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1 Introduction

Following the introduction of 3DL CA combinations, several new intra- and inter band 4DL combinations are in the process of standardization [1-16]. In addition to the 4DL combinations themselves, the WIDs envisage introduction of some 3DL combinations that are subsets of the 4DL combinations.
This paper examines the new combinations and considers the additions that are needed to the 36.101 section 8 and 9 that are needed for their implementation.
2 4DL implementation impacts in demodulation specifications
2.1 Tested UE categories

2CC carrier aggregation is supported for UE categories 3 and above. This includes categories 3-5, which were not originally designed with 2CC carrier aggregation in mind. For these categories, peak rate cannot be supported on both carriers due to soft buffer limitations.

3CC is supported for UE categories 5 and above. Categories 6 and 7 were designed with 2CC in mind, and hence peak rate is not supported for 3CC.
For 4CC, the tested UE categories should be further discussed. In this document, for the time being test support for categories 5 and above is assumed.

Observation 1: Further consideration is needed on which UE (downlink) categories should be tested for 4CC.
2.2 Supported combinations

The 4DL band and bandwidth combinations that have been agreed at RAN#66 and RAN#67 are summarized in the appendix of this document. Given the list of combinations, it is observed that for 4DL, the following maximum bandwidth combinations need to be covered in the demodulation requirements: 
· 20, 20, 20, 20 -> CA_2 and CA_3 FDD/FDD, CA_2 TDD/FDD, TDD intraband contiguous & non contiguous
· 20, 20, 20, 10 -> CA_4 FDD/FDD and TDD/FDD

· 20, 20, 10, 10 -> CA_4 and CA_3 FDD/FDD. 
For the 3DL combinations, 
· 20, 20, 10 -> CA_3 and CA_2 FDD/FDD and CA_3 TDD/FDD
need to be supported. Note that the FDD/FDD case is already covered, and so new requirements are only needed for FDD-TDD.

Observation 2: Support for (4x20 CA_2 & CA_3), (20, 20, 20, 10) CA_4 and (20, 20, 10, 10 CA_4 and CA_3) is required for FDD/FDD.

Observation 3: Support for (4x20 intraband contiguous & non contiguous) is required for TDD/TDD

Observation 4: Support for (20+20+20 FDD + 10 TDD) and (20 FDD + 3x20 TDD) and (20+10 FDD + 20 TDD ) FDD/TDD combinations is required

It is also worthwhile to note that the 3DL combinations contain a new bandwidth combination, (10+20+20MHz TDD-FDD) that is not captured within the existing specifications.
Observation 5: The 3DL subsets necessitate new demodulation requirements covering CA_3, TDD/FDD, 10+20+20MHz.
For the 4DL cases, the following impacts to 36.101 demodulation requirements are foreseen:

2.3 CA capability definition (section 8.1.2.2)

The table 8.2.2.1-3 defining CA capabilities needs to be extended to cover 4 CCs. This will include adding a capability for inter band CA of 4 bands

	CA Capability
	CA Capability Description

	CA_C
	Intra-band contiguous CA

	CA_A_2
	Inter-band CA (two bands)

	CA_A_3
	Inter-band CA (three bands)

	CA_A_4
	Inter-band CA (four bands)

	CA_N
	Intra-band non-contiguous CA (with two sub-blocks)


An additional combination needs to be added to the bandwidth combinations for 3CC CA:
	CA capability
	Bandwidth combination for FDD CA
	Bandwidth combination for TDD CA
	Bandwidth combination for TDD-FDD CA

	CA_A_2
	[5+10+20MHz, 10+20+20MHz, 20+20+20MHz]
	NA
	[15(FDD)+20(TDD)+20(TDD)MHz, 20(FDD)+20(TDD)+20(TDD)MHz]

	CA_A_3
	[10+10+20MHz, 10+15+15MHz, 10+20+20MHz, 15+15+20MHz, 15+20+20MHz, 20+20+20MHz]
	NA
	10+20+20MHz

	CA_C
	NA
	[20+20+20MHz]
	NA

	CA_N
	NA
	[20+20+20MHz]
	NA


A new table is required to indicate the largest bandwidth combinations with 4 CCs:
	CA capability
	Bandwidth combination for FDD CA
	Bandwidth combination for TDD CA
	Bandwidth combination for TDD-FDD CA

	CA_A_2
	20+20+20+20MHz
	NA
	20+20+20+20MHz

	CA_A_3
	20+20+20+20MHz
10+10+20+20MHz
	NA
	NA

	CA_A_4
	10+20+20+20MHz

10+10+20+20MHz
	NA
	10+20+20+20MHz

	CA_C
	NA
	20+20+20+20MHz
	NA

	CA_N
	NA
	
	NA


2.4 CA test rules

The test rules applicable for 3 DL CC in section 8.1.2.3 and 8.1.2.4 can be extended to 4CC.
2.5 TM1 demodulation

TM1 demodulation requirements need to be defined for 4CC. 
2.5.1 FDD/FDD

For FDD, the single carrier performance from table 8.2.1.1.1-5 can apply also the 4CC case. Requirements should then be defined as follows:
	Test num.
	CA Band-width combination
	Requirement
	UE category

	13
	4x20MHz

	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	14
	10MHz+20MHz+20MHz+20MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	15
	10MHz+10MHz+20MHz+20MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5


2.5.2 TDD/TDD

For TDD, the single carrier performance from table 8.2.2.1.1-5 can apply also the 4CC case. Requirements should then be defined as follows:

	Test num.
	CA Band-width combination
	Requirement
	UE category

	13
	4x20MHz

	As specified in Table 8.2.1.1.1-5 per CC
	≥5


2.5.3 TDD/FDD

For FDD (PCall)-TDD, the single carrier performance from tables 8.2.3.1.1-2 and 8.2.3.1.1-3 can also be applied for the 4CC case. There is a need to add the new tests to the minimum performance table.
One issue that may need further attention is that for TDD-FDD carrier aggregation, tests are included with the PCell specified explicitly as the FDD cell/TDD cell. The new TDD-FDD cases include combinations in which there are several FDD cells of different bandwidth. It should be discussed whether there is a need to identify a specific bandwidth for the Pcell in RAN4 (or even test both bandwidths as Pcell), or whether this can be left to RAN5. We note that the FDD/FDD and TDD/TDD requirements do not identify the bandwidth of the Pcell.
Observation 6: For TDD/FDD, it should be discussed whether the bandwidth of the PCell should be identified in RAN4.
Table 8.2.3.1.1-4: Minimum performance for multiple CA configurations (FRC)
	Test number
	CA Bandwidth combination (MHz)
	Minimum performance requirement
	UE Category

