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1 Introduction
As per RAN4 status report [3,4,5], the LTE advanced inter-band CA Rel-14 4DL/1UL basket WI was completed [2], there are quite a lot of CA configurations introduced, we re-checked the specified CA demodulation performance requirements for 4CC and found some FDD CA, TDD CA or TDD-FDD CA configurations may not be covered by the existing demodulation performance requirements.
In this contribution, we would like to provide the analysis on the bandwidth combinations for FDD CA, TDD CA and TDD-FDD CA configuration for 4DL CC and specify the corresponding 4DL CC CA demodulation performance requirements.
2 Release-14 4CC
2.1 FDD CA Largest supported aggregated bandwidth
In Table 2.1-1 we list the aggregated bandwidth combinations for all Rel-14 4CC FDD CA configurations as per [2, 3]. From the list, we can know the different largest bandwidths are 80MHz, 75MHz, 70MHz, 65MHz, 60MHz, 65MHz, 55MHz, 50MHz, 45MHz and 40MHz, the corresponding bandwidth combinations are 4x20MHz, 15+3x20MHz, 10+3x20MHz or 2x15+2x20MHz, 10+15+2x20MHz, 2x10+2x20MHz, 5+10+2x20MHz, 2x5+2x20MHz or 3x10+20MHz, 5+2x10+20MHz and 2x5+10+20MHz or 4x10MHz. The performances for 4x20MHz, 20+3x20MHz, 2x10+2x20MHz, 5+10+2x20MHz and 5+2x10+20MHz bandwidth have been defined, so we propose:
· Proposal 1: Specify the 15+3x20MHz, 2x15+2x20MHz, 10+15+2x20MHz, 2x5+2x20MHz, 3x10+20MHz, 2x5+10+20MHz and 4x10MHz bandwidth test cases for 4CC FDD CA.
As per the CA capability definition in Table 8.1.2.2.5 of TS 36.101 and the analysis in Table 2.1-1 as below:
Table 8.1.2.2-5: Definition of CA capability with 4 DL CCs
	CA Capability
	CA Capability Description

	CA4_C
	Intra-band contiguous CA

	CA4_A2
	Inter-band CA (two bands)

	CA4_A3
	Inter-band CA (three bands)

	CA4_A4
	Inter-band CA (four bands)

	CA4_N2
	Intra-band non-contiguous CA (with two sub-blocks)

	NOTE 1:
CA4_C corresponds to E-UTRA CA configurations and bandwidth combination sets defined in Table 5.6A.1-1 for 3 DL CCs. 
CA4_A2 corresponds to E-UTRA CA configurations and bandwidth combination sets defined in Table 5.6A.1-2 for 3 DL CCs. 
CA4_A3 corresponds to E-UTRA CA configurations and bandwidth combination sets defined in and Table 5.6A.1-2a for 3 DL CCs.


CA4_A4 corresponds to E-UTRA CA configurations and bandwidth combination sets defined in and Table 5.6A.1-2b for 4 DL CCs 
CA4_N2 corresponds to E-UTRA CA configurations and bandwidth combination sets defined in Table 5.6A.1-3 for 3 DL CCs.


Table 2.1-1: Bandwidth combinations for all the existing Rel-14 4CC FDD CA configurations

	E-UTRA CA Configuration
	CA Capability
	CA Type
	Largest bandwidth combinations
	Total BW

