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1. Introduction
Carrier aggregation band combinations with 3 DL carriers have been under discussion for a few meetings and the RF requirements for some of the combinations were finalized in the last RAN4 meeting. The discussions for the RRM requirements are also close to finalization and RAN4 should also start to discuss the test cases for this kind of combinations.
In this paper we analyze the test cases required for 3DL CA and make some proposals on how to define the test cases. We also touch upon test cases for combinations with more than 3 carriers.
2. Discussion

As the requirements for 3 DL CA are almost finalized, the RRM test cases have to be define in order to enable such deployments. Currently, for 2 DL CA combinations there are 8 test cases defined in Sections A.8 and A.9. It should be noted that the test cases for transmission timing or PRACH involving multiple TAGs are not counted here as these apply to UL aggregation and there are do no combinations with more than 2 ULs for now.
As the requirements for 3DL CA are mostly same as for 2DL CA (the same requirements per activated/deactivated cell apply), the same tests can be redefined for 3 DL CA. A complete list of test cases is included in the annex. 

Proposal 1: Redefine the same tests used for 2 DL CA to cover 3 DL CA. 

While the extension of the test cases is straightforward for tests defined with all carriers active(Section A.9), it is not clear how the tests with a deactivated SCell should be defined for the 3 DL case. Our proposal for these tests is to have all the SCells deactivated and the TE to check randomly that one of the SCells meets the requirements. This can be applied to the test cases defined in Sections A.8.16.1-2 and A.8.16.3-4. We would like to point out that the measurement performance tests in Section A.9 running with all carriers active the most demanding in terms of UE processing capability, hence, if a UE passes this tests there is no need for other tests to check if the UE can handle all the processing that is needed for CA. 

The SCell activation/deactivation tests are defined in Sections A.8.16.17-18. For 3 DL CA we propose to redefine the test by adding another SCell and simultaneously test the activation/deactivation on all SCells. 
Proposal 2:  Redefine the 2 DL CA test cases by adding another SCell in the same state (active or deactivated) and check that requirements are met on all SCells. For the event triggered reporting the test could be run randomly on any of the SCells.

The next question that arises is whether 3DL CA capable UEs should also be tested under a 2 carrier configuration or not. If Proposals 1 and 2 are adopted, we believe that the 3DL CA tests completely cover the 2 carrier case(2 DL CA cases are a subset of the 3 CA tests), hence it is not need to also run the 2 DL CA tests.
Proposal 3: UEs that are 3 DL CA capable should not be tested against 2 DL CA test cases. 

In RAN#65 there were some proposals to define the requirements for 4DL CA and 5 DL CA. As there is a clear requirement for higher order aggregation, there will also be a need to develop RRM tests for such scenarios. We believe that RAN4 should discuss a flexible method to define RRM tests for higher order CA such that the discussion presented in this paper is not repeated every time one more CC is added. Furthermore, there are currently 4 versions of each CA tests defined for different channel bandwidth combinations (10+10, 20+20, 10+5, 5+5). With higher order CA the number of different bandwidth combinations increases exponentially so defining test cases on case by case basis will untractable. RAN4 should also discuss defining a flexible way to develop RRM test cases for different bandwidth combinations similar to the CA flexible demod.
Proposal 4: RAN4 should consider developing the CA RRM tests in a flexible way to allow straightforward extensions to higher order CA and different bandwidth combinations.
We believe that Proposal 4 should be relatively simple to implement if Proposals 1-3 are agreed. 
In RAN4# 72 a test case list for FDD-TDD CA was agreed in [1]. It was proposed to develop test cases with both FDD and TDD PCell. It was also discussed how the test cases should be performed and whether all the UEs should be tested against all tests. Considering that the RRM requirements are the same for FDD-FDD CA, TDD-TDD CA and FDD-TDD and the test cases are very similar we do not see any need for a UE that is capable of FDD-FDD CA and TDD-TDD CA to be tested against FDD-TDD CA test cases.
Proposal 5: UEs capable of FDD-FDD CA and TDD-TDD CA should not be tested against FDD-TDD CA test cases.

Further, for UEs that are only capable of FDD-TDD CA, we believe it is not necessary to run the same test for both FDD PCell and TDD PCell. If seen necessary, the TE could randomly configure one of the cells as PCell in order to maintain generality.
Proposal 6: UEs capable of only FDD-TDD CA should not be tested against the same test with FDD PCell and TDD PCell. If necessary the TE could randomly configure one cell as PCell.
As shown in [2], there is a real need to limit the number of test cases in order to minimize UE cost and time to market. The proposals presented in this paper should also be analyzed in this context as they also aim to minimize the number of tests without reducing the test coverage.
3. Conclusion
In this paper we analyzed the RRM test cases needed for 3 DL CA and higher order CA. Based on the analysis the following proposals were made:
Proposal 1: Redefine the same tests used for 2 DL CA to cover 3 DL CA.
Proposal 2:  Redefine the 2 DL CA test cases by adding another SCell in the same state (active or deactivated) and check that requirements are met on all SCells. For the event triggered reporting the test could be run randomly on any of the SCells.
The complete list of test cases is shown in the Annex.
Proposal 3: UEs that are 3 DL CA capable should not be tested against 2 DL CA test cases. 

Proposal 4: RAN4 should consider developing the CA RRM tests in a flexible way to allow straightforward extensions to higher order CA and different bandwidth combinations.

Proposal 5: UEs capable of FDD-FDD CA and TDD-TDD CA should not be tested against FDD-TDD CA test cases.

Proposal 6: UEs capable of only FDD-TDD CA should not be tested against the same test with FDD PCell and TDD PCell. If necessary the TE could randomly configure one cell as PCell.
We would like to emphasize that the above proposals are also important in the context of minimizing the number of RRM test cases [2]. 
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Annex

FDD-FDD CA Test cases
1. A.8.16.1 E-UTRAN FDD event triggered reporting under deactivated SCell in non-DRX

2. A.8.16.3 E-UTRAN FDD-FDD Event triggered reporting on deactivated SCell with PCell interruption in non-DRX

3. A.8.16.7 E-UTRAN FDD activation and deactivation of known SCell in non-DRX

4. A.8.17.1 E-UTRAN FDD RSTD measurement reporting delay test case

5. A.8.20.1 E-UTRAN FDD-FDD Inter-frequency event triggered reporting under fading propagation conditions in asynchronous cells

6. A.9.1.6 FDD RSRP for E-UTRAN Carrier Aggregation

7. A.9.2.5 FDD RSRQ for E-UTRA Carrier Aggregation

8. A.9.8.5 E-UTRAN FDD RSTD Measurement Accuracy in Carrier Aggregation
TDD-TDD CA Test cases
1. A.8.16.2 E-UTRAN TDD event triggered reporting under deactivated SCell in non-DRX

2. A.8.16.4 E-UTRAN TDD-TDD Event triggered reporting on deactivated SCell  with PCell interruption in non-DRX

3. A.8.16.8 E-UTRAN TDD activation and deactivation of known SCell in non-DRX

4. A.8.17.2 E-UTRAN TDD RSTD measurement reporting delay test case

5. A.8.20.2 E-UTRAN TDD-TDD Inter-frequency event triggered reporting under fading propagation conditions in asynchronous cells

6. A.9.1.7 TDD RSRP for E-UTRAN Carrier Aggregation

7. A.9.2.6 TDD RSRQ for E-UTRA Carrier Aggregation

8. A.9.8.5 E-UTRAN TDD RSTD Measurement Accuracy in Carrier Aggregation
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