	
	Total
	FDD CC
	TDD CC
	
	

	1
	2x20
	20
	20
	As defined in Table 8.2.3.1.1-2 and Table 8.2.3.1.1-3 per CC
	≥5

	2
	20+10
	10
	20
	As defined in Table 8.2.3.1.1-2 and Table 8.2.3.1.1-3 per CC
	≥5

	3
	10+5
	5
	10
	As defined in Table 8.2.3.1.1-2 and Table 8.2.3.1.1-3 per CC
	≥3

	4
	3x20
	20
	2x20
	As defined in Table 8.2.3.1.1-2 and Table 8.2.3.1.1-3 per CC
	≥5

	5
	20+20+15
	15
	2x20
	As defined in Table 8.2.3.1.1-2 and Table 8.2.3.1.1-3 per CC
	≥5

	6
	20+20+10
	10
	2x20
	As defined in Table 8.2.3.1.1-2 and Table 8.2.3.1.1-3 per CC
	≥5

	7
	20+10+20
	20+10
	20
	As defined in Table 8.2.3.1.1-2 and Table 8.2.3.1.1-3 per CC
	≥5

	8
	4x20
	20
	3x20
	As defined in Table 8.2.3.1.1-2 and Table 8.2.3.1.1-3 per CC
	≥5

	9
	3x20+10
	3x20
	10
	As defined in Table 8.2.3.1.1-2 and Table 8.2.3.1.1-3 per CC
	≥5

	Note 1: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3
Note 2:
30usec timing difference between PCell and any SCell is applied in inter-band CA case, where PCell can be assigned on any CC.


Similarly for TDD (PCell)-FDD, the minimum performance requirements of tables 8.2.3.1.2-2 and 8.2.3.1.2-3 are re-usable, whilst a similar update to the minimum performance requirements is needed:

Table 8.2.3.1.2-4: Minimum performance for multiple CA configurations (FRC) 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement
	UE Category

	
	Total
	FDD CC
	TDD CC
	
	

	1
	2x20
	20
	20
	As defined in Table 8.2.3.1.2-2 and Table 8.2.3.1.2-3 per CC
	≥5

	2
	20+10
	10
	20
	As defined in Table 8.2.3.1.2-2 and Table 8.2.3.1.2-3 per CC
	≥5

	3
	10+5
	5
	10
	As defined in Table 8.2.3.1.2-2 and Table 8.2.3.1.2-3 per CC
	≥3

	4
	3x20
	20
	2x20
	As defined in Table 8.2.3.1.2-2 and Table 8.2.3.1.2-3 per CC
	≥5

	5
	20+20+15
	15
	2x20
	As defined in Table 8.2.3.1.2-2 and Table 8.2.3.1.2-3 per CC
	≥5

	6
	20+20+10
	10
	2x20
	As defined in Table 8.2.3.1.2-2 and Table 8.2.3.1.2-3 per CC
	≥5

	7
	20+10+20
	20+10
	20
	As defined in Table 8.2.3.1.2-2 and Table 8.2.3.1.2-3 per CC
	≥5

	8
	4x20
	20
	3x20
	As defined in Table 8.2.3.1.2-2 and Table 8.2.3.1.2-3 per CC
	≥5

	9
	3x20+10
	3x20
	10
	As defined in Table 8.2.3.1.2-2 and Table 8.2.3.1.2-3 per CC
	≥5

	Note 1: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3
Note 2:
30usec timing difference between PCell and any SCell is applied in inter-band CA case, where PCell can be assigned on any CC.


2.6 TM3 demodulation
2.6.1 FDD/FDD
TM3 demodulation requirements need to be defined for 4CC. Similarly to TM1, the single carrier performance (tables 8.2.1.3.1-5, 8.2.2.3.1-5) in this case can be applied to the 4CC requirements, and then a new requirement table should be added as follows for FDD-FDD:
	Test num.
	CA Band-width combination
	Requirement
	UE category

	13
	4x20MHz

	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	14
	10MHz+20MHz+20MHz+20MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	15
	10MHz+10MHz+20MHz+20MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5


2.6.2 TDD/TDD

For TDD-TDD, the requirement table should be:

	Test num.
	CA Band-width combination
	Requirement
	UE category

	13
	4x20MHz

	As specified in Table 8.2.1.1.1-5 per CC
	≥5


2.6.3 TDD-FDD

For FDD (Pcell)-TDD, similarly the single carrier performance tables can be applied and the requirements table needs to be similarly updated:
Table 8.2.3.2.1-4: Minimum performance for multiple CA configurations (FRC)
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement
	UE Category

	
	Total
	FDD CC
	TDD CC
	
	

	1
	2x20
	20
	20
	As defined in Table 8.2.3.2.1-2 and Table 8.2.3.2.1-3 per CC
	≥5

	2
	20+10
	10
	20
	As defined in Table 8.2.3.2.1-2 and Table 8.2.3.2.1-3 per CC
	≥5

	3
	10+5
	5
	10
	As defined in Table 8.2.3.2.1-2 and Table 8.2.3.2.1-3 per CC
	≥3

	4
	3x20
	20
	2x20
	As defined in Table 8.2.3.2.1-2 and Table 8.2.3.2.1-3 per CC
	≥5

	5
	20+20+15
	15
	2x20
	As defined in Table 8.2.3.2.1-2 and Table 8.2.3.2.1-3 per CC
	≥5

	6
	20+20+10
	10
	2x20
	As defined in Table 8.2.3.2.1-2 and Table 8.2.3.2.1-3 per CC
	≥5

	7
	20+10+20
	20+10
	20
	As defined in Table 8.2.3.2.1-2 and Table 8.2.3.2.1-3 per CC
	≥5

	8
	4x20
	20
	3x20
	As defined in Table 8.2.3.2.1-2 and Table 8.2.3.2.1-3 per CC
	≥5

	9
	3x20+10
	3x20
	10
	As defined in Table 8.2.3.2.1-2 and Table 8.2.3.2.1-3 per CC
	≥5

	Note 1: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3


A similar reasoning is true for TDD (Pcell)-FDD:

Table 8.2.3.2.2-4: Minimum performance for multiple CA configurations (FRC)
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement
	UE Category

	
	Total
	FDD CC
	TDD CC
	
	

	1
	2x20
	20
	20
	As defined in Table 8.2.3.2.2-2 and Table 8.2.3.2.2-3 per CC
	≥5

	2
	20+10
	10
	20
	As defined in Table 8.2.3.2.2-2 and Table 8.2.3.2.2-3 per CC
	≥5

