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1 Introduction

In the RAN4 meeting #66bis, a way forward [8] was agreed based on the companies contributions [1~7] on CA bandwidth coverage topic. New tests will be added for soft buffer management and sustained data rate tests. The remaining issues are

· Extra margin for TM4 20MHz+20MHz performance requirements;
· FRC for new soft buffer performance requirements with 20MHz+X and 15MHz+10MHz and required SNR-s;
· Reference values of TB success rate for new sustained data rate test.
In this contribution, the simulation results together with our suggested requirements for CA TM4, soft buffer management and sustained data rate tests will be provided.
2 Agreements in the last meeting
The agreements on CA performance coverage issue in the last meeting were provided below and some new tests for soft buffer management and sustained data rate were introduced. And only the coverage issue for CA FDD demodulation performance needs to be solved.
· 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

· 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
· 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
And for 20MHz+20MHz TM4 tests, it was suggested:

· 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.
3 Discussion
3.1 Simulation results for CA TM4 test
For the new CA TM4 20MHz+20MHz test, most of simulation assumptions are the same as CA TM4 10MHz+ 10MHz test listed in Table 8.2.1.4.3-1/2 of TS 36.101[9]. The pre-coding sub-band size in the new test is 8PRB, which is different from 6PRB of the existing 10MHz+10MHz test. And the new FRC for 20MHz+20MHz test is given in Table 5.1 in the Annex. The relative throughput curves for both of the tests with 30Hz frequency error on SCC are given in Figure 1.
It is observed that the simulation results with impairment margin for CA TM4 10MHz+10MHz test case and that for CA TM4 20MHz+20MHz test case are almost the same. So it can be concluded that:

· Proposal 1: The performance requirement of the existing 10MHz+10MHz test can be reused for the new TM4 20MHz+20MHz test, i.e, no extra margin needed.
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Figure 1 Simulation results for the TM4 10MHz+10MHz and 20MHz+20MHz tests
3.2 Simulation results for soft buffer management tests
For soft buffer management tests, the new 15MHz+10MHz test for UE category 3 and 20MHz+X test (X is 10MHz or 15MHz) for UE category 3 and 4 were agreed to be added as Test 4, Test 5 and Test 6 in Table 1.The performance on 15MHz or 20MHz component carrier needs to be verified. 
Table 1: Minimum performance Large Delay CDD (FRC)

	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propagation condition
	Correlation matrix and antenna config.
	Reference value
	UE category
	CA capability

	
	
	
	
	
	
	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

	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 (Note 3)
	15MHz+10MHz
	R.35-2 FDD for 15MHz CC
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	TBD
	3
	CL_A-A

	5 (Note 4)
	20MHz+X MHz
	R.30 FDD for 20MHz CC
	OP.1 FDD (Note 1)
	EVA70
	2x2 Low
	70
	TBD
	3
	CL_A-A

	6 (Note4)
	20MHz+X MHz
	R.35-1 FDD for 20MHz CC
	OP.1 FDD (Note 1)
	EVA5
	2x2 Low
	70
	TBD
	4
	CL_A-A

	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: Only test the demodulation performance on 15MHz component carrier. The reference channel for 10MHz CC in the test is [R.11 FDD].
Note 4: Only test the demodulation performance on 20MHz component carrier. 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] when X is 10MHz and R.35-2 FDD when X is 15MHz.


