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1 Introduction
In RAN#77 meeting, Revised WID on NR has been approved in [1], among which a large amount of NR band combinations were included.

· LTE-NR DC
· 1 NR band

· LTE 1 CC + NR 1 band combination
· 85 combinations
· LTE 2 CC + NR 1 band combination
· 99 combinations
· LTE 3 CC + NR 1 band combination
· 69 combinations
· LTE 4 CC + NR 1 band combination
· 24 combinations
· LTE 5 CC + NR 1 band combination
· 1 combination

· 2 NR bands

· LTE 1 CC + NR 2 bands combination
· 5 combinations

· LTE 2 CC + NR 2 bands combination
· 6 combinations

· LTE 3 CC + NR 2 bands combination
· 4 combinations

· LTE 4 CC + NR 2 bands combination
· 1 combination
· intra-band NR CA
· xDL/1UL
· 2 combinations
· inter-band NR CA
· 2DL/1UL
· 13 combinations
· New band combination for UL sharing
· 4 combinations
In RAN4 NR Adhoc#3 meeting, the update band combination lists for LTE-NR DC and NR CA were approved. Some more band combinations are being requested by the operators. It can be seen that the combinations will be increased dramatically over time. How to organize the combinations of the frequency bands in the RAN4 specifications should be considered in this early stage of specification drafting.
2 Discussion
2.1
Band combinations in current E-UTRA specifications
In current 3GPP RAN4 specifications, the introduction of the band combinations is based on the time requested by the operators, and the time in which the corresponding band combination is completed in the standard. The position of the high order combination placed in the specification sometimes depends on the completion date of the lower order combination. Take E-UTRA inter-band CA operating bands (two bands & three bands) for example, the combination lists are shown as below.
Table 1  Inter-band CA operating bands (two bands)   (From Table 5.5A-2 of TS 36.101)
	E-UTRA CA Band Combination
	E-UTRA Band

(Table 5.5.1)

	CA_1-3
	1, 3

	CA_1-1-3
	1,3

	CA_1-1-5
	1,5

	CA_1-1-28
	1,28

	CA_1-3-3
	1, 3

	CA_1-5
	1, 5

	CA_1-7
	1, 7

	CA_1-7-7
	1, 7

	CA_1-8
	1, 8

	CA_1-11
	1, 11

	CA_1-18
	1, 18

	CA_1-19
	1, 19

	CA_1-20
	1, 20

	CA_1-21
	1, 21

	CA_1-26
	1, 26

	CA_1-28
	1, 28

	CA_1-38
	1, 38

	CA_1-40
	1, 40

	CA_1-41
	1, 41

	CA_1-42
	1, 42

	CA_1-46
	1, 46

	…
	…

	…
	…


Table 2  Inter-band CA operating bands (three bands) (From Table 5.5A-2a of TS 36.101)
	E-UTRA CA Band Combination
	E-UTRA Band

(Table 5.5.1)

