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1   Background
During RAN4#80Bis, extension of LAA requirement to up to 4DL LAA SCells was brought out, and many issues were figured out, such as the extension method, test applicability, release independence, signal model for multiple LAA SCells, SDR test etc.,:

In this contribution, we share our view on those issues.

2   Discussion
During RAN4#80Bis meeting, two options are discussed:

· Option 1: Performance requirements are defined for one license carrier and multiple unlicensed carriers (from 2 to 4)

· Option 2: Performance requirements are defined for multiple license carrier(s) and multiple unlicensed carriers. 

We analyze the pros and cons for each option in the following sections.
2.1   Extension method option 1
For option 1, it is the easiest way to extend, and the multiple unlicensed carriers are the test focus during test, because multiple licensed carriers are already covered in the legacy CA test, we do not need to reproduce the test for them. In such case, we can select the largest number of unlicensed carriers supported by UE and then the supported largest aggregated bandwidth during the test if UE support more than 2 unlicensed carriers. 
Table 2.1-1: LAA band combinations for 1 licensed band

	Licensed CC number
	 Unlicensed CC number
	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 needs to add the corresponding bandwidth aggregation for LAA as per one licensed carrier basis and 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 support more than 2 unlicensed carriers”. The specific specification will look like the following, and total 12 test cases need to be defined for up to 4 unlicensed carrier. In the future, maybe 1.4MHz, 5MHz and 25MHz bandwidth are introduced for LAA licensed carrier, there will be total 24 test cases at most. 
Table 8.3.3.1.1-5: 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 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	2
	15+20
	15
	20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	3
	10+20
	10
	20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥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 8.3.3.1.1-3 for PCell and apply a per-CC requirement defined in Table 8.3.3.1.1-4 for LAA SCell.


Table 8.3.3.1.1-6: 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 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	2
	15+2x20
	15
	2x20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	3
	10+2x20
	10
	2x20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥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 8.3.3.1.1-3 for PCell and apply a per-CC requirement defined in Table 8.3.3.1.1-4 for LAA SCell.


Table 8.3.3.1.1-7: 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 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	2
	15+3x20
	15
	3x20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	3
	10+3x20
	10
	3x20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥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 8.3.3.1.1-3 for PCell and apply a per-CC requirement defined in Table 8.3.3.1.1-4 for LAA SCell.


Table 8.3.3.1.1-8: 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 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	2
	15+4x20
	15
	4x20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	3
	10+4x20
	10
	4x20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥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 8.3.3.1.1-3 for PCell and apply a per-CC requirement defined in Table 8.3.3.1.1-4 for LAA SCell.


So by adopting option 1, RAN4 just needs to specify the related test applicability and directly add the performance requirements as above, and no more work is needed currently. But with LAA unlicensed carriers band combinations with more and more licensed carriers, there will be larger number of CCs with LAA band supported by UE to support beyond 5CCs, how to test those UEs? Option 1 cannot solve this issue from a long term point of view.
2.2   Extension method option 2
If we use option 2 for LAA extension for more than 2 unlicensed carriers, then as per those defined LAA related band combinations, currently, there are the following band combination types:
Table 2.2-1: 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


Currently there are 6 LAA band combination types with multiple licensed carriers defined by RAN4. In the future, more and more licensed CCs and unlicensed CCs are introduced to support eCA for more than 5 CCs, there will be huge number of test case, if we mix LAA and CA test together, it will be hard to fully test UE with supported more number of licensed CCs plus unlicensed CCs than supported number of licensed CCs, from this point, we would like to separate the legacy CA and LAA test, but follow the similar test principle for legacy CA to consider LAA test principle.
For unlicensed CC, we can only consider 20MHz bandwidth assuming the largest aggregated bandwidth to be tested. For licensed CC, if we check those defined band combination for LAA in Table 5.6A.1-2 of TS 36.101, those updated WID for 3DL/4DL/5 DL baskets WI[3][4][5][6], we can get the corresponding licensed bandwidths with LAA band as below: 
Table 2.2-2: 2(licensed CC) + 1(unlicensed CC) cases for LAA band combinations
	CA combination
	BCS
	Largest channel bandwidths for licensed carrier [MHz]
	Largest channel bandwidths for licensed carrier [MHz]

