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1. Introduction
 In RAN4 #66, further discussion continued on CA demodulation test bandwidth coverage and all remaining issues were agreed as captured in WF [1]. In order to finalize the test case design, following issues need to be addressed.
· Determination of CINR requirement 2x20MHz TM4 demodulation test
· Determination of FRC and CINR requirement for soft buffer management test

· Determination of FRC and TB success rate for sustained data rate test

In this contribution, we provide discussion for remaining issues and provide our recommendation for test case design. 
2. CINR requirement for TM4 demodulation test
For TM4 demodulation test, following was agreed as WF. 

· In the next meeting, companies are encouraged to provide the simulation results to finalize the CA TM4 20MHz+20MHz demodulation performance requirement
· The extra margin is suggested to be provided, which is the difference between the simulation results with impairment margin for CA TM4 10MHz+10MHz test case and that for CA TM4 20MHz+20MHz test case.
Test conditions for 2x20MH test are same as 2x10MHz test except for system bandwidth and FRC. Our simulation is based on the test condition and FRC definition in [2]. Figure 1 shows normalized throughput for 2x10MHz and 2x20MHz case. It is observed that CINR gap at 70% peak throughput is less than 0.1dB between 2x10MHz and 2x20MHz case. Thus, CINR requirement for 2x10MHz test, which is 10.8dB, can be reused for 2x20MHz test. 
Proposal 1: Reuse CINR requirement for TM4 2x10MHz test for TM4 2x20MHz test.
3. Soft buffer management test

For soft buffer management test, following was agreed as WF. 

· Soft buffer management tests:
· For inter-band FDD CA configurations not supporting 20MHz+20MHz, define new tests for UE category 3 and category 4:

· Define a new test with 15MHz+10MHz bandwidth for UE category 3, and only test the demodulation performance on 15MHz component carrier

· Define a new test with 20MHz+X bandwidth for UE category 3 and 4, and only test the demodulation performance on 20MHz component carrier
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Figure 1. TM4 demodulation performance
· X is 10MHz or 15MHz

· The propagation conditions and correlation matrix of the new tests are the same as the existing one, and the FRC-s are FFS.

· The CA capability of the above new tests is CL_A-A
· Select one test case and one CA configuration among the band combinations supported by the UE corresponding to the largest supported aggregated bandwidth depending on the category and the band combination set signalled by the UE
Test case 4~8 in Table 2 are new tests that need to be added to existing soft buffer management test cases based on agreed WF. For test cases 4 and 5 applicable for category 3 UE, we can reuse FRC R.30 FDD for 20MHz CC. Also, since test is run for 20MHz CC, same CINR requirement as test 2 can be reused without modification. FRC for 15MHz or 10MHz CC can be defined to have same MCS as R30.FDD but with different system bandwidth. For 10MHz CC, we can reuse R.11 FDD. For 15MHz CC, a new FRC R.xx FDD defined in table 4 can be used. For test cases 7 and 8, we can reuse FRC R.35-1 FDD for 20MHz CC with same CINR requirement as test case 3. For 10MHz and 15MHz CCs, new FRC R.yy FDD and R.zz FDD defined in table 4 can be used. We propose to run per-CC throughput test also for CCs with smaller system bandwidth to make it sure that UE provides reasonable demodulation performance for those CCs even though there is no soft buffer management issue. Same CINR requirement defined for larger bandwidth CC can be applied as a minimum performance requirement.
Proposal 2: For soft buffer management test, run per-CC throughput test on both CCs and apply same CINR requirement. 
For test case 6 applicable to category 3 UE with 10MHz+15MHz bandwidth combination, we need to determine FRC for 15MHz and corresponding CINR requirement. Analysis in [3] indicates that, for category 3 UE operating in 15MHz system bandwidth, performance degradation is expected only for 64-QAM modulation when UE does not have proper instantaneous buffer implementation. We ran simulation for a few MCS candidates to evaluate the performance gap with and without proper instantaneous buffer implementation. Figure 2 shows throughput performance of category 3UE in 15MHz system bandwidth for MCS 17 and 18. It can be observed that, for MCS 17, there is around 6.5dB gap at 70% peak throughput and the gap increases to 7.5dB for MCS 18. On the other hand, CINR to achieve 70% throughput increases from 13dB to 14dB with MCS change. Since CINR gap of 6.5dB is enough to differentiate good and bad UE implementation, we propose to use MCS 17 for 15MHz CC, which is same as the MCS used for category 4 UE 2x20MHz test case. Using same MCS allows us to reuse FRCs already defined for test case 7 and 8. 
Proposal 3: Adopt test cases and FRCs defined in table 2 and 3 for new soft buffer management test.  
Table 2. test cases for soft buffer management tests
	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)
	
