3GPP TSG-RAN WG4 #68bis
R4-135441
October 7th – October 11th, 2013, Riga, Latvia
Agenda item:
7.3.1
Source: 
Qualcomm Incorporated
Title: 
Test case applicability for CA demodulation test
Document for:
Discussion
1. Introduction
In RAN4 #67, additional CA demodulation tests were introduced to cover different CA bandwidth combination and sent out LS to RAN5 [1] to indicate how test points are selected in RAN5. RAN4 received an reply LS from RAN5 [2] asking RAN4 to investigate if it is possible to clearly specify in 36.101 how test points for soft buffer management and sustained data rate tests are determined. In RAN4 #68, WF in [3] was agreed to further investigate how RAN4 can resolve this problem. It was identified that 
· RAN4 needs to clarify test points for CA demodulation tests. 
· Solution should be able to handle both single carrier and CA case in a uniform way.
· Solution should be defined in a way that is applicable to all releases.
In this contribution, we provide our recommendation to resolve this issue.
2. Soft buffer management test
In 36.101, soft buffer management test cases are defined in table 8.2.1.3.1-2 of section 8.2.1.3.1 for FDD and in table 8.2.2.3.1-2 of section 8.2.2.3.1 for TDD, which are replicated below for reference in table 1 and 4. For FDD table, we would like to point out that
· Table became too complicated since both TM3 demodulation test and CA soft buffer management test cases defined in one table. 
· Test 2 has different purpose and thus different applicability depending on UE category. 
· Test case applicability was specified by notes, which is not always easy to understand and could be incomplete or inconsistent as additional test cases are added. 
One obvious solution to the problem is splitting the table so that TM3 demodulation test cases and CA soft buffer management test cases are defined in separate table. Table 2 and 3 below are one example of separated tables. Looking at table 2, we can easily see which test case is selected depending on UE’s CA configuration or maximum supported bandwidth. Also, from table 3, it is straightforward to select one soft buffer management test case depending on UE category and maximum aggregated bandwidth supported by UE. 
We can also separate TDD table 4 into 2 separate tables for TM3 demodulation test and CA soft buffer management test as shown in table 5 and 6. Note that TDD table is not as complicated as FDD table and thus separation might be optionally pursued after further discussion in RAN4. 
Proposal 1. Separate FDD table 8.2.1.3.1-2 in 36.101 into 2 separate tables for TM3 demodulation test and CA soft buffer management test. FFS whether to separate TDD table. 
Proposal 2. Don’t introduce additional table for test point clarification for soft buffer management test in 36.101. 
Table 1: Existing FDD TM3 test cases (Table 8.2.1.3.1-2)
	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
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	13.0
	2-8
	-

(Note 2)

	1A
	2x10 MHz
	R.11 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.7
	3-8
	CL_A-A

	1B

(Note 6)
	5 MHz
	R.11-2 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	12.7
	2-8
	-

	2
	2x20 MHz
	R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.2
	3, 5-8
	CL_A-A (Note3), CL_C

	3
	2x20 MHz
	R.35-1 FDD
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	15.8 
	4
	CL_A-A, CL_C

	4
	15MHz + 10 MHz
	R.35-2 FDD for 15MHz CC
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	[15.1]
	3
	CL_A-A

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

	5
	20MHz + X MHz
	R.30 FDD for 20MHz CC
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	[13.5] 
	3
	CL_A-A

	
	
	As defined in Note 4
	OP.1 FDD (Note 1)
	
	
	70
	[13.5]
	
	

	6
	20MHz + X MHz
	R.35-1 FDD for 20MHz CC
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	[15.9]
	4
	CL_A-A

	
	
	As defined in Note 5
	OP.1 FDD (Note 1)
	
	
	70
	15.9
	
	

	7
	10 MHz
	R.35 FDD
	OP.1 FDD
	EVA200
	2x2 Low
	70
	[20.2]
	2-8
	-

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

Note 2:
Test 1 may not be executed for UE-s for which Test 1A is applicable.

Note 3:
For UE category 5-8 test CA capability is CL_C; for UE category 3 test CA capability is CL_A-A and CL_C.

Note 4:
For UE category 3 test, 20MHz+X is the maximum aggregated bandwidth supported for the UE under test, where X is 10MHz or 15MHz. The reference channel is R.11 FDD without scheduling subfame #0 when X is 10MHz and R.30-1 FDD when X is 15MHz.

