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1   Background
During RAN4#81, extension of LAA demodulation requirement to multiple LAA SCells was discussed, WF R4-1610639 was agreed still with two options:
· Option 1: Performance requirements are defined for one CC in licensed band and multiple CCs in unlicensed band(s) 

· Option 2: Performance requirements are defined for multiple CCs in licensed band(s) and multiple CCs in unlicensed band(s)
In this contribution, we further share our view on LAA demodulation requirements extension.

2   Discussion
LAA is a kind of Carrier aggregation with at least one SCell operating in the unlicensed spectrum. If we look at the current CA demodulation performance requirements definitions in TS 36.101 section 8, there are CA performance requirements defined for 2DL CCs to 5DL CCs. For LAA extension, there is the following LAA band combination types defined so far:
Table 2-1: LAA band combination types

	Licensed CC number
	 Unlicensed CC number
	Example

	1
	1
	CA_1A-46A

	
	2
	CA_1A-46C

	
	3
	CA_1A-46D

	
	4
	CA_1A-46E

	2
	1
	CA_1A-3A-46A, CA_8B-46A, CA_39C-46A

	
	2
	CA_40C-46C

	
	3
	CA_1A-7A-46D

	3
	1
	CA_40D-46A

	
	2
	CA_1A-5A-7A-46C

	4
	1
	N/A


For UE supporting the normal CA or LAA, the handling capability for band combination is same, i.e. by following CA structure. But as we discussed in LAA feature testing, there are performance verifications for detection of LBT burst, AGC, timing and frequency tracking, and demodulation on partial subframes for LAA. From LAA feature test point of view, besides the LAA single carrier test, we also need to verify those LAA specific features under LAA aggregation mode, like did for CA, so the performance requirements for LAA extension need to be defined. To avoid the duplicated carrier aggregation performance verification on licensed CCs, also we think that RAN4 should focus on the LAA SCell performance verification, i.e. we support Option 1 for the LAA extension performance requirements. Also we propose to follow the applicability and test rules defined for CA in section 8.1.2.3 of TS 36.101: select any one of the supported CA configurations with the largest aggregated CA bandwidth combinations.
Proposal 1: Performance requirements are defined for one CC in licensed band and multiple CCs in unlicensed band(s)
Proposal 2: Select any one of the supported CA configurations with the largest aggregated CA bandwidth combinations.
2.1   Test cases
Currently, RAN4 RF defined the following band combination types for LAA with one licensed CC. For UE supports more than one unlicensed CCs in LAA band combinations, we just need to select the largest number of unlicensed carriers supported by UE and then the supported largest aggregated bandwidth. 
Table 2.1-1: LAA band combinations for 1 licensed band

	Number of licensed CC
	 Number of unlicensed CC
	Example

	1
	1
	CA_1A-46A

	
	2
	CA_1A-46C

	
	3
	CA_1A-46D

	
	4
	CA_1A-46E


From the latest revised WID for 2DL/1UL[3], 3DL/1UL[4], 3DL/1UL[5] and 4DL/1UL[6], we can know that RAN4 RF already defined the following LAA related band combinations for 1 licensed CC, we also list the largest channel bandwidth for licensed carrier:
Table 2.1-2: 1(licensed CC) + 1(unlicensed CC) cases for LAA band combinations
	CA combination
	Largest channel bandwidths for licensed carrier [MHz]

	CA_1A-46A
	20

	CA_3A-46A
	20

	CA_5A-46A
	10

	CA_7A-46A
	20

	CA_8A-46A
	10

	CA_11A-46A
	10

	CA_13A-46A
	10

	CA_19A-46A
	15

	CA_21A-46A
	15

	CA_26A-46A
	10

	CA_28A-46A
	20

	CA_39A-46A
	20

	CA_40A-46A
	20

	CA_41A-46A
	20

	CA_46A-66A
	20


Table 2.1-3: 1(licensed CC) + 2(unlicensed CC) cases for LAA band combinations
	CA combination
	BCS
	Largest channel bandwidths for licensed carrier [MHz]

	CA_1A-46C
	0, 1
	20

	CA_2A-46C
	0
	20

	CA_2A-46A-46A
	0
	20

	CA_3A-46C
	0, 1
	20

	CA_4A-46C
	0
	20

	CA_4A-46A-46A
	0
	20

	CA_5A-46C
	0, 1
	10

	CA_7A-46C
	0
	20

	CA_8A-46C
	0
	10

	CA_11A-46C
	0
	10

	CA_13A-46C
	0
	10

	CA_19A-46C
	0
	15

	CA_21A-46C
	0
	15

	CA_28A-46C
	0
	20

	CA_39A-46C
	0
	20

	CA_40A-46C
	0,1
	20

	CA_46C-66A
	0
	20

	CA_46A-46A-66A
	0
	20


Table 2.1-4: 1(licensed CC) + 3(unlicensed CC) cases for LAA band combinations
	CA combination
	Largest channel bandwidths for licensed carrier [MHz]

	CA_1A-46D
	20

	CA_2A-46A-46C
	20

	CA_2A-46D
	20

	CA_3A-46D
	20

	CA_4A-46A-46C
	20

	CA_4A-46D
	20

	CA_5A-46D
	10

	CA_7A-46D
	20

	CA_8A-46D
	10

	CA_11A-46D
	10

	CA_13A-46D
	10

	CA_19A-46D
	15

	CA_21A-46D
	15

	CA_28A-46D
	20

	CA_39A-46D
	20

	CA_40A-46D
	20

	CA_46A-46C-66A
	20

	CA_46D-66A
	20


Table 2.1-5: 1(licensed CC) + 4(unlicensed CC) cases for LAA band combinations
	CA combination
	Largest channel bandwidths for licensed carrier [MHz]

