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1 
Introduction
In the last RAN4 meeting, a way forward [1] was agreed for the CA demodulation tests beyond Rel10. The new tests for CA soft buffer test below are agreed. 
· 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 
Moreover a new test for CA FDD TM4 with 20M+20M bandwidth combination was also agreed [1].
Therefore in this contribution we firstly provide our views on the feasible FRC configurations for new CA soft buffer tests. Then the RF impairment result for the new CA FDD TM4 test with 20+20M bandwidth combination is given.
2 Further discussion on CA soft buffer tests beyond Rel10
In [1] some new CA soft buffer tests for UE cat3 and cat4 have been agreed. In this section, we will investigate the feasible FRC for these tests. 

In [2] how to identify CA soft buffer limitation issues is given. Theoretically when the actual size of soft buffer of decoder 
[image: image1.wmf]SB

n

 is less than the soft buffer size 
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that eNB assumes for UE to decode one code block [3], the incorrect soft buffer implementation may impact the demodulation performance. In the tables below some cases with full PRBs allocation which have such CA soft buffer limitation issue potentially are indicated for both UE cat3 and UE cat4. 
Table 1: CA soft buffer utilization for UE cat 3 when BW= 15M, and 20MHz
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75 0 2 0 2 2088 8 1 2112 3 1237248 77328 6336 6336 20400 20400 0

75 1 2 1 2 2728 8 1 2752 3 1237248 77328 8256 8256 20400 20400 0

75 2 2 2 2 3368 8 1 3392 3 1237248 77328 10176 10176 20400 20400 0

75 3 2 3 2 4392 8 1 4416 3 1237248 77328 13248 13248 20400 20400 0

75 4 2 4 2 5352 8 1 5352 3 1237248 77328 16056 16056 20400 20400 0

75 5 2 5 2 6712 8 2 3380 3 1237248 77328 10140 10140 20400 10200 0

75 6 2 6 2 7736 8 2 3892 3 1237248 77328 11676 11676 20400 10200 0

75 7 2 7 2 9144 8 2 4596 3 1237248 77328 13788 13788 20400 10200 0

75 8 2 8 2 10680 8 2 5364 3 1237248 77328 16092 16092 20400 10200 0

75 9 2 9 2 11832 8 2 5916 3 1237248 77328 17748 17748 20400 10200 0

75 10 4 9 2 11832 8 2 5940 3 1237248 77328 17820 17820 40800 20400 0

75 11 4 10 2 12960 8 3 4344 3 1237248 77328 13032 12888 40800 13600 1

75 12 4 11 2 15264 8 3 5112 3 1237248 77328 15336 12888 40800 13600 1

75 13 4 12 2 16992 8 3 5688 3 1237248 77328 17064 12888 40800 13600 1

75 14 4 13 2 19080 8 4 4794 3 1237248 77328 14382 9666 40800 10200 1

75 15 4 14 2 21384 8 4 5370 3 1237248 77328 16110 9666 40800 10200 1

75 16 4 15 2 22920 8 4 5754 3 1237248 77328 17262 9666 40800 10200 1

75 17 6 15 2 22920 8 4 5754 3 1237248 77328 17262 9666 61200 15300 1

75 18 6 16 2 24496 8 5 4924 3 1237248 77328 14772 7733 61200 12240 1

75 19 6 17 2 27376 8 5 5475 3 1237248 77328 15465 7733 61200 12240 1

75 20 6 18 2 29296 8 5 5884 3 1237248 77328 15465 7733 61200 12240 1

75 21 6 19 2 32856 8 6 5500 3 1237248 77328 12888 6444 61200 10200 1

75 22 6 20 2 35160 8 6 5884 3 1237248 77328 12888 6444 61200 10200 1

75 23 6 21 2 37888 8 7 5437 3 1237248 77328 11046 5523 61200 8743 1

75 24 6 22 2 40576 8 7 5797 3 1237248 77328 11046 5523 61200 8743 1

75 25 6 23 2 43816 8 8 5501 3 1237248 77328 9666 4833 61200 7650 1

75 26 6 24 2 45352 8 8 5693 3 1237248 77328 9666 4833 61200 7650 1

75 27 6 25 2 46888 8 8 5885 3 1237248 77328 9666 4833 61200 7650 1
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100 0 2 0 2 2792 8 1 2816 3 1237248 77328 8448 8448 27200 27200 0