	…
	…

	CA_2-4-5
	2, 4, 5

	CA_2-2-4-5
	2, 4, 5

	CA_2-4-4-5
	2, 4, 5

	CA_2-4-12-12
	2, 4, 12

	CA_2-5-12-12
	2, 5, 12

	CA_2-2-5-30
	2, 5, 30

	CA_2-2-5-66
	2, 5, 66

	CA_2-2-12-30
	2, 12, 30

	CA_2-2-12-66
	2, 12, 66

	CA_2-2-13-66
	2, 13, 66

	CA_2-2-30-66
	2, 30, 66

	CA_2-4-7
	2, 4, 7

	CA_2-4-7-7
	2, 4, 7

	CA_2-4-12
	2, 4, 12

	CA_2-2-4-12
	2, 4, 12

	CA_2-2-5-66-66
	2, 5, 66

	CA_2-4-4-12
	2, 4, 12

	CA_2-4-13
	2, 4, 13

	CA_2-4-29
	2, 4, 29

	CA_2-4-30
	2, 4, 30

	CA_2-5-12
	2, 5, 12

	CA_2-2-5-12
	2, 5, 12

	CA_2-5-13
	2, 5, 13

	CA_2-5-29
	2, 5, 29

	CA_2-5-30
	2, 5, 30

	CA_2-5-66
	2, 5, 66

	CA_2-5-66-66
	2, 5, 66

	CA_2-7-12
	2, 7, 12

	CA_2-7-66
	2, 7, 66

	CA_2-12-30
	2, 12, 30

	CA_2-12-66
	2, 12, 66

	CA_2-12-66-66
	2, 12, 66

	CA_2-13-66
	2, 13, 66

	CA_2-13-66-66
	2, 13, 66

	CA_2-2-29-30
	2, 29, 30

	CA_2-29-30
	2, 29, 30

	CA_2-29-66
	2, 29, 66

	CA_2-30-66
	2, 30, 66

	CA_2-30-66-66
	2, 30, 66

	CA_2-46-66
	2, 46, 66

	CA_2-46-46-66
	2, 46, 66

	CA_2-48-66
	2, 48,66

	CA_2-48-48-66
	2, 48, 66

	…
	…


From table 1, we can see that “CA_1-3” is arranged in front of “CA_1-1-3” may be due to the criterion of the lower order combination first. However, the arrangement of “CA_1-5” after “CA_1-1-5” is contradictory to the above lower order combination first criterion. In addition, the combination “CA_1-1-28” comes in front of “CA_1-3-3”, “CA_1-5” and “CA_1-7” seems to obey “lexicographically order” criteria. From table 2, we also notice that the band combinations of “CA_2-4-12-12”, “CA_2-4-12”, “CA_2-2-4-12”, “CA_2-4-4-12” and “CA_2-5-12-12”, “CA_2-5-12”, “CA_2-2-5-12” are neither in “lexicographically order” of  E-UTRA CA band combinations nor in “lexicographically order” of  E-UTRA bands.
Taking into account now already up to more than 300 combinations raised in NR, for the simplicity and readability of NR specifications, it is necessary to set some criteria for the order of LTE-NR DC and NR CA combinations in RAN4 specifications.
2.2
Band combinations in LTE-NR DC and NR CA
Taking into account the increasing number of band combinations in NR, the band combination table will become quite large, in which the situation will be more serious than in E-UTRA. Each combination will be very difficult to find and locate. In NR, we recommend putting the combinations in a certain order, for example sorting the component band and band combinations by frequency band numbers from small to large, i.e., “lexicographically order”. 
According to the current RAN4 agreements [3], we have the following example notations for DC and CA shown as Table 3 and 4.
Table 3  Example notation for DC and CA.

	Representation
	Corresponding functionality

	CA_n77-n78
	NR CA of band n77 and band n78

	DC_1-2_n77
	NR-LTE DC with LTE CA of band 1 and band 2 and NR band n77.

	DC_1-2_n77-n78
	NR-LTE DC with LTE CA of band 1 and band 2 and NR CA of band n77 and band n78.


Table 4  Example notation for SUL and NR-LTE coexistence.

	Representation
	Corresponding functionality

	SUL_n78-n81
	Band combination of NR band n78 and band n81(SUL) for NR operation.

	DC_3-SUL_n78-n80
	LTE-NR DC between LTE Band 3, and NR bands n80 (SUL) and n78 including NR-LTE coexistence with UL sharing.


2.2.1
LTE-NR DC combination
There are two parts of notation in LTE-NR DC combinations, the first half is the CA bands of LTE, and the latter part is the CA bands of NR, denoted as DC_x-y-z_nu-nv, where band x, y and z are LTE bands, nu and nv are NR bands.
Table 5  Example for LTE-NR DC combinations
	LTE-NR 

DC Combinations
	E-UTRA Band Combinations
	E-UTRA Bands
	NR Band Combinations
	NR Bands

	DC_x-y-z_nu-nv
	x-y-z
	x, y, z
	nu-nv
	nu, nv


To illustrate the above consideration, suppose we have the following DC combinations, the combinations should be put into the DC combination table in the following order. 

DC_x1-x2-x3_nu1-nu2
DC_y1-y2-y3_nv1-nv2
DC_z1-z2-z3_nw1-nw2,  where x1(x2(x3 & nu1( nu2, y1(y2(y3 & nv1( nv2, z1(z2(z3 & nw1( nw2 and x1(y1(z1, …
In this case, for the order of LTE-NR DC combinations in the specifications, it is suggested the following criteria be applied.
Proposal 1: Use separate LTE-NR DC combination tables to group the band combinations according to the number of NR bands, i.e., one table for LTE-NR DC combination with1 NR band, one table for LTE-NR DC combination with2 NR bands, etc.

Proposal 2: Regarding to the order in LTE-NR DC combination table, “lexicographically order” criteria for LTE CA part and NR CA part are suggested to be applied respectively. Similar criteria will be applied if SUL bands are involved in the DC combinations.
2.2.2
NR CA combination
For CA combinations in NR, intra-band NR CA and inter-band NR CA are suggested to be organized in separate tables.
Table 6  Example for NR CA combinations
	NR CA

Combinations
	NR Bands

	CA_ nu-nv
	nu, nv


Proposal 3: Use separate NR CA combination tables to group the band combinations according to intra-band or inter-band operation, i.e., one table for NR CA combination for intra-band, and the other table for NR CA combination for inter-band.

Considering the order in NR CA combination table, there are two options to sort the NR CA combinations. One is to use the “lexicographically order” criteria directly on the column “NR CA Combinations”. The other is to obey the rule of “lower order combination first”, which is to group the combinations firstly according to the column “NR Bands”, and then use “lexicographically order” criteria on the column “NR CA Combinations”.  To simplify the specification, we suggest to use the first option, which is to use the “lexicographically order” criteria to sort the NR CA combinations.
Proposal 4: Regarding to the order of NR CA combinations in the table of RAN4 specification, “lexicographically order” criteria are suggested to be applied.

3 Conclusion

In this paper, we provide our considerations on the order of NR CA & LTE-NR DC Combinations in RAN4 specifications. Based on the discussion, we have the following proposals.
Proposal 1: Use separate LTE-NR DC combination tables to group the band combinations according to the number of NR bands, i.e., one table for LTE-NR DC combination with1 NR band, one table for LTE-NR DC combination with2 NR bands, etc.

Proposal 2: Regarding to the order in LTE-NR DC combination table, “lexicographically order” criteria for LTE CA part and NR CA part are suggested to be applied respectively. Similar criteria will be applied if SUL bands are involved in the DC combinations.

Proposal 3: Use separate NR CA combination tables to group the band combinations according to intra-band or inter-band operation, i.e., one table for NR CA combination for intra-band, and the other table for NR CA combination for inter-band.

Proposal 4: Regarding to the order of NR CA combinations in the table of RAN4 specification, “lexicographically order” criteria are suggested to be applied.
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