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1. Introduction
In the 3GPP TSG RAN WG4 #72bis meeting, RAN4 agreed on rules for how to select test points inside the section 8/9 test cases. This is defined in TS. 36.101 section 8.1.2.3 as “The performance requirement for CA UE demodulation tests in clause 8 are independent of CA configuration and bandwidth combination sets”. This in turn implies that the CA band/configuration/bandwidth are independent and it is adequate to test it once, in one CA band (-combo), one BW and one CA type. 
This discussion paper is needed for RAN5 to come to a agreement and to ensure devices are getting tested with correct test points as per motivation from the core spec 36.101. This document covers test point selection for 2DL-CA. 3DL-CA is out of scope for this paper. 
2. Test Selection routine
The test selection rule is as follows,

· Test selection criterion1:All supported CA configuration to be tested 
· For CA TM3 demodulation test, tests will be applied to one CA configuration from each CA capability supported by UE
· All CA configuration to be tested that UE supports
· If UE supports inter band, intra-band contagious and Intra-band non-contagious, then it will be tested for all
· For FDD, one BW will selected based on UE support in the following order,
· 10+10
· 20+20
· 5+5
· 10+15
· For TDD, the highest aggregated BW will be picked
· Test selection criterion2: One CA configuration to be tested with highest aggregated BW
· For CA sustained data rate tests will be applied to one CA confirmation from one CA capability supported by UE
· One CA configuration to be tested that UE supports with highest aggregated BW supported by UE
· Test selection criterion3: One CA config to be tested with special BW selection criteria
· For all other (TM1,TM4,Soft buffer tests, CQI tests) CA performance tests will be applied to one CA configuration from one CA capability supported by UE
· One CA configuration to be tested that UE supports
· If the UE supports inter-band and intra-band contagious, then only one of this would be tested
· For FDD (except for sustained data rate test case), one BW will be selected based on the UE support in the following order
· 10+10
· 20+20
· 5+5
· 10+15
· For TDD, the highest aggregated BW will be picked
3. Coverage analysis

3.1
Test Selection Criterion1

CA TM3 demodulation tests will be applied to one CA configuration from each CA capability supported by UE 

3.1.1
8.2.1.3
Open-loop spatial multiplexing performance
36.101 defines the minimum performance criteria as below,

Table 8.2.1.3.1-4: Minimum performance Large Delay CDD (FRC) for CA
	Test num
	Bandwidth
	Reference channel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE category
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum

Throughput (%)
	SNR (dB)
	
	

	1

(Note 2)
	2x10 MHz
	R.11 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.7
	≥3
	CL_A-A

CL_B

	2

(Note 2)
	2x20 MHz
	R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.2
	≥5
	CL_C

	3
	2x5 MHz
	R.11-2 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	12.7
	≥2
	CL_B

	4
	10MHz+5MHz
	R.11 FDD for 10MHz CC, 
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.0
	≥3
	CL_A-A

	
	
	R.11-2 FDD for 5MHz CC
	OP.1 FDD (Note 1)
	
	
	70
	12.7
	
	

	Note 1:
The OCNG pattern applies for each CC.

Note 2:
Void

Note 3: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3.


As per R4-146810, each CA configuration will be tested for one BW. So, we will keep sections for Inter-band, Intra band-contagious and Intra band non-contagious separated as it is in the spec. 

Test requirement will for Intra band contagious 8.2.1.3.1_A.1 will look like below,

Table 8.2.1.3.1_A.1.5-1: Test Requirement Large Delay CDD (FRC)

	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-gory
	CA capa-bility

	
	
	
	
	
	
	Fraction of maximum

throughput (%)
	SNR (dB)
	
	

	1
	2x10 MHz
	R.11 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	14.6
	≥3
	CL_B

	1B
	2x20 MHz
	R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	14.1
	>=5
	CL_C

	1C
	2x5 MHz
	R.11-2 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	13.6
	≥2
	CL_B

	Note 1:
The OCNG pattern applies for each CC.


Test requirement will for Inter band 8.2.1.3.1_A.2 will be as below,

Table 8.2.1.3.1_A.2.5-1: Test Requirement Large Delay CDD (FRC)

	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propagation condition
	Correlation matrix and antenna config.
	Reference value
	UE cate-gory
	CA capa-bility

	
	
	
	
	
	
	Fraction of maximum

Throughput (%)
	SNR (dB)
	
	

	1
	2x10 MHz
	R.11 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	14.6
	≥3
	CL_B

	4
	10MHz+5MHz
	R.11 FDD for 10MHz CC,R.11-2 FDD for 5MHz CC
	OP.1 FDD
	EVA70
	2x2 Low
	70
	13.9/12.7
	≥3
	CL_B

	Note 1:
The OCNG pattern applies for each CC.