100 1 2 1 2 3624 8 1 3648 3 1237248 77328 10944 10944 27200 27200 0

100 2 2 2 2 4584 8 1 4608 3 1237248 77328 13824 13824 27200 27200 0

100 3 2 3 2 5736 8 1 5760 3 1237248 77328 17280 17280 27200 27200 0

100 4 2 4 2 7224 8 2 3612 3 1237248 77328 10836 10836 27200 13600 0

100 5 2 5 2 8760 8 2 4404 3 1237248 77328 13212 13212 27200 13600 0

100 6 2 6 2 10296 8 2 5172 3 1237248 77328 15516 15516 27200 13600 0

100 7 2 7 2 12216 8 2 6132 3 1237248 77328 18396 18396 27200 13600 0

100 8 2 8 2 14112 8 3 4728 3 1237248 77328 14184 12888 27200 9067 1

100 9 2 9 2 15840 8 3 5280 3 1237248 77328 15840 12888 27200 9067 1

100 10 4 9 2 15840 8 3 5304 3 1237248 77328 15912 12888 54400 18134 1

100 11 4 10 2 17568 8 3 5880 3 1237248 77328 17640 12888 54400 18134 1

100 12 4 11 2 19848 8 4 4986 3 1237248 77328 14958 9666 54400 13600 1

100 13 4 12 2 22920 8 4 5754 3 1237248 77328 17262 9666 54400 13600 1

100 14 4 13 2 25456 8 5 5116 3 1237248 77328 15348 7733 54400 10880 1

100 15 4 14 2 28336 8 5 5692 3 1237248 77328 15465 7733 54400 10880 1

100 16 4 15 2 30576 8 5 6140 3 1237248 77328 15465 7733 54400 10880 1

100 17 6 15 2 30576 8 5 6140 3 1237248 77328 15465 7733 81600 16320 1

100 18 6 16 2 32856 8 6 5500 3 1237248 77328 12888 6444 81600 13600 1

100 19 6 17 2 36696 8 6 6116 3 1237248 77328 12888 6444 81600 13600 1

100 20 6 18 2 39232 8 7 5629 3 1237248 77328 11046 5523 81600 11658 1

100 21 6 19 2 43816 8 8 5501 3 1237248 77328 9666 4833 81600 10200 1

100 22 6 20 2 46888 8 8 5885 3 1237248 77328 9666 4833 81600 10200 1

100 23 6 21 2 51024 8 9 5694 3 1237248 77328 8592 4296 81600 9067 1

100 24 6 22 2 55056 8 9 6117 3 1237248 77328 8592 4296 81600 9067 1

100 25 6 23 2 57336 8 10 5758 3 1237248 77328 7732 3866 81600 8160 1

100 26 6 24 2 61664 8 11 5630 3 1237248 77328 7029 3515 81600 7419 1

100 27 6 25 2 63776 8 11 5822 3 1237248 77328 7029 3515 81600 7419 1

100 28 6 26 2 75376 8 13 5823 4 1827072 114192 8784 4392 81600 6277 1
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Table 2: CA soft buffer utilization for UE cat 4 when BW= 20MHz
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100 0 2 0 2 2792 8 1 2816 4 1827072 114192 8448 8448 27200 27200 0