	3
	10+5
	5
	10
	As defined in Table 8.2.3.2.2-2 and Table 8.2.3.2.2-3 per CC
	≥3

	4
	3x20
	20
	2x20
	As defined in Table 8.2.3.2.2-2 and Table 8.2.3.2.2-3 per CC
	≥5

	5
	20+20+15
	15
	2x20
	As defined in Table 8.2.3.2.2-2 and Table 8.2.3.2.2-3 per CC
	≥5

	6
	20+20+10
	10
	2x20
	As defined in Table 8.2.3.2.2-2 and Table 8.2.3.2.2-3 per CC
	≥5

	7
	20+10+20
	20+10
	20
	As defined in Table 8.2.3.2.2-2 and Table 8.2.3.2.2-3 per CC
	≥5

	8
	4x20
	20
	3x20
	As defined in Table 8.2.3.2.2-2 and Table 8.2.3.2.2-3 per CC
	≥5

	9
	3x20+10
	3x20
	10
	As defined in Table 8.2.3.2.2-2 and Table 8.2.3.2.2-3 per CC
	≥5

	Note 1: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3


2.7 Soft buffer tests

The soft buffer test was introduced for 2CC to verify correct soft-buffer management for UE classes 3 and 4. There is no need apparent for defining further soft buffer tests as part of the 4CC work.
2.8 TM4 spatial multiplexing tests
For the TM4 tests, the same principles apply as for the TM1 and TM3 cases. The single carrier demodulation performance can be re-used. The requirement tables for all cases (FDD-FDD, TDD-TDD, FDD-TDD, TDD-FDD) will need to be updated with the new tests in exactly the same manner as described above for TM1 and TM3.
2.9 Power imbalance 

There is no need for additional power imbalance related requirements for 4CC, since the 20MHz bandwidth of the 4CC intra band contiguous test is already included in today’s specifications.
2.10 Sustained data rate 
2.10.1 FDD/FDD
For FDD, table 8.7.1-2 should be increased in scope to include the 4CC bandwidth combinations:

	Test
	Bandwidth (MHz)
	Transmission mode
	Antenna configuration
	Codebook subset restriction
	Downlink power allocation (dB)
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	(
	
	

	1
	10
	1
	1 x 2
	N/A
	0
	0
	0
	-85
	OP.6 FDD

	2
	10
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	3,4,6
	20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	3A
	10
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	3B, 4A
	2x10
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	3C, 4B
	15
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	6A
	2x20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	6B
	10+15
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	6C
	10+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	6D
	15+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	6E
	2x15
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7
	3x20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7A
	15+20+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7B
	10+20+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7C
	15+15+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7D
	10+15+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7E
	10+10+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7F
	10+15+15
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	7G
	5+10+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	8
	4x20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	8A
	20+20+20+10
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD

	8B
	20+20+10+10
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	OP.1 FDD


Furthermore, requirements relating to these combinations need to be added:
	Test
	Number of bits of a DL-SCH transport block received within a TTI
	Measurement channel
	Reference value

	
	
	
	TB success rate [%]

	1
	10296
	R.31-1 FDD
	95

	2
	25456
	R.31-2 FDD
	95

	3
	51024
	R.31-3 FDD
	95

	3A
	36696 (Note 2)
	R.31-3A FDD
	85

	3B
	25456
	R.31-2 FDD
	95

	3C
	51024
	R.31-3C FDD
	85

	4
	75376 (Note 3)
	R.31-4 FDD
	85

	4A
	36696 (Note 2)
	R.31-3A FDD
	85

	4B
	55056 (Note 5)
	R.31-4B FDD
	85

	6
	75376 (Note 3)
	R.31-4 FDD
	85

	6A
	75376 (Note 3)
	R.31-4 FDD
	85

	6B
	36696 (Note 2) for 10MHz CC

55056 for 15MHz CC
	R.31-3A FDD for 10MHz CC

R.31-5 FDD for 15MHz CC
	85

	6C
	36696 (Note 2) for 10MHz CC

75376 (Note 3) for 20MHz CC
	R.31-3A FDD for 10MHz CC

R.31-4 FDD for 20MHz CC
	85

	6D
	55056 for 15MHz CC

75376 (Note 3) for 20MHz CC
	R.31-5 FDD for 15MHz CC

R.31-4 FDD for 20MHz CC
	85

	6E
	55056 (Note 5) for two 15MHz CCs
	R.31-4B FDD for two 15MHz CCs
	85

	7
	75376 (Note 3)
	R.31-4 FDD
	[85]

	7A
	55056 (Note 5) for 15MHz CC

75376 (Note 3) for 20MHz CC
	R.31-5 FDD for 15MHz CC

R.31-4 FDD for 20MHz CC
	[85]

	7B
	36696 (Note 2) for 10MHz CC
75376 (Note 3) for 20MHz CC
	R.31-3A FDD for 10MHz CC
R.31-4 FDD for 20MHz CC
	[85]

	7C
	55056 (Note 5) for 15MHz CC

75376 (Note 3) for 20MHz CC
	R.31-5 FDD for 15MHz CC

R.31-4 FDD for 20MHz CC
	85

	7D
	36696 (Note 2) for 10MHz CC
55056 (Note 5) for 15MHz CC

75376 (Note 3) for 20MHz CC
	R.31-3A FDD for 10MHz CC
R.31-5 FDD for 15MHz CC

R.31-4 FDD for 20MHz CC
	[85]

	7E
	36696 (Note 2) for 10MHz CC
75376 (Note 3) for 20MHz CC
	R.31-3A FDD for 10MHz CC
R.31-4 FDD for 20MHz CC
	[85]

	7F
	36696 (Note 2) for 10MHz CC
55056 (Note 5) for 15MHz CC
	R.31-3A FDD for 10MHz CC
R.31-5 FDD for 15MHz CC
	[85]

	7G
	18336 (Note 6) for 5MHz CC

36696 (Note 2) for 10MHz CC
75376 (Note 3) for 20MHz CC
	R.31-6 FDD for 5MHz CC

R.31-3A FDD for 10MHz CC
R.31-4 FDD for 20MHz CC
	[85]

	8
	75376 (Note 3)
	R.31-4 FDD
	[85]

	8A
	36696 (Note 2) for 10MHz CC
75376 (Note 3) for 20MHz CC
	R.31-3A FDD for 10MHz CC
R.31-4 FDD for 20MHz CC
	[85]

	8B
	36696 (Note 2) for 10MHz CC
75376 (Note 3) for 20MHz CC
	R.31-3A FDD for 10MHz CC
R.31-4 FDD for 20MHz CC
	[85]