	CA_1A-1A-3C
	CA4_A2
	FDD CA
	4x20
	80

	CA_1A-1A-3A-5A
	CA4_A3
	FDD CA
	10+3x20
	70

	CA_1A-3C-5A
	CA4_A3
	FDD CA
	10+3x20
	70

	CA_1A-3A-5A-7A
	CA4_A4
	FDD CA
	10+3x20
	70

	CA_1A-3A-7A-7A
	CA4_A3
	FDD CA
	4x20
	80

	CA_1A-3A-7C
	CA4_A3
	FDD CA
	4x20
	80

	CA_1A-3C-7A
	CA4_A3
	FDD CA
	4x20
	80

	CA_1A-3A-7A-20A
	CA4_A4
	FDD CA
	4x20
	80

	CA_1A-3A-7A-26A
	CA4_A4
	FDD CA
	15+3x20
	75

	CA_1A-3A-7A-28A
	CA4_A4
	FDD CA
	4x20
	80

	CA_1A-3A-8A-11A
	CA4_A4
	FDD CA
	2x10+2x20
	60

	CA_1A-3A-3A-8A
	CA4_A3
	FDD CA
	10+3x20
	70

	CA_1A-3C-8A
	CA4_A3
	FDD CA
	10+3x20
	70

	CA_1A-3A-19A-21A
	CA4_A4
	FDD CA
	2x15+2x20
	70

	CA_1A-3A-20A-28A
	CA4_A4
	FDD CA
	4x20
	80

	CA_1A-3A-21A-28A
	CA4_A4
	FDD CA
	10+15+2x20
	65

	CA_1A-1A-3A-28A
	CA4_A3
	FDD CA
	4x20
	80

	CA_1A-3C-28A
	CA4_A3
	FDD CA
	4x20
	80

	CA_1A-5A-7A-7A
	CA4_A3
	FDD CA
	10+3x20
	70

	CA_1A-7A-20A-28A
	CA4_A4
	FDD CA
	4x20
	80

	CA_1A-7A-7A-26A
	CA4_A3
	FDD CA
	15+3x20
	75

	CA_2A-2A-5A-30A
	CA4_A3
	FDD CA
	2x10+2x20
	60

	CA_2A-2A-5A-66A
	CA4_A3
	FDD CA
	10+3x20
	70

	CA_2A-2A-12A-12A
	CA4_A2
	FDD CA
	2x5+2x20
	50

	CA_2A-2A-12A-30A
	CA4_A3
	FDD CA
	2x10+2x20
	60

	CA_2A-2A-12A-66A
	CA4_A3
	FDD CA
	10+3x20
	70

	CA_2A-2A-13A-66A
	CA4_A3
	FDD CA
	10+3x20
	70

	CA_2A-2A-29A-30A
	CA4_A3
	FDD CA
	2x10+2x20
	60

	CA_2A-2A-30A-66A
	CA4_A3
	FDD CA
	10+3x20
	70

	CA_2A-66A-66C
	CA4_A2
	FDD CA
	4x20
	80

	CA_2A-66A-66B
	CA4_A2
	FDD CA
	2x10+2x20
	60

	CA_2A-2A-66A-66A
	CA4_A2
	FDD CA
	4x20
	80

	CA_2A-2A-66B
	CA4_A2
	FDD CA
	2x10+2x20
	60

	CA_2A-2A-66C
	CA4_A2
	FDD CA
	4x20
	80

	CA_2A-66D
	CA4_A2
	FDD CA
	4x20
	80

	CA_2A-4A-5B
	CA4_A3
	FDD CA
	2x10+2x20
	60

	CA_2A-4A-7A-7A
	CA4_A3
	FDD CA
	4x20
	80

	CA_2A-4A-7C
	CA4_A3
	FDD CA
	4x20
	80

	CA_2A-4A-12A-12A
	CA4_A3
	FDD CA
	2x5+2x20
	50

	CA_2A-4A-12B
	CA4_A3
	FDD CA
	5+10+2x20
	55

	CA_2C-5B
	CA4_A2
	FDD CA
	2x10+2x20
	60

	CA_2A-5A-12A-12A
	CA4_A3
	FDD CA
	2x5+10+20
	40

	CA_2A-5A-12A-66A
	CA4_A4
	FDD CA
	2x10+2x20
	60

	CA_2A-5B-30A
	CA4_A3
	FDD CA
	3x10+20
	50

	CA_2A-5A-30A-66A
	CA4_A4
	FDD CA
	2x10+2x20
	60

	CA_2A-5B-66A
	CA4_A3
	FDD CA
	2x10+2x20
	60

	CA_2A-5A-66A-66A
	CA4_A3