	CA_1A-46E
	20

	CA_3A-46E
	20

	CA_5A-46E
	10

	CA_7A-46E
	20

	CA_8A-46E
	10

	CA_11A-46E
	10

	CA_13A-46E
	10

	CA_19A-46E
	15

	CA_21A-46E
	15

	CA_28A-46E
	20

	CA_39A-46E
	20

	CA_40A-46E
	20

	CA_46E-66A
	20

	CA_46A-46D-66A
	20


From the above listed LAA band combinations with 1 licensed carrier, the supported largest bandwidth for licensed carrier for LAA aggregation is 10MHz, 15MHz and 20MHz, so RAN4 can add the corresponding bandwidth aggregation for LAA as per one licensed carrier basis and the test applicability statements of “select the largest number of unlicensed carriers supported by UE and then the supported largest aggregated bandwidth during the test if UE supports multiple unlicensed carriers”. e.g. the specific specification will look like as following, for the details, please refer to the corresponding CR. Total 12 test cases need to be defined for up to 4 unlicensed carrier. In the future, maybe1.4MHz, 3MHz and 5MHz bandwidth are introduced for LAA licensed carrier, there will be total 24 test cases at most. 
Table 8.3.3.1.1-7: Minimum performance (FRC) based on single carrier performance for CA with one LAA SCell 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	PCell
	LAA SCell
	
	

	1
	2x20
	20
	20
	As defined in Table 8.3.3.1.1-5 and Table 8.3.3.1.1-6
	≥5

	2
	15+20
	15
	20
	As defined in Table 8.3.3.1.1-5 and Table 8.3.3.1.1-6
	≥5

	3
	10+20
	10
	20
	As defined in Table 8.3.3.1.1-5 and Table 8.3.3.1.1-6
	≥5

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

Note 2: 
Apply a per-CC requirement defined in Table 8.3.3.1.1-5 for PCell and apply a per-CC requirement defined in Table 8.3.3.1.1-6 for LAA SCell.


Table 8.3.3.1.1-8: Minimum performance (FRC) based on single carrier performance for CA with two LAA SCells 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	PCell
	LAA SCell
	
	

	1
	3x20
	20
	2x20
	As defined in Table 8.3.3.1.1-5 and Table 8.3.3.1.1-6
	≥5

	2
	15+2x20
	15
	2x20
	As defined in Table 8.3.3.1.1-5 and Table 8.3.3.1.1-6
	≥5

	3
	10+2x20
	10
	2x20
	As defined in Table 8.3.3.1.1-5 and Table 8.3.3.1.1-6
	≥5

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

Note 2: 
Apply a per-CC requirement defined in Table 8.3.3.1.1-5 for PCell and apply a per-CC requirement defined in Table 8.3.3.1.1-6 for LAA SCell.


Table 8.3.3.1.1-9: Minimum performance (FRC) based on single carrier performance for CA with three LAA SCells 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	PCell
	LAA SCell
	
	

	1
	4x20
	20
	3x20
	As defined in Table 8.3.3.1.1-5 and Table 8.3.3.1.1-6
	≥5

	2
	15+3x20
	15
	3x20
	As defined in Table 8.3.3.1.1-5 and Table 8.3.3.1.1-6
	≥5

	3
	10+3x20
	10
	3x20
	As defined in Table 8.3.3.1.1-5 and Table 8.3.3.1.1-6
	≥5

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

Note 2: 
Apply a per-CC requirement defined in Table 8.3.3.1.1-5 for PCell and apply a per-CC requirement defined in Table 8.3.3.1.1-6 for LAA SCell.


Table 8.3.3.1.1-10: Minimum performance (FRC) based on single carrier performance for CA with four LAA SCells 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	PCell
	LAA SCell
	
	

	1
	5x20
	20
	4x20
	As defined in Table 8.3.3.1.1-5 and Table 8.3.3.1.1-6
	≥5

	2
	15+4x20
	15
	4x20
	As defined in Table 8.3.3.1.1-5 and Table 8.3.3.1.1-6
	≥5

	3
	10+4x20
	10
	4x20
	As defined in Table 8.3.3.1.1-5 and Table 8.3.3.1.1-6
	≥5

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

Note 2: 
Apply a per-CC requirement defined in Table 8.3.3.1.1-5 for PCell and apply a per-CC requirement defined in Table 8.3.3.1.1-6 for LAA SCell.


So by adopting option 1, RAN4 just needs to specify the related test applicability and directly adds the performance requirements as shown above, and no more work is needed currently. For UEs supports more number of CCs with LAA bands than normal CA, UE handling more unlicensed CCs capability can be verified by related LAA SDR tests which RAN4 has agreed to define, RAN4 does not need to reproduce all possible licensed CCs plus unlicensed CC combinations to verify the unlicensed CCs performance, the LAA aggregation test with one licensed CC and the largest number of supported unlicensed CCs is enough to verify LAA SCell performance.
3   Proposals
In this contribution, we further shared our view about the LAA extension performance requirements definitions and our proposal is:

Proposal 1: Performance requirements are defined for one CC in licensed band and multiple CCs in unlicensed band(s)
Proposal 2: Select any one of the supported CA configurations with the largest aggregated CA bandwidth combinations.
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