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1 Introduction

In RAN4 meeting #66, the issues on CA bandwidth coverage for UE demodulation performance requirements and the corresponding problems were confirmed [1~4]. This contribution will further discuss the solutions for the problems.
2 Issues and problem
Currently the existing CA demodulation performance requirements are summarized in Table 1 [1].

Table 1: Rel-10 CA demodulation performance requirements

	Test case
	Descriptions

	Regular tests
	FDD: all 2×10MHz (TM1, 3, 4), 2×20MHz for TM1 and TM3;
TDD: all 2×20MHz (TM1, 3, 4).

	Soft buffer management test
	FDD: 2×20MHz (TM3);
TDD: 2×20MHz (TM3).

	Power imbalance test
	Only for intra-band, 2×20MHz

	Sustained data rate test
	FDD: 2×20MHz;
TDD: 2×20MHz.

	CA periodic CQI test
	FDD: 2×10MHz;
TDD: 2×20MHz.


According to [1], the remaining problems are as follows:
· For both FDD and TDD, as prerequisite, should Bandwidth Combination Sets be finalized before setting a general way to extend the test coverage?

· Can we apply the same band agnostic testing handling in Rel-11?

· Discuss further for power imbalance test;

· For other tests legacy handling can be considered;

· For FDD intra-band CA combinations (where all the operating bands for CA as defined in Rel-11support 20MHz+20MHz, but does not support 10MHz+10MHz), do we need to introduce new tests (new tests or new configuration of existing tests or other. The configurations of new tests are FFS)?
· For FDD inter-band CA combinations (where some of the operating bands for CA support higher bandwidth combinations, i.e., 10MHz+15MHz, 15MHz+15Mhz, and etc), do we need to introduce new tests? For which tests the maximum capability needs to be tested?
The agreed way forward during ad hoc session was as follows:
· For regular FDD CA demodulation performance tests, it was agreed that the different bandwidth combinations can be covered by existing CA demodulation requirements

· Further discussions are needed for TM4;

· Further discuss the handling of CA 1A-7A (no support of 10MHz+10MHz and 20MHz+20MHz) if needed.

· For sustained data rate tests for CA FDD, it was agreed introduce new sustained data rate tests to verify UE maximal receiving capability for CA. It is for further study which bandwidth combinations and which UE categories should be specified for new tests.

· The link between the introduction of new tests and the definition of bandwidth combination sets should be also discussed further.
Since TDD only support intra-band CA and all of them supports 20MHz+20MHz, there is no coverage issue for TDD.
3 Discussion
In principle, we agree to specify the CA performance requirements in the way as general and agnostic as possible to reduce the number of test cases and achieve good test coverage simultaneously.
3.1 Impact of Bandwidth Combination Sets
Although the items of maximum aggregated bandwidth and bandwidth combination set for some inter-band CA band configurations, i.e., CA_2A-29A, CA_4A-29A, CA_5-12, CA_8A-20A, and CA_11A-18A, are still left blank, the corresponding WI were completed and in TS36.101-b30 it is observed that all the bandwidth combination sets for every CA band configuration can support at least 10MHz+10MHz.  So in Rel-11 bandwidth combination sets may not impact the regular tests.
The main difference between two bandwidth combination sets for a given CA band configuration, e.g., CA_3A-5A, lies in the aggregated bandwidth, which would impact the coverage and application of test cases with bandwidth 20MHz+20MHz, i.e., soft buffer management tests and sustained data rate test.
It would be unclear how UE supports Combination Sets, i.e., whether UE can support one set only or UE is required to support Set-0 as default. But the conclusion may only be relevant for application of test instead of the coverage, because the bandwidth combination set has the same maximum aggregated bandwidth as some CA band configuration.
· Observation: in Rel-11 bandwidth combination set has no impact on CA demodulation test coverage, but it will impact the application of test for a given UE.
3.2 Regular tests
The WID for CA_1A-7A was shifted to Rel-12. Thus in Rel-11 all the CA band configurations (considering all the bandwidth combination sets) can support either 10MHz+10MHz or 20MHz+20MHz. Therefore, according to offline discussion during the RAN4 #65 meeting, it is proposed that 
· Proposal 1: for CA FDD TM1 and TM3 test, use 10MHz+10MHz requirements for UE not support 20MHz+20MHz with respect to the bandwidth combination set.
For UE supporting both 10MHz+10MHz and 20MHz+20MHz, the application of tests depends on RAN5 decision, but it is suggested to only test against 20MHz+20MHz requirements to save effort.
· Proposal 2: for CA FDD TM1 and TM3 test, use 20MHz+20MHz requirements for UE supporting both 10MHz+10MHz and 20MHz+20MHz or only supporting 20MHz+20MHz with respect to the bandwidth combination set.
FDD intra-band CA does not support 10MHz+10MHz. There is imbalance test coverage for CA TM4, where inter-band FDD UE can be tested but intra-band FDD UE cannot. There would be two options. One option is to introduce 20MHz+20MHz requirements for TM4 to cover intra-band FDD CA configurations. The other is to test UE against CA TM4 10MHz+10MHz requirements with maximum aggregated bandwidth and OCNG filling the unallocated PRBs [4].

