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1 Introduction
In this contribution we discuss testing for UE increased carrier monitoring; the performance phase of the work item is scheduled to start in January 2015 and to be completed in June 2015. To ensure that the work to develop tests can be completed in a timely manner, we believe that it is important to start to consider some of the RRM testing issues for increased UE carrier monitoring, although the performance work item would start once the core WI is complete.
2 Discussion
One of the first questions which should be settled for increased UE carrier monitoring is how many frequency layers can be practically tested in commercial test equipment. For example, it is unlikely that a practical test system could provide (for example) 8 LTE FDD or TDD frequency layers, 6 UMTS layers and a GSM layer simultaneously for the UE to measure, due to complexity issues. The maximum practical number of frequency layers, cells, and fading channels is an important aspect of the test case design and for this reason, we recommend that RAN4 seeks feedback from RRM test equipment vendors on the practical limitations.
Recommendation 1 : RAN4 seeks feedback from RRM test equipment vendors on the practical limitations of test equipment complexity for increased UE carrier monitoring testing.

Given that it is likely that the practical number of frequency layers which can be supported will be considerably less than the minimum UE requirements that are considered for the increased carrier monitoring work item, we think that some effort should be made when thinking about the test procedures to avoid explicitly linking the UE configuration to the hardware capabilities of the test equipment. For example, even if the test equipment provides signals allowing measurement of only one or two LTE interfrequency layers, a UE may be configured to measure 8 frequency layers. The test equipment may change the operating frequency of the neighbour cells in different time phases of the test case to ensure that the UE is monitoring all 8 frequency layers according to some pattern. An example is given in Table 1
	
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8

	Cell 1 (serving cell)
	EARFCN1
	EARFCN1
	EARFCN1
	EARFCN1
	EARFCN1
	EARFCN1
	EARFCN1
	EARFCN1

	Cell 2 operating frequency
	EARFCN2
	EARFCN3
	EARFCN4
	EARFCN5
	EARFCN6
	EARFCN7
	EARFCN8
	EARFCN8

	Cell 3 operating frequency
	EARFCN6
	EARFCN7
	EARFCN8
	EARFCN9
	EARFCN2
	EARFCN3
	EARFCN4
	EARFCN5


Table 1 : Example of switching test EARFCN in different time phases of the tests

During each time phase, all other cells would be “off” from a UE perspective, because this example assumes that the test equipment only operates on 3 frequencies (serving layer + 2 interfrequency layers).

For each of these time phases, it could be verified, for example, that the UE is able to meet the expected delay requirements for cell identification and measurement period, considering whether the tested EARFCN belongs to the normal or reduced performance group in each case.

Recommendation 2 : UARFCN/EARFCN switching is considered during the test cases
The next aspect which needs to be considered is the increased carrier monitoring configuration of the UE under test. As an example, the following test types could be considered
1. Interfrequency tests (UTRA and LTE) where the legacy number of interfrequency carriers is configured as normal, and the remaining carriers up to the new UE measurement capability are all used, and configured as reduced

2. Interfrequency tests (UTRA and LTE) where all carriers are configured as normal

3. InterRAT tests (covering both UTRA and LTE serving cell) where eg legacy number of interfrequency carriers is configured on the serving RAT, and interRAT carriers are configured up to the new measurement capability (eg legacy number of interRAT carriers are in the normal performance group, and additional carriers are in the reduced performance group)

For each type of test, in RRC connected state, all applicable scaling factors could be tested (for type 2, the scaling factor should not have any impact on the test outcome, so is not considered applicable). It should be noted that these correspond to test types rather than specific tests, and there are 6 such test “types”.
At this phase of the work, we think it would be premature to agree on specific configurations, but nevertheless the framework for testing, and the different “types” of UE configuration should start to be considered.

Recommendation 3 : RAN4 starts to consider different types of increased carrier monitoring configuration which would be useful to test.

Since there can be several hundred valid increased carrier monitoring configurations, a structured approach is necessary to determine the typical configurations which would be useful for testing.

Finally, it is necessary to consider RRC state and other associated parameters such as DRX state. At least the following scenarios for increased UE carrier monitoring could be considered
1. UTRA idle mode (same requirements as cell PCH/UTRA PCH)

2. UTRA cell FACH state with measurement occasions

3. UTRA cell FACH state with first DRX cycle active

4. UTRA cell FACH state with second DRX cycle active

5. UTRA cell DCH with compressed mode

6. LTE idle mode

7. LTE RRC connected with no DRX

8. LTE RRC connected state with DRX

For the idle mode tests, another variable to consider is the absolute reselection priorities of the target layers.

In principle, delay test cases should be developed to verify cell identification and measurement periods for different RRC states and configurations. Accuracy tests could also be considered. Although accuracy requirements are not directly affected by increased carrier monitoring, it is true that the accuracy of a measurement and the measurement period are closely related. 
Recommendation 4 : RAN4 starts to consider different RRC states and other configuration aspects (eg DRX) would be useful to test.

We assume that tests would be based on existing interfrequency and inter RAT tests where delays are measured; however it may not be appropriate to develop an increased carrier monitoring variant of every interfrequency and interRAT delay test. It is important to limit the overall number of test cases which are developed in the increased UE carrier monitoring work item in the performance phase. Our preliminary view is that around 10-15 test cases covering both 25.133 and 36.133 annex A would allow coverage of the basic functionality, provided that the goal is not to test every increased carrier monitoring configuration in every RRC state. Therefore, once the various configurations are identified in greater detail according to recommendations 3 and 4, RAN4 could also start to consider what combinations of parameters and settings are meaningful to test together.
3 Conclusions

In this contribution we provide some preliminary thinking on increased carrier monitoring testing. We make a number of recommendations to start the work
Recommendation 1 : RAN4 seeks feedback from RRM test equipment vendors on the practical limitations of test equipment complexity for increased UE carrier monitoring testing.

Recommendation 2 : EARFCN switching is considered during the test cases
Recommendation 3 : RAN4 starts to consider different types of increased carrier monitoring configuration which would be useful to test.

Recommendation 4 : RAN4 starts to consider different RRC states and other configuration aspects (eg DRX) would be useful to test.