100 1 2 1 2 3624 8 1 3648 4 1827072 114192 10944 10944 27200 27200 0

100 2 2 2 2 4584 8 1 4608 4 1827072 114192 13824 13824 27200 27200 0

100 3 2 3 2 5736 8 1 5760 4 1827072 114192 17280 17280 27200 27200 0

100 4 2 4 2 7224 8 2 3612 4 1827072 114192 10836 10836 27200 13600 0

100 5 2 5 2 8760 8 2 4404 4 1827072 114192 13212 13212 27200 13600 0

100 6 2 6 2 10296 8 2 5172 4 1827072 114192 15516 15516 27200 13600 0

100 7 2 7 2 12216 8 2 6132 4 1827072 114192 18396 18396 27200 13600 0

100 8 2 8 2 14112 8 3 4728 4 1827072 114192 14184 14184 27200 9067 0

100 9 2 9 2 15840 8 3 5280 4 1827072 114192 15840 15840 27200 9067 0

100 10 4 9 2 15840 8 3 5304 4 1827072 114192 15912 15912 54400 18134 0

100 11 4 10 2 17568 8 3 5880 4 1827072 114192 17640 17640 54400 18134 0

100 12 4 11 2 19848 8 4 4986 4 1827072 114192 14958 14274 54400 13600 1

100 13 4 12 2 22920 8 4 5754 4 1827072 114192 17262 14274 54400 13600 1

100 14 4 13 2 25456 8 5 5116 4 1827072 114192 15348 11419 54400 10880 1

100 15 4 14 2 28336 8 5 5692 4 1827072 114192 17076 11419 54400 10880 1

100 16 4 15 2 30576 8 5 6140 4 1827072 114192 18420 11419 54400 10880 1

100 17 6 15 2 30576 8 5 6140 4 1827072 114192 18420 11419 81600 16320 1

100 18 6 16 2 32856 8 6 5500 4 1827072 114192 16500 9516 81600 13600 1

100 19 6 17 2 36696 8 6 6116 4 1827072 114192 18348 9516 81600 13600 1

100 20 6 18 2 39232 8 7 5629 4 1827072 114192 16313 8157 81600 11658 1

100 21 6 19 2 43816 8 8 5501 4 1827072 114192 14274 7137 81600 10200 1

100 22 6 20 2 46888 8 8 5885 4 1827072 114192 14274 7137 81600 10200 1

100 23 6 21 2 51024 8 9 5694 4 1827072 114192 12688 6344 81600 9067 1

100 24 6 22 2 55056 8 9 6117 4 1827072 114192 12688 6344 81600 9067 1

100 25 6 23 2 57336 8 10 5758 4 1827072 114192 11419 5710 81600 8160 1

100 26 6 24 2 61664 8 11 5630 4 1827072 114192 10381 5191 81600 7419 1

100 27 6 25 2 63776 8 11 5822 4 1827072 114192 10381 5191 81600 7419 1

100 28 6 26 2 75376 8 13 5823 4 1827072 114192 8784 4392 81600 6277 1
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From these tables above it seems many test cases can be served as the one to identify CA soft buffer limitation issue. However, from the practical perspective other two factors shall be considered additionally. 

·  Sufficient performance difference due to the improper CA soft buffer implementation can be observed.
·  SNR testing points is easy to be achieved, e.g. <20dB.

Thus in the figures below, some simulation results are given to evaluate the feasible FRC (e.g. MCS) configurations for such test cases. The simulation assumptions are given in tables in Appendix. Since such tests are applied in one CC only (e.g. 20M CC for 20M+10M and 20M+15M tests for UE cat 3), the results for 20M+10M and 20M+15M tests for both UE cat 3 and UE cat4 are same, which are given in Figure 2 and Figure 3 respectively. 
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Figure 1. CA soft buffer simulation results for UE cat3 ,15+10MHz (test on 15M CC only)
[image: image7.emf]9 10 11 12 13 14 15 16 17 18

1.5

2

2.5

3

3.5

4

4.5

x 10

7

SNR(dB)

Throughput

CA bandwidth: 20+10M, 20+15(test 20M carier only),UE cat3

 

 

inst

noinst


Figure 2. CA soft buffer simulation results for UE cat3 with20+10MHz and 20+15MHz (test on 20M CC only)
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Figure 3. CA soft buffer simulation results for UE cat4 , 20+10MHz and 20+15MHz (test on 20M CC only)
Table 3: Summary of evaluation results
	Testing Scenario
	UE Cat
	System BW(MHz)
	Number of PRBs
	Index of MCS
	Transport Block size
	Performance degradation w/o inst softbuffer @70% max throughput in the tested CC

	Test3-1
	CC#1
	3
	15
	75
	18(64QAM)
	24996
	 >4dB

	
	CC#2
	
	10
	50
	23(64QAM)
	25456
	

	Test3-2
	CC#1
	3
	20
	100
	14(16QAM)
	25456
	 4.2dB

	
	CC#2
	
	10
	50
	23(64QAM)
	25456
	

	Test3-3
	CC#1
	3
	20
	100
	14(16QAM)
	25456
	 4.2dB

	
	CC#2
	
	15
	75
	18(64QAM)
	24996
	

	Test4-1
	CC#1
	4
	20
	100
	17(64QAM)
	30576
	4.3dB

	
	CC#2
	
	10
	50
	20(64QAM)
	19848
	

	Test4-2
	CC#1
	4
	20
	100
	17(64QAM)
	30576
	 4.3dB

	
	CC#2
	
	15
	75
	18(64QAM)
	24996
	


Observation 1: For these new CA soft buffer test cases, the performance difference at the tested carrier between UE with and without instantaneous buffer are more than 4dB for both UE cat 3 and cat 4 in case of MCSs given in Table3. Meanwhile, the 70% max throughput test points for these tests are less than 20dB.That means these cases can be easily tested. 
Proposal 1: The testing configurations of FRCs for all additional CA soft buffer test cases beyond Rel10 are given Table 4 below.
Table 4: Proposed FRCs for new CA soft buffer tests
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Test3-1 CC#1 3 15 75 18(64QAM) 24996

Test3-2 CC#1 3

Test3-3 CC#1 3
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3 Simulation result of CA TM4 test case with RF impairment
As described in [1], a new CA TM4 test case for FDD was agreed. In Table 5 below, some main simulation parameters were given. Generally in our simulation RF impairments at the UE receiver include linear distortion of RF and baseband filters, LO leakage and phase noise, I/Q imbalance, ADC quantization noise, and nonlinear distortion. 

