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1 Introduction
 In RAN#66, the increased UE carrier work item core work was completed, and the performance work item should now start, with a planned completion date of June, 2015. Some preliminary discussions have already taken place on RRM testing, and especially how to test UEs configured with a large number of target neighbour frequencies.
2 Discussion

In the increased UE carrier monitoring core work, it has been decided to support the following UE capabilities
· With an E-UTRA serving cell
· Minimum number of E-UTRA interfrequency layers increases from 3 FDD and 3 TDD to 8 FDD and 8 TDD
· Minimum number of UTRA iRAT layers increases from 3 to 6(UTRA FDD) or 7 (UTRA TDD)
· Total number of frequency layers (including serving) increases from 7 to 12
· With a UTRA FDD serving cell
· Minimum number of UTRA interfrequency layers increases from 2 to 5 
· Number of cells is up to 80 total with up to 32 cells per layer
· Minimum number of E-UTRA iRAT layers increases from 3 to 8
· Total number of frequency layers (including serving) increases from 8 to 13
Since the capabilities have been defined, we think that it is reasonable that UEs should also be tested with a similarly large number of carriers. During the RAN4#73 meeting, preliminary discussions took place around two available contributions on the topic, and the discussions were captured in the RRM adhoc minutes [1]
	R4-147458 (Ericsson)

Proposal : Interested companies are invited to give feedback on the practical limitations which should be assumed on test equipment complexity for increased UE carrier monitoring RRM tests

R4-146905 (Anritsu)


Aim to keep E-UTRA tests within a limit of 3 carriers, using time-switching if necessary


Aim to keep UTRA tests within a limit of 3 carriers, using time-switching if necessary


Aim to keep Inter-RAT tests within 2 carriers on the “home RAT”, and 1 carrier on the target RAT.

Use 1x2 Antenna configuration

Outcome :

In addition, aim to keep to same number of cells as is being considered for 3 DL CA (4 cells on 3 frequencies)

These aims could be revisited if the test purpose for increased carrier monitoring cannot be met


It should be noted that the discussion in RAN4#73 was just to set some preliminary aims for the work in the performance phase, ie a greater number of cells or frequencies could still be considered. Nevertheless, it seems rather clear that practical test equipment for increased UE carrier monitoring cannot be expected to provide 12 or 13 frequency layers simultaneously, and yet it also appears desirable to test UEs in such a maximal configuration.
Earlier, we have proposed to address this by configuring a larger number of carriers in the UE than the test equipment supports, and to perform frequency switching in the test equipment to ensure that the UE is able to meet relevant requirements on a large number of measurement objects. Two main concerns have been indicated in earlier meetings
· The switching approach used in the test may mandate a certain UE implementation

· The switching phases in the test case may increase test time

We now discuss these concerns in further detail

Does the switching approach used in the test mandate a certain UE implementation?
We think that this comment relates to a tester implementation which would try to match its frequency switching to the cells being measured by a UE in a particular measurement gap. A hypothetical example of this is shown in figure 1
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Figure 1 : Hypothetical example of test equipment frequency switching matching UE measurement pattern

In the hypothetical example, the UE makes a round robin scheduling of the measurements in different measurement gaps, and the test equipment ensures that it provides a test signal on the appropriate frequency being measured in each gap. We do not think this scheme is practical, since it is completely up to the UE which measurement objects are measured in any given measurement gap and also in more complicated scenarios such as DRX, the UE may also make measurements at other times than the measurement gaps. The round robin scheduling shown in figure 1 is very simplistic, and would not be applicable to measurements with both a normal and reduced performance group configured, and even if such simplistic measurement scheduling were used, the test equipment would have no knowledge of which measurement object the sequence would start with, or which order the UE processed different measurement objects. There is also no way that such a scheme could be considered for idle mode, as there are no measurement gaps with timing known to the test equipment. Therefore we agree that this could not be considered a practical testing scheme.
To avoid these problems, we envisage test equipment performing frequency switching much more slowly, and not synchronously with the measurement gap pattern, emulating the situation that the UE moves into and out of coverage on different frequencies. To give a more concrete example of this operation, assume that we wish to test that the UE can measure on 8 LTE inter-frequencies using a 40ms gap pattern with 3 of the frequencies belonging to the NPG, and 5 of the frequencies belonging to the RPG. Scaling factor s=8 is assumed to be used.
We begin by deriving the core UE delay requirements for this case. The single carrier delay requirements for this measurement gap pattern are TMeasurement_Period _Inter = 480ms and T identify –inter = 3.84 s. Hence, the applicable performance requirements for the NPG are TMeasurement_Period _Inter (normal performance) = 3*480ms = 1440ms and T identify –inter= 3*3.84s = 11.52s. The applicable requirements for the RPG are TMeasurement_Period _Inter (normal performance) = 5*8*480ms = 19200ms and T identify –inter= 5*8*3.84s=153s. Since the longest minimum requirement to identify a cell is 153s, the test condition (ie frequencies being tested) should remain fixed for at least 153s to ensure that the UE identifies and starts to measure all cells that are available.  This is illustrated in figure 2.
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Figure 2 : Test equipment signal switched at a lower rate than the longest cell identification minimum requirement
If 11 frequency layers were used with 3 in the normal performance group, the time interval would become 8*8*3.84s = 245.76s and if scaling factor s=16 were used, this would double to 491.52s.