	FDD CA
	10+3x20
	70

	CA_2A-5A-66B
	CA4_A3
	FDD CA
	3x10+20
	50

	CA_2A-5A-66C
	CA4_A3
	FDD CA
	10+3x20
	70

	CA_2A-12A-30A-66A
	CA4_A4
	FDD CA
	2x10+2x20
	60

	CA_2A-12A-66A-66A
	CA4_A3
	FDD CA
	10+3x20
	70

	CA_2A-12A-66C
	CA4_A3
	FDD CA
	10+3x20
	70

	CA_2A-12B-66A
	CA4_A3
	FDD CA
	5+10+2x20
	55

	CA_2A-13A-66B
	CA4_A3
	FDD CA
	3x10+20
	50

	CA_2A-13A-66A-66A
	CA4_A3
	FDD CA
	10+3x20
	70

	CA_2A-13A-66C
	CA4_A3
	FDD CA
	10+3x20
	70

	CA_2A-30A-66A-66A
	CA4_A3
	FDD CA
	10+3x20
	70

	CA-3A-3A-7A-8A BCS0
	CA4_A3
	FDD CA
	10+3x20
	70

	CA-3A-3A-7A-8A BCS1
	CA4_A3
	FDD CA
	2x10+2x20
	60

	CA-3A-3A-7A-7A BCS0
	CA4_A2
	FDD CA
	4x20
	80

	CA-3A-3A-7A-7A BCS1
	CA4_A2
	FDD CA
	2x10+2x20
	60

	CA_3C-7A-20A
	CA4_A3
	FDD CA
	4x20
	80

	CA_3A-7A-20A-28A
	CA4_A4
	FDD CA
	4x20
	80

	CA_3A-7A-20A-32A
	CA4_A4
	FDD CA
	4x20
	80

	CA_3A-7A-7A-26A
	CA4_A3
	FDD CA
	15+3x20
	75

	CA_3C-7C
	CA4_A2
	FDD CA
	4x20
	80

	CA_4A-4A-12B
	CA4_A2
	FDD CA
	5+10+2x20
	55

	CA_4A-4A-5B
	CA4_A2
	FDD CA
	2x10+2x20
	60

	CA_4A-4A-12A-12A
	CA4_A2
	FDD CA
	2x5+2x20
	50

	CA_4A-5A-12A-12A
	CA4_A3
	FDD CA
	2x5+10+20
	40

	CA_4A-5A-12B
	CA4_A3
	FDD CA
	5+2x10+20
	45

	CA_4A-5B-30A
	CA4_A3
	FDD CA
	3x10+20
	50

	CA_5A-30A-66A-66A
	CA4_A3
	FDD CA
	2x10+2x20
	60

	CA_5B-30A-66A
	CA4_A3
	FDD CA
	3x10+20
	50

	CA_5A-66D
	CA4_A2
	FDD CA
	10+3x20
	70

	CA_5A-66A-66C
	CA4_A2
	FDD CA
	10+3x20
	70

	CA_5A-66A-66B
	CA4_A2
	FDD CA
	3x10+20
	50

	CA_5A-5A-66B
	CA4_A2
	FDD CA
	4x10
	40

	CA_5A-5A-66A-66A
	CA4_A2
	FDD CA
	2x10+2x20
	60

	CA_5A-5A-66C
	CA4_A2
	FDD CA
	2x10+2x20
	60

	CA_5B-66A-66A
	CA4_A2
	FDD CA
	2x10+2x20
	60

	CA_5B-66B
	CA4_A2
	FDD CA
	4x10
	40

	CA_5B-66C
	CA4_A2
	FDD CA
	2x10+2x20
	60

	CA_12A-30A-66A-66A
	CA4_A3
	FDD CA
	2x10+2x20
	60

	CA_12B-66A-66A
	CA4_A2
	FDD CA
	5+10+2x20
	55

	CA_13A-66D
	CA4_A2
	FDD CA
	10+3x20
	70

	CA_13A-66A-66C
	CA4_A2
	FDD CA
	10+3x20
	70

	CA_13A-66A-66B
	CA4_A2
	FDD CA
	3x10+20
	50


2.2 TDD CA Largest supported aggregated bandwidth
