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1 Introduction
In RAN4 meeting #69 the scalable CA performance requirement was proposed and correspondingly in the following RAN meeting #62 one new WID was submitted but the decision was postponed. The intention of the proposal is to change the structure of CA performance part of RAN4 specification to make it more flexible and scalable for future CA combination.
This contribution will firstly provide the analysis on the feasibility of scalable UE CA demodulation performance requirements especially for 3-DL and beyond 3-DL CA and provide the concrete proposals for all the CA demodulation performance requirements. Secondly, this contribution will discuss the related issues including the applicability of UE category for CA demodulation performance requirements, test complexity and the impact of FDD+TDD CA on the RAN4 demodulation performance requirements.
2 Existing UE CA demodulation and CSI requirements
In Table 1 and Table 2, we summarize all the existing CA demodulation performance and CSI requirements according to TS36.101 c.2.0.

Table 1: List of CA FDD demodulation performance and CSI requirements (Rel-12)

	Description
	Bandwidth combination
	UE Category
	Applicability rule

	Regular test
	TM1
	10MHz+10MHz
	3-8
	CL_A-A (Inter-band CA, Intra-band NC CA) CL_B

	
	
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	
	TM3
	10MHz+10MHz
	3-8
	CL_A-A (Inter-band CA, intra-band NC CA) CL_B

	
	
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	
	TM4
	10MHz+10MHz
	3-8
	CL_A-A (Inter-band CA, Intra-band NC CA) CL_B

	
	
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	Soft buffer test
	TM3
	20MHz+20MHz
	3
	CL_A-A, CL_C (Max aggregated bandwidth)

	
	
	20MHz+15MHz
	3
	CL_A-A (With max aggregated bandwidth)

	
	
	20MHz+10MHz
	3
	CL_A-A (With max aggregated bandwidth)

	
	
	15MHz+10MHz
	3
	CL_A-A (With max aggregated bandwidth)

	
	
	20MHz+20MHz
	4
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	20MHz+15MHz
	4
	CL_A-A (With max aggregated bandwidth)

	
	
	20MHz+10MHz
	4
	CL_A-A (With max aggregated bandwidth)

	Power imbalance
	TM3
	20MHz+20MHz
	5-8
	CL_C (Only for intra-band contiguous CA)

	Sustained data rate
	TM3
	10MHz+10MHz (3-3B)
	3
	CL_A-A (Inter-band CA, intra-band NC CA) CL_B

	
	
	10MHz+10MHz (4A)
	4
	CL_A-A (Inter-band CA, intra-band NC CA) CL_B

	
	
	20MHz+20MHz (6A)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	10MHz+15MHz (6B)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	10MHz+20MHz (6C)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	15MHz+20MHz (6D)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	CQI test
	TM1
	10MHz+10MHz (Test 1)
	3-8
	CL-A-A (inter-band CA, intra-band NC CA) CL_B

	
	
	20MHz+20MHz (Test 2)
	3-8
	CL_C (Intra-band contiguous CA)


Table 2: List of CA TDD demodulation performance and CSI requirements (Rel-12)

	Description
	Bandwidth combination
	UE Category
	Applicability rule

	
	TM1
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	
	TM3
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	
	TM4
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	Soft buffer test
	TM3
	20MHz+20MHz
	3
	CL_C (Max aggregated bandwidth)

	
	
	20MHz+20MHz
	4
	CL_C (With max aggregated bandwidth)

	Power imbalance
	TM3
	20MHz+20MHz
	5-8
	CL_C (Only for intra-band contiguous CA)

	Sustained data rate
	TM3
	20MHz+20MHz (6A)
	6, 7
	CL_C (With max aggregated bandwidth)

	CQI test
	TM1
	20MHz+20MHz (Test 2)
	3-8
	CL_C (Intra-band contiguous CA)


3 Motivation for UE CA scalable performance requirement
In the future, more and more new CA band combinations will be introduced. For the new CA bands which do not support 10MHz+10MHz or 20MHz+20MHz, or the CA bands which support 3-DL or more CC aggregation, the new performance requirements need to be introduced. 