It is also necessary to extend the test points table 8.7.1-4. For 3CC and category 6&7, for combinations including higher bandwidths the SDR test is made with two CC, since the soft buffer dimension enables a peak rate that is already reached with 2CC and 2 layers.
A similar issue exists with 4CC and categories 9 & 10. The soft buffer size for these categories of 5481216 is less than that required for F.31-4 operating over 4 carriers. Adopting a similar solution to that for 2CC, the combination of 4x20MHz can be tested with 3CC at 20MHz, which corresponds to the soft buffer dimensioning.
	CA config
	Maximum supported Bandwidth/ Bandwidth combination (MHz)
	Cat. 1
	Cat. 2
	Cat. 3
	Cat. 4
	Cat. 6,7
	Cat. 9,10

	Single carrier
	10
	1
	2
	3A
	3A
	-
	-

	
	15
	-
	-
	3C
	4B
	-
	-

	
	20
	-
	-
	3
	4
	6
	-

	CA with 2CCs
	10+10
	-
	-
	3B 
	4A
	4A
	4A

	
	10+15
	-
	-
	3B
	4A
	6B
	6B

	
	10+20
	-
	-
	3B
	4A
	6C
	6C

	
	15+15
	
	
	3B
	4A
	6E
	6E

	
	15+20
	-
	-
	3B
	4A
	6D
	6D

	
	20+20
	-
	-
	3B or 3 (Note 4)
	4A or 4 (Note 4)
	6A
	6A

	CA with 3CCs
	3x20
	-
	-
	-
	-
	6A
	7

	
	15+20+20
	-
	-
	-
	-
	6A
	7A

	
	10+20+20
	-
	-
	-
	-
	6A
	7B

	
	15+15+20
	
	
	
	
	6D
	7C

	
	10+15+20
	-
	-
	-
	-
	6D
	7D

	
	10+10+20
	-
	-
	-
	-
	7E
	7E

	
	10+15+15
	-
	-
	-
	-
	7F
	7F

	
	5+10+20
	-
	-
	-
	-
	7G
	7G

	CA with 4CCs
	4x20
	-
	-
	-
	-
	6A
	7

	
	20+20+20+10
	-
	-
	-
	-
	6A
	8A

	
	20+20+10+10
	-
	-
	-
	-
	7E
	8B

	
	
	
	
	
	
	
	


2.10.2 TDD/TDD

For TDD, similar updates are needed; to the test parameters table:

	Test
	Bandwidth (MHz)
	Transmission mode
	Antenna configuration
	Codebook subset restriction
	Downlink power allocation (dB)
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	1
	10
	1
	1 x 2
	N/A
	0
	0
	0
	-85
	Bundling
	OP.6 TDD

	2
	10
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	Bundling
	OP.1 TDD

	3
	20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	Bundling
	OP.1 TDD

	3A
	15
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	Muliplexing
	OP.2 TDD

	4,6
	20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	Multiplexing
	OP.1 TDD

	6A
	2x20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	-

 (Note 1)
	OP.1 TDD

	6B
	20+15
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	(Note 1)
	OP.1 TDD

	7
	3x20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	(Note 2)
	OP.1 TDD

	7A
	15+20+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	(Note 2)
	OP.1 TDD

	8
	20+20+20+20
	3
	2 x 2
	10
	-3
	-3
	0
	-85
	
	OP.1 TDD


For the requirements table:
	Test
	Number of bits of a DL-SCH transport block received within a TTI for normal/special sub-frame
	Measurement channel
	Reference value

	
	
	
	TB success rate [%]

	1
	10296/0
	R31-1 TDD
	95

	2
	25456/0
	R31-2 TDD
	95

	3
	51024/0
	R31-3 TDD
	95

	3A
	51024/0
	R31-3A TDD
	85

	4
	75376/0 (Note 2)
	R31-4 TDD
	85

	6
	75376/0 (Note 2)
	R.31-4 TDD
	85

	6A
	75376/0 (Note 2)
	R.31-4 TDD
	85

	6B
	55056/0 for 15MHz CC

75376/0 for 20MHz CC (Note 2)
	R31-5 TDD for 15MHz CC

R.31-4 TDD for 20MHz CC
	[85]

	7
	75376/0 (Note 2)
	R.31-4 TDD
	[85]

	7A
	55056/0 for 15MHz CC

75376/0 for 20MHz CC (Note 2)
	R.31-5 TDD for 15MHz CC

R.31-4 TDD for 20MHz CC
	[85]

	8
	75376/0 (Note 2)
	R.31-4 TDD
	[85]


And for the test points table:

	CA config
	Bandwidth/ Bandwidth combination
(MHz)
	Cat. 1
	Cat. 2
	Cat. 3
	Cat. 4
	Cat. 6,7
	Cat. 9, 10

	Single carrier
	10
	1
	2
	-
	-
	-
	-

	
	15
	-
	-
	3A
	3A
	-
	-

	
	20
	-
	-
	3
	4
	6
	-

	CA with 2CCs
	20+20
	-
	--
	3(Note 4)
	4 (Note 4)
	6A
	6A

	
	15+20
	-
	-
	3(Note 4)
	4 (Note 4)
	6B
	6B

	CA with 3 CCs
	3x20
	-
	-
	-
	-
	6A
	7

	
	15+20+20
	-
	-
	-
	-
	6A
	7A

	CA with 4 CCs
	4x20
	-
	-
	-
	-
	6A
	7


Note that similarly to FDD, for category 9/10 the SDR test is made with 3 CCs.

2.10.3 TDD/FDD

For FDD (PCell)-TDD, there are two tables :
Parameters table:

	Test number
	Bandwidth (MHz)
	Number of bits of a DL-SCH transport block received within a TTI (for normal/special subframe for TDD, except for subframe #5)
	Measurement channel
	Reference value

	
	Total
	FDD CC
	TDD CC
	FDD CC
	TDD CC
	FDD CC
	TDD CC
	TB success rate [%]

	1
	2x20
	20
	20
	75376
	75376/0
	R.31-4 FDD
	R.31-4 TDD
	[85]

	2
	10+20
	10
	20
	36696
	75376/0
	R.31-3A FDD
	R.31-4 TDD
	[85]

	3
	10+10
	10
	10
	36696
	36696/0
	R.31-3A FDD
	R.31-6 TDD
	[85]

	4
	5+10
	5
	10
	18336
	36696/0
	R.31-6 FDD
	R.31-6 TDD
	[85]

	5
	3x20
	20
	2x20
	75376
	75376/0
	R.31-4 FDD
	R.31-4 TDD
	[85]

	6
	15+20+20
	15
	2x20
	55056
	75376/0
	R.31-5 FDD
	R.31-4 TDD
	[85]

	7
	10+20+20
	10
	2x20
	36696
	75376/0
	R.31-3A FDD
	R.31-4 TDD
	[85]