Table 5 Simulation assumptions of CA TM4 test
	Parameter
	Unit
	Value

	Reference channel
	
	R.xx FDD

	Channel bandwidth
	MHz
	2x20

	Allocated resource blocks
	PRB
	100

	Allocated subframes per Radio Frame
	
	9

	Modulation Scheme
	
	16QAM

	Information Bit Payload size
	
	

	  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

	Max. Throughput averaged over 1 frame
	Mbps
	45.3136

	Propagation condition
	
	EVA5

	Symbols for unused PRBs of PCell
	
	OCNG

	Cyclic prefix
	
	Normal

	Number of HARQ process
	Process
	8

	Maximum number of HARQ
	
	4

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2

	UE category
	
	5-8
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Figure4.  Simulation result for FDD TM4, 2*20MHz 

Observation 2: For the new CA TM4 FDD test case, the required SNR which corresponds to 70% of maximum throughput is about 9.3dB regarding to RF impairment and fixed-point quantization error. 
4 
Conclusion
In this contribution, some open issues for new CA test cases beyond Rel10 are addressed firstly. Based on the simulation results we provided in section 2, we proposed the feasible FRC configurations for the new test cases of CA soft buffer as.
Proposal 1: The testing configurations of FRC for all additional CA soft buffer test cases beyond Rel10 are given in the table below.
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Test3-1 CC#1 3 15 75 18(64QAM) 24996
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Meanwhile, the simulation result with RF impairment for the new CA TM4 FDD test is provided. We proposed take this result count into the performance requirement in RAN4 also.
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6 Appendix
6.1. Simulation assumptions for new CA soft buffer tests
Table 6-1 Common Simulation parameters 
	Parameter
	　Value

	Carrier frequency
	2 GHz

	Cyclic prefix
	Normal

	Sub-frame configuration
	100 resource blocks are allocated per CC in all subframes except subframe #0 and #5. No resource blocks are allocated in sub-frame #0 and #5

	Number of OFDM symbols for PDCCH
	2 symbols per subframe per CC

	Power allocation (ρA,  ρB) )
	-3 dB

	Antenna configuration and correlation matrix
	2x2 Low

	Channel model
	EVA5

	SIR / CQI estimation
	Practical

	Channel estimation
	Practical

	Frequency error
	0 Hz

	EVM error 
	6%

	UE Categories
	3 or 4

	Per CC soft buffer size
	Soft buffer size of each CC is set to half of that of the single carrier case.

	Number of HARQ processes
	8

	Maximal number of HARQ transmission
	4

	Soft buffer implementation
	With instantaneous buffer vs. without instantaneous buffer

	Performance metric


	PDSCH throughput vs. SNR


Table6-2 Specific Simulation parameters
	Parameter
	(20M+10M),cat 3
	(20M+15M), cat3
	(15M+10M),cat3

	
	CC#1(20M)
	CC#2(10M)
	CC#1(20M)
	CC#2(15M)
	CC#1(15M)
	CC#2(10M)

	MIMO configuration
	TM3 (rank 2)
	TM3 (rank 2)
	TM3 (rank 2)

	Number of PRBs
	100
	
	100
	
	75
	

	UE category
	3
	
	3
	
	3
	

	IMCS
	14 (16QAM)
	
	14 (16QAM)
	
	18 (64QAM)
	

	
	
	
	
	
	
	

	Transport block size
	25456
	
	25456
	
	24496
	

	Parameter
	(20M+10M), cat4
	(20M+15M), cat4
	

	
	CC#1(20M)
	CC#1(10M)
	CC#1(20M)
	CC#2(15M)
	
	

	MIMO configuration
	TM3 (rank 2)
	TM3 (rank 2)
	

	Number of PRBs
	100
	
	100
	
	
	

	UE category
	4
	
	4
	
	
	

	IMCS
	17 (64QAM)
	
	17 (64QAM)
	
	
	

	
	
	
	
	
	
	

	Transport block size
	30576
	
	30576
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