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1 Introduction
In the RAN meeting #64 a new work item to provide the good demodulation and CSI requirements for multiple CA configurations including 3DL and beyond 3DL CA and TDD FDD CA. In [2~4] the detailed solutions targeting at providing a scalable UE CA performance requirements are provided.
Based on those proposed methods, this paper will further identify the open issues and try to provide the solutions for each. This paper will focus on the 3DL and beyond 3DL CA scenarios. The similar methods can be used for TDD FDD CA scenario, which will be discussed in the accompanied paper.
2 Summary of proposals and open issues
Table 1 summarizes the proposals and open issues to be solved in this work item. And since the discussions on the power imbalance and timing difference test for the intra-band non-contiguous and non-collocated CA were not finalized, We leave this part FFS.
Table 1: Summary of the proposals and open issues related to CA demodulation and CSI requirements

	Topic
	Solutions
	Issues that need more discussion

	CA normal test 
	Requirements for TM1, TM3, TM4;
Test metric : relative throughput on single carrier 
	Discussion on margin;
Applicability in terms of UE category

	CQI test 
	Define 3 Cell (PCell, SCell-1, SCell-2);
Determine SINR for each cell;
Define the CQI delta metric respectively 
	How to handle 4DL and more;
When the number of cell increases, it would be difficult to set SINR and delta CQI metric 

	Soft buffer management
	No soft buffer test for UE category 3, 4 for 3DL; 
Evaluate whether it is needed for UE Cat 6, 7
	How to handle 4DL and more CA cases;

	Sustained data rate 
	Apply the single carrier requirements according to the coding rate 
	Decide the coding rate threshold;
More simulations needed 

	Power imbalance for intra-band contiguous CA
	Solution based on falling back;
Verify performance on CC/s at the edge with smaller bandwidth assuming one RF chain 
	More thinking is needed on the methodology;
Power imbalance test for intra-band NC CA would be a tough job 

	Power imbalance and timing difference test for intra-band non-contiguous CA
	Not discussed
	How to specify the timing difference test;

It would be difficult to make power imbalance test for intra-band non-contiguous CA flexible

	CA applicability
	It is proposed not to associate CL_A-A… to tests 
	How to specify the rule of applying test cases 


3 Discussion
3.1 CA Normal test
3.1.1 Test method: Transmit all CC-s simultaneously and verify performance on each CC individually
In [2~4], the solutions are proposed and the key idea is to change the test metric from the sum of the throughput to the throughput per CC. 
One example is given test in Table 2 and Table 3 for CA TM1 [2]. Table 2 specifies the single carrier performance requirements with respect to different bandwidths. Table 3 lists all the test cases with the different bandwidth combinations, and for each test case the performance requirement is specified in terms of the single carrier performance given in Table 2. 
During the test, all the CC-s will be transmitted simultaneously and the performance on each CC will be verified individually.
· Proposal 1: Specify the minimum requirements for CA normal tests in term of single carrier performance requirements with different bandwidths. During the test, transmit all the CC-s simultaneously and verify the performance on each CC individually.
Table 2: Minimum performance per component carrier for CA TM1 FDD (FRC)

	Num.
	Bandwidth
	Reference channel
	OCNG pattern
	Propagation conditions
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	1.4MHz
	TBD
	TBD
	EVA5
	1x2 Low
	70
	TBD

	2
	3MHz
	TBD
	TBD
	EVA5
	1x2 Low
	70
	TBD

	3
	5MHz
	TBD
	TBD
	EVA5
	1x2 Low
	70
	TBD

	4
	10 MHz
	R.2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.1

	5
	15MHz
	TBD
	TBD
	EVA5
	1x2 Low
	70
	TBD

	6
	20MHz
	R.42 FDD
	OP. 1 FDD
	EVA5
	1x2 Low
	70
	-1.3


Table 3: Minimum performance requirements CA TM1 FDD (FRC)

	Test num.
	Bandwidth
	CA applicability
	CA configuration applicability
	Requirement
	UE Category

	1
	10MHz+10MHz+20MHz
	CL_A-A-A, …
	CA supporting 2x10MHz+20MHz
	As specified in Table3 per CC
	TBD