Note 5:
For UE category 4 test, 20MHz+X is the maximum aggregated bandwidth supported for the UE under test, where X is 10MHz or 15MHz. The reference channel is R.35-3 FDD when X is 10MHz and R.35-2 FDD when X is 15MHz.

Note 6:     Test case applicability is defined in 8.1.2.1.


Table 2: Separated table for FDD TM3 demodulation test 
	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
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	13.0
	2-8
	-

(Note 3)

	1A
	2x10 MHz
	R.11 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.7
	3-8
	CL_A-A

	1B
(Note 4)
	5 MHz
	R.11-2 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	12.7
	2-8
	-


	1C
	2x20 MHz
	R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.2
	 5-8
	CL_C

	2
	10 MHz
	R.35 FDD
	OP.1 FDD
	EVA200
	2x2 Low
	70
	[20.2]
	2-8
	-

	Note 1:
For CA test cases, the OCNG pattern applies for each CC.
Note 2:
For CA UE, if CA configuration under test is CL_C, test 1C is applied. Otherwise, test 1A is applied.
Note 3:
Test 1 may not be executed for UE-s for which Test 1A or test 1B is applicable.

Note 4:     Test case applicability for test 1B is defined in 8.1.2.1.


Table 3: Separated table for FDD soft buffer management test
	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
	2x20 MHz
	R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	13.2
	3
	CL_A-A CL_C

	1A
	2x20 MHz
	R.35-1 FDD
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	15.8 
	4
	CL_A-A CL_C

	1B
	15MHz + 10 MHz
	R.35-2 FDD for 15MHz CC
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	[15.1]
	3
	CL_A-A

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

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

	
	
	As defined in Note 2
	OP.1 FDD (Note 1)
	
	
	70
	[13.5]
	
	

	1D
	20MHz + X MHz
	R.35-1 FDD for 20MHz CC
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	[15.9]
	4
	CL_A-A

	
	
	As defined in Note 3
	OP.1 FDD (Note 1)
	
	
	70
	15.9
	
	

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

Note 2:
For UE category 3 test, 20MHz+X is the maximum aggregated bandwidth supported for the UE under test, where X is 10MHz or 15MHz. The reference channel is R.11 FDD without scheduling subfame #0 when X is 10MHz and R.30-1 FDD when X is 15MHz.

Note 3:
For UE category 4 test, 20MHz+X is the maximum aggregated bandwidth supported for the UE under test, where X is 10MHz or 15MHz. The reference channel is R.35-3 FDD when X is 10MHz and R.35-2 FDD when X is 15MHz.
Note 4:     Only one test case is applicable to a UE depending on UE category and maximum aggregated bandwidth supported by the UE. 


Table 4: Existing TDD TM3 test cases (Table 8.2.2.3.1-2)
	Test number
	Bandwidth
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category
	CA capability

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	
	

	1
	R.11-1 TDD
	OP.1 TDD
	EVA70
	2x2 Low
	70
	
	13.1
	2-8
	-

	2
	R.30-1 TDD
	OP.1 TDD (Note 1)
	EVA70
	2x2 Low
	70
	
	13.7
	5-8
	CL_C

	3
	2x20 MHz
	R.30-2 TDD
	OP.1 TDD (Note 1)
	EVA70
	2x2 Low
	70
	13.2
	3
	CL_C

	4
	2x20 MHz
	R.35-1 TDD
	OP.1 TDD (Note 1)
	EVA5
	2x2 Low
	70
	15.7
	4
	CL_C

	5
	10 MHz
	R.35 TDD
	OP.1 TDD
	EVA200
	2x2 Low
	70
	[20.3]
	2-8
	-

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


Table 5: Separated table for TDD TM3 demodulation test 
	Test number
	Bandwidth
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category
	CA capability

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	
	

	1
	R.11-1 TDD
	OP.1 TDD
	EVA70
	2x2 Low
	70
	
	13.1
	2-8
	-

	1A
	R.30-1 TDD
	OP.1 TDD (Note 1)
	EVA70
	2x2 Low
	70
	
	13.7
	5-8
	CL_C

	2
	10 MHz
	R.35 TDD
	OP.1 TDD
	EVA200
	2x2 Low
	70
	[20.3]
	2-8
	-

	Note 1:
For CA test cases, the OCNG pattern applies for each CC.
Note 2:    Test 1 may not be executed for UE-s for which test 1A is applicable.