One way to introduce the new requirement is to follow the legacy methodology [2] . For example, for 3-DL CA a certain fixed aggregation bandwidth like 10MHz+10MHz+20MHz will be selected as some kind of common configuration and the new requirements would be defined mainly based on it. 

The drawback of this method would be:

· The specified requirements cannot be reused for CA bands which do not support 10MHz+10MHz+20MHz;

· It is not future proof. For 4-DL and 5-DL CA, the similar work needs be done again.

Although in the future, the percentage of 3-DL CA bands which do not support 10MHz+10MHz+20MHz would be small. However if the legacy methodology was used, the impact on the specification would be huge in order to cover those CA bands. RAN4 continuously needs to patch up the potential test coverage hole. Such kind of work would be tedious, repetitive and inefficient. Moreover, the most troublesome is that the problem would seriously delay the completion of WI.
The alternative way is to try to solve the potential problem once for all in a generic way to make performance requirements more scalable from Rel-12 [3]. In other words, we intend to find a scalable specification structure. For example, we could define the CA demodulation performance requirements in tern of single carrier requirement. During the test, all the CCs are transmitted and required to be received, and the performance is verified on each CC individually and simultaneously. For the soft buffer test, sustained data rate test and etc, the solution would not be such straightforward but the basic idea is the same.

The motivations of the proposed work are:

· Find a good way to improve the specification structure for CA performance requirements such that

· The specification structure is more flexible to cover the future CA bands;

· The repetitive work for 4-DL/5-DL CA is avoided;

· Operators could easily finalize the performance part for CA.

4 Feasibility analysis for scalable demodulation performance requirements

4.1 CA regular test cases
In [1~3] we proposed to change the structure of RAN4 demodulation performance part to make it more flexible. One of the key ideas is to replace the existing test metric [1], which is quite similar to what is used by BS CA demodulation tests. So for CA regular test, the possible solution is to replace the existing test metric of sum of throughput by the throughput per component carrier, and to transmit all the CCs simultaneously and verify the performance on each CC individually.
The new structure will include two parts: 

· Tables providing the single carrier demodulation performance requirement and test parameters;

· Tables specifying the performance requirements with CA bandwidth combinations by utilizing the single carrier requirements and specifying the applicability.
The advantages of proposed method are 

· The performance of each CC could be equally guaranteed;

· In the future, if there were new CA configurations whose aggregated bandwidths were not supported by the current specification, it would be easy to extend the test coverage by adding new bandwidth combinations without re-running the simulations. 

In the following, we try to provide the concrete examples for each set of regular CA test cases.
4.1.1 CA TM1 test
Table 3 and Table 4 show the proposed new specification structure for CA TM1 FDD demodulation performance requirements.
Table 3: Minimum performance per component carrier for CA TM1 FDD (FRC)

	Num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	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 4: Minimum performance requirements CA TM1 FDD (FRC)

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

	1
	2x10 MHz
	CL_A-A
	CA supporting 2x10 MHz
	As specified in Table3 per CC
	3-8

	2
	2x20 MHz
	CL_C
	CA supporting 2x20 MHz
	As specified in Table3 per CC
	3-8

	3
	10MHz+5MHz
	CL_A-A, CL_B
	CA supporting 10MHz+5MHz only
	As specified in Table3 per CC
	3-8

	4
	10MHz+10MHz+20MHz
	CL_A-A-A, …
	CA supporting 2x10MHz+20MHz
	As specified in Table3 per CC
	TBD

	5
	3x20MHz
	CL​_D, …
	CA supporting 3x20MHz
	As specified in Table3 per CC
	TBD

	6
	…
	…
	…
	…
	…


4.1.2 CA TM3 test

Table 5 and Table 6 show the proposed new specification structure for CA TM3 FDD demodulation performance requirements.
Table 5: Minimum performance per component carrier for CA TM3 FDD (FRC)

	Num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	1.4MHz
	TBD
	TBD
	EVA70
	2x2 Low
	70
	TBD

	2
	3MHz
	TBD
	TBD
	EVA70
	2x2 Low
	70
	TBD

	3
	5MHz
	TBD
	TBD
	EVA70
	2x2 Low
	70
	TBD

	4
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	[13.0]

