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1 Introduction

Carrier Aggregation test cases in TS 56.521-1 have always been split in such a way that requirements with different number of component carriers (CCs) are separated into different test cases even if the RAN4 requirements are specified for less/more carriers in same minimum requirements tables.

Example:

8.7.1.1_A.1
FDD Sustained data rate performance for CA (2 DL CA)

8.7.1.1_A.2
FDD Sustained data rate performance for CA (3DL CA)

8.7.1.1_A.4
FDD Sustained data rate performance for CA (4DL CA)

8.7.1.1_A.5
FDD Sustained data rate performance for CA (5DL CA)

Today, section 8 test case applicability is automatically decided in 36.521-2 logical conditions but the actual CA configuration (CA band and CA type) to test is left up to the device vendor as long as it fulfills the bandwidth selection rules (typically the BW combination with highest aggregated BW). 
At RAN4#82 in Athens it was however decided to let a mathematical equation decide exactly which CA configuration is selected for testing of Sustained Data Rate (SDR) requirements. The result of this equation may be that less than the max number of CCs supported in the UE shall be tested. RAN4 is informing RAN5 about this change in an LS [2]. The equation is specified in 36.101 sections 8.1.2.3C and 8.7.9-8.7.11 as:
CA configuration, bandwidth combination and MIMO layer on each CC is determined by following procedure. 

-
Select one CA bandwidth combination among all supported CA configurations with bandwidth combination and MIMO layer on each CC that leads to largest equivalent aggregated bandwidth among all CA bandwidth combinations supported by UE. Equivalent aggregated bandwidth is defined as
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-
When there are multiple sets of {CA configuration, bandwidth combination, MIMO layer} with same largest aggregated bandwidth, select one among sets with largest number of 4 layer CCs.
This makes it difficult to know in advance which test case is recommended to be tested for a certain UE. Until now, the test case selection has been made with a simple rule according to the max number of CCs supported in the UE.
Since the solution to this problem potentially affects the structure of RAN5 demod test cases, an analysis of the options is desireable before test cases are introduced in TS 36.521-1.  

2 Discussion
Having test cases supporting only a specific number of CCs in RAN5 have given some advantages in test case implementation e.g.:
· Number of CCs have a large hardware impact on TE, enabling the test cases to be implemented different hardware configurations. 

· Enabling Device vendors to purchase only equipment capable of a certain CC capability and not unused high CC count

· Validation of a test case of e.g. 2CC can be separated from validation of 3CC test case at a later point in time 

· Typically, only the max number of CCs supported in UE needs to be tested (less #CC is redundant) which can clearly be expressed in test case applicability in 36.421-2. (in the column “Additional Information”)

2.1 Test case structure for 4Rx SDR test cases
Two possible ways to divide test cases are considered here;
Keep current structure

Keeping current test case structure gives the benefits as already mentioned, but it adds complexity in 36.521-2. Somehow the mathematical equation of which CA configuration need to be tested should be incorporated into the applicability in order for 36.521-2 to fulfil its purpose to unambiguously determine which test cases to be recommended based on declared UE capabilities. This equation requires additional input on UE capabilities that are currently not part of 36.521-2 i.e. the supported bandwith combination set for every CA configuration.
Combine into a single generic test covering from 2 up to 5 CCs

Of course, combining test cases that are testing the same core requirement but with different number of CCs makes the RAN5 spec more compact and easier to maintain (4 times fewer new test cases). It is also worth mentioning that RAN4 have recently restructured the CA demod requirements such that the SNR requirement is defined only per CC, and 2CC to 5CC requirements reuse the same SNR number. This also indicates that combining them also in RAN5 could be considered.
If this approach is selected the need to have logic in 36.521-2 to decide which test case to run is removed, and better control over redundant testing is possible. As a side-effect, it removes the freedom for the device vendor to select the band/CA configuration to run the test in, it will automatically be decided in run time in the TE. 
2.2 Test case structure for other 4Rx CA demod test cases

The need to discuss SDR test cases is bigger than for other new 4Rx CA test cases, but the same structure should be considered for other 4Rx CA test cases. 
3 Conclusion

The intention of this discussion paper is to gather company views on reasons for one over the other test case structure, and recommendations on which structure to select in RAN5 so that this can be implemented at coming RAN5 meetings.
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Annex A: Example test case list for SDR 
The table below illustrates the different FDD SDR test cases that are related and have a dependence in applicability (some are redundant), assuming RAN5 follow the current structure with 1 test per CC number for 4Rx CA testing. 
	Test Number
	Test case
	Applicability
	Redundant testing

	1
	1CC 64QAM
	non256QAM UE
	skip if test 2, 3, 4, 5 or 11 is run

	2
	2CC 64QAM
	non256QAM 2CC UE
	skip if test 3, 4, 5 or 12 is run

	3
	3CC 64QAM
	non256QAM 3CC UE
	skip if test 4, 5 or 13 is run

	4
	4CC 64QAM
	non256QAM 4CC UE
	skip if test 5 or 14 is run

	5
	5CC 64QAM
	non256QAM 5CC UE
	 

	6
	1CC 256QAM
	256QAM UE
	skip if test 7, 8, 9, 10 or 11 is run

	7
	2CC 256QAM
	256QAM 2CC UE
	skip if test 8, 9, 10 or 12 is run

	8
	3CC 256QAM
	256QAM 3CC UE
	skip if test 9, 10 or 13 is run

	9
	4CC 256QAM
	256QAM 4CC UE
	skip if test 10 or 14 is run

	10
	5CC 256QAM
	256QAM 5CC UE
	 

	11
	1CC 4Rx 64/256QAM
	4Rx UE
	skip if test 12, 13, 14 or 15 is run

	12
	2CC 4Rx 64/256QAM
	UE supporting 2CC with 4Rx on at least one CC
	skip if test 13, 14 or 15 is run

	13
	3CC 4Rx 64/256QAM
	UE supporting 3CC with 4Rx on at least one CC
	skip if test 14 or 15 is run

	14
	4CC 4Rx 64/256QAM
	UE supporting 4CC with 4Rx on at least one CC
	skip if test 15 is run

	15
	5CC 4Rx 64/256QAM
	UE supporting 5CC with 4Rx on at least one CC
	 


There are 15 test cases are just for FDD, equally many are needed for TDD and some more for FDD-TDD CA. For a particular UE many of the tests may be applicable but only one need to be executed. 
This table does not consider the additional complexity that the RAN4 mathematical equation brings.
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