Table 6: Separated table for TDD soft buffer management test
	Test number
	Bandwidth
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category
	CA capability

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	
	

	1
	2x20 MHz
	R.30-2 TDD
	OP.1 TDD (Note 1)
	EVA70
	2x2 Low
	70
	13.2
	3
	CL_C

	1A
	2x20 MHz
	R.35-1 TDD
	OP.1 TDD (Note 1)
	EVA5
	2x2 Low
	70
	15.7
	4
	CL_C

	Note 1:
For CA test cases, the OCNG pattern applies for each CC.
Note 2:
Only one test case is applicable to a UE depending on UE category. 


3. Sustained data rate test

 Sustained data rate tests are defined in table 8.7.1-3 for FDD and in table 8.7.2-3 for TDD, which are replicated in table 7 and table 10 below. For FDD table, we would like to point out that

· Table looks more complicated than actually is because too many test cases are listed in one table. 

· It is not clearly specified that only one test case is selected depending on UE category and maximum aggregated CA bandwidth. 

· It is not clearly specified that CA test cases are prioritized over single carrier test cases. 

· It is not clearly specified that single carrier test is applied for category 3 and 4 UE when UE supports only CL_C. 
One obvious way to improve the readability of the table is to separate the table into 2 tables for single carrier and CA test cases. This approach is attractive considering that 3 carrier CA could be defined in the near future. If we add up additional test cases for 3 carriers CA to the existing table, table would become even more complicated. One example of table separation is shown in table 8 and table 9. With only single carrier test cases in table 8, it is very easy to determine which test case is applicable to a UE depending on UE category and maximum supported bandwidth. From the table, we can also see that test 3A should be applicable to category 4 or 6/7 UEs. In table 9, now we have only sustained data rate test for CA UE. In table 9, notes are added to clarify test points for different UE category. Also, we need to add a sentence below in the specification to make it clear that CA test cases are prioritized over single carrier test cases.
    If UE supports CA, test case is selected from table xxx. Otherwise, test case is selected from table yyy. 

For TDD sustained data rate test, we have only one CA test cases and it’s like there is no need to separate TDD table. 
Proposal 3. Separate FDD table 8.2.1.3.1-2 in 36.101 into 2 separate tables for single carrier and CA sustained data rate test. We don’t need to separate TDD table yet. 

Proposal 4. Don’t introduce additional table for test point clarification for sustained data rate test in 36.101. 

Table 7. Existing sustained data rate test for FDD (Table 8.7.1-3)
	Test
	UE Category
	CA

capability
	Number of bits of a DL-SCH transport block received within a TTI
	Measurement channel
	Reference value

	
	
	
	
	
	TB success rate [%]

	1
	Category 1
	-
	10296
	R.31-1 FDD
	95

	2
	Category 2
	-
	25456
	R.31-2 FDD
	95

	3
	Category 3 (Note 1)
	-
	51024
	R.31-3 FDD
	95

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

	3B
	Category 3
	CL_A-A
	25456
	R.31-2 FDD
	[95]

	4
	Category 4
	-
	75376 (Note 5)
	R.31-4 FDD
	85

	4A
	Category 4
	CL_A-A
	36696 (Note 4)
	R.31-3A FDD
	[85]

	6
	Category 6, 7
	-
(Note 7)
	75376 (Note 5)
	R.31-4 FDD
	85

	6A
	Category 6, 7 
	CL_A-A, CL_C
	75376 (Note 5)
	R.31-4 FDD
	85

	6B
	Category 6, 7
	CL_A-A
	36696 (Note 4) for 10MHz CC

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

R.31-5 FDD for 15MHz CC
	[85]

	6C
	Category 6, 7
	CL_A-A
	36696 (Note 4) for 10MHz CC

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

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

	6D
	Category 6, 7
	CL_A-A
	55056 for 15MHz CC

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

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

	Note 1:
If the operating band under test does not support 20 MHz channel bandwidth, then test is executed according to Test 3A.

Note 2:
Applicable to operating bands not supporting 20 MHz channel bandwidth. 

Note 3:
For 2 layer transmissions, 2 transport blocks are received within a TTI.

Note 4:
35160 bits for sub-frame 5.

Note 5:
71112 bits for sub-frame 5.

Note 6:
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 7: 
Test 3 or Test 3A may not be executed for UE-s for which Test 3B is applicable. Test 4 may not be executed for UE-s for which Test 4A is applicable. Test 6 may not be executed for UE-s for which one of Test 6A through Test 6D is applicable depending on the largest aggregated bandwidth supported.