	5
	15MHz
	R.30-1 FDD
	OP.1 FDD
	EVA70
	2x2 Low
	70
	[13.5]

	6
	20MHz
	R.30 FDD
	OP. 1 FDD
	EVA70
	2x2 Low
	70
	[13.5]


Table 6: Minimum performance requirements CA TM3 FDD (FRC)

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

	1
	2x10 MHz
	CL_A-A
	CA supporting 2x10 MHz
	As specified in Table5 per CC
	3-8

	2
	2x20 MHz
	CL_C
	CA supporting 2x20 MHz
	As specified in Table5 per CC
	3-8

	3
	10MHz+5MHz
	CL_A-A, CL_B
	CA supporting 10MHz+5MHz only
	As specified in Table5 per CC
	3-8

	4
	10MHz+10MHz+20MHz
	CL_A-A-A, …
	CA supporting 2x10MHz+20MHz
	As specified in Table5 per CC
	TBD

	5
	3x20MHz
	CL​_D, …
	CA supporting 3x20MHz
	As specified in Table5 per CC
	TBD

	6
	…
	…
	…
	…
	…


4.1.3 CA TM4 test

Table 7 and Table 8 show the proposed new specification structure for CA TM4 FDD demodulation performance requirements.
Table 7: Minimum performance per component carrier for CA TM4 FDD (FRC)

	Num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	1.4MHz
	TBD
	TBD
	EVA5
	4x2 Low
	70
	TBD

	2
	3MHz
	TBD
	TBD
	EVA5
	4x2 Low
	70
	TBD

	3
	5MHz
	TBD
	TBD
	EVA5
	4x2 Low
	70
	TBD

	4
	10 MHz
	R.14 FDD
	OP.1 FDD
	EVA5
	4x2 Low
	70
	[10.8]

	5
	15MHz
	TBD
	TBD
	EVA5
	4x2 Low
	70
	TBD

	6
	20MHz
	R.14-3 FDD
	OP. 1 FDD
	EVA5
	4x2 Low
	70
	[10.9]


Table 8: Minimum performance requirements CA TM4 FDD (FRC)

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

	1
	2x10 MHz
	CL_A-A
	CA supporting 2x10 MHz
	As specified in Table7 per CC
	3-8

	2
	2x20 MHz
	CL_C
	CA supporting 2x20 MHz
	As specified in Table7 per CC
	3-8

	3
	10MHz+5MHz
	CL_A-A, CL_B
	CA supporting 10MHz+5MHz only
	As specified in Table7 per CC
	3-8

	4
	10MHz+10MHz+20MHz
	CL_A-A-A, …
	CA supporting 2x10MHz+20MHz
	As specified in Table7 per CC
	TBD

	5
	3x20MHz
	CL​_D, …
	CA supporting 3x20MHz
	As specified in Table7 per CC
	TBD

	6
	…
	…
	…
	…
	…


4.2 Soft buffer management test
In the attached excel file, we calculate the soft bits for different bandwidths and UE category 3, 4, 6 and 7 assuming 3-DL CA. According to the analysis, we could observe that