	2
	3x20MHz
	CL​_D, …
	CA supporting 3x20MHz
	As specified in Table3 per CC
	TBD

	3
	…
	…
	…
	…
	…


3.1.2 Impairment margin
One open issue is whether the extra impairment margin should be applied. In Rel-10, RAN4 had a long discussion on the extra margins for CA. Even under the assumption of 30Hz relative frequency offset between CC-s, there was no convincible evidence to justify its necessity. On the other hand, compared to the existing requirements, the CA requirements are very close to the single carrier requirements, although the CA requirements are specified in terms of sum of throughput. Table 4 compares the performances between CA and single carrier cases with the common test setups. We can observe that there is no evidence that the extra margin specific for CA should be needed.
Therefore we propose that

· Proposal 2: Do not add the extra impairment margin on top of the single carrier performance requirements already with impairment margins for CA normal test.
Table 4: Minimum performance requirements CA TM1 FDD (FRC)

	Test cases
	CA Test cases
	Requirements
	Single carrier test
	Requirements

	TM1
	2x10MHz 1/3QPSK EVA5 1x2Low
	-1.1dB
	10MHz 1/3QPSK EVA5 1x2Low
	-1.0dB

	TM3
	2x10MHz 1/2 16QAM EVA70 2x2 Low
	13.7dB
	10MHz 1/2 16QAM EVA70 2x2 Low
	13.0dB

	
	2x5MHz 1/2 16QAM EVA70 2x2 Low
	12.7dB
	5MHz 1/2 16QAM EVA70 2x2 Low
	12.7dB


3.1.3 Applicability: UE category
In the section below, we will further discussion how to specify the applicability rules. For the normal test, e.g., Table 3, our proposal is to remove the columns related to applicability, i.e., CA applicability and UE category, and to design a new table to specify the applicability rules.
3.2 CQI test for CA
3.2.1 Test method: use delta CQI as test metric and configure different SNRs on each CC

In [3] it is proposed to extend the existing test method for CA CQI test to specify multiple delta CQI requirements under different SNR configurations for 3DL and beyond 3DL CA. In the existing requirement, the 6dB SNR difference is set between two CCs. If following the same way, it can be observed that

· For 3DL CA, PCell is 6dB higher than SCell1 and 12dB higher than SCell2 for 3DL CA test;
· For 4DL CA, PCell is 6dB higher than SCell1, 12dB higher than SCell2, and 18dB higher than SCell3;

· For 5DL CA, PCell is 6dB higher than SCell1, 12dB higher than SCell2, 18dB higher than SCell3, and 24dB higher than SCell4.

We would like to have further analysis on the feasibility. For the intra-band contiguous CA with the single RF chain, the image interference should be considered. Assuming the 25dBc image rejection and that PCell will have image on SCell4 for 5DL CA case, then the SNR on SCell4 will decrease due to the image interference. So the actual delta SNR between PCell and SCell4 is higher than 24dB. And according to our simulation results, the SNR range corresponding to 1% BLER operating points across all the CQI-s is about 26dB.

Therefore, we think it possible to extend the existing test method to 3DL~5DL CA.
· Proposal 3: Define the multiple delta CQI requirements under different SNR setups for each CC, i.e.,
· For 3DL CA, PCell is 6dB higher than SCell1 and 12dB higher than SCell2 for 3DL CA test;

· For 4DL CA, PCell is 6dB higher than SCell1, 12dB higher than SCell2, and 18dB higher than SCell3;

· For 5DL CA, PCell is 6dB higher than SCell1, 12dB higher than SCell2, 18dB higher than SCell3, and 24dB higher than SCell4.
3.2.2 Multiple CQI reporting configurations

The remaining issue is to specify the proper CQI reporting configurations of periodicity and offsets.

In the existing 2DL CA CQI test, the reporting periodicity is 10ms for both PCell and SCell and for both FDD and TDD. Thanks to AWGN channel, the propagation does not change with time. So for 3DL, 4DL and 5DL CA, the longer periodicity could be used to ensure no collision between the CQI feedbacks on different CCs.
We propose that

· Proposal 4: For CQI definition tests, the following periodicities are assumed together 
· For 3DL CA, PCell is 6dB higher than SCell1 and 12dB higher than SCell2 for 3DL CA test;

· For 4DL CA, PCell is 6dB higher than SCell1, 12dB higher than SCell2, and 18dB higher than SCell3;