	CA_8B-46A
	0
	10
	10

	CA_39C-46A
	0
	20
	15

	CA_40C-46A
	0
	20
	20

	CA_1A-3A-46A
	0
	20
	20

	CA_1A-5A-46A
	0
	20
	10

	CA_1A-7A-46A
	0
	20
	20

	CA_1A-8A-46A
	0
	20
	10

	CA_1A-28A-46A
	0
	20
	20

	CA_1A-40A-46A
	0
	20
	20

	CA_1A-41A-46A
	0
	20
	20

	CA_3A-8A-46A
	0
	20
	10

	CA_3A-28A-46A
	0
	20
	20

	CA_3A-40A-46A
	0
	20
	20

	CA_3A-41A-46A
	0
	20
	20

	CA_5A-7A-46A
	0
	10
	20

	CA_8A-28A-46A
	0
	10
	20

	CA_8A-40A-46A
	0
	10
	20

	CA_8A-41A-46A
	0
	10
	20

	CA_28A-40A-46A
	0
	20
	20

	CA_28A-41A-46A
	0
	20
	20

	CA_40A-41A-46A
	0
	20
	20


As per the largest aggregated bandwidth, there are total 4 bandwidth combinations for licensed two CCs: 10+10, 10+20, 15+20 and 20+20, and the performance requirements will look likes:
Table 8.3.3.1.1-x: Minimum performance (FRC) based on single carrier performance for CA with two licensed CC and one LAA SCell 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	Licensed CCs
	LAA SCell
	
	

	1
	2x10+20
	2x10
	20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	2
	10+20+20
	10+20
	20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	3
	15+20+20
	15+20
	20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	4
	2x20+20
	2x20
	20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥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 8.3.3.1.1-3 for PCell and apply a per-CC requirement defined in Table 8.3.3.1.1-4 for LAA SCell.


Table 2.2-3: 2(licensed CC) + 2(unlicensed CC) cases for LAA band combinations
	CA combination
	Largest channel bandwidths for licensed carrier [MHz]
	Largest channel bandwidths for licensed carrier [MHz]

	CA_1A-5A-46C
	20
	10

	CA_1A-7A-46C
	20
	20

	CA_5A-7A-46C
	10
	20

	CA_8B-46C
	10
	10

	CA_39C-46C
	15
	20

	CA_40C-46C
	20
	20


As per the largest aggregated bandwidth, there are total 4 bandwidth combinations for licensed two CCs: 10+10, 10+20, 15+20 and 20+20 and the performance requirements will look likes:
Table 8.3.3.1.1-x: Minimum performance (FRC) based on single carrier performance for CA with three licensed CC and two LAA SCells
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	Licensed CCs
	LAA SCell
	
	

	1
	2x10+2x20
	2x10
	2x20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	2
	10+20+2x20
	10+20
	2x20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	3
	15+20+2x20
	15+20
	2x20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	4
	2x20+2x20
	2x20
	2x20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥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 8.3.3.1.1-3 for PCell and apply a per-CC requirement defined in Table 8.3.3.1.1-4 for LAA SCell.


Table 2.2-4: 2(licensed CC) + 3(unlicensed CC) cases for LAA band combinations
	CA combination
	Largest channel bandwidths for licensed carrier [MHz]
	Largest channel bandwidths for licensed carrier [MHz]

	CA_1A-5A-46D
	20
	10

	CA_1A-7A-46D
	20
	20

	CA_5A-7A-46D
	10
	20

	CA_8B-46D
	10
	10

	CA_39C-46D
	20
	15

	CA_40C-46D
	20
	20


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

	
	Total
	Licensed CCs
	LAA SCell
	
	

	1
	2x10+3x20
	2x10
	3x20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	2
	10+20+3x20
	10+20
	3x20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	3
	15+20+3x20
	15+20
	3x20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥5

	4
	2x20+3x20
	2x20
	3x20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥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 8.3.3.1.1-3 for PCell and apply a per-CC requirement defined in Table 8.3.3.1.1-4 for LAA SCell.


