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1. Introduction
The work for standardizing and defining requirements for CA with 3 CC-s is ongoing. Even though the requirements have not yet been defined, the addition of a carrier and any respective interference cells (compared to CA 2 CC-s case), will introduce additional complexity to the test equipment. At this stage it is benefitial to initiate a discussion on the complexity of RRM test cases for E-UTRA, to prevent long delays and ensure availability of test case coverage in GCF and PTCRB. A set of design criteria e.g. number of cells, fading channel etc. could be agreed to set a range resources that can be used in designing 3 CC-s RRM test cases. A similar approach was followed in the initial phase of legacy RRM requirements definition (as per [1] and [2]).
2. Discussion
For testing RRM conformance for CA with 2 CC-s RAN4 decided to add only a limited amount of tests, to verify mainly the additional performance required for a CA capable UE, compared to a non-CA one (1CC) i.e. with respect of legacy requirements. For 2 CC-s testing, test settings and the involved complexity can be summarized in scenarios as follows: 

1) P-Cell 1x2 

+ S-Cell 1x2 

+ N-Cell 1x2 

+ AWGN 


S-Cell & N-Cell ( intra-frequency 
= 3 E-UTRA 1x2 Cells on 2 CC-s
· Used in Event triggered tests A.8.16.3/4/7/8
· A2 (Serving becomes worse than threshold) and A6 (Neighbour becomes offset better than SCell)
· Used in RSRP / RSRQ Accuracy tests A.9.
· Used in RSTD Accuracy tests A.9.5/6/7/8

2) P-Cell 1x2 Fading 
+ S-Cell 1x2 Fading 
+ N-Cell 1x2 Fading 
+ AWGN  


S-Cell & N-Cell ( intra-frequency   
= 3 E-UTRA 1x2 Faded Cells on 2 CC-s
· Used in Event triggered tests A.8.16.1/2/5/6
· A6 (Neighbour becomes offset better than SCell) and fulfilling the requirement on interruption rate
· Used in RSTD delay tests A.8.17.1/2/3/4

3) P-Cell 1x2 Fading 
+ S-Cell 1x2 Fading 
+ N-Cell 1x2 Fading 
+ AWGN 
P/S-Cell & N-Cell ( inter-frequency
= 3 E-UTRA 1x2 Faded Cells on 3 CC-s

· Used in Event triggered tests

· A3 (Neighbour becomes offset better than PCell)
4) P-Cell 1x2 Fading 
+ S-Cell 1x2 Fading 
+ UTRA-Cell 1x2 
+ AWGN 



P/S-Cell & UTRA-Cell ( inter-frequency = 2 E-UTRA 1x2 Faded Cells + 1 UTRA 1x2 Cells on 3 CC-s
· Used in Event triggered tests

· B1 (Inter RAT neighbour becomes better than threshold)
According to the same logic, defining requirements for CA with 3 CC-s can be seen not as a fully separated new topic, but rather as related to the requirements of CA with 2 CC-s. However even in this process there many open questions, which we try to outline in the following. The analysis here is done from the perspective of tests and test equipment complexity. Conclusions and recommendations on resulting test equipment complexity are written in blue font.
The first issue is:

a) Will there be RRM requirements for CA 3 CC-s UE-s?

It is not clear yet which will be the basic assumption on the UE capabilities. Do all CA 3 CC-s UE-s support automatically any respective CA 2 CC-s combination (as per [3])? In that case such a UE could be tested for CA 2 CC-s and then with respect of CA 3 CC-s only certain additional required performace compared to CA 2 CC-s – if any – might be needed to be tested. In that case perhaps only a subset of the existing CA 2 CC-s – or nothing additional – should be specified for CA 3 CC-s (as per [4]).

On the other hand, if a CA 3 CCs UE does not have to support the respective CA 2 CC-s, it should be fully tested for CA in the CA 3 CCs test. As such a complete set of RRM CA 3 CC-s, probably analogue to the existing CA 2 CC-s set, should be defined. 

In case RRM tests for CA 3 CC-s are required, and assuming these will be more or less analog to the CA 2 CC-s ones, following issues will be faced:
For intra-frequency tests:

b) Is only 1 intra-frequency N-Cell (only one S-Cell interferred) enough, or do we need 2 intra-frequency N-Cells (both cells S-Cell interferred)?

Point 1: From a test equipment complexity perspective, compared to CA 2 CC-s set-up, 1 interfering cell means 1 additional cell (2nd Secondary cell) i.e. in total 4 (faded) cells, while 2 interfering cells mean 2 additional cells (2nd Secondary cell + 2nd Interferer) i.e. in total in 5 (faded) cells. 
Point 2: Certainly the scenario with only 1 interfering cell, resulting in 4 (faded) cells might still be covered with limited additional test equipment effort.
Regarding the inter-frequency / -RAT test cases, we guess the focus is on the number of frequencies the UE shall / can monitor. However it is a RAN4 decision whether such requirements will be defined for CA 3 CC-s: 

c) Do we need extra inter-frequency tests for 3 CC-s?
In case RRM inter-frequency tests for CA 3 CC-s are required, the number of the neighbour cells should be decided: 

d) Is only 1 inter-frequency N-Cell (4 frequencies to be monitored) enough, or do we need 2 intra-frequency N-Cells (5 frequencies to be monitored)?
Point 3: The number of additional and total cells required is the same with the intra-frequency case. However from a test equipment complexity perspective, since this scenario involves a high number of cells (4-5 faded) which might be allocated on very different frequencies, considerable additional implementation effort (hardware) might be required.
And in case of inter-frequency with only 1 inter-fequency N-Cell: 

e) Is there any restriction on the frequency relation between P/S-Cell and N-Cell?
Point 4: From a test equipment complexity perspective, this scenario (4 faded cells) might still be covered with limited additional test equipment effort, if the carrier frequencies are relatively close to each other.
Furthermore we would like to emphasise also two additional points, which we think should be considered when defining requirements for CA 3 CC-s:

Point 5: We would not recommend introducing high test complexity only for certain isolated tests, while most of the others can be covered with normal efforts. In general it is difficult for a test equipment vendor to justify additional high complexity and respective costs only due to support of individual tests. We rather recommend taking decision on increased complexity more on a general base.
Point 6: Also it would be very beneficial if the testing approach for CA with 3 CC-s is a generic approach, considering and preparing the ground also for future more complex CA configurations e.g. CA with 4 CC-s. This would prevent configuring the tests in the future unreasonably simple, just because reaching the limits of affordable complexity, as well as settle a more logical relation among CA tests with increasing number of carriers and complexity and their applicabilities. 
3. Conclusion
In this paper we initiated a discussion on the potential complexity of the RRM test cases for CA with 3 CC-s and the effect this might have on the test equipment complexity. We think it is important to consider and keep in mind the points outlined in this paper when deciding on the test settings and requirements for RRM CA 3 CCs. An early decision on a reasonable trade off between test coverage and test complexity wold avoid delays in test availability and later necessary changes.
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