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1. Introduction
In this contribution, we analyse and discuss the number of new RRM tests which are being introduced by RAN4 in different releases, with a view to encouraging a discussion on whether the current growth in RRM testing area is practically sustainable.
2. Discussion
We begin by evaluating the number of test requirements in 25.133 and 36.133 annex A for various releases. For release 9 and10, draft versions of the specifications considering CRs agreed in Dresden are considered, whereas for earlier releases the test case count should be more stable. It should be noted that the analysis does not include, for example, agreed phase 2 CA RRM or phase 2 eICIC test cases, so is optimistic in anticipating the test count in later releases. On the other hand, the analysis just considers RRM test case availability in 25.133 and 36.133 and there may be some UE which do not support all the optional features of the specification and hence can be certified by executing a lower number of tests, however for LTE-A our understanding is that all of the features adding to the test count such as OTDOA, carrier aggregation, eICIC etc are mainstream features that can be expected to be commonly taken into use.
	Spec version
	Test count

	25.133v3.21.0
	44

	25.133v4.16.0
	42

	25.133v5.17.0
	43

	25.133v6.10.0
	52

	25.133v7.15.0
	53

	25.133v8.15.0
	67

	25.133v9.10.0
	73

	25.133v10.5.0
	73

	
	

	36.133v8.16.0
	101

	36.133v9.10.0
	137

	36.133v10.6.0
	160


Table 1 : Test count 36.133 and 25.133 annex A
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Figure 1 : Test count 36.133 and 25.133 annex A

In figure 1 the same data is presented in graphical form, along with best fit linear trendlines. Several notable aspects are

· Both LTE and UTRA test coverage grows approximately linearly in each 3GPP release. The additional testing seen necessary for WCDMA in each release has grown at approximately 5 test cases per release, whereas LTE coverage grows at approximately 30 test cases per release.

·  In the first LTE release there were approximately 100 test cases defined, which is more than double the number of testcases needed for release 99 of WCDMA

Partially these trends can be explained by the greater flexibility of LTE specifications, eg both LTE-FDD and LTE-TDD are considered in the testing, whereas 25.101 only considers UTRA-FDD along with interworking to LTE FDD/TDD modes. However, the trends have implications for test time

· While different test cases have different execution times, a very rough approximation would be to consider that test time and certification effort scales directly with the number of testcases. Most RRM tests are based on the need to demonstrate statistically with 95% confidence that a test requirement of 90% pass rate can be met. For a UE with performance exactly on the allowed limit, the time to reach statistical confidence can be indefinite, however RAN5 typically has “early pass” procedures which allow a UE exceeding the minimum 90% pass rate to pass the test more quickly. However, even a UE that produces a “perfect” result takes a significant number of iterations (eg 35 iterations) to demonstrate a pass result.
· Test time is partly determined by RAN4 procedures (eg time intervals specified in 25.133/36.133) and individual tests can easily take 30 minutes to 1 hour to provide a pass result even with a UE that is better than the minimum specification, for which an early pass can be declared.

· Some tests are also specified to be run for different combinations of temperature and voltage eg TL,VL, TH, VL, TL, VH, TH,VH and nominal. For testcases in RAN4 from 25.133/36.133 annex A they may need to be run 5 times to provide different results.
· Band support also increases the testing somewhat. 36.521 section 3A.3.4 indicates that the Radio Resource Management performance of a UE in sections 4 – 8 is considered to be independent from all bands. Therefore, the required performance in the respective test cases can be verified in one of the bands supported by the UE, with the exception of inter-band testing requirements in clause 3A.1. The test cases in section 9 are considered to be band dependant and are therefore applicable in all of the supported bands in the UE. Although not all tests need to be considered, the testing for multiband UE is clearly increased by the need to run the accuracy tests.

· The analysis was done only on agreed testcases which are included in 36.133 annex A today. So it neglects phase 2 test cases from carrier aggregation and eICIC, making the release 10 total a likely underestimate of the true situation.

The concern here is that adding ~30 LTE test cases per 3GPP release does not seem to be sustainable growth rate for the long term as it could imply several days to a week of additional testing in each new release. In addition, new frequency bands and band combinations for carrier aggregation may create further dimensions which expand the test case count without being visible in the number of tests 

Hence we believe RAN4 should discuss the any possible measures to address test time increase while still providing testing of new features and functionality. To initiate the discussion, we provide some tentative proposals
Proposal 1 : The merits of new testing need to be carefully evaluated, considering also the trade-off especially with additional certification costs which any new test case brings. Perhaps RAN4 could consider some kind of checklist or other formal step to encourage these aspects to be thought about and discussed. RAN4 should maintain a realistic view that some tests are more important than others, and just because a test case can be created does not automatically mean that it needs to be created.
Proposal 2 : Existing test cases may be superseded by some new test, or at least some functionality may be implicitly tested in other ways such that an existing test case becomes obsolete. In general, RAN4 might decide that passing testcase X in a new release means that a pass result for old release testcases Y and Z can be assumed.

To give a concrete example of this, a UE which is demonstrated to meet measurement accuracy requirements with a time domain restriction might be expected to perform at least as well with no time domain restriction without actually running the test.
Proposal 3:  For essential new tests in future, there may be merit in considering a “priority approach” to testing different features. If certain functionality can be considered less critical (for instance affecting user experience rather than the system performance) it may not need to be tested, or its testing may be considered a lower priority.
3. Conclusions

In this contribution, we discuss the RRM testcase count for LTE and compare it to WCDMA. We note that LTE started with more RRM tests for release 8 than WCDMA has for release 10, and moreover the number of LTE tests appears to grow at approximately 6x the average rate that WCDMA test count grew at, if we consider number of tests per release. The comparison of WCDMA and LTE tests is intended to trigger discussion on whether RAN4 needs to take some more concrete steps to limit future growth in RRM testing, and whether the current growth is sustainable for the industry. It should be noted that one reason why LTE has more RRM tests than WCDMA is because both FDD and TDD duplex modes are supported by the same specification, and some differences can therefore be expected and explained. Nevertheless, a triple mode LTE+HSDPA FDD+GSM chipset would in the end need to pass RRM certification for all tests in 36.133, 25.133 and GERAN specifications so a rapidly growing test count is also something which we think should be discussed further in RAN4 to see if there are any specific steps which could be taken to avoid an explosion in RRM certification test time for good implementations. In this respect, we provide some proposals, however these are primarily intended to facilitate further discussion on whether this is a significant problem, and if so what kind of measures could be taken to address it.
Proposal 1 : The merits of new testing need to be carefully evaluated, considering also the tradeoff especially with additional certification costs which any new test case brings. Perhaps RAN4 could consider some kind of checklist or other formal step to encourage these aspects to be thought about and discussed. RAN4 should maintaint a realistic view that some tests are more important than others, and just because a test case can be created does not automatically mean that it needs to be created.

Proposal 2 : Existing test cases may be superseded by some new test, or at least some functionality may be implicitly tested in other ways such that an existing test case becomes obsolete. In general, RAN4 might decide that passing testcase X in a new release means that a pass result for old release testcases Y and Z can be assumed.
Proposal 3:  For essential new tests in future, there may be merit in considering a “priority approach” to testing different features. If certain functionality can be considered less critical (for instance affecting user experience rather than the system performance) it may not need to be tested, or its testing may be considered a lower priority.