The remaining issue is FRC. There would be many FRC candidates, by using which the large performance gap between with and without instantaneous buffering can be observed. In order to save the effort, we suggest reusing the FRC-s with the same coding rate as the existing tests. For the 20MHz+XMHz requirements of UE categories 3 and 4, we suggest reusing R.30 FDD and R.35-1 FDD, respectively. For the 15MHz+10MHz requirements of UE category 3, we suggest using 64QAM 0.39 FRC which is given R.35-2 in the Annex. And we also evaluated the 64QAM 0.41 FRC R.35-2A as suggested in [3] for 15MHz carrier. But 16QAM 1/2 would not be suitable because of the small gap between with and without instantaneous buffering. All the used FRC-s are given in Table 5.2 of the Annex.
The FDD simulation results for test 4, 5 and 6 are provided in Figure 2-5 by comparing the performance between with and without the instantaneous buffering. In our simulation, we assume 15MHz component carrier in test 4 and 20MHz component carrier in test 5, 6 as SCC with 30Hz residual frequency error.
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Figure 2 Throughput performances on 15MHz CC for category 3 UE soft buffer test with coding rate 0.39
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Figure 3 Throughput performances on 15MHz CC for category 3 UE soft buffer test with coding rate 0.41
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Figure 4 Throughput performances on 20MHz CC for category 3 UE soft buffer test with coding rate 1/2
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Figure 5 Throughput performances on 20MHz CC for category 4 UE soft buffer test with coding rate 0.39
From the simulation results, it is observed that for 15MHz+10MHz UE category 3 test the performance gaps at 70% relative throughput between with and without instantaneous buffering are large enough by using either the coding rate 0.39 or 0.41 FRC. Between them we prefer the FRC with coding rate 0.39 to facilitate the performance comparison with the 20MHz+20MHz test. The required SNR at 70% relative throughput on 15MHz CC is about 14.6dB. Considering the additional impairment margin the requirement could be 16.1dB. For 20MHz+X test for UE category 3 and 4, the performance is almost the same as the existing 2x20 MHz test. So we propose:

· Proposal 2: The required SNR for 70% relative throughput on 15MHz CC for 15MHz+10MHz UE category 3 test is 16.1dB.

· Proposal 3: Reuse the SNR requirements of the existing 2x20 MHz UE category 3 and 4 tests for the new 20MHz+X UE category 3 and 4 tests.
3.3 Simulation results for sustained data rate tests
For the sustained data rate tests, the new 10MHz+10MHz tests were agreed for UE Category 3 and 4, and the new 10MHz+15MHz, 10MHz+20MHz and 15MHz+20MHz tests were agreed for UE Category 6 and 7. We list the test parameters in Table 2 using FRCs in Table 5.3 in the Annex. 
Table 2 Test cases for sustained downlink data rate (FDD)
	Test
	UE Category
	Bandwidth
MHz
	Transmission mode
	Antenna configuration
	CA

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

	3B
	Category 3
	10+10
	3
	2x2
	CL_A-A
	25456
	R.31-2 FDD

	4A
	Category 4
	10+10
	3
	2x2
	CL_A-A
	36696
	R.31-3A FDD

	6B
	Category 6,7
	10+15
	3
	2x2
	CL_A-A
	36696 for 10MHz CC
55056 for 15MHz CC
	R.31-3A FDD for 10MHz CC
R.31-5 FDD for 15MHz CC

	6C
	Category 6,7
	10+20
	3
	2x2
	CL_A-A
	36696 for 10MHz CC
75376 for 20MHz CC
	R.31-3A FDD for 10MHz CC
R.31-4 FDD for 20MHz CC

	6D
	Category 6,7
	15+20
	3
	2x2
	CL_A-A
	55056 for 15MHz CC
75376 for 20MHz CC
	R.31-5 FDD for 15MHz CC
R.31-4 FDD for 20MHz CC


