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1 
Introduction
In the previous RAN4 meetings, the discussion on bandwidth coverage of CA UE demodulation tests was discussed [1][2] because of a large numbers of new CA band configurations with different bandwidth combinations supported in Rel-11. And a way forward [3] was agreed with preliminary consensus on the following issues:

· Regular FDD CA demodulation performance tests 
· Sustained data rate tests for CA FDD
In this contribution we provide further discussions for other CA tests, e.g. CA soft buffer test.
2 CA UE demodulation test coverage
In Rel10, CA UE demodulation tests can be classified as [5]:
· Normal CA demodulation
· Soft buffer management tests
· Power imbalance
· Sustained data rate
· CA CQI periodic reporting test
Table 1: Summary of Rel-10 FDD CA demodulation performance requirements[5]
	Test set
	Bandwidth
	MCS
	Propagation conditions
	Transmission mode
	UE category
	CA capability

	Normal CA demodulation performance requirements

	1
	2×10 MHz
	1/3 QPSK
	EVA5 1×2 Low
	TM1
	3-8
	CL_A-A

	
	2×20MHz
	1/3 QPSK
	EVA5 1×2 Low
	TM1
	5-8
	CL_A-A, CL_C

	2
	2×10 MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	3-8
	CL_A-A

	
	2×20MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	5-8
	CL_A-A, CL_C

	3
	2×10 MHz
	1/2 16QAM
	EVA5 4×2 Low
	TM4 rank-2
	3-8
	CL_A-A

	Soft buffer management tests

	4
	2×20MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	3
	CL_A-A, CL_C

	5
	2×20MHz
	0.39 64QAM
	EVA5 2×2 Low
	TM3 LD-CDD
	4
	CL_A-A, CL_C

	Power imbalance

	6
	2×20MHz
	0.9 (max) 64QAM
	Static 1×2
	TM1
	5-8
	CL_C

	Sustained data rate

	7
	2×20MHz
	0.9 (max) 64QAM
	Static 2×2
	TM3
	6,7
	CL_A-A, CL_C

	CA CQI periodic reporting test

	8
	2×10 MHz
	Adaptive
	AWGN 1×2
	TM1
	3-8
	CL_A-A


3 Further discussion on CA soft buffer tests beyond Rel10
In this section, we will investigate the necessity of new CA soft buffer test beyond Rel10. 

The exact purpose of CA soft buffer tests is to verify UE’s proper instantaneous buffer implementation when HARQ buffer size is not enough to store all LLRs in case of CA [9]. And in [9] when the size of soft buffer of decoder 
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and the size after rate matching 
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 , the incorrect soft buffer implementation may impact the demodulation performance. The maximum 
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 depends on the specific system bandwidth [6]:


[image: image5]          (3-1)
Therefore, CA soft buffer implementation is highly correlated with the transport block size 
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 and scheduling system bandwidth. For instance, we list the CA soft buffer impact for all TBSs when the system bandwidths are 20M ,15M and 10M in Table 4-1 ,Table 4-2 and Table 4-3 respectively.
Table 4-1: CA soft buffer utilization BW=20MHz
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the total number of bits available for the transmission of one transport block:
for example, when BW=10M, the maximum G is about 50 * number_data_bits_per_PRB
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100 0 2 0 2 2792 8 1 2816 3 1237248 1 77328 8448 8448 27200 0

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

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

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

100 4 2 4 2 7224 8 2 3612 3 1237248 1 77328 10836 10836 13600 0

100 5 2 5 2 8760 8 2 4404 3 1237248 1 77328 13212 13212 13600 0

100 6 2 6 2 10296 8 2 5172 3 1237248 1 77328 15516 15516 13600 0

100 7 2 7 2 12216 8 2 6132 3 1237248 1 77328 18396 18396 13600 0

100 8 2 8 2 14112 8 3 4728 3 1237248 1 77328 14184 12888 9067 0

100 9 2 9 2 15840 8 3 5280 3 1237248 1 77328 15840 12888 9067 0

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

100 28 6 26 2 75376 8 13 5823 4 1827072 1 114192 8784 4392 6277 1
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Table 4-2: CA soft buffer utilization BW=15MHz 
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75 0 2 0 2 2088 1 2112 3 1237248 1 77328 6336 6336 20400 0

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

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

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

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

75 5 2 5 2 6712 2 3380 3 1237248 1 77328 10140 10140 10200 0

75 6 2 6 2 7736 2 3892 3 1237248 1 77328 11676 11676 10200 0

75 7 2 7 2 9144 2 4596 3 1237248 1 77328 13788 13788 10200 0

75 8 2 8 2 10680 2 5364 3 1237248 1 77328 16092 16092 10200 0

75 9 2 9 2 11832 2 5916 3 1237248 1 77328 17748 17748 10200 0

75 10 4 9 2 11832 2 5940 3 1237248 1 77328 17820 17820 20400 0

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

75 27 6 25 2 46888 8 5885 3 1237248 1 77328 9666 4833 7650 1
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Table 4-3: CA soft buffer utilization BW=10MHz 
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50 0 2 0 2 1384 8 1 1408 3 1237248 1 77328 4224 4224 13600 0