· For UE category 6 and 7, no big gap between the available soft buffer size for each coded block and the size of rate matching output bit sequence, i.e, E is observed for bandwidth of 20MHz, 15MHz and 10MHz when 3-DL CA is configured, which means that no big performance difference between with and without instantaneous buffering will be observed no matter what MCS is used.
· For UE category 3 and 4, the big performance could be observed when 3-DL CA is configured.
However, it seems unnecessary to specify the soft buffer management test with all the bandwidth combinations of 3-DL and beyond 3-DL CA. Otherwise the test case number would greatly increase.
For UE category 6 and 7, RAN4 should first evaluate the performance gap between with and without the instantaneous buffer under the different MCS-s especially for the 20MHz bandwidth. If no big gap is observed, it is proposed not to define the new 3-DL CA soft buffer management test for UE category 6 and 7. .
In the future, it could be expected that new 4-DL soft buffer management test should be defined for UE category 6 and 7 to verify whether soft buffer is implemented by those UE categories. And there would be no need to specify 4-DL soft buffer test for the new UE category 7a which is designed targeting at 3-DL CA. 
In the existing 2-DL soft buffer demodulation performance requirements, two coding rates, i.e., 1/2 16QAM and 0.39 64QAM, are utilized for the different bandwidth and the single carrier throughput requirement is used as test metric, which shows the probability to use the single carrier requirement to build the CA performance requirements. 
So for the future CA soft buffer test, the possible solution is to define the single carrier requirements with the certain fixed MCS and different bandwidths, and then follow the similar method as that proposed for CA regular test to specify the requirements.
4.3 Power imbalance test
The purpose of the power imbalance test is to verify the capability and performance of image rejection under CA power imbalance scenario for the intra-band contiguous CA bands. For 3-DL and beyond 3-DL CA, there would be complicated CA band combinations, e.g., inter + intra, intra + intra.
To make power imbalance test case be flexible, it would be feasible to verify the performance on the chosen bands with CA bandwidth classes B~F among the aggregated band configurations supported, according to the rules:
· Choose the band with the largest intra-band contiguous aggregated bandwidth;
· Choose the lowest band and highest band, if there are multiple bands with the same largest intra-band contiguous aggregated bandwidth.
For example, if a UE supports CA_xA-yC-zE and CA_mE. And the component bands can be sorted in the ascent order as z < y < x < m and the aggregated bandwidth on band z and band m are the same. In that case, we should choose band z and m for the test.
For the chosen bands, there are a number of possible scenarios as shown in the Figure 1. We show one possible test setup, where the CC on the edges is configured as PCell while the other CC-s are configured as SCell. The power of SCell is 6dB higher than PCell. During the test, only PCell performance will be verified, which is aligned with the existing power imbalance performance requirement.
However, although above we propose to verify the performance on 3-DL/beyond 3-DL, it would be unclear whether UE can use one single RF chain to support 3-DL/beyond 3-DL intra-band contiguous CA and then whether there would be still the image interference across 3-DL CCs. 

If not, maybe we should consider only verifying 2CC power imbalance requirements. But this method would be still problematic. For example, how can tester know between which CCs there is the image interference? And the different companies would have different implementations. Some companies use one single RF chain, while others use two separate ones. It would be difficult to provide an agnostic solution.
In the following, we try to provide the concrete example assuming that one RF chain was used.
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Figure 1: CA power imbalance test cases for different bandwidth class
4.3.1 Power imbalance test for 3-DL CA
Table 9, Table 10 and Table 11 show the proposed new specification structure for CA power imbalance test..

Table 9: Minimum performance per component carrier for power imbalance test on PCell FDD (FRC)

	Num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
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at antenna port of PCell
	Correlation matrix and antenna config.
	Reference value

Fraction of Maximum

Throughput (%)

	1
	1.4MHz
	0.84 64QAM
	OP.1 FDD
	AWGN
	-85
	1x2
	[85]

	2
	3MHz
	0.84 64QAM
	OP.1 FDD
	AWGN
	-85
	1x2
	[85]

	3
	5MHz
	0.84 64QAM
	OP. 1 FDD
	AWGN
	-85
	1x2
	[85]

	4
	10MHz
	0.84 64QAM
	OP.1 FDD
	AWGN
	-85
	1x2
	[85]

	5
	15MHz
	0.84 64QAM
	OP.1 FDD
	AWGN
	-85
	1x2
	[85]

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


'Table 10: Test parameters for power imbalance test on SCell FDD 
	Bandwidth
	OCNG pattern
	Propagation condition
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at antenna port of Scell
	Correlation matrix and antenna config.

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


Table 11: Minimum performance requirements CA soft buffer management test FDD (FRC)

	Test num.
	Bandwidth
	CA configuration applicability
	Requirement
	UE Category

	1
	2x20MHz
	Intra-band C CA supporting CL_C
	As specified in Table10 on PCell
	5-8

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

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

	4
	…
	…
	…
	…


4.4 Sustained data rate test
The test purpose is to verify the layer 1 and layer 2 correctly process in a sustained manner the received packets with the maximum transport block bits within a TTI for the UE category indicated, and to verify the soft buffer and RF conditions at higher SNR. It was agreed to specify CA sustained data rate test to verify the maximum receive capability.
The same questions as for soft buffer need be answer:
· Whether 3-DL CA sustained data rate tests should be specified for UE category 3 and 4;
· Whether 3-DL CA sustained data rate tests should be specified for UE category 6 and 7.

