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1.
Introduction

At RAN4#87 meeting the most of the core requirement work for Rel-15 NB-IoT was finalized. RAN4 is now starting with the performance work which include developing of test cases. In this paper, we discuss the different test case scenarios that need to be addressed for Rel-15 NB-IoT. 
2.
Discussions
The new features that were introduced in release 15 for NB-IOT are listed below:
· TDD support

· WUS reception requirements

· Serving cell measurement relaxation

· Enhanced PHR (ongoing performance work)
Below we discuss the test cases for each of them.
2.1
TDD support
Release 15 introduced support for NB-IoT operation in TDD mode, and the core requirement CRs were agreed in [1, 2]. All the NB-IoT HD-FDD procedures are also supported by NB-IoT TDD, and all the core requirements were reused. The current NB-IoT test cases in the specification are all designed for HD-FDD. Since there is a separate band for NB-IoT TDD operation (band 41) and deployment scenarios may be different, there is clear need to define separate test cases for verifying all NB-IoT TDD core requirements. The test cases can be similar to those that already exist for NB-IoT HD-FDD, i.e. the same principle of testing can be applied with regard to coverage mode and operational mode (e.g. in-band, guard-band or standalone). 
· Proposal #1: Separate test cases are defined to verify all NB-IoT TDD core requirements.
The test cases which are needed are:
· Intra-frequency cell re-selection tests in both normal and enhanced coverage

· Inter-frequency cell re-selection test in enhanced coverage
· Idle state positioning measurement tests for intra- and inter-frequency 

· Intra- and inter-frequency RRC re-establishment tests

· Contention based random access test in both normal and enhanced coverage
· Contention based random access test on non-anchor carrier in enhanced coverage

· UE transmit timing accuracy tests in both normal and enhanced coverage
· UE timing advanced adjustment accuracy test in enhanced coverage

· RLM out-of-sync in DRX in both normal and enhanced coverage
· RLM in-sync in DRX in both normal and enhanced coverage

· RLM in-sync without DRX in both normal and enhanced coverage

· RLM out-of-sync without DRX in both normal and enhanced coverage

· RSTD intra- and inter-frequency tests in both normal and enhanced coverage
The complete list of test cases can be found in our companion paper for approval [4].
2.2
WUS reception

WUS reception requirements were introduced in [3]. These requirements specify the minimum number of repetitions under which the UE should be able to receive and decode the WUS. Since this procedure is taking place in RRC_IDLE state and there is no reporting back to network, it is difficult to verify it. However, there is an option to indirectly verify WUS reception by paging the UE once UE has successfully decoded WUS. But since there is no paging test case today, even this becomes difficult.

· Proposal #2: There is no need to define test case to verify WUS reception requirements.
2.3
Serving cell measurement relaxation
The UE allowed to perform serving cell measurement less frequently when following conditions are met [3]:
	· [The serving cell measurement relaxation is enabled] by the network using TBD, and

· WUS has been configured in the serving NB-IoT cell using TBD, and
· Serving cell S criteria is met with at least X dB margin.

· the relaxed monitoring criteria for neighbour cells in [1] clause 5.2.4.12.1 is fulfilled, and


In order to guarantee that the serving cell and mobility performance are not negatively affected by this feature, a test case is needed. Such test case should be designed in DRX mode, WUS should be configured and signalled to the UE, and UE should also be informed about serving cell relaxation, i.e. it is allowed to measure every Nth DRX cycles. The signal quality (Es/Iot) should then be altered between the different periods to trigger the UE to first measure less frequently on the serving cell according to the criteria above, and then to trigger a cell re-selection to a neighbour cell.
The same test should also verify the UE actually meets the legacy requirements when following to conditions are met:

	· after the end of reception of latest paging message, or

· from the moment UE has switched from RRC_CONNECTED state to RRC_IDLE state.


The above conditions can be verified as part of the same test, but under different time period. For example, the test can be designed to switch the UE from CONNCECTED state to IDLE state and the test time period Tn is set to less than T0. In this case, the UE should trigger a cell reselection within a shorter delay (according to legacy requirements) provided that the signal levels are changed accordingly. 
· Proposal #3: A new cell re-selection test case is defined to verify the serving cell measurement relaxation when configured with WUS.
2.4
NSSS based RRM measurement
NSSS based NRSRP and NRSRQ measurements are introduced in release 15 for NB-IoT, and most of the work is almost completed from RAN4 perspective. The CR is expected to be agreed at August meeting. The new requirements for NSSS based measurements apply for the case when the eNodeB is transmitted NSSS using a single antenna. However, it may not be possible to define test cases to verify these requirements since there is no reporting of measurement. 
· Observation: It is not possible to define test cases to verify the NSSS based RRM measurement accuracies due to no reporting is supported. 
5.
Conclusions
We have in this contribution discussed test scenarios for release 15 NB-IoT features. Based on the discussions, we have identified the need for following test cases:
· Proposal #1: Separate test cases are defined to verify all NB-IoT TDD core requirements.
· Proposal #2: There is no need to define test case to verify WUS reception requirements.

· Proposal #3: A new cell re-selection test case is defined to verify the serving cell measurement relaxation when configured with WUS.

· Proposal #4: New test cases are defined to verify the NSSS based NRSRP and NRSRQ measurement requirements for release 15 NB-IoT.
· Observation: It is not possible to define test cases to verify the NSSS based RRM measurement accuracies due to no reporting is supported. 
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