The advantage of the first option is that it is straightforward and can be used as the stress test, while the disadvantage is that it can not be scaled to future CA configuration, e.g., supporting 20MHz+15MHz as maximum. In contrast, the advantage of the second one is the scalability and ease for specification in RAN4, while the disadvantage is that UE cannot be ensured to well support TM4+ CA with 20MHz+20MHz. From the aspect to improve the system performance, we propose:
· Proposal 3: for CA FDD TM4 regular test, introduce 20MHz+20MHz requirements for TM4 to cover intra-band FDD CA configurations in both Rel-10 and Rel-11.
3.3 Soft buffer management tests
The problem is that some bandwidth combination set or CA configuration cannot support 20MHz+20MHz but the specified requirements are based on 20MHz+20MHz only. 
According to some offline discussion, there would be two solutions: Option1 is to extend bandwidth combination of soft buffer management test to 20MHz+15MHz, 20MHz+10MHz and 15MHz+10MHz; Option 2 is to introduce new test configuration with 20MHz +X (X may be 10MHz or 15MHz) and only test 20MHz CC against the current soft buffer management requirements.
Again, Option1 may be a straightforward way but need more effort for simulation. Option 2 is a smart method, but as pointed during the discussion it may not be applicable for UE not supporting 20MHz on the single CC, e.g., 15MHz+15MHz.
As RAN4 had already discussed, the impact of soft buffer limitation on performance with 10MHz+10MHz might be negligible. And it is not prohibited and would be beneficial for UE unequally split the soft buffer for imbalance carrier aggregation. So the effect should be evaluated across the aggregated bandwidth. Furthermore, there is no bandwidth combination set with 15MHz+15MHz as maximum in Rel-11. And the impact of soft buffer limitation on 15MHz+10MHz may also be negligible.

So we propose:

· Proposal 4: extend the bandwidth combination of soft buffer management test to the bandwidth combinations other than 20MHz+20MHz, and use 20MHz+15MHz and 20MHz+10MHz as the starting point for the study.
3.4 Power imbalance test for both FDD and TDD CA 
Although no new requirement will be introduced because the test apply for intra-band CA only. But because the power imbalance test is tightly related to RF implementation, we agree that
· Proposal 5: for CA power imbalance test, test UE in all supported intra-band contiguous CA band configuration to verify the proper image rejection capability.
3.5 Sustained data rate tests
Currently the CA sustained data test for FDD is only defined for UE Category 6,7 and with bandwidth of 20MHz+20MHz. Some UEs who support 20MHz+15MHz and 20MHz+10MHz may belong to Category 6 or 7. Some UEs who support 10MHz+10MHz may belong to Category 3 or 4. 
One solution is to define the new sustained data rate requirement with bandwidth 20MHz+15MHz, 20MHz+10MHz and 10MHz+10MHz. The other solution is to apply the single carrier based sustained data rate test for CA UE not supporting 20MHz+20MHz.
To reduce the test case number, we propose that:

· Proposal 6: introduce new sustained data rate tests for CA with the bandwidths other than 20MHz+20MHz for UE Category 6, 7, and use 20MHz+15MHz and 20MHz+10MHz as the starting point for the study.
3.6 CA periodic CQI tests
The existing FDD CA periodic CQI test is configured with 10MHz+10MHz, which is applicable for intra-band FDD CA because it cannot support 10MHz+10MHz. 

The straightforward solution may be to introduce 20MHz+20MHz CA CQI test. And because the propagation condition is AWGN, it is expected that the requirements for 10MHz+10MHz can be reused.
· Proposal 7: for intra-band CA CQI test, introduce the additional test with 20MHz+20MHz, which is applicable for UE supporting 20MHz+20MHz for both Rel-10 and Rel-11.
4 Conclusions
In this contribution, we discuss the solution for the CA demodulation performance tests. The proposals are as follows:
· Proposal 1: for CA FDD TM1 and TM3 test, use 10MHz+10MHz requirements for UE not support 20MHz+20MHz with respect to the bandwidth combination set.
· Proposal 2: for CA FDD TM1 and TM3 test, use 20MHz+20MHz requirements for UE supporting both 10MHz+10MHz and 20MHz+20MHz or only supporting 20MHz+20MHz with respect to the bandwidth combination set.
· Proposal 3: for CA FDD TM4 regular test, introduce 20MHz+20MHz requirements for TM4 to cover intra-band FDD CA configurations in both Rel-10 and Rel-11.
· Proposal 4: extend the bandwidth combination of soft buffer management test to the bandwidth combinations other than 20MHz+20MHz, and use 20MHz+15MHz and 20MHz+10MHz as the starting point for the study.
· Proposal 5: for CA power imbalance test, test UE in all supported intra-band contiguous CA band configuration to verify the proper image rejection capability.
· Proposal 6: introduce new sustained data rate tests for CA with the bandwidth combinations other than 20MHz+20MHz for UE Category 6, 7, and use 20MHz+15MHz and 20MHz+10MHz as the starting point for the study.
· Proposal 7: for intra-band CA CQI test, introduce the additional test with 20MHz+20MHz, which is applicable for UE supporting 20MHz+20MHz for both Rel-10 and Rel-11.
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