In Table 2.2-1 we list the aggregated bandwidth combinations for all Rel-14 4CC TDD CA configurations as per [2, 3]. From the list, we can know the different largest bandwidths are 80MHz and 75MHz, the corresponding bandwidth combinations are 5x20MHz and 15+3x20MHz. The related performances for 4DL CC TDD CA with 5x20MHz and 15+3x20MHz bandwidth combination have been defined, no updates are needed.
Table 2.2-1: Bandwidth combinations for all the existing Rel-14 4CC TDD CA configurations
	E-UTRA CA Configuration
	CA Capability
	CA Type
	Largest bandwidth combinations
	Total BW

	CA_39C-40C
	CA4_A2
	TDD CA
	15+3x20
	75

	CA_39A-40D
	CA4_A2
	TDD CA
	4x20
	80

	CA_39C-42C
	CA4_A2
	TDD CA
	15+3x20
	75

	CA_39A-42D
	CA4_A2
	TDD CA
	4x20
	80

	CA_40C-42C
	CA4_A2
	TDD CA
	4x20
	80

	CA_41A-42D
	CA4_A2
	TDD CA
	4x20
	80

	CA_41D-42A
	CA4_A2
	TDD CA
	4x20
	80


2.3 TDD-FDD CA Largest supported aggregated bandwidth
In Table 2.3-1 we list the aggregated bandwidth combinations for all Rel-14 4CC TDD-FDD CA configurations as per [2, 3]. From the list, we can know the different largest bandwidths are 80MHz, 75MHz, 70MHz, 65MHz, 60MHz and 55MHz, the corresponding bandwidth combinations are:

[3x20(FDD)+20(TDD)MHz, 2x20(FDD)+2x20(TDD)MHz, 20(FDD)+3x20(TDD)],
[15+2x20(FDD)+20(TDD)MHz, 15+20(FDD)+2x20(TDD)MHz],
[10(FDD)+3x20(TDD)MHz, 10+20(FDD)+2x20(TDD)MHz, 10+2x20(FDD)+20(TDD)MHz, 2x15+20(FDD)+20(TDD)], 
[10+15+20(FDD)+20(TDD)MHz, 10+15(FDD)+2x20(TDD)MHz],
2x10(FDD)+2x20(TDD)MHz,
2x10(FDD)+15+20(TDD)
Performances for 4CC TDD-FDD CA with bandwidth combination of 2x20(FDD)+2x20(TDD)MHz, 20(FDD)+3x20(TDD), 15+2x20(FDD)+20(TDD)MHz, 15+20(FDD)+2x20(TDD)MHz, 10+2x20(FDD)+20(TDD)MHz and 2x15+20(FDD)+20(TDD) which are green highlighted have been defined, but no performances for all other bandwidth combination are introduced so far, so we propose:
· Proposal 2: Specify the 3x20(FDD)+20(TDD)MHz, 10(FDD)+3x20(TDD)MHz, 10+20(FDD)+2x20(TDD)MHz, 10+15+20(FDD)+20(TDD)MHz, 10+15(FDD)+2x20(TDD)MHz, 2x10(FDD)+2x20(TDD)MHz and 2x10(FDD)+15+20(TDD) test cases for 4CC TDD-FDD CA.
Table 2.3-1: Bandwidth combinations for all the existing Rel-14 4CC TDD-FDD CA configurations
	E-UTRA CA Configuration
	CA Capability
	CA Type
	Largest bandwidth combinations
	Total BW

