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1 Introduction
The number of band combinations defined in spec is very large until R13 and new band combinations were proposed in R14. This bring much challenge to the specification that how to make the spec clear and not very long. According to the WF [1], this contribution reviews the CA spec in TS 36.101, lists some aspects we think can be improved and some preliminary thoughts are provided. We also provided an example cleanup CR for review.
2 Discussion

2.1 The aspects can be improved
2.1.1 Operating bands for CA

In our understanding, this purpose of “5.5A operating bands for CA section” is to let readers know which CA is defined and what’re the frequency ranges. However, almost of the frequency ranges in 5.5A are captured in the operating bands for single carrier (5.5 Operating bands) with two exceptions that B28 frequency ranges are restricted for 18+28 and 19+28. For the band combination information, the detail channel bandwidth is captured in 5.6A. For example, readers can’t know if CA_1-3 in 5.5A is CA_1A-3A or CA_1A-3C. Therefore, 5.6A and 5.5 can provide almost all of the CBW and frequency range information for every band combination. Most of the content of 5.5A can be considered to be deleted. For the frequency ranges exceptions, they can be captured either in the “operating bands” or “operating bands for CA” section. If group can agree to optimise this section, the ways can be discussed further.
Observation 1: Most of the information in “5.5A Operating bands for CA” is redundant; improvement can be done to just capture the useful information.
2.1.2 Tib/Rib tables

The Tib/Rib tables are very huge in the latest spec. The number of 1UL inter-band CA defined in spec is more than 200, near 100 new 1UL CA’s were proposed in the R14 basket WID. The tables will become larger and larger. When readers want to find a Tib/Rib, it’s not very easy to find the table because the tables are embedded in section 6.2.5 and 7.3.1. When readers want to check these tables, they may only want to check several values. Therefore, it can be considered that Tib/Rib tables can be put in separate sections, such as 6.2.5.1 Tib tables and 7.3.1.1 Rib tables. For two bands, three band, four bands, the sub-sections can be considered further to let finding the values easier. 
Observation 2: There’re 22 pages for the Tib/Rib tables in spec, the tables can be considered to be put in subsections to make them easily to be found.
2.1.3 Minimum requirements (QPSK) for CA

7.3.1A is the most complicated clause for CA requirements. For the 2UL and intra-band NC CA requirements, it seems not much redundant information in spec. So we will only provide some views on the 1UL inter-band CA exception requirements. There are 6 types of REFSENS tables in 7.3.1 A for inter-band CA REFSENS. For the exception tables, the REFSENS different with single carrier REFSENS (+Rib) and the UL configurations different with the single carrier REFSENS UL configurations are the requirements should be captured. However, current 7.3.1A captured many repeated information which makes the table very huge.
2.1.3.1 CA with harmonic issue
45 band combinations’ REFSENS are defined in Table 7.3.1A-0a and Table 7.3.1A-0b without separate tables for two/three/four bands. A CR was agreed in the last meeting that Table 7.3.1A-5 and Table 7.3.1A-6 were added for intra-NC CA and inter band CA, 7 band combinations are included in the two tables. Table 7.3.1A-5 and 7.3.1A-6 were put in the end of section 7.3.1A after 2UL CA and NC CA. This made the spec not very clear.
Table 7.3.1A-0a: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions)

Table 7.3.1A-0b: Uplink configuration for the low band (exceptions)

Table 7.3.1A-5: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions)

Table 7.3.1A-6: Uplink configuration for the low band (exceptions)
The existing 2DL/1UL harmonic band combinations are 3+8, 3+42, 1+28, 4+12, 4+17, 7+8, 3+31, 4+28, 5+38, 8+41, 20+40, 26+41, 28+40, 28+42, totally 14 band combinations. For the high order band combinations, the 2DL/1UL requirements were reused. Therefore, only 14 REFSENS requirements are necessary to be defined, how to clear the tables can be discussed further. The UL configuration for the 3 band combinations were redefined for CA if not “N/A” requirements.
2.1.3.2 CA with cross band UL/DL small GAP issue
31 band combinations’ REFSENS are defined in the following 6 tables with separated tables for 2 bands, 3 bands and 4 bands. But actually only 1+3, 18+28 and 19+28 have new defined MSD requirements. Other carrier aggregations are the carrier aggregations with the fall back modes of the 3 band combinations. The UL configuration for the 3 band combinations were redefined for CA.
Table 7.3.1A-0bA: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions for two bands)

Table 7.3.1A-0bB: Uplink configuration for the uplink band (exceptions for two bands)
Table 7.3.1A-0bC: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions for three bands)