	

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

20MHz
	CC1: R.xx FDD
CC2: R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	TBD
	3
	CL_A-A, 

	5
	10MHz+

20MHz
	CC1: R.11 FDD
CC2: R.30 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	TBD
	3
	CL_A-A, 

	6
	10MHz+

15MHz
	CC1: R.yy FDD

CC2: R.zz FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	TBD
	3
	CL_A-A, 

	7
	15MHz+

20MHz
	CC1: R.zz FDD
CC2: R.35-1 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	TBD
	4
	CL_A-A, 

	8
	10MHz+

20MHz
	CC1: R.yy FDD
CC2: R.35-1 FDD
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	TBD
	4
	CL_A-A, 

	Note 1:
For CA test cases, the OCNG pattern applies for each CC.
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(a) MCS 17
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(b) MCS 18
Figure 2. Performance gap with and without instantaneous buffer for category 3 UE in 15MHz
Table 3. Fixed Reference Channel soft buffer management test
	Parameter
	Unit
	Value

	Reference channel
	
	R.30 FDD
	R.35-1 FDD
	R.xx FDD
	R.yy FDD
	R.zz FDD
	
	
	

	Channel bandwidth
	MHz
	20
	20
	15
	10
	15
	
	
	

	Allocated resource blocks (Note 4)
	
	100
	100
	75
	10
	75
	
	
	

	Allocated subframes per Radio Frame
	
	9
	8
	9
	8
	8
	
	
	

	Modulation
	
	16QAM
	64QAM
	16QAM
	64QAM
	64QAM
	
	
	

	Target Coding Rate
	
	1/2
	0.39
	1/2
	0.39
	0.39
	
	
	

	Information Bit Payload (Note 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	25456
	30576
	19080
	15264
	22920
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	n/a
	
	
	

	  For Sub-Frame 0
	Bits
	25456
	n/a
	19080
	n/a
	n/a
	
	
	

	Number of Code Blocks 
(Notes 3 and 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	5
	5
	4
	3
	4
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	n/a
	
	
	

	  For Sub-Frame 0
	Bits
	5
	n/a
	4
	n/a
	n/a
	
	
	

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	52800
	79200
	39600
	39600
	59400
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	n/a
	
	
	

	  For Sub-Frame 0
	Bits
	51168
	n/a
	37968
	n/a
	n/a
	
	
	

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	22.910
	24.461
	17.172
	12.211
	18.336
	
	
	

	UE Category
	
	≥ 2
	4
	3
	4
	4
	
	
	

	


4. Sustained data rate test

For sustained data rate test, following was agreed as WF. 
· Sustained data rate tests:
· Define a new test with 10MHz+10MHz bandwidth for UE Category 3 and 4
· Define new tests with 10MHz+15MHz, 10MHz+20MHz and 15MHz+20MHz bandwidths for UE Category 6 and 7   
· The CA capability of the above new tests is CL_A-A
· For category 3 and 4 UE with CA capability, 
· If UE supports only intra-band contiguous CA configuration, run sustained data rate test for single carrier 20MHz. 
· otherwise, band combination independent selection can be used for cat 3 and 4 UEs for the sustained data rate test with 10MHz+10MHz bandwidth
· For category 6 and 7 UE with CA capability, 
· Select one test corresponding to the largest supported aggregated bandwidth among the carrier aggregation combinations supported by the UE.
· Prioritize CA sustained data rate test. In other words, if UE can be tested against the CA sustained data rate performance requirement, UE does not need to be tested against the single carrier sustained data rate performance requirement for a given UE category
Table 4 lists test cases for CA sustained data rate to be added based on agreed WF. Test case 3B is applicable to category 3 UE supporting 2x10MHz CA bandwidth and can reuse R.31-2 as FRC. Test case 4A is applicable to category 4 UE supporting 2x10MHz CA bandwidth and can reuse R.31-3A as FRC. Test case 6B, 6C and 6D are applied for category 6 or 7 UE with maximum supported aggregated bandwidth smaller than 2x20MHz. For asymmetric system bandwidth, we should define FRC for each CC. For example, for test case 6C, we should use R.31-3A FDD for 10MHz CC and R.31-4 FDD for 20MHz CC. New FRC R.31-5 is defined in table 5 for 15MHz CC, which can be used for 15MHz CC of test case 6B and 6D. 
Proposal 3: Adopt test cases and FRC defined in table 4 and 5 for new sustained data rate test. 