What is the impact on test time?

Since the testing of measurements on multiple frequency layers is being performed sequentially, concerns on test time are valid, especially as we have seen above that a single configuration need to be maintained for a relatively long time period. Depending on how many different configurations are tested (see figure 2), the test time could become long. In addition it should be kept in mind that most minimum requirements are tested to be met on 90% of attempts with 95% confidence. RAN5 typically verifies the statistical properties of the UE requirement by repeating a test multiple times, and terminating the test once 95% confidence that the minimum requirement has been met on 90% of attempts is satisfied. Since the basic test procedure is repeated multiple times, the test time could become long. Partially this is unavoidable because testing cell identification with a large number of frequencies in the RPG especially with a large scaling factor (eg s=16) leads to quite long UE delays which must be tested statistically. However, performing switching of test equipment configurations as shown in figure 2 will further increase the test time.

To mitigate this, we think that the number of configurations used throughout the test should be minimised. For example,  if we assume the test equipment can generate signals on 3 frequencies simultaneously (as discussed in [2]) then there are essentially 3 different configurations which are of interest from a requirements testing perspective
Tester Config 1 : f1=serving frequency, f2=NPG frequency, f3=NPG frequency

Tester Config 2 : f1 = serving frequency, f2=NPG frequency, f3=RPG frequency

Tester Config 3 : f1 = serving frequency, f2=RPG frequency, f3=RPG frequency

In this example the UE would still be configured for incmon (for example with 3 NPG frequencies and 5 RPG frequencies). In each tester configuration, the test equipment could randomly chose f2 and f3 from the possible frequencies being monitored by the UE. For example, in tester config 2, the test equipment chooses f2 randomly from one of the 3 frequencies in the NPG and chooses f3 randomly from one of the 5 frequencies in the RPG. On different iterations of the test (which are performed to gain statistical confidence) a different random selection may be made. What cannot be checked with this kind of configuration is the UE performance when it detects cells simultaneously on all the frequency layers it has been configured with. Given that the test equipment cannot practically generate such a test signal this seems unavoidable.
Figure 3 illustrates the test procedure overall; there are 3 main phases corresponding to tester config 1, tester config 2 and tester config 3 above; in each phase the UE is repeatedly tested (as per existing RAN5 procedures for statistical testing) and in each repetition different frequencies for f2 and f3 are randomly chosen. Minimum test time for the basic steps of the test case is shown; steps when config 1 is used by the test equipment are assumed to be up to 11.52s, and time steps when config 2 and 3 are used by the test equipment are assumed to be up to 153.6s according to the earlier analysis. If all 8 frequencies were tested simultaneously, the time duration of a basic step of the test would be 153.6s, so the test time for the sequential procedure is scaled up by (11.52 + 153.6 + 153.6)/153.6 = 2.075. 
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Figure 3 : Flowchart showing the overall proposed test sequence
Based on the discussion, we propose the following way forward to address testing UEs which may measure a large number of frequencies

Proposal 1 : RAN4 continues to discuss practical test equipment capabilities. A balance should be found between test equipment complexity and practical test coverage. As there are only 3 RAN4 meetings to complete the performance work for increased UE carrier monitoring tests, a decision needs to be made in RAN4#74

Proposal 2 : If the test equipment needs to be switched between different configurations, the test equipment signal switched at a lower rate than the longest cell identification minimum requirement

Proposal 3 : Random choice of carrier frequencies from those being monitored by the UE according to neighbour list may be combined with RAN5 statistical test methods to minimise the overall increase in test time.

3 Conclusions

Based on the discussion, we propose the following way forward to address testing UEs which may measure a large number of frequencies

Proposal 1 : RAN4 continues to discuss practical test equipment capabilities. A balance should be found between test equipment complexity and practical test coverage. As there are only 3 RAN4 meetings to complete the performance work for increased UE carrier monitoring tests, a decision needs to be made in RAN4#74

Proposal 2 : If the test equipment needs to be switched between different configurations, the test equipment signal switched at a lower rate than the longest cell identification minimum requirement

Proposal 3 : Random choice of carrier frequencies from those being monitored by the UE according to neighbour list may be combined with RAN5 statistical test methods to minimise the overall increase in test time.
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