· For 5DL CA, PCell is 6dB higher than SCell1, 12dB higher than SCell2, 18dB higher than SCell3, and 24dB higher than SCell4.
3.3 Soft buffer management test
3.3.1 Test method: apply single carrier requirement and fall back to 2DL test for UE category 3 and 4
The existing test methodology for the soft buffer management test is to select the maximum aggregated bandwidth and check performance on single carrier. In our view, we can basically follow the same way for 3DL and beyond 3DL CA.
The questions for soft buffer management test are 
· Whether Category 3 and 4 UE should be tested against the 3DL and beyond 3DL soft buffer management tests;

· How to define the new soft buffer management test for Category 6, 7, 9, 10 UEs under 3DL and/or beyond 3DL CA scenarios;
In our view, the key test purpose is to verify whether UE implements instantaneous buffering. For UE category 3 and 4, there are already soft buffer management test specified based on 2DL CA in terms of single carrier requirements. So to some extend the good instantaneous buffering implementation could be guaranteed for UE category 3 and 4, and there would be no need to specify the new 3DL based CA soft buffer management test for them. Thus when we need the soft buffer management test for the category 3 and 4 UEs supporting 3DL CA, we could fall back to 2DL CA soft buffer management test.
· Proposal 5: Apply 2DL CA soft buffer management tests for Category 3 and 4 UEs which support 3DL and/or beyond 3DL CA. The bandwidth selected for the test should be supported by the UE under test.
For UE category 6 and 7, according to our calculation as shown in attachment, the impact of soft buffer limit under the 3DL CA case would be negligible. So there would be no need to specify the 3DL CA soft buffer management test for them. But for the 4DL CA case, there would be need to specify soft buffer management test for UE category 6 and 7, since the available peak data rate under the 4DL CA doubles compared to the peak data rate achievable for UE category 6 and 7.
· Proposal 6: No new 3DL based CA soft buffer management test is needed for UE category 6 and 7 since the performance loss between with and without instantaneous buffering is marginal.

· Proposal 7: The new 4DL based CA soft buffer management test will be needed for UE category 6 and 7, and there is no need to specify 5DL CA soft buffer management test. For the category 6 and 7 UEs supporting 5DL, apply the 4DL based CA soft buffer management tests by configuring the 4DL bandwidth which is supported by the UE under test.
3.3.2 Simulation results for UE category 6 and 7
In Table 5 we provide the analysis of the possible soft buffer limitation for 20MHz and 15MHz under 3DL CA configuration. According to the previous study, when KW, which is the number of the channel bits after turbo coding and before rate matching, is larger than the available soft buffer size, there would be the soft buffer limitation issue. When E, which is the number of the channel bits after rate matching, is larger than the available soft buffer size, the soft buffer limitation may cause the significant performance loss.
In Table 5 we highlight the IMCS which may correspond to the performance loss by yellow. For IMCS #20, E is 390bits larger than the available soft buffer, which the maximum gap between the required soft buffer and the available one, while for IMCS #28 the performance loss would be more significant because the coding rate is high and some system bits will be lost directly.
Table 5: Required soft buffer size for Turbo decoding and available soft buffer for UE category 6, 7, 3DL CA
	IMCS
	NPRB = 100, 20MHz
	NPRB = 75, 15MHz

	
	TBS
	KW
	E
	Soft-buffer
	Limit ?
	TBS
	KW
	E
	Soft-buffer
	Limit ?