In the following simulation, 30Hz frequency error is set for the 20MHz component carrier configured as the SCC, because the coding rates of 20MHz FRC are higher than those of 15MHz and 10MHz FRCs. The higher coding rate would lead to more performance loss, and in that way the minimum requirement could be defined. The average throughput of PCC and SCC performances are plotted in Figure 6-10 below. The RFCs of the tests are chosen to achieve the maximum number of DL-SCH transport block bits received within a TTI for the UE category with the consideration of the maximum TBS a bandwidth configuration can support.
As is observed from the simulation results, a TB success rate of 95 % would be a suitable requirement for 10MHz+10MHz UE category 3 test. For the other tests, a much higher SNR is needed to achieve the 95 % throughput. Therefore a lower reference value as a  success rate of 85% would be a suitable requirement considering realistic RF imperfections. The proposal is:
· Proposal 4: Use 95% relative throughput as the test metric for 10MHz+10MHz UE category 3 SDR test and 85% relative throughput for 10MHz+10MHz UE category 4 SDR test and  10MHz+15MHz, 10MHz +20MHz and 15MHz+20MHz UE category 6 or 7 tests.
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Figure 6 average throughput of PCC and SCC for 10MHz+10MHz UE category 3 test
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Figure 7 average throughput of PCC and SCC for 10MHz+10MHz UE category 4 test
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Figure 8 average throughput of PCC and SCC for 10MHz+15MHz UE category 6, 7 test
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Figure 9 average throughput of PCC and SCC for 10MHz+20MHz UE category 6, 7 test
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Figure 10 average throughput of PCC and SCC for 15MHz+20MHz UE category 6, 7 test
4 Conclusions
In this contribution, the simulation results for the new CA TM4, soft buffer management and sustained data rate tests are provided and the test requirements are suggested according to simulation results. The proposals include:
· Proposal 1: The performance requirement of the existing 10MHz+10MHz test can be reused for the new TM4 20MHz+20MHz test, i.e, no extra margin needed.
· Proposal 2: The required SNR for 70% relative throughput on 15MHz CC for 15MHz+10MHz UE category 3 test is 16.1dB.

· Proposal 3: Reuse the SNR requirements of the existing 2x20 MHz UE category 3 and 4 tests for the new 20MHz+X UE category 3 and 4 tests.
· Proposal 4: Use 95% relative throughput as the test metric for 10MHz+10MHz UE category 3 SDR test and 85% relative throughput for 10MHz+10MHz UE category 4 SDR test and  10MHz+15MHz, 10MHz +20MHz and 15MHz+20MHz UE category 6 or 7 tests.
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6 Annex
Table 5.1: Fixed Reference Channel four antenna ports (for TM4 20MHz+20MHz test)
	Parameter
	Unit
	Value

	Reference channel
	
	R. xx-x FDD
	
	
	
	
	
	

	Channel bandwidth
	MHz
	20
	
	
	
	
	
	

	Allocated resource blocks (Note 4)
	
	100
	
	
	
	
	
	

	Allocated subframes per Radio Frame
	
	9
	
	
	
	
	
	

	Modulation
	
	16QAM
	
	
	
	
	
	

	Target Coding Rate
	
	1/2
	
	
	
	
	
	

	Information Bit Payload (Note 4)
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	25456
	
	
	
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	
	
	
	
	
	

	  For Sub-Frame 0
	Bits
	22920
	
	
	
	
	
	

	Number of Code Blocks
(Notes 3 and 4)
	
	
	
	
	
	
	
	

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

	  For Sub-Frame 5
	
	n/a
	
	
	
	
	
	

	  For Sub-Frame 0
	
	4
	
	
	
	
	
	

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	51200
	
	
	
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	
	
	
	
	
	

	  For Sub-Frame 0
	Bits
	49664
	
	
	
	
	
	

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	22.6568
	
	
	
	
	
	

	UE Category
	
	≥ 2
	
	
	
	
	
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz.
Note 2:
Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [4].

Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).

Note 4:
Given per component carrier per codeword.


Table 5.2: Fixed Reference Channel two antenna ports (for soft buffer management test)
	Parameter
	Unit
	Value

	Reference channel
	
	R.11 FDD
	R.30 FDD
	R.35-1 FDD
	R.35-2 FDD
	R. 35-2A FDD
	
	
	

	Channel bandwidth
	MHz
	10
	20
	20
	15
	15
	
	
	

	Allocated resource blocks (Note 4)
	
	50
	100
	100
	75
	75
	
	
	

	Allocated subframes per Radio Frame
	
	9
	9
	8
	9
	9
	
	
	

	Modulation
	
	16QAM
	16QAM
	64QAM
	64QAM
	64QAM
	
	
	