In our opinion, it would be better not to specify the 3-DL CA sustained data rate tests for UE category 3 and 4, and specify a limit number of 3-DL CA sustained data rate tests for UE category 6 and 7, e.g., with 10MHz+10MHz+20MHz or 10MHz+10MHz+10MHz.
More generally, it is suggested not to specify the N-DL CA sustained data rate tests for UE categories targeting at (N-2)-DL CA, and specify a limit number of N-DL CA sustained data rate tests for UE category targeting at (N-1)-DL CA.
The reasons are that if considering all the possible bandwidth combinations and specifying 3-DL CA sustained data rate tests for all the existing UE categories, the test case number would proliferate and tests would be very complicated.
And we think that UE category 3 and 4 are primarily designed for the single carrier scenario, and UE category 6 and 7 are primarily designed for the single carrier and 2-DL CA scenarios. The existing sustained data rate tests can verify the performance for peak data rate with CA configurations for UE category 3, 4, 6 and 7. There would be less additional gain to define the complicated sustained data rate test.
Moreover, using UE category 3 and 4 to support 3-DL CA would not be the typical use case, while it is thought still possible to utilize UE category 6 and 7 for 3-DL scenario with relative narrow aggregated bandwidth.
If we closely looked at the existing sustained data rate requirements, we could divide the test cases into two categories as show in Table 12.

Table 12: Two categories of sustained data rate tests
	Category
	TB size is limited by bandwidth before achieving the max TB size of UE category
	TB size is limited by UE category

	Test num
	Test 3A, 4A, 6B, 6C, 6D 
	Test 1, 2, 3, 3B, 4, 6, 6A

	Description
	The maximum TB size of UE category could not be achieved due to RF limitation.
In that case, the very high coding rate is utilized and correspondingly 85% TB success rate is required.
	The maximum TB size of UE category could be achieved.
In that case, the lower coding rate is utilized and correspondingly 95% TB success rate is required.


According to the above analysis, we could conclude that if the very high coding rate is used then 85% TB success rate could be feasible, while if the lower coding rate is used then 95% TB success rate could be applied where the test uncertainty was considered.
Therefore the possible solution is to specify the single carrier sustained data rate requirement with respect to the certain coding rate. If the averaged coding rate defined is larger than X, then 85% TB success rate will be required. If the averaged coding rate defined is less than X, then 95% TB success rate will be applied. The value X will be decided by the simulation campaign.
In the following the concrete example is provided.
4.4.1 Sustained data rate test for 3-DL CA
Table 13 and Table 14 show the proposed new specification structure for CA sustained data rate test.

Table 13: 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 config.
	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 14: Minimum performance requirements for 3-DL CA sustained data rate test FDD (FRC)

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

	1
	3x20MHz
	CC1 20MHz:TBD
	Specified in Test point table
	As specified in Table13 per CC
	[7a]

	
	
	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
	6,7

	
	
	CC2 10MHz: TBD
	
	As specified in Table13 per CC
	

	
	
	CC3 20MHz: TBD
	
	As specified in Table13 per CC
	

	3
	…
	…
	…
	…
	…


4.5 CA CQI test
The delta wideband CQI value is used as the test metric in the existing CA CQI tests. It would be feasible to extend the existing test metric and test setup to 3-DL and beyond 3-DL CA.
To make CA CQI test be scalable, the possible solution is to configure the imbalance SNR-s on PCell and SCell-s and verify the delta wideband CQI between each pair of PCell and SCell for 3-DL CA CQI test.
4.6 CA capability and applicability rules

For the existing CA performance requirements the CA capability and applicability rules are mainly specified by Table 8.1.1-1.
Table 8.1.1-1: Applicability of the requirement with respect to the CA capability

	CA Capability
	CA Capability Description

	CL_X
	The requirement is applicable to a UE that indicates a CA bandwidth class X on at least one E-UTRA band.