	0
	2792
	8544
	26400
	76400
	No
	2088
	7200
	19800
	76400
	No

	1
	3624
	11040
	26400
	76400
	No
	2728
	8352
	19800
	76400
	No

	2
	4584
	13920
	26400
	76400
	No
	3368
	10272
	19800
	76400
	No

	3
	5736
	17376
	26400
	76400
	No
	4392
	13344
	19800
	76400
	No

	4
	7224
	11040
	13200
	38200
	No
	5352
	16224
	19800
	76400
	No

	5
	8760
	13344
	13200
	38200
	No
	6712
	10368
	9900
	38200
	No

	6
	10296
	15648
	13200
	38200
	No
	7736
	11904
	9900
	38200
	No

	7
	12216
	18528
	13200
	38200
	No
	9144
	14016
	9900
	38200
	No

	8
	14112
	14304
	8800
	25466
	No
	10680
	16320
	9900
	38200
	No

	9
	15840
	16032
	8800
	25466
	No
	11832
	18048
	9900
	38200
	No

	10
	15840
	16032
	17600
	25466
	No
	11832
	18048
	19800
	38200
	No

	11
	17568
	17760
	17600
	25466
	No
	12960
	13152
	13200
	25466
	No

	12
	19848
	15072
	13200
	19100
	No
	15264
	15456
	13200
	25466
	No

	13
	22920
	17376
	13200
	19100
	No
	16992
	17184
	13200
	25466
	No

	14
	25456
	15456
	10560
	15280
	Yes
	19080
	14592
	9896
	19100
	No

	15
	28336
	17184
	10560
	15280
	Yes
	21384
	16320
	9896
	19100
	No

	16
	30576
	18528
	10560
	15280
	Yes
	22920
	17472
	9896
	19100
	No

	17
	30576
	18528
	15840
	15280
	Yes
	22920
	17472
	14844
	19100
	No

	18
	32856
	16608
	13200
	12733
	Yes
	24496
	14976
	11880
	15280
	Yes

	19
	36696
	18528
	13200
	12733
	Yes
	27376
	16704
	11880
	15280
	Yes

	20
	39232
	16992
	11304
	10914
	Yes
	29296
	17856
	11880
	15280
	Yes

	21
	43816
	16608
	9900
	9550
	Yes
	32856
	16608
	9900
	12733
	Yes

	22
	46888
	17760
	9900
	9550
	Yes
	35160
	17760
	9900
	12733
	Yes

	23
	51024
	17184
	8796
	8488
	Yes
	37888
	16512
	8484
	10914
	Yes

	24
	55056
	18528
	8796
	8488
	Yes
	40576
	17856
	8484
	10914
	Yes

	25
	57336
	17376
	7920
	7640
	Yes
	43816
	16608
	7416
	9550
	Yes

	26
	61664
	16992
	7200
	6945
	Yes
	45352
	17184
	7416
	9550
	Yes

	27
	63776
	17568
	7200
	6945
	Yes
	46888
	17760
	7416
	9550
	Yes

	28
	75376
	17568
	6084
	5876
	Yes
	55056
	18528
	6600
	8488
	Yes


In Figure 1 we provide the simulation results with IMCS #20 since the largest gap between the available buffer and E can be found for it. It can be observed that the performance loss is not significantly. So Proposal 5 would be reasonable.
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Figure 1: Simulation results with IMCS #20, with and without instantaneous buffering
3.4 Sustained data rate test for CA
3.4.1 Test method: apply the single carrier requirement according to “coding rate”
According to the existing specifications, there are only two reference values of TB success rate in the sustained data rate requirements specified, i.e., 85% and 95%. 
They correspond to two cases. One case is that the configured TB size on the single CC is primarily restricted by the available bandwidth. For example, in Test 3A of TS36.101, the configured TB size is 36696 bits, which is the largest TB size for 10MHz but still much less than the maximum allowable TB size for a certain UE category. In this case, generally the coding rate will be high, e.g. 0.87 and thus the required SNR will be high, which results in the reduced level of TB success rate of 85%. 
The other is that the TB size on the single carrier is primary limited by the maximum allowable TB size of a UE category. For example, in Test 3B for CA 2×10MHz, the configured TB size is 25456 bits, which is much less than the maximum TB sizes for 10MHz on the single carrier, but the largest TB size allowed by the UE category 3. Generally for this case the coding rate will be low and the required SNR will be low, where the high level of TB success rate of 95% is feasible.
One except is Test 3C, where the TB size is 51024. It is largest allowable TB size for UE category 3, but the coding rate is not low compared to the allocated PRB number. So 85% TB success rate is specified.
In sum, from the existing sustained data rate requirements, we could observe that
· Observation 1: based on the coding rate, the reference levels of TB success rate for sustained data rate requirements could be divided into two kinds, i.e., 95% for lower coding rate and 85% for higher coder rate.

So we propose one method to specify the sustained data rate requirements in terms of the single carrier requirements based on the coding rate utilized.
· Proposal 8: Specify the sustained data rate requirements in terms of the single carrier requirements based on the coding rate utilized. 