50 1 2 1 2 1800 8 1 1824 3 1237248 1 77328 5472 5472 13600 0

50 2 2 2 2 2216 8 1 2240 3 1237248 1 77328 6720 6720 13600 0

50 3 2 3 2 2856 8 1 2880 3 1237248 1 77328 8640 8640 13600 0

50 4 2 4 2 3624 8 1 3624 3 1237248 1 77328 10872 10872 13600 0

50 5 2 5 2 4392 8 1 4416 3 1237248 1 77328 13248 13248 13600 0

50 6 2 6 2 5160 8 1 5184 3 1237248 1 77328 15552 15552 13600 0

50 7 2 7 2 6200 8 2 3124 3 1237248 1 77328 9372 9372 6800 0

50 8 2 8 2 6968 8 2 3508 3 1237248 1 77328 10524 10524 6800 0

50 9 2 9 2 7992 8 2 3996 3 1237248 1 77328 11988 11988 6800 0

50 10 4 9 2 7992 8 2 4020 3 1237248 1 77328 12060 12060 13600 0

50 11 4 10 2 8760 8 2 4404 3 1237248 1 77328 13212 13212 13600 0

50 12 4 11 2 9912 8 2 4980 3 1237248 1 77328 14940 14940 13600 0

50 13 4 12 2 11448 8 2 5748 3 1237248 1 77328 17244 17244 13600 0

50 14 4 13 2 12960 8 3 4320 3 1237248 1 77328 12960 12888 9067 0

50 15 4 14 2 14112 8 3 4728 3 1237248 1 77328 14184 12888 9067 0

50 16 4 15 2 15264 8 3 5112 3 1237248 1 77328 15336 12888 9067 0

50 17 6 15 2 15264 8 3 5112 3 1237248 1 77328 15336 12888 13600 1

50 18 6 16 2 16416 8 3 5496 3 1237248 1 77328 16488 12888 13600 1

50 19 6 17 2 18336 8 3 6112 3 1237248 1 77328 18336 12888 13600 1

50 20 6 18 2 19848 8 4 4986 3 1237248 1 77328 14958 9666 10200 1

50 21 6 19 2 21384 8 4 5370 3 1237248 1 77328 16110 9666 10200 1

50 22 6 20 2 22920 8 4 5754 3 1237248 1 77328 17262 9666 10200 1

50 23 6 21 2 25456 8 5 5116 3 1237248 1 77328 15348 7733 8160 1

50 24 6 22 2 27376 8 5 5475 3 1237248 1 77328 15465 7733 8160 1

50 25 6 23 2 28336 8 5 5692 3 1237248 1 77328 15465 7733 8160 1

50 26 6 24 2 30576 8 5 6140 3 1237248 1 77328 15465 7733 8160 1

50 27 6 25 2 31704 8 6 5308 3 1237248 1 77328 12888 6444 6800 1
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From these tables above, we can see the impact of soft buffer implementation still exists in other CA bandwidth combinations (e.g. “20+10M”). However in Rel10 CA soft buffer test cases are specified for 2x20MHz only (Nprb=100,TBS index= 13) [7] because [8]
· The performance difference between using and without using instantaneous buffer should be too small for most of case with low MCS to be observed.

· Even for higher MCS in which the performance degradation due to the improper soft buffer implementation can be observed, the higher SNR are required which makes the test setup difficult. 
That is CA soft buffer test cases in Rel10 can’t verify such impact in Rel11 as well because in this CA configuration (e.g.CA_3A-8A with 20+10M bandwidth combination) the maximum aggregated CA bandwidth for the testing UE is less than 2x20MHz. 
Furthermore, in the figures below the simulation results to verify the impact of CA soft buffer for the following CA bandwidth combination are also provided.

· 20MHz+10MHz 
· 20MHz+15MHz
· 15MHz+10MHz
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Figure 1. CA soft buffer simulation results for 20+10MHz，20+15MHz, 15+10MHz
It is obvious that CA soft buffer test cases in Rel10 are insufficient because they can’t be run for a UE with maximum aggregated bandwidth smaller than 2x20MHz in which same potential impact from the instantaneous soft buffer shall be considered.
Proposal 1: add the new test cases below for CA soft buffer management test to following CA bandwidth combinations. 

· 20MHz+10MHz ,e.g. CA_4A-13A 
· 20MHz+15MHz, e.g. CA_1A_7A
· 15MHz+10MHz, e.g. CA_11A_18A
4 
Conclusion
In this contribution, we analyzed bandwidth coverage of CA demodulation test cases ,e.g. CA soft buffer tests in Rel11. 
Proposal 1: add the new test cases below for soft buffer management test to following CA bandwidth combinations. 