	8
	20+10+20
	20+10
	20
	75376 for 20MHz CC

36696 for 10MHz CC
	75376/0
	R.31-4 FDD for 20MHz CC

R.31-3A FDD for 10MHz CC
	R.31-4 TDD
	[85]

	9
	4x20
	20
	3x20
	75376
	75376/0
	R.31-4 FDD
	R.31-4 TDD
	[85]

	10
	3x20+10
	3x20
	10
	75376
	36696/0
	R.31-4 FDD
	R.31-6 TDD
	[85]


Test points tables:

	CA config
	Maximum supported Bandwidth/ Bandwidth combination (MHz)
	Cat. 1
	Cat. 2
	Cat. 3
(Note 4)
	Cat. 4
(Note 4)
	Cat. 6
	Cat. 7

	
	Total
	FDD CC
	TDD CC
	
	
	
	
	
	

	CA with 2CCs
	2x20
	20
	20
	-
	-
	3
	3
	1
	1

	
	10+20
	10
	20
	-
	-
	3
	3
	2
	2

	
	10+10
	10
	10
	
	
	3
	3
	3
	3

	
	5+10
	5
	10
	-
	-
	4
	4
	4
	4

	CA with 3CCs
	3x20
	20
	2x20
	-
	-
	-
	-
	1
	1

	
	15+20+20
	15
	2x20
	-
	-
	-
	-
	1
	1

	
	10+20+20
	10
	2x20
	-
	-
	-
	-
	1
	1

	
	20+10+20
	20+10
	20
	-
	-
	-
	-
	7
	7

	CA with 4CCs
	4x20
	20
	3x20
	-
	-
	-
	-
	1
	1

	
	3x20+10
	3x20
	10
	-
	-
	-
	-
	1
	1

	Note 1:   For CA UE, test is selected for bandwidth combination corresponding to maximum aggregated bandwidth and the largest number of CCs among all the CA configurations supported by UE. 
Note 2:   If CA UE under test cannot support the assigned test case, the sustained data rate test for FDD CA and TDD CA with the single carrier is selected according to largest bandwidth supported by UE.


	CA config
	Maximum supported Bandwidth/ Bandwidth combination (MHz)
	Cat. 9
	Cat. 10
	

	
	Total
	FDD CC
	TDD CC
	
	
	

	CA with 2CCs
	2x20
	20
	20
	1
	1
	

	
	10+20
	10
	20
	2
	2
	

	
	10+10
	10
	10
	3
	3
	

	
	5+10
	5
	10
	4
	4
	

	CA with 3CCs
	3x20
	20
	2x20
	5
	5
	

	
	15+20+20
	15
	2x20
	6
	6
	

	
	10+20+20
	10
	2x20
	7
	7
	

	
	20+10+20
	20+10
	20
	8
	8
	

	CA with 4CCs
	4x20
	20
	3x20
	9
	9
	

	
	3x20+10
	3x20
	10
	10
	10
	


For TDD (PCell)/FDD, the same types of updates are needed for the requirements/parameters table and test points table.
For the 3x20MHz FDD + 10MHz TDD combination, there are insufficient softbits to accommodate all of the carriers. One method to overcome this is to test 2x20MHz FDD + 10MHz TDD. The issue should be discussed further.
Observation 7: Handling of the 3x20MHz FDD + 10MHz TDD SDR requirement needs to be discussed further
	Test number
	Bandwidth (MHz)
	Number of bits of a DL-SCH transport block received within a TTI (for normal/special subframe for TDD, except for subframe #5)
	Measurement channel
	Reference value

	
	Total
	FDD CC
	TDD CC
	FDD CC
	TDD CC
	FDD CC
	TDD CC
	TB success rate [%]

	1
	2x20
	20
	20
	75376
	75376/0
	R.31-4 FDD
	R.31-4 TDD
	[85]

	2
	10+20
	10
	20
	36696
	75376/0
	R.31-3A FDD
	R.31-4 TDD
	[85]

	3
	10+10
	10
	10
	36696
	36696/0
	R.31-3A FDD
	R.31-6 TDD
	[85]

	4
	5+10
	5
	10
	18336
	36696/0
	R.31-6 FDD
	R.31-6 TDD
	[85]

	5
	3x20
	20
	2x20
	75376
	75376/0
	R.31-4 FDD
	R.31-4 TDD
	[85]

	6
	15+20+20
	15
	2x20
	55056
	75376/0
	R.31-5 FDD
	R.31-4 TDD
	[85]

	7
	10+20+20
	10
	2x20
	36696
	75376/0
	R.31-3A FDD
	R.31-4 TDD
	[85]

	8
	20+10+20
	20+10
	20
	75376 for 20MHz CC

36696 for 10MHz CC
	75376/0
	R.31-4 FDD for 20MHz CC

R.31-3A FDD for 10MHz CC
	R.31-4 TDD
	[85]

	9
	4x20
	20
	3x20
	75376
	75376/0
	R.31-4 FDD
	R.31-4 TDD
	[85]

	10
	3x20+10
	2x20
	10
	75376
	36696/0
	R.31-4 FDD
	R.31-6 TDD
	[85]


	CA config
	Maximum supported Bandwidth/ Bandwidth combination (MHz)
	Cat. 1
	Cat. 2
	Cat. 3

(Note 4)
	Cat. 4

(Note 4)
	Cat. 6
	Cat. 7

	
	Total
	FDD CC
	TDD CC
	
	
	
	
	
	

	CA with 2CCs
	2x20
	20
	20
	-
	-
	3
	3
	1
	1

	
	10+20
	10
	20
	-
	-
	3
	3
	2
	2

	
	10+10
	10
	10
	
	
	3
	3
	3
	3

	
	5+10
	5
	10
	-
	-
	4
	4
	4
	4

	CA with 3CCs
	3x20
	20
	2x20
	-
	-
	-
	-
	1
	1

	
	15+20+20
	15
	2x20
	-
	-
	-
	-
	1
	1

	
	10+20+20
	10
	2x20
	-
	-
	-
	-
	1
	1

	
	20+10+20
	20+10
	20
	-
	-
	-
	-
	1
	1

	CA with 4CCs
	4x20
	20
	3x20
	-
	-
	-
	-
	1
	1

	
	3x20+10
	3x20
	10
	-
	-
	-
	-
	1
	1

	Note 1:   For CA UE, test is selected for bandwidth combination corresponding to maximum aggregated bandwidth and the largest number of CCs among all the CA configurations supported by UE. 

Note 2:   If CA UE under test cannot support the assigned test case, the sustained data rate test for FDD CA and TDD CA with the single carrier is selected according to largest bandwidth supported by UE.