The example is given in Table 6 and Table 7. The remaining issue is to look for the coding rate threshold to distinguish the lower coding rate and higher coding rate.
Table 6: Minimum performance per component carrier for CA sustained data rate test FDD (FRC)

	Num
	Bandwidth
	Reference channel
	OCNG pattern
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at antenna port 
	Correlation matrix and antenna configuration
	Reference value

Fraction of Maximum

Throughput (%)

	1
	1.4MHz
	Coding rate ≥[0.8]
	OP.1 FDD
	-85
	2x2
	[85]

	
	
	Coding rate <[0.8]
	
	
	
	[95]

	2
	3MHz
	Coding rate ≥[0.8]
	OP.1 FDD
	-85
	2x2
	[85]

	
	
	Coding rate <[0.8]
	
	
	
	[95]

	3
	5MHz
	Coding rate ≥[0.8]
	OP. 1 FDD
	-85
	2x2
	[85]

	
	
	Coding rate <[0.8]
	
	
	
	[95]

	4
	10MHz
	Coding rate ≥[0.8]
	OP.1 FDD
	-85
	2x2
	[85]

	
	
	Coding rate <[0.8]
	
	
	
	[95]

	5
	15MHz
	Coding rate ≥[0.8]
	OP.1 FDD
	-85
	2x2
	[85]

	
	
	Coding rate <[0.8]
	
	
	
	[95]

	6
	20MHz
	Coding rate ≥[0.8]
	OP. 1 FDD
	-85
	2x2
	[85]

	
	
	Coding rate <[0.8]
	
	
	
	[95]


Table 7: Minimum performance requirements for 3-DL CA sustained data rate test FDD (FRC)

	Test num.
	Bandwidth
	Coding rate
	CA configuration applicability
	Requirement

	1
	3x20MHz
	CC1 20MHz:TBD
	Specified in Test point table
	As specified in Table13 per CC

	
	
	CC2 20MHz: TBD
	
	As specified in Table13 per CC

	
	
	CC3 20MHz: TBD
	
	As specified in Table13 per CC

	2
	10MHz+10MHz+20MHz
	CC1 10MHz: TBD
	Specified in Test point table
	As specified in Table13 per CC

	
	
	CC2 10MHz: TBD
	
	As specified in Table13 per CC

	
	
	CC3 20MHz: TBD
	
	As specified in Table13 per CC

	3
	…
	…
	…
	…


3.4.2 Threshold of coding rate
Firstly the exhaustive simulation campaign would be needed for different combinations of TB size and PRB allocations. Secondly we should pay attention to the difference between 64QAM and 256QAM. According to the agreed 256QAM TBS table, the coding rate for 256QAM under the same assumptions will be lower than 64QAM.
To simplify the discussion and because 256QAM related discussion including update of UE category is not 100% finalized, in this paper we focus on 64QAM case, i.e., the requirement for the test cases with the legacy TBS tables.

The simulation assumptions with respect to different values of ITBS in different bandwidths should be provided in order to decide the threshold of coding rate.
3.5 Power imbalance test for intra-band contiguous CA
3.5.1 Test method: define single carrier requirement
The existing test method is to verify the performance of PCell with the SCell power 6dB higher, where actually the single carrier requirement was specified. We could follow the similar way to get a flexible framework for power imbalance test for intra-band contiguous CA. The example is given in Table 8~ Table 10. 

· Proposal 9: Define the requirements in terms of PCell single carrier performance requirement with SCell(s)’ power 6dB higher.
Table 8: Minimum performance per component carrier for power imbalance test on PCell FDD (FRC)

	Num.
	Bandwidth
	Reference channel
	OCNG pattern
	Propagation conditions
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	1
	1.4MHz
	TBD
	OP.1 FDD
	AWGN
	-85
	1x2
	[85]

	2
	3MHz
	TBD
	OP.1 FDD
	AWGN
	-85
	1x2
	[85]

	3
	5MHz
	TBD
	OP.1 FDD
	AWGN
	-85
	1x2
	[85]

	4
	10MHz
	TBD
	OP.1 FDD
	AWGN
	-85
	1x2
	[85]

	5
	15MHz
	TBD
	OP.1 FDD
	AWGN
	-85
	1x2
	[85]

	6
	20MHz
	R.49 FDD
	OP.1 FDD
	AWGN
	-85
	1x2
	[85]


Table 9: Test parameters for power imbalance test on SCell FDD 
	Bandwidth
	OCNG pattern
	Propagation condition
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	Correlation matrix and antenna config.