5. Conclusion

In this contribution, we provided further analyses on remaining issues of CA demodulation test and our recommendation for test case design. What we proposed are
Proposal 1: Reuse CINR requirement for TM4 2x10MHz test for TM4 2x20MHz test.

Proposal 2: For soft buffer management test, run per-CC throughput test on both CCs and apply same CINR requirement. 

Proposal 3: Adopt test cases and FRCs defined in table 2 and 3 for new soft buffer management test.  

Proposal 3: Adopt test cases and FRC defined in table 4 and 5 for new sustained data rate test. 

We recommend taking these analysis and proposal into consideration in the discussion for bandwidth coverage of CA demodulation test. 
Table 4. New test cases for CA sustained data rate test

	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 [%]

	3B
	Category 3 (Note 8)
	CL_A-A
	25456
	R.31-2 FDD
	TBD

	4A
	Category 4 (Note 9)
	CL_A-A
	36696
	R.31-3A FDD
	TBD

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

	6B
	Category 6, 7 (Note 10)
	CL_A-A
	36696/55056
	R.31-3A FDD
R.31-5 FDD
	TBD

	6C
	Category 6, 7 (Note 11)
	CL_A-A
	36696/75376
	R.31-3A FDD

R.31-4 FDD
	TBD

	6D
	Category 6, 7 (Note 12)
	CL_A-A
	55056/75376
	R.31-5 FDD R.31-4 FDD
	TBD

	Note 8: 
Test 3B is applicable to category 3 UE supporting 2x10MHz CA bandwidth configuration
Note 9: 
Test 4A is applicable to category 4 UE supporting 2x10MHz CA bandwidth configuration

Note 10: 
Test 6B is applicable to category 6 or 7 UE with maximum supported aggregated bandwidth of 10MHz+15MHz

Note 11: 
Test 6C is applicable to category 6 or 7 UE with maximum supported aggregated bandwidth of 10MHz+20MHz

Note 12: 
Test 6D is applicable to category 6 or 7 UE with maximum supported aggregated bandwidth of 15MHz+20MHz


Table 5. Fixed Reference Channel for sustained data-rate test (FDD)

	Parameter
	Unit
	Value

	Reference channel
	
	R.31-1 FDD
	R.31-2 FDD
	R.31-3 FDD
	R.31-3A FDD
	R.31-4 FDD
	R.31-5 FDD

	Channel bandwidth
	MHz
	10
	10
	20
	10
	20
	15

	Allocated resource blocks (Note 8)
	
	Note 5
	Note 6
	Note 7
	Note 6
	Note 7
	Note 7

	Allocated subframes per Radio Frame
	
	10
	10
	10
	10
	10
	10

	Modulation
	
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Coding Rate
	
	
	
	
	
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9,
	
	0.40
	0.59
	0.59
	0.85
	0.88
	0.85

	  For Sub-Frame 5
	
	0.40
	0.64
	0.62
	0.89
	0.87
	0.87

	  For Sub-Frame 0
	
	0.40
	0.63
	0.61
	0.90
	0.90
	0.88

	Information Bit Payload (Note 8)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	10296
	25456
	51024
	36696
	75376
	55056

	  For Sub-Frame 5
	Bits
	10296
	25456
	51024
	35160
	71112
	52752

	  For Sub-Frame 0
	Bits
	10296
	25456
	51024
	36696
	75376
	55056

	Number of Code Blocks
(Notes 3 and 8)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	2
	5
	9
	6
	13
	9

	  For Sub-Frame 5
	Bits
	2
	5
	9
	6
	12
	9

	  For Sub-Frame 0
	Bits
	2
	5
	9
	6
	13
	9

	Binary Channel Bits (Note 9)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	26100
	43200
	86400
	43200
	86400
	64800

	  For Sub-Frame 5
	Bits
	26100
	39744
	82080
	39744
	82080
	60480

	  For Sub-Frame 0
	Bits
	26100
	40752
	83952
	40752
	83952
	62352

	Number of layers
	
	1
	2
	2
	2
	2
	2

	Max. Throughput averaged over 1 frame (Note 8)
	Mbps
	10.296
	25.456
	51.024
	36.542
	74.950
	74.950

	UE Categories
	
	≥ 1
	≥ 2
	≥ 2
	≥ 2
	≥ 3
	≥ 3
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