	CA config
	Maximum supported Bandwidth/ Bandwidth combination (MHz)
	Cat. 9
	Cat. 10
	

	
	Total
	FDD CC
	TDD CC
	
	
	

	CA with 2CCs
	2x20
	20
	20
	1
	1
	

	
	10+20
	10
	20
	2
	2
	

	
	10+10
	10
	10
	3
	3
	

	
	5+10
	5
	10
	4
	4
	

	CA with 3CCs
	3x20
	20
	2x20
	5
	5
	

	
	15+20+20
	15
	2x20
	6
	6
	

	
	10+20+20
	10
	2x20
	7
	7
	

	
	20+10+20
	20+10
	20
	8
	8
	

	CA with 4CCs
	4x20
	20
	3x20
	9
	9
	

	
	3x20+10
	3x20
	10
	10
	10
	


2.11 CQI reporting

The following changes are foreseen for CQI reporting for 4CC:

2.11.1 Applicability rules

The applicability rules table of section 9.1.1.2 for 3CC can be extended in scope to 4CC.

2.11.2 Requirement criteria

The CQI reporting requirement defined for 3CC is extendable to 4CC. If the 3CC concept would be directly extended, then SCell3 would be set 6dB below and a similar criteria applied; i.e.
wideband CQISCell2 – wideband CQISCell3 ≥ 2
Directly applying the same approach, however could lead to some potential issues. One is that if the SNR for cell 3 would be set at -6dB (i.e. 6dB below cell 2), then the cell would be at the lower end of the CQI reporting range and clearly in poor DL conditions. This issue could potentially be resolved by means of increasing the SNR for all of the cells. When deciding on an increase, the need in the future to accommodate 5CC should also be taken into account.
An example of how the requirement could be incorporated is shown in the table below.

	Parameter
	Unit
	Pcell
	Scell1
	Scell2
	Scell3

	PDSCH transmission mode
	
	1

	Downlink power allocation
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	dB
	0
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	dB
	0

	Propagation condition and antenna configuration
	
	AWGN (1 x 2)

	SNR
	dB
	14
	8
	2
	-4
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	dB[mW/15kHz] 
	-84
	-90
	-96
	-102
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	dB[mW/15kHz]
	-98
	-98
	-98
	-98

	Physical channel for CQI reporting
	
	PUCCH Format 2

	PUCCH Report Type
	
	4

	Reporting periodicity 
	ms
	Npd = 20

	cqi-pmi-ConfigurationIndex
	
	21
	26 [shift of 5 ms relative to Pcell]
	31 [shift of 10 ms relative to Pcell]
	36 [shift of 15ms relative to Pcell]

	Note 1:
3 symbols are allocated to PDCCH. No PDSCH for user data is scheduled for the UE with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.


A second potential issue however is the 18dB difference between the Pcell and Scell level, which would extend to 24dB if the method would be extended to 5CC. 

An alternative approach would be to modify the requirement; for example such that SCell1 is 6db below PCell, SCell2 6dB below SCell 1 but SCell 3 at the same level as one of the 3 other cells. Such a modification would continue to provide some robustness against incorrect CQI reporting between carriers, whilst not incurring any issues due to excessivel SNR differences between PCell and SCell3.
Observation 8: Continuation of the CQI testing framework will lead to 18dB difference between PCell and SCell 3. Alternatively, SCell3 SNR could be set at the same level as PCell or one of the other SCells.
3 Conclusion

The implications of introducing CA with 4 CC has been examined in detail in this paper. No simulation work is envisaged, and introduction of the new 4CC combinations consists of straightforward extension of the principles adopted for 3CC. Several issues should be discussed and resolved, however:
Observation 1: Further consideration is needed on which (downlink) UE categories should support 4CC.
Observation 2: Support for (4x20 CA_2 & CA_3), (20, 20, 20, 10) CA_4 and (20, 20, 10, 10 CA_4 and CA_3) is required for FDD/FDD.

Observation 3: Support for (4x20 intraband contiguous) is required for TDD/TDD

Observation 4: Support for (20+20+20 FDD + 10 TDD) and (20 FDD + 3x20 TDD) and (20+10 FDD + 20 TDD ) FDD/TDD combinations is required

Observation 5: The 3DL subsets necessitate new demodulation requirements covering CA_3, TDD/FDD, 10+20+20MHz.
Observation 6: For TDD/FDD, it should be discussed whether the bandwidth of the PCell should be identified in RAN4.
Observation 7: Handling of the 3x20MHz FDD + 10MHz TDD SDR requirement needs to be discussed further
Observation 8: Continuation of the CQI testing framework will lead to 18dB difference between PCell and SCell 3. Alternatively, SCell3 SNR could be set at the same level as PCell or one of the other SCells.
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5 Appendix New combinations summary
This appendix summarises the 4DL combinations that have been proposed. Some of the 4 DL proposals include 3DL combinations that are subsets of the proposed 4 DL combinations. 3DL combinations that are not part of separate WIs are also listed in this appendix.

Band 41 intraband [1]:

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRACA configuration
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	
	

	CA_41C-41C
	See Table 5.6A.1-1
	See Table 5.6A.1-1
	80
	0

	CA_41A-41D
	5, 10, 15, 20
	See Table 5.6A.1-1
	80
	0

	CA_41D-41A
	See Table 5.6A.1-1
	5, 10, 15, 20
	80
	0


Band 2, 2, 12, 30 [2]:

The 4DL scenarios envisaged in this case are as follows:

	CA Scenario


	DL BAND #1

(carrier BW)
	DL BAND #2

(carrier BW)
	DL BAND #3

(carrier BW)
	DL Band #4
	UL BAND #1

(carrier BW)
	UL BAND #2

(carrier BW)
	UL BAND #3

(carrier BW)
	UL Band #4

(carrier BW)

	2+2+12+30
	2
(5,10,15,20)
	2
(5,10,15,20)
	12

(5,10)
	30
 (5,10)
	2
(5,10,15,20)
	2
(5,10,15,20)
	12
 (5,10)
	30

(5,10)


In addition to the 4DL case, a new 3DL CA combination that is a subset of the 4DL combination is introduced:

	CA Scenario


	DL BAND #1

(carrier BW)
	DL BAND #2

(carrier BW)
	DL BAND #3

(carrier BW)
	UL BAND #1

(carrier BW)
	UL BAND #2

(carrier BW)
	UL BAND #3

(carrier BW)

	2+2+30
	2
(5,10,15,20)
	2
(5,10,15,20)
	30
 (5,10)
	2
(5,10,15,20)
	2
(5,10,15,20)
	30
 (5,10)