	1.4MHz ~20MHz
	OP.5 FDD
	Clause B.1
	-79
	2x2


Table 10: Minimum performance requirements CA soft buffer management test FDD (FRC)

	Test num.
	Bandwidth
	CA configuration applicability
	Requirement
	UE Category

	1
	2x10MHz
	Intra-band C CA supporting CL_B
	As specified in Table10 on PCell
	[3-8]

	2
	3x20MHz
	Intra-band C CA supporting CL_D
	As specified in Table10 on PCell
	TBD

	3
	…
	…
	…
	…


As discussed before, the difficulty for power imbalance test lies in

· On which CCs we should conduct power imbalance test for 3DL and beyond 3DL intra-band contiguous CA, and do not restrict the UE implementation;

· What the proper coding rate or TBS configurations for the different test are.
3.5.2 Test method: test the CC-s on the edge of aggregated bandwidth
To answer the first question, we provide all the possible implementations for 2~5 DL intra-band contiguous CA in Table 11. 
Table 11: All the possible UE RF implementations supporting intra-band CA
	Number of CC-s
	Possible implementation
	Possible RF chain combinations

	3DL CA 
(CC: A, B, and C from left to right)
	One RF chain
	(A+B+C)

	
	Two RF chains: 
	(A+B), C

	
	
	A, (B+C)

	
	Three RF chains
	A, B, C

	4DL CA 
(CC: A, B, C and D from left to right)
	One RF chain
	(A+B+C+D)

	
	Two RF chains
	(A+B+C), D

	
	
	(A+B), (C+D)

	
	
	A, (B+C+D)

	
	Three RF chains
	(A+B), C, D

	
	
	A, (B+C), D;

	
	
	A, B, (C+D)

	
	Four RF chains
	A, B, C, D

	5DL CA 
(CC: A, B, C, D, and E from left to right)
	One RF chains
	(A+B+C+D+E)

	
	Two RF chains
	A, (B+C+D+E)

	
	
	(A+B), (C+D+E)

	
	
	(A+B+C), (D+E)

	
	
	(A+B+C+D), E

	
	Three RF chains
	A, B, (C+D+E)

	
	
	(A+B+C), D, E

	
	
	A, (B+C+D), E

	
	
	A, (B+C), (D+E)

	
	
	(A+B), C, (D+E)

	
	
	(A+B), (C+D), E

	
	Four RF chains
	A, B, C, (D+E)

	
	
	A, B, (C+D), E

	
	
	A, (B+C), D, E

	
	
	(A+B), C, D, E

	
	Five RF chains
	A, B, C, D, E


There would be several solutions on the table according to the previous online and offline discussions:
· Option 1: Fall back to 2DL power imbalance test;
· Option 2: Assume that one RF chain shall be used to support intra-band contiguous CA, and test the performance of CC on the edge of the CA band with the smallest bandwidth, which is configured PCell with 6dB lower power than other CCs;
· Option 3: Test the performance of CC-s on the both edges of the CA band configured as PCell with 6dB lower power than other CC-s;
Option 1 will be simplest method, but the question is which 2DL CCs we should fall back to for the test. If the two CCs were in the different RF chains, the test would be meaningless.
Option 2 would be acceptable if all the companies agreed on one RF chain assumption. But practically for some CA bands the two or more RF chains would be used to save the cost. So RAN4 requirements should leave some room for the flexibility of UE implementations.
Option 3 would be OK, but can not cover several possible cases in theory, which are highlighted in yellow in Table 11. 

In our view, no one option is perfect. According observations, we could consider the following ways for the test:
· Proposal 10: the following rules are proposed for the intra-band contiguous CA power imbalance test:

· For 3DL intra-band contiguous CA, two tests will be specified. In one test, CC #A will be configured as PCell with 6dB lower power than other CCs and in the other test CC #C will be configured;
· For 4DL intra-band contiguous CA, two tests will be specified. In one test, CC #B will be configured as PCell with 6dB lower power than other CCs and in the other test CC #C will be configured;
· For 5DL intra-band contiguous CA, two tests will be specified. In one test, CC #B will be configured as PCell with 6dB lower power than other CCs and in the other test CC #D will be configured.
· Where the following terminology is used

· 3DL: 3CCs are named as A, B, and C from left to right;

· 4DL: 4CCs are named as A, B, C, and D from left to right;

· 5DL: 5CCs are named as A, B, C, D, and E from left to right.