Table 8. Separated table for single carrier sustained data rate test for FDD
	Test
	UE Category
	CA

capability
	Number of bits of a DL-SCH transport block received within a TTI
	Measurement channel
	Reference value

	
	
	
	
	
	TB success rate [%]

	1
	Category 1
	-
	10296
	R.31-1 FDD
	95

	2
	Category 2
	-
	25456
	R.31-2 FDD
	95

	3
	Category 3 (Note 1)
	-
	51024
	R.31-3 FDD
	95

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

	4
	Category 4
	-
	75376 (Note 5)
	R.31-4 FDD
	85

	6
	Category 6, 7
	-
(Note 7)
	75376 (Note 5)
	R.31-4 FDD
	85

	Note 1:
If the operating band under test does not support 20 MHz channel bandwidth, then test is executed according to Test 3A.

Note 2:
Applicable to operating bands not supporting 20 MHz channel bandwidth. 

Note 3:
For 2 layer transmissions, 2 transport blocks are received within a TTI.

Note 4:
35160 bits for sub-frame 5.

Note 5:
71112 bits for sub-frame 5.

Note 6:
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 7:     Only one test case is applicable to a UE depending on UE category and maximum supported bandwidth. 


Table 9. Separated table for CA sustained data rate test for FDD
	Test
	UE Category
	CA

capability
	Number of bits of a DL-SCH transport block received within a TTI
	Measurement channel
	Reference value

	
	
	
	
	
	TB success rate [%]

	3
	Category 3
	CL_C
	51024
	R.31-3 FDD
	95

	3B
	Category 3
	CL_A-A
	25456
	R.31-2 FDD
	[95]

	4
	Category 4
	CL_C
	75376 (Note 2)
	R.31-4 FDD
	85

	4A
	Category 4
	CL_A-A
	36696 (Note 3)
	R.31-3A FDD
	[85]

	6A
	Category 6, 7 
	CL_A-A, CL_C
	75376 (Note 2)
	R.31-4 FDD
	85

	6B
	Category 6, 7
	CL_A-A
	36696 (Note 3) for 10MHz CC

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

R.31-5 FDD for 15MHz CC
	[85]

	6C
	Category 6, 7
	CL_A-A
	36696 (Note 3) for 10MHz CC

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

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

	6D
	Category 6, 7
	CL_A-A
	55056 for 15MHz CC

75376 (Note 2) for 20MHz CC
	R.31-5 FDD for 15MHz CC

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

	Note 1:
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 2:
71112 bits for sub-frame 5.
Note 3:
35160 bits for sub-frame 5.

Noet 2:    Only one test case is applicable to a UE depending on UE category, CA capability and maximum aggregated bandwidth. 
Note 3:    If the only CA configuration supported by category 3 UE is CL_C, test 3 is applied as single carrier test. Otherwise, test 3B is applied.

Note 4:    If the only CA configuration supported by category 4 UE is CL_C, test 4 is applied as single carrier test. Otherwise, test 4A is applied. 

Note 5:     For category 6 or 7 UE, one test case is selected among test {6A, 6B, 6C, 6D} depending on  maximum aggregated bandwidth supported by the UE. 


4. Conclusions

In this contribution, we analyzed the problem of test point clarification for CA soft buffer management and sustained data rate test. Considering that most of the problem is originated from putting too many test cases with different characteristic into one table, we proposed to simplify the table by separating it into two tables. It’s like separated tables are much easier to understand and test point can be easily derived from the table. Our proposals are
Proposal 1. Separate FDD table 8.2.1.3.1-2 in 36.101 into 2 separate tables for TM3 demodulation test and CA soft buffer management test. FFS whether to separate TDD table. 

Proposal 2. Don’t introduce additional table for test point clarification for soft buffer management test in 36.101. 

Proposal 3. Separate FDD table 8.2.1.3.1-2 in 36.101 into 2 separate tables for single carrier and CA sustained data rate test. We don’t need to separate TDD table yet. 

Proposal 4. Don’t introduce additional table for test point clarification for sustained data rate test in 36.101. 

We would like to recommend taking our proposal into consideration in the discussion for test point clarification for CA demodulation test. 
References

[1] R4-132939, “LS on CA bandwidth coverage issue for UE demodulation performance “, TSG-RAN4 #67, May, 2013. 
[2] R4-134280, “LS reply on CA bandwidth coverage issue for UE demodulation performance ”, TSG-RAN4 #68, Aug, 2013
[3] R4-134378, “Way forward on LTE CA test point clarification for soft buffer management and sustained data rate performance tests ”, Ericsson, ST-Ericsson, Qualcomm,  TSG-RAN4 #68, Aug, 2013
8
8