This is an FDD-FDD CA combination. In these scenarios, the maximum bandwidth combinations are (20, 20, 10, 10) MHz for 4DL and (20, 20, 10) MHz for 3DL. The respective capabilities are CA_3 for 4DL and CA_2 for 3DL.
Band 2, 2, 5, 30 [3]:

The 4DL scenarios envisaged in this case are as follows:

	CA Scenario


	DL BAND #1

(carrier BW)
	DL BAND #2

(carrier BW)
	DL BAND #3

(carrier BW)
	DL Band #4
	UL BAND #1

(carrier BW)
	UL BAND #2

(carrier BW)
	UL BAND #3

(carrier BW)
	UL Band #4

(carrier BW)

	2+2+5+30
	2
(5,10,15,20)
	2
(5,10,15,20)
	5

(5,10)
	30
 (5,10)
	2
(5,10,15,20)
	2
(5,10,15,20)
	5
 (5,10)
	30

(5,10)


In addition to the 4DL case, a new 3DL CA combination that is a subset of the 4DL combination is introduced:

	CA Scenario


	DL BAND #1

(carrier BW)
	DL BAND #2

(carrier BW)
	DL BAND #3

(carrier BW)
	UL BAND #1

(carrier BW)
	UL BAND #2

(carrier BW)
	UL BAND #3

(carrier BW)

	2+2+30
	2
(5,10,15,20)
	2
(5,10,15,20)
	30
 (5,10)
	2
(5,10,15,20)
	2
(5,10,15,20)
	30
 (5,10)


This is an FDD-FDD CA combination. In these scenarios, the maximum bandwidth combinations are (20, 20, 10, 10) MHz for 4DL and (20, 20, 10) MHz for 3DL. The respective capabilities are CA_3 for 4DL and CA_2 for 3DL.
Band 2, 2, 29, 30 [4]:

The 4DL scenarios envisaged in this case are as follows:

	CA Scenario


	DL BAND #1

(carrier BW)
	DL BAND #2

(carrier BW)
	DL BAND #3

(carrier BW)
	DL Band #4
	UL BAND #1

(carrier BW)
	UL BAND #2

(carrier BW)
	UL BAND #3

(carrier BW)
	UL Band #4

(carrier BW)

	2+2+29+30
	2
(5,10,15,20)
	2
(5,10,15,20)
	29

(5,10)
	30
 (5,10)
	2
(5,10,15,20)
	2
(5,10,15,20and )
	29
N/A
	30

(5,10)


In addition to the 4DL case, a new 3DL CA combination that is a subset of the 4DL combination is introduced:

	CA Scenario


	DL BAND #1

(carrier BW)
	DL BAND #2

(carrier BW)
	DL BAND #3

(carrier BW)
	UL BAND #1

(carrier BW)
	UL BAND #2

(carrier BW)
	UL BAND #3

(carrier BW)

	2+2+30
	2
(5,10,15,20)
	2
(5,10,15,20)
	30
 (5,10)
	2
(5,10,15,20)
	2
(5,10,15,20)
	30
 (5,10)


This is an FDD-FDD CA combination. In these scenarios, the maximum bandwidth combinations are (20, 20, 10, 10) MHz for 4DL and (20, 20, 10) MHz for 3DL. The respective capabilities are CA_3 for 4DL and CA_2 for 3DL.
Band 2, 4, 12, 30 [5]:

The 4DL scenarios envisaged in this case are as follows:

	CA Scenario


	DL BAND #1

(Carrier BW)
	DL BAND #2

(Carrier BW)
	DL BAND #3

(Carrier BW))
	DL Band #4

(Carrier BW)
	UL BAND #1

(Carrier BW)
	UL BAND #2

(Carrier BW)
	UL BAND #3

(Carrier BW)
	UL Band #4

(Carrier BW)

	2+4+12+30
	2
(5,10,15,20)
	4
(5,10,15,20)
	12

(5,10)
	30
 (5,10)
	2
(5,10,15,20)
	4
(5,10,15,20)
	12
 (5,10)
	30

(5,10)


In addition to the 4DL case, a new 3DL CA combination that is a subset of the 4DL combination is introduced:

	CA Scenario


	DL BAND #1

(carrier BW)
	DL BAND #2

(carrier BW)
	DL BAND #3

(carrier BW)
	UL BAND #1

(carrier BW)
	UL BAND #2

(carrier BW)
	UL BAND #3

(carrier BW)

	2+4+30
	2
(5,10,15,20)
	4
(5,10,15,20)
	30
 (5,10)
	2
(5,10,15,20)
	4
(5,10,15,20)
	30
 (5,10)


This is an FDD-FDD CA combination. In these scenarios, the maximum bandwidth combinations are (20, 20, 10, 10) MHz for 4DL and (20, 20, 10) MHz for 3DL. The respective capabilities are CA_4 for 4DL and CA_3 for 3DL.
Band 2, 4, 5, 30 [6]:

The 4DL scenarios envisaged in this case are as follows:

	CA Scenario


	DL BAND #1

(Carrier BW)
	DL BAND #2

(Carrier BW)
	DL BAND #3

(Carrier BW))
	DL Band #4

(Carrier BW)
	UL BAND #1

(Carrier BW)
	UL BAND #2

(Carrier BW)
	UL BAND #3

(Carrier BW)
	UL Band #4

(Carrier BW)

	2+4+5+30
	2
(5,10,15,20)
	4
(5,10,15,20)
	5

(5,10)
	30
 (5,10)
	2
(5,10,15,20)
	4
(5,10,15,20)
	5
 (5,10)
	30

(5,10)


This is an FDD-FDD CA combination. In these scenarios, the maximum bandwidth combinations are (20, 20, 10, 10) MHz with capability CA_4.
Band 2, 4, 29, 30 [7]:

The 4DL scenarios envisaged in this case are as follows:

	CA Scenario


	DL BAND #1

(carrier BW)
	DL BAND #2

(carrier BW)
	DL BAND #3

(carrier BW)
	DL Band #4
	UL BAND #1

(carrier BW)
	UL BAND #2

(carrier BW)
	UL BAND #3

(carrier BW)
	UL Band #4

(carrier BW)

	2+2+29+30
	2
(5,10,15,20)
	4
(5,10,15,20)
	29

(5,10)
	30
 (5,10)
	2
(5,10,15,20)
	4
(5,10,15,20)
	29
N/A
	30

(5,10)


This is an FDD-FDD CA combination. In addition to the 4DL case, two new 3DL CA combinations that are a subset of the 4DL combination are introduced:

	CA Scenario


	DL BAND #1

(carrier BW)
	DL BAND #2

(carrier BW)
	DL BAND #3

(carrier BW)
	UL BAND #1

(carrier BW)
	UL BAND #2

(carrier BW)
	UL BAND #3

(carrier BW)