· 20MHz+10MHz ,e.g. CA_4A-13A 
· 20MHz+15MHz, e.g. CA_1A_7A

· 15MHz+10MHz, e.g. CA_11A_18A
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6 Appendix
6.1. Simulation assumptions
	Parameter
	Test 1(20M+10M)
	Test 2(20M+15M)
	Test 3(15M+10M)

	
	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
	50
	100
	75
	75
	50

	UE category
	3
	3
	3
	3
	3
	3

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

	
	
	
	
	
	
	

	Transport block size
	25456
	25456
	25456
	24496
	24496
	25456


6.2. Background of CA bandwidth coverage issues

Table a1 and Table a2 provide all the supported aggregated bandwidth combinations for CA bandwidth combinations in Rel-11 [4] for the intra-band CA and inter-band CA configurations respectively. In comparison with these in Rel10, CA bandwidth combinations in Rel11 are largely extended both in 

· supported bands combinations:  e.g. CA_7C, CA_38C,

· different bandwidth for the aggregated carriers: e.g. 10M+20M in CA_40C
Table a1: Supported CC combinations per CA configuration for intra-band contiguous CA

	E-UTRA CA configuration / Bandwidth combination set

	CA Configuration
	50RB+100RB

(10 MHz + 20 MHz)
	75RB+75RB

(15 MHz + 15 MHz)
	75RB+100RB

(15 MHz + 20 MHz)
	100RB+100RB

(20 MHz + 20 MHz)
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	CA_1C
	
	Yes
	
	Yes
	40
	0

	CA_7C
	
	Yes
	
	Yes
	40
	

	CA_38C
	
	Yes
	
	Yes
	40
	

	CA_40C
	Yes
	Yes
	
	Yes
	40
	0

	CA_41C
	Yes
	Yes
	Yes
	Yes
	40
	0

	NOTE 1:
The CA Configuration refers to an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal


Table a2: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / Channel bandwidth

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Max bandwidth

	CA_1A-5A
	1
	
	
	
	Yes
	
	
	10+10

	
	5
	
	
	
	Yes
	
	
	

	CA_1A-18A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	20+15

	
	18
	
	
	Yes
	Yes
	Yes
	
	

	CA_1A-19A


	1
	
	
	Yes
	Yes
	Yes
	Yes
	20+15



	
	19
	
	
	Yes
	Yes
	Yes
	
	

	CA_1A-21A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	20+20

	
	21
	
	
	Yes
	Yes
	Yes
	Yes
	

	CA_2A-17A
	2
	
	
	Yes
	Yes
	
	
	10+10

	
	17
	
	
	Yes
	Yes
	
	
	

	CA_3A-5A (0)
	3
	
	
	
	Yes
	Yes
	Yes
	20+10

	
	5
	
	
	Yes
	Yes
	
	
	

	CA_3A-5A (1)
	3
	
	
	
	Yes
	
	
	10+10

	
	5
	
	
	Yes
	Yes
	
	
	

	CA_3A-7A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	20+20

	
	7
	
	
	
	Yes
	Yes
	Yes
	

	CA_3A-8A (0)
	3
	
	
	
	Yes
	Yes
	Yes
	20+10

	
	8
	
	
	Yes
	Yes
	
	
	

	CA_3A-8A (1)
	3
	
	
	
	Yes
	
	
	10+10

	
	8
	
	
	Yes
	Yes
	
	
	

	CA_3A-20A
	3
	
	
	Yes
	Yes
	Yes
	Yes
	20+10

	
	20
	
	
	Yes
	Yes
	
	
	

	CA_4A-5A
	4
	
	
	Yes
	Yes
	
	
	10+10

	
	5
	
	
	Yes
	Yes
	
	
	

	CA_4A-12A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	10+10

	
	12
	
	
	Yes
	Yes
	
	
	

	CA_4A-13A
	4
	
	
	Yes
	Yes
	Yes
	Yes
	20+10

	
	13
	
	
	
	Yes
	
	
	

	CA_4A-17A
	4
	Yes
	Yes
	Yes
	Yes
	
	
	10+10

	
	17
	
	
	Yes
	Yes
	
	
	

	CA_7A-20A
	7
	
	
	
	Yes
	Yes
	Yes
	20+10

	
	20
	
	
	Yes
	Yes
	
	
	

	CA_5A-12A
	5
	
	
	Yes
	Yes
	
	
	10+10

	
	12
	
	
	Yes
	Yes
	
	
	

	CA_5A-17A
	5
	
	
	Yes
	Yes
	
	
	10+10

	
	17
	
	
	Yes
	Yes
	
	
	

	CA_1A-7A
	1
	
	
	
	
	Yes
	
	20+15

	
	7
	
	
	
	
	Yes
	Yes
	

	CA_11A-18A
	11
	
	
	Yes
	Yes
	
	
	15+10

	
	18
	
	
	Yes
	Yes
	Yes
	
	

	CA_8A-20A
	8
	
	
	Yes
	Yes
	
	
	10+10

	
	20
	
	
	Yes
	Yes
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