 Test requirement for Intra band non-contiguous 8.2.1.3.1_A.3 will remain the same.

3.2
Test Selection Criterion2

CA soft buffer management and sustained data rate tests will be applied to one CA configuration from one CA capability supported by UE.
3.2.1
8.2.1.3.1A
Soft buffer management test
36.101 defines the minimum performance criteria as below,
Table 8.2.1.3.1A-2: Minimum performance soft buffer management test (FRC) for CA
	Test num
	Bandwidth
	Reference channel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum

Throughput (%)
	SNR (dB)
	

	1
	2x20 MHz
	R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.2
	CL_A-A CL_C

	2
	15MHz +

10MHz
	R.35-2 FDD for 15MHz CC
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	15.1
	CL_A-A

	
	
	R.35-3 FDD for 10MHz CC
	OP.1 FDD (Note 1)
	
	
	70
	15.1
	

	3
	20MHz +  10MHz
	R.30 FDD for 20MHz CC
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.5 
	CL_A-A

	
	
	R.11 FDD for 10MHz CC
	OP.1 FDD (Note 1)
	
	
	70
	13.5
	

	4
	20MHz + 15MHz
	R.30 FDD for 20MHz CC
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.5 
	CL_A-A

	
	
	R.30-1 FDD for 15MHz CC
	OP.1 FDD (Note 1)
	
	
	70
	13.5
	

	5
	2x20 MHz
	R.35-1 FDD
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	15.8 
	CL_A-A CL_C

	6
	20MHz + 10MHz
	R.35-1 FDD for 20MHz CC
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	15.9
	CL_A-A

	
	
	R.35-3 FDD for 10MHz CC
	OP.1 FDD (Note 1)
	
	
	70
	15.9
	

	7
	20MHz + 15MHz
	R.35-1 FDD for 20MHz CC
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	15.9
	CL_A-A

	
	
	R.35-2 FDD for 15MHz CC
	OP.1 FDD (Note 1)
	
	
	70
	15.9
	

	Note 1:
For CA test cases, the OCNG pattern applies for each CC.

Note 2:
For Test 2, 3, 4, 6, 7 the Fraction of maximum Throughput applies to each CC.

Note 3: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3.


Since, only one CA configuration to be tested, there is no point having separate article for inter-band, intra band contagious and intra band non-contiguous. Hence, 8.2.1.3.1A_A.1 and 8.2.1.3.1A_A.2 to be merged in to 8.2.1.3.1A_A.1 with test points from 36.101 as the table below,

Table 8.2.1.3.1A_A.1.5-1: Test Requirement Large Delay CDD (FRC)

	Test num
	Bandwidth
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	CA capa-bility

	
	
	
	
	
	
	Fraction of maximum

Throughput (%)
	SNR (dB)
	

	1
	2x20 MHz
	R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	14.1
	CL_A-A CL_C

	2
	15MHz +

10MHz
	R.35-2 FDD for 15MHz CC
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	16.0
	CL_A-A

	
	
	R.35-3 FDD for 10MHz CC
	OP.1 FDD (Note 1)
	
	
	70
	16.0
	

	3
	20MHz +  10MHz
	R.30 FDD for 20MHz CC
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	14.4 
	CL_A-A

	
	
	R.11 FDD for 10MHz CC
	OP.1 FDD (Note 1)
	
	
	70
	14.4
	

	4
	20MHz + 15MHz
	R.30 FDD for 20MHz CC
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	14.4 
	CL_A-A

	
	
	R.30-1 FDD for 15MHz CC
	OP.1 FDD (Note 1)
	
	
	70
	14.4
	

	5
	2x20 MHz
	R.35-1 FDD
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	16.7 
	CL_A-A CL_C

	6
	20MHz + 10MHz
	R.35-1 FDD for 20MHz CC
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	16.8
	CL_A-A

	
	
	R.35-3 FDD for 10MHz CC
	OP.1 FDD (Note 1)
	
	
	70
	16.8
	

	7
	20MHz + 15MHz
	R.35-1 FDD for 20MHz CC
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	16.8
	CL_A-A

	
	
	R.35-2 FDD for 15MHz CC
	OP.1 FDD (Note 1)
	
	
	70
	16.8
	

	Note 1:
For CA test cases, the OCNG pattern applies for each CC.