	Target Coding Rate
	
	1/2
	1/2
	0.39
	0.39
	0.41
	
	
	

	Information Bit Payload (Note 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	12960
	25456
	30576
	22920
	24496
	
	
	

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

	  For Sub-Frame 0
	Bits
	12960
	25456
	n/a
	n/a
	24496
	
	
	

	Number of Code Blocks 
(Notes 3 and 4)
	
	
	
	
	
	
	
	
	

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

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

	  For Sub-Frame 0
	Bits
	3
	5
	n/a
	n/a
	5
	
	
	

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	26400
	52800
	79200
	59400
	59400
	
	
	

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

	  For Sub-Frame 0
	Bits
	24768
	51168
	n/a
	n/a
	59400
	
	
	

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	11.664
	22.910
	24.461
	18.336
	22.046
	
	
	

	UE Category
	
	≥ 2
	≥ 2
	4
	≥ 2
	≥ 2
	
	
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz.
Note 2:
Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [4].
Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).

Note 4: 
Given per component carrier per codeword.


Table 5.3: Fixed Reference Channel for sustained data-rate test (FDD)

	Parameter
	Unit
	Value

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

	Channel bandwidth
	MHz
	10
	10
	
	20
	15
	

	Allocated resource blocks (Note 8)
	
	Note 6
	Note 6
	
	Note 7
	Note 9
	

	Allocated subframes per Radio Frame
	
	10
	10
	
	10
	10
	

	Modulation
	
	64QAM
	64QAM
	
	64QAM
	64QAM
	

	Coding Rate
	
	
	
	
	
	
	

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

	  For Sub-Frame 5
	
	0.64
	0.89
	
	0.87
	0.87
	

	  For Sub-Frame 0
	
	0.63
	0.90
	
	0.90
	0.88
	

	Information Bit Payload (Note 8)
	
	
	
	
	
	
	

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

	  For Sub-Frame 5
	Bits
	25456
	35160
	
	71112
	52752
	

	  For Sub-Frame 0
	Bits
	25456
	36696
	
	75376
	55056
	

	Number of Code Blocks
(Notes 3 and 8)
	
	
	
	
	
	
	

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

	  For Sub-Frame 5
	Bits
	5
	6
	
	12
	9
	

	  For Sub-Frame 0
	Bits
	5
	6
	
	13
	9
	

	Binary Channel Bits (Note 8)
	
	
	
	
	
	
	

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

	  For Sub-Frame 5
	Bits
	39744
	39744
	
	82080
	60480
	

	  For Sub-Frame 0
	Bits
	40752
	40752
	
	83952
	62352
	

	Number of layers
	
	2
	2
	
	2
	2
	

	Max. Throughput averaged over 1 frame (Note 8)
	Mbps
	25.456
	36.542
	
	74.950
	54.826
	

	UE Categories
	
	≥ 2
	≥ 2
	
	≥ 3
	≥ 3
	

	Note 1:
1 symbol allocated to PDCCH for all tests.
Note 2:
Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [4].
Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit). 

Note 4:
Resource blocks nPRB = 0..2 are allocated for SIB transmissions in sub-frame 5 for all bandwidths.

Note 5:
Resource blocks nPRB = 6..14,30..49 are allocated for the user data in all sub-frames.

Note 6:
Resource blocks 
nPRB = 3..49 are allocated for the user data in sub-frame 5, and resource blocks nPRB = 0..49 in sub-frames 0,1,2,3,4,6,7,8,9.

Note 7:
Resource blocks 
nPRB = 4..99 are allocated for the user data in sub-frame 5, and resource blocks nPRB = 0..99 in sub-frames 0,1,2,3,4,6,7,8,9.

Note 8: 
Given per component carrier per codeword.
Note 9:
Resource blocks 
nPRB = 4..74 are allocated for the user data in sub-frame 5, and resource blocks nPRB = 0..74 in sub-frames 0,1,2,3,4,6,7,8,9.