Figure 3 shows the idea of the proposed test method. In this way, all the possible RF chains supporting more than 2 intra-band contiguous aggregated CCs can be verified.
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Figure 3: CA power imbalance test cases for different bandwidth class
3.5.3 TBS configuration
RAN4 had spent a number of meeting cycles to find out the proper TBS for the power imbalance tests. The criterion is to have a good test point at 19dB on the AWGN performance curves. If the above proposals for the power imbalance test were acceptable to the group, we may spend time try to find out the proper TBS for the power imbalance test.
One alternative way is to adjust the value of power imbalance a little bit to adjust the SNR test point, and at the same time to clarify that for intra-band contiguous CA the maximum allowed power imbalance between PCell and SCell is 6dB but the power imbalance value for the specific tests are adjusted a little bit just for the test purpose.
We wonder whether this alternative way is acceptable to the group. In that way, we can re-use the same coding rate for TBS under different bandwidth as that used for 20MHz, and save some effort to look for the TBS.

· Proposal 11: Re-use the same coding rate for TBS under different bandwidth as that used for 20MHz, and during the test adjust the power imbalance a little bit, which is just for test purpose.
3.6 CA applicability rule
3.6.1 The existing applicability rule
The existing applicability rules for CA demodulation performance requirements are specified in terms of CA applicability, e.g., CL_A-A, CL_C …, and in LS to RAN5.
Actually with the more and more CA band configurations being introduced, the existing applicability rules seem not work well. Firstly, CL_A-A covers both inter-band and intra-band non-contiguous CA, but the different requirements would be specified for them. Thus such label system would not be suitable in the future to cover the complicated CA band combinations, and not easy to be extended. 
Secondly, in Rel-10/11 we generally agree to apply 2×10MHz for the inter-band CA and 2×20MHz for the intra-band CA. But with more CA configurations introduced, we would often find that there would be some configurations for which the rules could not be applied, e.g., inter-band CA configuration not supporting 2×10MHz. These “corner” cases will impair the existing applicability rule.
3.6.2 New proposals
Firstly we propose to separate the applicability indications, i.e., “CA applicability” and “UE category”, from the tables of CA demodulation minimum requirements, and design a new table like what we used for sustained data rate to specify the applicability rule.
· Proposal 12: Remove the applicability indications, i.e., CA applicability” and “UE category”, from the tables of CA demodulation minimum requirements, and design a new table to specify the applicability rule.
For the proposed tables, the clearest way is to list the applicable demodulation test cases for each CA band configuration one by one, like the way that we specify the supported bandwidths for each CA band configuration. But this way will cause huge tables. The most concise way is, for example, to specify that for all the CA band configurations the maximum aggregated bandwidth will be used for the test. But this way will result in the huge number of test cases considering the maximum aggregated bandwidth supported by different CA configurations will be different.

Table 12 provides a trade-off way. The similar test applicability tables could be specified for TM1, TM3, TM4, soft buffer management, power imbalance and etc respectively.
· Proposal 13: Specify the test applicability tables like what is given in Table 12 for TM1, TM3, TM4, soft buffer management, power imbalance and etc respectively.
Table 12: Test applicability
	CA Configuration
	Test group num
	Supported Bandwidth combination (MHz)
	Conditions for applying the test
	Applicable test case
	UE category

	3DL:

Inter-band; 
Inter-band + intra-band C;


	1
	10+10+20
	Group #1 applicable
	Section xx. Test y
	≥ [6]

	
	2
	10+20+20
	Group #1 not applicable
	Section xxx. Test yy
	TBD

	
	3
	3×20
	Group #1 and #2 not applicable
	TBD
	TBD

	
	4
	5+10+20
	Group #1, #2, #3 not applicable
	TBD
	TBD

	
	…
	…
	…
	TBD
	TBD

	
	…
	…
	…
	TBD
	TBD

	3DL:

Intra-band C
	…
	…
	…
	…
	…

	3DL:
Inter-band + intra-band NC;

Intra-band NC;
	…
	…
	…
	TBD
	TBD

	…
	…
	…
	…
	TBD
	TBD


3.7 ACK/NACK feedback mode

We propose to use PUCCH format 3 for ACK/NACK feedback.