Table 7.3.1A-0bD: Uplink configuration for the uplink band (exceptions for three bands)

Table 7.3.1A-0bD1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions for four bands)

Table 7.3.1A-0bD2: Uplink configuration for the low band (exceptions for four bands)

2.1.3.3 CA with cross band ISO issue
22 band combinations REFSENS are defined in the following 2 tables, without separate tables for the number of the bands. However, 1+40, 3+40, 3+41, 7+40, 7+42 and 28+40 are the total 6 band combinations which have different requirements with single carrier. No new UL configurations were defined compared with Table 7.3.1-2.
Table 7.3.1A-0bE: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA

Table 7.3.1A-0bF: Uplink configuration for reference sensitivity
2.1.3.4 CA with DL only band
16 band combinations REFSENS are defined in the following 2 tables, without separate tables for the number of the bands. Band 29, 32 and 67 are DL only bands, only 3 REFSENS requirements are necessary to be defined in these tables. No new UL configurations were defined compared with Table 7.3.1-2.
Table 7.3.1A-0d: Reference sensitivity QPSK PREFSENS

Table 7.3.1A-0e: Uplink configuration for reference sensitivity
2.1.3.5 CA with B46
7 band combinations REFSENS are defined in the following 2 tables. However, only B46 REFESNES was defined as new requirement compared with Table 7.3.1-1. No new UL configurations were defined compared with Table 7.3.1-2.
Table 7.3.1A-0eA: Reference sensitivity QPSK PREFSENS

Table 7.3.1A-0eB: Uplink configuration for reference sensitivity
2.1.3.6 How to improve this part
The following table summarizes the existing requirements and the necessary requirements in specification.
	CA issues
	Number of tables
	Number of CA’s defined
	Number of notes
	Duplicated Notes
	Existing REFSENS
	Necessary REFSENS
	Existing UL config.
	Necessary UL config. 

	Harmonic
	4
	53
	34
	>12
	141
	14
	30Note 1
	14

	Small UL/DL GAP
	6
	19
	48
	>20
	97
	4
	30
	4

	Cross band ISO
	2
	22
	12
	0
	130
	12
	28
	0

	DL band
	2
	16
	5
	0
	42
	3
	42
	0

	Band 46
	2
	7
	4
	0
	14
	1
	7
	0


Note 1: Some UL configurations are missing in the UL configuration table, such as 1A-3A-8A-40A, 3A-31A, 3A-28A-40A, 1A-19A-28A, 28A-40D, 28A-42C, 28A-42D etc.
From the above table, it can be seen that there’re more than 300 redundant requirements/notes in section 7.3.1A. We had some proposals in the past meetings on how to clean up this part [2] [3]. The proposals can be further cleaned after further consideration. Our view is that the redundant requirements/notes can be deleted. For each type of exceptions, it’s possible that two tables (REFSENS and UL configuration) reserved to not let many notes and clarification words copied several times. If high order band combinations don’t find new issues, i.e. the low order requirements will be reused like NC CA, the high order band combinations will not be captured in section 7.3.1A. How to make the spec clear and not mislead RAN5 can be discussed further. For the DL band/B46, they can also be considered to put in the single carrier REFSENS table, then any new band combinations including DL band will not be added to the REFSENS table in 7.3.1A. Some clarification can be added that only CA can be used for these two bands in the single carrier REFSENS table. Rib can be added in the Rib tables.
Observation 3: In section “7.3.1A Minimum requirements (QPSK) for CA”, there’re more than 300 redundant requirements/notes existing in spec. Only capturing the low order CA requirements can be considered.
Observation 4: For DL band/Band 46, moving REFSENS requirement to single carrier REFSENS table can be considered to omit the exception definition and avoid listing all of the related CA in 7.3.1A.
3 Conclusion
This contribution reviews some of the CA requirements in TS 36.101, the following observations are provided.
Observation 1: Most of the information in “5.5A Operating bands for CA” is redundant; improvement can be done to just capture the useful information.

Observation 2: There’re 22 pages for the Tib/Rib tables in spec, the tables can be considered to be put in subsections to make them easily to be found.
Observation 3: In section “7.3.1A Minimum requirements (QPSK) for CA”, there’re more than 300 redundant requirements/notes existing in spec. Only capturing the low order CA requirements can be considered.
Observation 4: For DL band/Band 46, moving REFSENS requirement to single carrier REFSENS table can be considered to omit the exception definition and avoid listing all of the related CA in 7.3.1A.

We provided an example cleanup CR for review.
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