	CL_X-Y
	The requirement is applicable to a UE that indicates CA bandwidth classes X and Y on at least one E-UTRA band combination.

	Note:
The CA bandwidth classes are defined in Table 5.6A-1


The utilization of the existing CA capability indication would be complicated. For example, the 10MHz+10MHz+20MHz demodulation performance requirements could be applied for CL_A-A-A, CL_A-C, CL_A-B, and CL_C.
Maybe we can consider using the similar way as that used by RSRP/RSRQ requirements, where one table is provided to clearly specify the applicability of performance requirements for each CA band configurations.
The other question would be whether apply 2-DL CA requirement for UE who can support 3-DL or beyond 3-DL CA. In our opinion the same methodology as that for BS could be reused, i.e., choosing the CA band configurations with the largest aggregated bandwidth and the maximum number of aggregated CC for the test.
5 Further discussion on the related issues

5.1 Impact of UE category on the demodulation tests for 3DL and beyond 3DL CA
As discussed in the previous sections, if allowing UE category 3 and 4 fully support 3-DL CA, the test case number will proliferate and it would lead to the complicated test setup.
Let us take an extreme example. If UE category 3 is required to support 5DL-CA, then for the aggregated bandwidth 20MHz+20MHz+20MHz even the transmission with 1/3 QPSK will be beyond the UE capability, which means that we need the different FRC-s for different UE categories and for different bandwidth combinations.

As discussed previously, allowing UE category 3 and 4 fully support 3-DL CA would not be a typical use case. And in Rel-10 it was RAN4 who decide that the CA was supported starting from UE category 3.

Therefore to reduce the test case number, it would be better to specify the 3-DL performance requirements at least the regular tests (in Rel-10 we specified 20MHz+20MHz requirements starting from UE category 5) starting from the certain UE categories, e.g., category 6 and 7.
5.2 Test complexity
One offline comment from the test equipment vendors is that the test equipment complexity should be taken into consideration for CA demodulation performance requirements. For example, conducting the 3-DL CA TM4 requirements needs 24 faders, which will greatly increase the test cost. But not all the 3-DL CA performance requirements need so many faders.
So in order to reduce 3-DL and beyond 3-DL CA performance requirement complexity, some method to reduce the required fader number would be needed. One possible solution would be to alternatively link the faders to each CC and verify the performance, and at the same time the AWGN channel is configured for other CC-s. 
5.3 Impact of FDD + TDD CA
The other related topic is FDD+TDD CA, which would be important for Rel-12. Currently there is no 2-DL FDD+TDD CA demodulation performance requirement. And the CA band configuration and bandwidth combinations for FDD+TDD CA is still under discussion.
But in our opinion the same methodologies as that for UE scalable CA performance requirements could be used for FDD+TDD CA. The advantage is that RAN4 could greatly speed up the progress on FDD+TDD CA performance standardization.
6 Proposals and the scope of the work
According to the above discussion, it would be feasible to change the specification structure of the CA demodulation performance requirements to make them scalable. The possible concrete solutions for UE CA scalable performance tests for further analysis are as follows:
· For CA regular tests: the possible solution is to replace the existing test metric of sum of throughput by the throughput per component carrier, and to transmit all the CCs simultaneously and verify the performance on each CC individually.
· For CA soft buffer tests: the possible solution is to define the single carrier requirements with the certain fixed MCS and different bandwidths, and then follow the similar method as that proposed for CA regular test to specify the requirements. For 3-DL CA soft buffer tests, it is suggested not to specify the soft buffer tests for UE category 6 and 7 if no big performance gap between with and without instantaneous buffering were observed, and  it seems unnecessary to specify the soft buffer management test with all the bandwidth combinations of 3-DL and beyond 3-DL CA.
· Power imbalance test: the possible solution is to choose the certain intra-band contiguous CA band configurations supported by UE with the image interference for power imbalance test, and to specify the single carrier power imbalance performance requirement and apply the requirement to PCell allocated on the bandwidth edge and other CC-s configured as SCell-s.
· Sustained data rate test: the possible solution is to specify the single carrier sustained data rate requirement with respect to the certain coding rate. If the averaged coding rate defined is larger than X, then 85% TB success rate will be required. If the averaged coding rate defined is less than X, then 95% TB success rate will be applied. The value X will be decided by the simulation campaign. And the test case number for the legacy UE categories should be limited.
· CA CQI test: the possible solution is to configure the imbalance SNR-s on PCell and SCell-s and verify the delta wideband CQI between each pair of PCell and SCell.
The potential issues which need be solved in this work include:
· Define the applicability rules for CA demodulation performance requirements and find a better way to specify the applicability.
· Discuss and agree on from which UE categories the new 3-DL or beyond 3-DL CA performance requirements should be specified.
· Find a solution to reduce the faders needed for CA demodulation performance requirements and thus reduce the test cost.
· Make the solution be applicable for FDD+TDD CA configurations.
6.1 Updated scope of the future work
Therefore, the scope of work for demodulation performance requirement part is
· Improve the current structure of the demodulation/CSI performance requirements for carrier aggregation and specify the additional new requirements if needed, that the improved specification can cover the future CA band configurations:

· Specify the new requirements for the regular CA test, soft buffer test, power imbalance test and sustained data rate test, which shall be easily scaled to cover the future CA band configurations with 2-DL, 3-DL or beyond 3-DL and with different bandwidth combinations by the following method
·  Specify the single carrier demodulation performance requirements and use them to build the CA requirements with different bandwidth combinations.
· The improved legacy requirements shall be equivalent to the legacy ones, or more stringent than the legacy ones based on the agreement in the working group.
· Define the applicability rules and provide the new structure of specification for applicability rules
· The new specified demodulation/CSI performance requirements shall be compatible to the existing demodulation/CSI performance requirements.

· The applicability rule of the new specified demodulation/CSI performance requirements shall be compatible to the rule of the existing demodulation/CSI performance requirements.
· Reduce the CA test complexity by reducing the number of needed faders during the test.
· FDD+TDD CA configurations should be taken into account when improving the specification structure of the CA demodulation/CSI performance requirements.

7 Conclusions

In this paper, the feasibility of UE CA scalable demodulation performance requirements is discussed. By providing the concrete solutions for each CA test, we justify the feasibility of the proposed work. The potential solutions for each test are as follows:

· For CA regular tests: the possible solution is to replace the existing test metric of sum of throughput by the throughput per component carrier, and to transmit all the CCs simultaneously and verify the performance on each CC individually.
· For CA soft buffer tests: the possible solution is to define the single carrier requirements with the certain fixed MCS and different bandwidths, and then follow the similar method as that proposed for CA regular test to specify the requirements. For 3-DL CA soft buffer tests, it is suggested not to specify the soft buffer tests for UE category 6 and 7 if no big performance gap between with and without instantaneous buffering were observed, and to reduce the test case number it would be better not to define 3-DL CA soft buffer test for UE category 3 and 4.

· Power imbalance test: the possible solution is to choose the certain intra-band contiguous CA band configurations supported by UE for power imbalance test, and to specify the single carrier power imbalance performance requirement and apply it to PCell allocated on the bandwidth edge with smaller bandwidth and other CC-s configured as SCell-s.
· Sustained data rate test: the possible solution is to specify the single carrier sustained data rate requirement with respect to the certain coding rate. If the averaged coding rate defined is larger than X, then 85% TB success rate will be required. If the averaged coding rate defined is less than X, then 95% TB success rate will be applied. The value X will be decided by the simulation campaign. And the test case number for the legacy UE categories should be limited.
· CA CQI test: the possible solution is to configure the imbalance SNR-s on PCell and SCell-s and verify the delta wideband CQI between each pair of PCell and SCell.
The issues which need be solved are identified:

· Define the applicability rules for CA demodulation performance requirements and find a better way to specify the applicability.
· Discuss and agree on from which UE categories the new 3-DL or beyond 3-DL CA performance requirements should be specified.

· Find a solution to reduce the faders needed for CA demodulation performance requirements and thus reduce the test cost.

· Make the solution be applicable for FDD+TDD CA configurations.
Correspondingly the scope of the proposed work is updated.
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