption allowed” is absent and no note exists, e.g., for NR CA Band CA_n1-n3, the constituent NR bands are n1 and n3.


Proposal 3  For band combination operating band, it is proposed to optimize the table with the guidelines as below.
· Keep the current table format as it is now in the spec and remove the obviously redundant rows in which the “DL interruption allowed” column is absent.
· Add a note to indicate that all inter-band CA configurations supported in clause 5.5A.3 are not explicitly listed in the table if “DL interruption allowed” is absent and no note exists in the table.
· The above guidelines can be applied to inter-band CA configurations. For the other types of band combinations, such as operating bands for SUL and operating bands for UL MIMO, etc., since the table size is not too large, keep the current table template as it is.
2.3 Optimization to UE relaxation tables
Currently in RAN4 spec, the UE relaxations per band combination such as delta TIB, delta RIB and MSD values are specified for different types of band combinations. However, in most cases the relaxation values are dependent on the type of issues such as harmonics, intermodulation, etc. which is highly correlated with the involving frequency bands. If the involving band combination is with the same frequency band but different combination types, the relaxation tables will be duplicated in different tables or different specs.
Observation 4  In most cases the UE relaxation values are dependent on the type of issues such as harmonics, intermodulation, etc. which is highly correlated with the involving frequency bands. The relaxations are always duplicated among different types of band combinations in current specs.
To simplify the RAN4 specs and reduce the redundancies among the specs, we suggest to create a common table for all types of band combinations for a specific relaxation issue. For example, in the above cases, we can create a separate spec to collect all common issues which are independent to the band combination types. If the value for a certain band combination type is different from the value collected in the common spec, it can be specified in its own spec individually. However, due to the proposed changes are quite large, we suggest to implement it after Rel-19.
Proposal 4  For the UE relaxation tables for different types of band combination, it is proposed to optimize the spec with the guidelines as below.
· Create a new separate spec to collect all common issues which are independent to the band combination types.
· If the value for a certain band combination type is different from which collected in the common spec, it can be specified in its own spec, otherwise, the value in the common spec will be reused.
· The proposed changes can be implemented after Rel-19.

3. Conclusion
In this paper, we provide our considerations on how to further improve RAN4 spec quality especially for handling of the band combinations. Some aspects of optimization such as CA/DC band combination tables, NR CA bands and UE relaxation tables have been analysed. The intention is to make some quick optimizations to current release and some relative long-term optimizations in future releases. The following observations and proposals are provided.
Observation 1  For inter-band CA configurations with FR2 part of the uplink configurations, grouping rules have been made in current spec for the configurations by using the delimiter “/” in uplink CA 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 grouping rules and the uplink EN-DC configurations are listed individually without using the delimiter “/”.
Proposal 1  For inter-band DC configurations with FR2 part of the uplink configurations, it is proposed to optimize the configuration tables with the grouping rules as below.
· For inter-band EN-DC configurations, 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 NR-DC configurations between FR1 and FR2, the delimiter “/” could be used for the FR2 part of the uplink configurations, such as DC_nxA_nyA/B/C, where nx and ny are FR1 NR band and FR2 NR band, and A, B and C are the corresponding bandwidth classes respectively.
· The above optimization rules could be applied starting from Rel-18.
Observation 2  With the optimization in Proposal 1, we see that the following benefits can be foreseen.
· More concise and readable uplink configurations.
· Same grouping rules on uplink as inter-band CA configurations.
· Reduced configuration table size.
· No information lost in the optimization.
Observation 3  For inter-band EN-DC configurations, the downlink configurations are grouped with the configurations having the same component frequency bands in current RAN4 spec. 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 similar grouping rules for inter-band CA configurations.
Proposal 2  For inter-band CA configuration having FR2 component band, it is proposed 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 could 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.
· It is supposed to apply the above guidelines starting from Rel-19.
Proposal 3  For band combination operating band, it is proposed to optimize the table with the guidelines as below.
· Keep the current table format as it is now in the spec and remove the obviously redundant rows in which the “DL interruption allowed” column is absent.
· Add a note to indicate that all inter-band CA configurations supported in clause 5.5A.3 are not explicitly listed in the table if “DL interruption allowed” is absent.
· The above guidelines can be applied to inter-band CA configurations. For the other types of band combinations, since the table size is not too large, keep the current table template as it is.
Observation 4  In most cases the UE relaxation values are dependent on the type of issues such as harmonics, intermodulation, etc. which is highly correlated with the involving frequency bands. The relaxations are always duplicated among different types of band combinations in current specs.
Proposal 4  For the UE relaxation tables for different types of band combination, it is proposed to optimize the spec with the guidelines as below.
· Create a new separate spec to collect all common issues which are independent to the band combination types.
· If the value for a certain band combination type is different from which collected in the common spec, it can be specified in its own spec, otherwise, the value in the common spec will be reused.
· The proposed changes can be implemented after Rel-19.
4. References
[1] R4-2404896, Discussion on improving the band combination specifications for Rel-19, ZTE, RAN4#110bis.
[2] R4-2404448, On UE RF specifications improvement, CATT, RAN4#110bis.
[3] R4-2405036, On UE RF specifications improvement, Nokia, RAN4#110bis.
[4] R4-2406709, WF on UE RF_Spec_Improvement, Qualcomm, RAN4#110bis.
[5] R4-2409499, Draft CR for TS 38.101-3 on uplink configurations for 1L1N DC band combinations with FR2 band
[6] R4-2409500, Draft CR for TS 38.101-3 on uplink configurations for 2L1N DC band combinations with FR2 band
[7] R4-2409502, Draft CR for TS 38.101-3 on uplink configurations for xL1N (x=3,4,5) DC band combinations with FR2 band
[8] R4-2409503, Draft CR for TS 38.101-3 on uplink configurations for xL2N (x=1,2,3,4) DC band combinations with FR2 band
[9] R4-2409504, Draft CR for TS 38.101-3 on uplink configurations for DC_R18_xBLTE_yBNR_zDL2UL band combinations with FR2 band
[10] R4-2409505, Draft CR for TS 38.101-3 on uplink configurations for DC_R18_xBLTE_yBNR_zDL3UL band combinations including FR1 and FR2
[11] R4-2409506, Draft CR for TS 38.101-3 on uplink configurations for two bands NR DC between FR1 and FR2
[12] R4-2409507, Draft CR for TS 38.101-3 on uplink configurations for three bands NR DC between FR1 and FR2
[13] [bookmark: _GoBack]R4-2409509, Draft CR for TS 38.101-3 on uplink configurations for more than three bands NR DC between FR1 and FR2


 7 / 8