Note 2:
For Test 2, 3, 4, 6, 7 the Fraction of maximum Throughput applies to each CC.


We can demonstrate test point selection criteria in the table below (new table),

Table 8.2.1.3.1A_A.x-y: Test points for soft buffer management tests for CA

	CA config
	Bandwidth combination (MHz)
	Category 1
	Category 2
	Category 3
	Category 4
	Category 6
	Category 7

	CL_A-A
	20+20
	-
	-
	1
	5
	-
	-

	
	20+15
	-
	-
	4
	7
	-
	-

	
	20+10
	-
	-
	3
	6
	-
	-

	
	15+10
	-
	-
	2
	-
	-
	-

	CL_C
	20+20
	-
	-
	1
	5
	-
	-

	Note 1:
For CA UE, test is selected for UE supported highest aggregated bandwidth

Note 2: 
Only one CA capability to be tested


3.2.2
8.7
Sustained downlink data rate provided by lower layers
36.101 defines the minimum performance criteria as below,
Table 8.7.1-3: Minimum requirement (FDD)
	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

	Note 1:
For 2 layer transmissions, 2 transport blocks are received within a TTI.
Note 2:
35160 bits for sub-frame 5.

Note 3:
71112 bits for sub-frame 5.

Note 4:
The TB success rate is defined as TB success rate = 100%*NDL_correct_rx/ (NDL_newtx + NDL_retx), where NDL_newtx is the number of newly transmitted DL transport blocks, NDL_retx is the number of retransmitted DL transport blocks, and NDL_correct_rx is the number of correctly received DL transport blocks.

Note 5:
52752bits for sub-frame 5.


Since, only one CA configuration to be tested, we recommend removing separate article for inter-band, intra band contagious and intra band non-contiguous. That is 8.7.1.1_A.1, 8.7.1.1_A.2, 8.7.1.1_A.2_1, 8.7.1.1_A.2_2, 8.7.1.1_A.3 to be merged in to 8.7.1.1_A.1 with test points from 36.101.
Table 8.7.1.1_A.3.5-1: Test requirements for sustained downlink data rate (FDD)
	Test
	Number of bits of a DL-SCH transport block received within a TTI
	Measurement channel
	Reference value

	
	
	
	TB success rate [%]

	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

	Note 1:
For 2 layer transmissions, 2 transport blocks are received within a TTI.
Note 2:
35160 bits for sub-frame 5.

Note 3:
71112 bits for sub-frame 5.

Note 4:
The TB success rate is defined as TB success rate = 100%*NDL_correct_rx/ (NDL_newtx + NDL_retx), where NDL_newtx is the number of newly transmitted DL transport blocks, NDL_retx is the number of retransmitted DL transport blocks, and NDL_correct_rx is the number of correctly received DL transport blocks.

Note 5:
52752bits for sub-frame 5.


We can introduce following table for test point selection,

Table 8.7.1.1_A.3.5-2: Test Points Selection for UE Category
	CA config
	Maximum supported Bandwidth/ Bandwidth combination (MHz)
	Category 1
	Category 2
	Category 3
	Category 4
	Category 6
	Category 7

	CL_A_A
	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
	4A
	6A
	6A

	CL_C
	20+20
	-
	-
	3 (Note 4)
	4 (Note 4)
	6A
	6A

	CL_B
	10+10
	-
	-
	3B
	4A
	4A
	4A

	Note 1:
If UE can be tested for CA configuration, single carrier test is skipped.
Note 2:
For non-CA UE, test is selected for maximum supported bandwidth.

Note 3:
For CA UE, test is selected for bandwidth combination corresponding to maximum aggregated bandwidth among all CA configuration supported by UE. 

Note 4:
If CL_C is the only CA configuration supported by category 3 or 4 UE, single carrier test is selected.

Note 5:
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3.


3.3
Test Selection Criterion3

This rule will apply to all the TCs but TM3 and Sustained data rate test cases, namely TM1, TM4, Soft buffer tests, CQI tests). Here, CA performance tests will be applied to one CA configuration from one CA capability supported by UE
3.3.1
8.2.1.1 Single-antenna port performance
36.101 defines the minimum performance criteria as below,
Table 8.2.1.1.1-4: Minimum performance (FRC) for CA
	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	
	

	1
	2x10 MHz
	R.2 FDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	-1.1
	≥3
	CL_A-A, CL_B
(Note 2)

	2
	2x20 MHz
	R.42 FDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	-1.3
	≥5
	CL_C

	Note 1:
The OCNG pattern applies for each CC.