Table 2.2-5: 3licensed CC) + 1(unlicensed CC) cases for LAA band combinations
	CA combination
	Largest channel bandwidths for licensed carrier [MHz]
	Largest channel bandwidths for licensed carrier [MHz]
	Largest channel bandwidths for licensed carrier [MHz]

	CA_1A-5A-7A-46A
	20
	10
	10


Table 8.3.3.1.1-x: Minimum performance (FRC) based on single carrier performance for CA with three licensed CC and one LAA SCell 
	Test number
	Aggregated Bandwidth (MHz)
	Minimum performance requirement (Note 2)
	UE Category

	
	Total
	Licensed CCs
	LAA SCell
	
	

	1
	20+2x10+20
	20+2x10
	20
	As defined in Table 8.3.3.1.1-3 and Table 8.3.3.1.1-4
	≥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 8.3.3.1.1-3 for PCell and apply a per-CC requirement defined in Table 8.3.3.1.1-4 for LAA SCell.


Table 2.2-6 3licensed CC) + 2unlicensed CC) cases for LAA band combinations
	CA combination
	Largest channel bandwidths for licensed carrier [MHz]
	Largest channel bandwidths for licensed carrier [MHz]
	Largest channel bandwidths for licensed carrier [MHz]

	CA_1A-5A-7A-46C
	20
	10
	20


From the above analysis, we can know all the work for LAA demodulation requirements is about the licensed CCs with diff
erent bandwidth combination, it is same as the legacy CA performance requirements.

Currently for LAA SCell, whether one single carrier type with 46A or other contiguous CA types for CA_46C, CA_46D and CA_46E, the largest supported bandwidth is 20MHz, so for LAA SCell, we only need to consider 20MHz bandwidth. 
So for option1 and option 2, the unlicensed CCs handling is same, we just use the existing LAA SCell 20MHz BW performance requirements according to the per-CC method. For licensed CCs with different bandwidth combinations, we also can use those existing legacy CA performance requirements and test applicability by following the per-CC method. But considering more and more CCs introduction for band combinations, to support more than 5CCs, one UE maybe support more number of CCs including licensed CCs and unlicensed CCs than the number of only supported licensed CCs, the current CA tests cannot cover such case, then option 2 is more feasible and extensible.
From the analysis about option 1 and option 2, we give our proposals:
Proposal 1: Separate legacy CA and LAA demodulation performance and adopt option 2 for the extension of more than 2CCs for LAA demodulation requirements;
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Proposal 2: Use the largest aggregated bandwidth of all supported CC including licensed and unlicensed CCs for demodulation and SDR test, as the formula stated: 
If we adopt the same methodology as legacy CA, RAN4 RF already defined many release independent LAA band combinations in TR 36.714-x series specifications, LAA demodulation performances shall follow the same principle and should be release independent.
Proposal 3: Demodulation performances for different LAA band combinations should be release independent as per the definition in TR 36.714-x series specifications.

3   Proposals
In this contribution, we analyses the different LAA band combination and possible demodulation performance definitions,  and our proposals are:

Proposal 1: Separate legacy CA and LAA demodulation performance and adopts option 2 for the extension of more than 2CCs for LAA demodulation requirements;

[image: image2.wmf]1

0

   : number of CCs including both licens

ed and unlicensed CC

  B : bandwidth of CC

N

aggi

i

ii

BWB

N

-

=

=

å

Proposal 2: Use the largest aggregated bandwidth of all supported CC including licensed and unlicensed CCs for demodulation and SDR test, as the formula stated: 

Proposal 3: Demodulation performances for different LAA band combinations should be release independent as per the definition in TR 36.714-x series specifications.
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