· Proposal 14: PUCCH format 3 is proposed for ACK/NACK feedback.

4 Conclusions
In this contribution, we provide the concrete proposals for improve the specification structure for multiple CA configurations. The proposals are summarized below.
· Proposal 1: Specify the minimum requirements for CA normal tests in term of single carrier performance requirements with different bandwidths. During the test, transmit all the CC-s simultaneously and verify the performance on each CC individually.
· Proposal 2: Do not add the extra impairment margin on top of the single carrier performance requirements already with impairment margins for CA normal test.
· Proposal 3: Define the multiple delta CQI requirements under different SNR setups for each CC, i.e.,

· For 3DL CA, PCell is 6dB higher than SCell1 and 12dB higher than SCell2 for 3DL CA test;

· For 4DL CA, PCell is 6dB higher than SCell1, 12dB higher than SCell2, and 18dB higher than SCell3;

· For 5DL CA, PCell is 6dB higher than SCell1, 12dB higher than SCell2, 18dB higher than SCell3, and 24dB higher than SCell4.
· Proposal 4: For CQI definition tests, the following periodicities are assumed together 

· For 3DL CA, PCell is 6dB higher than SCell1 and 12dB higher than SCell2 for 3DL CA test;

· For 4DL CA, PCell is 6dB higher than SCell1, 12dB higher than SCell2, and 18dB higher than SCell3;

· For 5DL CA, PCell is 6dB higher than SCell1, 12dB higher than SCell2, 18dB higher than SCell3, and 24dB higher than SCell4.
· Proposal 5: Apply 2DL CA soft buffer management tests for Category 3 and 4 UEs which support 3DL and/or beyond 3DL CA. The bandwidth selected for the test should be supported by the UE under test.
· Proposal 6: No new 3DL based CA soft buffer management test is needed for UE category 6 and 7 since the performance loss between with and without instantaneous buffering is marginal.

· Proposal 7: The new 4DL based CA soft buffer management test will be needed for UE category 6 and 7, and there is no need to specify 5DL CA soft buffer management test. For the category 6 and 7 UEs supporting 5DL, apply the 4DL based CA soft buffer management tests by configuring the 4DL bandwidth which is supported by the UE under test.

· Observation 1: based on the coding rate, the reference levels of TB success rate for sustained data rate requirements could be divided into two kinds, i.e., 95% for lower coding rate and 85% for higher coder rate.

· Proposal 8: Specify the sustained data rate requirements in terms of the single carrier requirements based on the coding rate utilized. 

· Proposal 9: Define the requirements in terms of PCell single carrier performance requirement with SCell(s)’ power 6dB higher.

· Proposal 10: the following rules are proposed for the intra-band contiguous CA power imbalance test:

· For 3DL intra-band contiguous CA, two tests will be specified. In one test, CC #A will be configured as PCell with 6dB lower power than other CCs and in the other test CC #C will be configured;

· For 4DL intra-band contiguous CA, two tests will be specified. In one test, CC #B will be configured as PCell with 6dB lower power than other CCs and in the other test CC #C will be configured;

· For 5DL intra-band contiguous CA, two tests will be specified. In one test, CC #B will be configured as PCell with 6dB lower power than other CCs and in the other test CC #D will be configured.

· Where the following terminology is used

· 3DL: 3CCs are named as A, B, and C from left to right;

· 4DL: 4CCs are named as A, B, C, and D from left to right;

· 5DL: 5CCs are named as A, B, C, D, and E from left to right.

· Proposal 11: Re-use the same coding rate for TBS under different bandwidth as that used for 20MHz, and during the test adjust the power imbalance a little bit, which is just for test purpose.
· Proposal 12: Remove the applicability indications, i.e., CA applicability” and “UE category”, from the tables of CA demodulation minimum requirements, and design a new table to specify the applicability rule.

· Proposal 13: Specify the test applicability tables like what is given in Table 12 for TM1, TM3, TM4, soft buffer management, power imbalance and etc respectively.

· Proposal 14: PUCCH format 3 is proposed for ACK/NACK feedback.
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