	2+4+29
	2
(5,10,15,20)
	4
(5,10,15,20)
	29
 (5,10)
	2
(5,10,15,20)
	4
(5,10,15,20)
	29
 N/A

	2+4+30
	2

(5,10,15,20)
	4

(5,10,15,20)
	30

(5,10)
	2

(5,10,15,20)
	4

(5,10,15,20)
	30

(5,10)


In these scenarios, the maximum bandwidth combinations are (20, 20, 10, 10) MHz for 4DL and (20, 20, 10) MHz for 3DL. The respective capabilities are CA_3 for 4DL and CA_3 for 3DL.
Band 25, 41, 41, 41 [8]:

The 4DL scenarios envisaged in this case are as follows:

	E-UTRA CA Configuration
	E-UTRA Band or E-UTRA CA configuration
	5
	10
	15
	20
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	
	
	MHz
	MHz
	MHz
	MHz
	
	

	CA_25A-41D
	25
	Yes
	Yes
	Yes
	Yes
	80
	0


This is an TDD-FDD CA combination. In these scenarios, the maximum bandwidth combination is (20, 20, 20, 20) MHz with capability CA_2.

Band 2, 4, 4, 12 [9]:

The 4DL scenarios envisaged in this case are as follows:

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Band or E-UTRA CA configuration
	1.4
	3
	5
	10
	15
	20
	Maximum aggregated bandwidth
	Bandwidth combination set

	
	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	[MHz]
	

	CA_2A-4A-4A-12A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	70
	0

	
	CA_4A-4A
	See 36.101 V12.6.0 table 5.6A.1-3
	
	

	
	12
	
	
	Yes
	Yes
	
	
	
	


This is an FDD-FDD CA combination. In these scenarios, the maximum bandwidth combinations are (20, 20, 20, 20) MHz with capability CA_3.

Band 2, 2, 4, 12 [10]:

The 4DL scenarios envisaged in this case are as follows:

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Band or E-UTRA CA configuration
	1.4
	3
	5
	10
	15
	20
	Maximum aggregated bandwidth
	Bandwidth combination set

	
	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	[MHz]
	

	CA_2A-2A-4A
	CA_2A-2A
	See 36.101 V12.6.0 table 5.6A.1-3
	60
	0

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	
	


This is an FDD-FDD CA combination. In these scenarios, the maximum bandwidth combinations are (20, 20, 20, 20) MHz with capability CA_3.

Band 2, 2, 4, 4 [12]:

The 4DL scenarios envisaged in this case are as follows:

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Band or E-UTRA CA configuration
	1.4
	3
	5
	10
	15
	20
	Maximum aggregated bandwidth
	Bandwidth combination set

	
	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	[MHz]
	

	CA_2A-2A-4A-4A
	CA_2A-2A
	See 36.101 V12.6.0 table 5.6A.1-3
	80
	0

	
	CA_4A-4A
	See 36.101 V12.6.0 table 5.6A.1-3
	
	


This is an FDD-FDD CA combination. In these scenarios, the maximum bandwidth combinations are (20, 20, 20, 20) MHz with capability CA_2.

Band 1, 3, 7, 8 [13]:

The 4DL scenarios envisaged in this case are as follows:

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_1A-3A-7A-8A
	-
	1
	 
	 
	Yes
	Yes
	Yes
	Yes
	70
	0

	
	
	3
	 
	 
	Yes
	Yes
	Yes
	Yes
	
	

	
	
	7
	 
	 
	
	Yes
	Yes
	Yes
	
	

	
	
	8
	 
	 
	Yes
	Yes
	 
	 
	
	


In addition to the 4DL case, two new 3DL CA combinations that are a subset of the 4DL combination are introduced:

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_1A-7A-8A
	-
	1
	 
	 
	Yes
	Yes
	Yes
	Yes
	50
	0

	
	
	7
	 
	 
	
	Yes
	Yes
	Yes
	
	

	
	
	8
	 
	 
	Yes
	Yes
	 
	 
	
	


	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_1A-3A-8A
	-
	1
	
	
	Yes
	Yes
	Yes
	Yes
	50
	3

	
	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	
	8
	
	
	Yes
	Yes
	 
	 
	
	


This is an FDD-FDD CA combination. In these scenarios, the maximum bandwidth combinations are (20, 20, 20, 10) MHz for the 4DL case and (20, 20, 10)MHz for the 3DL case. The respective capabilities are CA_4 for 4DL and CA_3 for 3DL.
Band 2, 4, 5, 29 [14]:

The 4DL scenarios envisaged in this case are as follows:

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_2A-4A-5A-29A
	2
	
	
	Yes
	Yes
	Yes
	Yes
	60
	0

	
	4
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	29
	
	
	Yes
	Yes
	
	
	
	


In addition to the 4DL case, a new 3DL CA combinations that is a subset of the 4DL combination is introduced:

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_4A-5A-29A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	29
	
	
	Yes
	Yes
	
	
	
	


This is an FDD-FDD CA combination. In these scenarios, the maximum bandwidth combinations are (20, 20, 10, 10) MHz for the 4DL case and (20, 10, 10)MHz for the 3DL case. The respective capabilities are CA_4 for 4DL and CA_3 for 3DL.
Band 1, 3, 5, 40 [15]:

The 4DL scenarios envisaged in this case are as follows:

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_1A-3A-5A-40A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	70
	0

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	40
	
	
	Yes
	Yes
	Yes
	Yes
	
	


In addition to the 4DL case, two new 3DL CA combinations that are a subset of the 4DL combination are introduced:

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_1A-5A-40A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	40
	
	
	Yes
	Yes
	Yes
	Yes
	
	


	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_3A-5A-40A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	50
	0

	
	5
	
	
	Yes
	Yes
	
	
	
	

	
	40
	
	
	Yes
	Yes
	Yes
	Yes
	
	


This is an TDD-FDD CA combination. In these scenarios, the maximum bandwidth combinations are (20, 20, 10, 20) MHz for the 4DL case and (20, 10, 20)MHz for the 3DL case. The respective capabilities are CA_4 for 4DL and CA_3 for 3DL.
Band 42 intraband contiguous [16]:

The 4DL scenarios envisaged in this case are as follows:

	
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA configuration
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	
	

	CA_42E
	5, 10, 15, 20
	20
	20
	20
	80
	0

	
	20
	20
	20
	5, 10, 15
	
	


This is an TDD-TDD intraband CA combination. The scenario also considers up to 2 uplink. In these scenarios, the maximum bandwidth combinations are (20, 20, 20, 20) MHz.
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