Note 2:
30usec timing difference between two CCs is applied in inter-band CA case.

Note 3: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3.


Since, only one CA configuration to be tested, there is no point having separate article for interband, intraband contagious and intraband non-contiguous. Hence, 8.2.1.1.1_A.1, 8.2.1.1.1_A.2 to be merged in to 8.2.1.1.1_A.1 with all test points from 36.101 as the table below,
Table 8.2.1.1.1_A.5-1: Test requirement (FRC)

	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum

throughput (%)
	SNR (dB)
	
	

	1
	2x10 MHz
	R.2 FDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	-0.3
	3-8
	CL_B,CL_A-A

	2
	2x20 MHz
	R.42 FDD
	OP.1 FDD

(Note 1)
	EVA5
	1x2 Low
	70
	-0.5
	5-8
	CL_C,

CL_A-A

	Note 1:
The OCNG pattern applies for each CC.


We can introduce following table for test point selection,
Table 8.2.1.1.1_A.x-y: Test points for Single Antenna Port Performance

	CA config
	Bandwidth combination (MHz)
	Category 1
	Category 2
	Category 3
	Category 4
	Category 6
	Category 7

	CL_A-A
	10+10
	-
	-
	1
	1
	1
	1

	
	20+20
	-
	-
	-
	-
	2
	2

	CL_C
	20+20
	-
	-
	-
	-
	2
	2

	CL_B
	10+10
	-
	-
	1
	1
	1
	1

	Note 1:
For CA UE, test is selected for bandwidth in the prescribed order that is if not 10+10 then 20+20.
Note 2: 
Only one CA capability to be tested


3.3.2
8.2.1.4
Closed-loop spatial multiplexing performance
36.101 defines the minimum performance criteria as below,
Table 8.2.1.4.3-4: Minimum performance Multi-Layer Spatial Multiplexing (FRC) for CA
	Test num.
	Band-width
	Referencechannel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	
	

	1
	2x10 MHz
	R.14 FDD
	OP.1 FDD (Note 1)
	EVA5
	4x2 Low
	70
	10.8
	≥3
	CL_A-A, CL_B

	2
	2x20 MHz
	R.14-3 FDD
	OP.1 FDD (Note 1)
	EVA5
	4x2 Low
	70
	10.9
	≥5
	CL_C

	Note 1:
The OCNG pattern applies for each CC. 

Note 2: 
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3.


Since, only one CA configuration to be tested, it is useless to have separate article for interband, intraband contagious and intraband non-contiguous. Hence, we can merge 8.2.1.4.1A.1, 8.2.1.4.1A.2, 8.2.1.4.1A.3 in to 8.2.1.4.1A.1 with all test points from 36.101 as the table below,

Table 8.2.1.4.2_A.1.5-1: Test requirement Multi-Layer Spatial Multiplexing (FRC) for CA

	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-gory
	CA capa-bility

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	
	

	1
	2x10 MHz
	R.2 FDD
	OP.1 FDD (Note 1)
	EVA5
	1x2 Low
	70
	11.7
	3-8
	CL_A-A, CL_B

	2
	2x20 MHz
	R.14-3 FDD
	OP.1 FDD (Note 1)
	EVA5
	4x2 Low
	70
	11.8
	5-8
	CL_A-A,

CL_C

	Note 1:
The OCNG pattern applies for each CC.


We can introduce following table for test point selection,
Table 8.2.1.4.2_A.x-y: Test points for Single Antenna Port Performance

	CA config
	Bandwidth combination (MHz)
	Category 1
	Category 2
	Category 3
	Category 4
	Category 6
	Category 7

	CL_A-A
	10+10
	-
	-
	1
	1
	1
	1

	
	20+20
	-
	-
	-
	-
	2
	2

	CL_C
	20+20
	-
	-
	-
	-
	2
	2

	CL_B
	10+10
	-
	-
	1
	1
	1
	1

	Note 1:
For CA UE, test is selected for bandwidth in the prescribed order that is if not 10+10 then 20+20.

Note 2: 
Only one CA capability to be tested


4. Proposal
In this document we proposed that we introduce a test point selection table for each CA test case to clarify test case applicability. Additionally we agree to test case applicability as defined in section 2 of this document.
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