	CA_1A-3A-5A-41A
	CA4_A4
	TDD-FDD CA
	10+2x20(FDD)+20(TDD)
	70

	CA_1A-3A-7A-40A
	CA4_A4
	TDD-FDD CA
	3x20(FDD)+20(TDD)
	80

	CA_1A-3A-7A-42A
	CA4_A4
	TDD-FDD CA
	3x20(FDD)+20(TDD)
	80

	CA_1A-3A-20A-42A
	CA4_A4
	TDD-FDD CA
	3x20(FDD)+20(TDD)
	80

	CA_1A-3A-21A-42A
	CA4_A4
	TDD-FDD CA
	15+2x20(FDD)+20(TDD)
	75

	CA_1A-3A-28A-42A
	CA4_A4
	TDD-FDD CA
	10+2x20(FDD)+20(TDD)
	70

	CA_1A-3C-40A
	CA4_A3
	TDD-FDD CA
	3x20(FDD)+20(TDD)
	80

	CA_1A-3A-40C
	CA4_A3
	TDD-FDD CA
	2x20(FDD)+2x20(TDD)
	80

	CA_1A-7A-20A-42A
	CA4_A4
	TDD-FDD CA
	3x20(FDD)+20(TDD)
	80

	CA_1A-21A-28A-42A
	CA4_A4
	TDD-FDD CA
	10+15+20(FDD)+20(TDD)
	65

	CA_1A-28A-42C
	CA4_A3
	TDD-FDD CA
	10+20(FDD)+2x20(TDD)
	70

	CA_1A-41A-42C
	CA4_A3
	TDD-FDD CA
	20(FDD)+3x20(TDD)
	80

	CA_1A-41C-42A
	CA4_A3
	TDD-FDD CA
	20(FDD)+3x20(TDD)
	80

	CA_2A-48A-48A-66A
	CA4_A3
	TDD-FDD CA
	2x20(FDD)+2x20(TDD)
	80

	CA_2A-48C-66A
	CA4_A3
	TDD-FDD CA
	2x20(FDD)+2x20(TDD)
	80

	CA_3A-5A-40A-40A
	CA4_A3
	TDD-FDD CA
	2x10(FDD)+2x20(TDD)
	60

	CA_3A-7A-20A-42A
	CA4_A4
	TDD-FDD CA
	3x20(FDD)+20(TDD)
	80

	CA_3A-7A-40C
	CA4_A3
	TDD-FDD CA
	2x20(FDD)+2x20(TDD)
	80

	CA_3A-19A-21A-42A
	CA4_A4
	TDD-FDD CA
	2x15+20(FDD)+20(TDD)
	70

	CA_3A-21A-42C
	CA4_A3
	TDD-FDD CA
	15+20(FDD)+2x20(TDD)
	75

	CA_3A-28A-41C
	CA4_A3
	TDD-FDD CA
	2x20(FDD)+2x20(TDD)
	80

	CA_3A-28A-41A-42A
	CA4_A4
	TDD-FDD CA
	10+20(FDD)+2X20(TDD)
	70

	CA_3A-28A-42C
	CA4_A3
	TDD-FDD CA
	10+20(FDD)+2X20(TDD)
	70

	CA_3A-40D
	CA4_A2
	TDD-FDD CA
	20(FDD)+3x20(TDD)
	80

	CA_3C-40C
	CA4_A2
	TDD-FDD CA
	2x20(FDD)+2x20(TDD)
	80

	CA_3A-41D
	CA4_A2
	TDD-FDD CA
	20(FDD)+3x20(TDD)
	80

	CA_3C-41C
	CA4_A2
	TDD-FDD CA
	2x20(FDD)+2x20(TDD)
	80

	CA_3A-41A-42C
	CA4_A3
	TDD-FDD CA
	20(FDD)+3x20(TDD)
	80

	CA_3A-41C-42A
	CA4_A3
	TDD-FDD CA
	20(FDD)+3x20(TDD)
	80

	CA_8B-39C
	CA4_A2
	TDD-FDD CA
	2x10(FDD)+15+20(TDD)
	55

	CA_8A-41D
	CA4_A2
	TDD-FDD CA
	10(FDD)+3x20(TDD)
	70

	CA_8B-41C
	CA4_A2
	TDD-FDD CA
	2x10(FDD)+2x20(TDD)
	60

	CA_21A-28A-42C
	CA4_A3
	TDD-FDD CA
	10+15(FDD)+2x20(TDD)
	65

	CA_28A-41A-42C
	CA4_A3
	TDD-FDD CA
	10(FDD)+3x20(TDD)
	70

	CA_28A-41C-42A
	CA4_A3
	TDD-FDD CA
	10(FDD)+3x20(TDD)
	70

	CA_48A-48C-66A
	CA4_A2
	TDD-FDD CA
	20(FDD)+3x20(TDD)
	80

	CA_48D-66A
	CA4_A2
	TDD-FDD CA
	20(FDD)+3x20(TDD)
	80


2.4 Test cases
Using the per CC specification structure introduced by the WI of LTE_CA_Mult-Perf, and the existing performance requirements, the following test cases need to be updated by adding the above proposed new 4CC FDD/TDD/TDD-FDD CA test cases:
· Proposal 3: The following 4CC CA demodulation performance requirements need to be updated to include those proposed new 4CC FDD/TDD/TDD-FDD CA test cases:
· The normal CA test cases, i.e., TM1, TM3 and TM4 CA tests with the largest supported bandwidth combinations, i.e. section 8.2.1 for FDD CA and 8.2.3 for TDD-FDD CA;

· The new SDR test cases with the largest supported bandwidth combinations, for which the 64QAM SDR tests as well as 256QAM SDR tests should be introduced, and the similar coding rate for the reference channel and the similar reference level for the test metric as those in the existing CA SDR tests will be reused;
· The normal CA test cases for 4Rx. By following the same logic for 2Rx, the similar test cases needs to introduced for 4Rx CA test;

· The new CQI test cases, for which the similar test setup as that for the existing CA CQI test cases will be reused, including three power levels and the test metric (delta-CQI).
3 Conclusions

In this contribution, we follow the agreed principle to design the CA demodulation performance requirements in Rel-14 and re-check the test coverage of the existing 4CC FDD/TDD CA demodulation performance requirements. Based on our analysis, we have the following proposals.

· Proposal 1: Specify the 15+3x20MHz, 2x15+2x20MHz, 10+15+2x20MHz, 2x5+2x20MHz, 3x10+20MHz, 2x5+10+20MHz and 4x10MHz bandwidth test cases for 4CC FDD CA.
· Proposal 2: Specify the 3x20(FDD)+20(TDD)MHz, 10(FDD)+3x20(TDD)MHz, 10+20(FDD)+2x20(TDD)MHz, 10+15+20(FDD)+20(TDD)MHz, 10+15(FDD)+2x20(TDD)MHz, 2x10(FDD)+2x20(TDD)MHz and 2x10(FDD)+15+20(TDD) test cases for 4CC TDD-FDD CA.
· Proposal 3: The following 4CC CA demodulation performance requirements need to be updated to include those proposed new 4CC FDD/TDD/TDD-FDD CA test cases:
· The normal CA test cases, i.e., TM1, TM3 and TM4 CA tests with the largest supported bandwidth combinations, i.e. section 8.2.1 for FDD CA and 8.2.3 for TDD-FDD CA;

· The new SDR test cases with the largest supported bandwidth combinations, for which the 64QAM SDR tests as well as 256QAM SDR tests should be introduced, and the similar coding rate for the reference channel and the similar reference level for the test metric as those in the existing CA SDR tests will be reused;

· The normal CA test cases for 4Rx. By following the same logic for 2Rx, the similar test cases needs to introduced for 4Rx CA test;

· The new CQI test cases, for which the similar test setup as that for the existing CA CQI test cases will be reused, including three power levels and the test metric (delta-CQI).
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