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1.
Introduction

At RAN4#83 meeting the core requirement work for FeMTC was finalized. RAN4 is now starting with the performance work which include developing of test cases. In this paper, we discuss the RRM test cases and the related test configurations. 
2.
Discussions
Test Configurations
Category M2 is introduced in release 14, and it introduces support for larger bandwidth operation, i.e. transmission
bandwidth not exceeding 24 RBs in downlink and 5 MHz in uplink. Most of the category M1 core requirements were reused for category M2. Similarly, it might be possible to define an applicability rule that states that all category M1 test cases shall apply for category M2 UEs. However, the RMCs and OCNG might be different in theory due to larger bandwidth. The test cases defined in TS 36.133 verify the core RRM requirements and for these test cases defining new RMCs for larger bandwidth is not necessary. For testing of the RRM procedures, the additional PRBs due to larger bandwidth does not add value. In general, it is good to avoid defining new RMCs and OCNG if the current ones can be reused.
· Proposal #1: RMCs and OCNG already defined for category M1 UEs are reused for category M2.
· Proposal #2: Introduce applicability rule stating that category M1 test cases are applicable for category M2.
In general, the test methodologies for category M2 in release 14 can be similar to those used in category M1 in release 13.

New Test Cases

New test cases for cell re-selection in IDLE state:
Inter-frequency cell re-selection test cases need to be defined for cat-M1/M2 for all three deployment modes and two CEModes. Below we have listed the normal coverage test cases as example:
· E-UTRAN FDD – FDD Inter frequency case for Cat-M1 UE in normal coverage

· E-UTRAN HD – FDD Inter frequency case for Cat-M1 UE in normal coverage

· E-UTRAN TDD Inter frequency case for Cat-M1 UE in normal coverage

New test cases for inter-frequency and enhanced Handover:

Inter-frequency and enhanced handover requirements were introduced for UE category M1 and M2 in release 14. The inter-frequency HO simply allows support for performing the HO between two different frequencies which was not possible in earlier release. The intra- and inter-frequency enhanced handover feature allows the UE to do the handover without acquiring the SFN of the target cell when ‘sameSFN-Indication’ is received in the HO command. In this case the HO delay does not include time to acquire the SFN of the target cell. The new test cases are as follows (exemplified for CEModeA):

· E-UTRAN FD – FDD Inter frequency handover for Cat-M1 UE in CEModeA

· E-UTRAN HD – FDD Inter frequency handover for Cat-M1 UE in CEModeA

· E-UTRAN TDD Inter frequency handover for Cat-M1 UE in CEModeA

The enhanced handover test case for testing the handover without SFN acquisition can be as follows (exemplified for intra-frequency and CEModeA). Similar tests might be needed also for the inter-frequency case since corresponding core requirement exists. 

· E-UTRAN FD – FDD Intra frequency handover without SFN acquisition for Cat-M1 UE in CEModeA
· E-UTRAN HD – FDD Intra frequency handover without SFN acquisition for Cat-M1 UE in CEModeA

· E-UTRAN TDD Intra frequency handover without SFN acquisition for Cat-M1 UE in CEModeA
Timing requirements for category M2:
The category M2 UEs which support larger bandwidth operation (e.g. 5 MHz) are required to meet timing error of 12* TS in CEMode A and 40* TS in CEMode B which are tighter than the M1 requirements. Thus new test cases to verify the category M2 specific timing requirements need to be defined as follows:
· E-UTRAN FDD – UE Transmit Timing Accuracy Tests for Cat-M2 UE in CEModeA
· E-UTRAN HD-FDD – UE Transmit Timing Accuracy Tests for Cat-M1 UE in CEModeA
· E-UTRAN TDD - UE Transmit Timing Accuracy Tests for Cat-M1 UE in CEModeA
 These test cases need to be defined for both CEMode A and CEMode B.
New test cases for enhanced RLM:
New enhanced RLM requirements were introduced in release 14 for both category M1 and M2, and corresponding test cases need to be introduced. Two new events were introduced, namely QE1_out_Cat M1 and QE2_in_Cat M1, which are triggered based on some pre-defined M-PDCCH transmission parameters. The new events should be verified in both non-DRX and DRX mode. Following new tests need to be defined for all three deployment modes (FD-FDD, HD-FDD and TDD and both CE modes:

· Radio Link Monitoring Test for Early Out-of-sync for Cat-M1 UE in CEMode A
· Radio Link Monitoring Test for Early In-Sync for Cat-M1 UE in CEMode A
· Radio Link Monitoring Test for Early Out-of-sync in DRX for UE category M1 UE configured in CEMode A
· Radio Link Monitoring Test for Early In-sync in DRX for UE Category M1 UE configured in CEMode A
Moreover, support for inter-frequency operation was introduced in release 14 and also this also requires new test cases. The new test cases have to be defined for all RRM core procedures in both IDLE and CONNECTED state. In brief, we have identified the need for following new inter-frequency test cases for release 14 category M1/M2 UEs:
New test cases for measurement procedures in CONNECTED state:

· E-UTRAN FDD-FDD Inter-frequency event triggered reporting under fading propagation conditions in asynchronous cells
· E-UTRAN FDD-FDD Inter-frequency event triggered reporting when DRX is used under fading propagation conditions in asynchronous cells
· E-UTRAN HD-FDD Inter-frequency event triggered reporting under fading propagation conditions in asynchronous cells
· E-UTRAN HD-FDD Inter-frequency event triggered reporting when DRX is used under fading propagation conditions in asynchronous cells
· E-UTRAN TDD-TDD Inter-frequency event triggered reporting under fading propagation conditions in synchronous cells
· E-UTRAN TDD-TDD Inter-frequency event triggered reporting when DRX is used under fading propagation conditions in synchronous cells
SI reading requirements in CONNECTED state:

· E-UTRAN FDD - FDD Inter-frequency identification of a new CGI of E-UTRA cell using autonomous gaps
· E-UTRAN FDD - FDD Inter-frequency identification of a new CGI of E-UTRA cell using autonomous gaps with DRX
· E-UTRAN HD - FDD Inter-frequency identification of a new CGI of E-UTRA cell using autonomous gaps
· E-UTRAN HD - FDD Inter-frequency identification of a new CGI of E-UTRA cell using autonomous gaps with DRX
· E-UTRAN TDD - TDD Inter-frequency identification of a new CGI of E-UTRA cell using autonomous gaps
· E-UTRAN TDD - TDD Inter-frequency identification of a new CGI of E-UTRA cell using autonomous gaps with DRX
All the inter-frequency test cases need to be defined for all three deployment modes (FD-FDD, HD-FDD and TDD) for both CE modes.

Lastly, test cases to verify the new inter-frequency measurement accuracy requirements also need to be defined for all three deployment modes under both coverage modes. An example is given below:
· FD-FDD RSRP Inter frequency case for Cat-M1 UE in CEModeA
· HD-FDD RSRP Intra frequency case for Cat-M1 UE in CEModeA
· TDD RSRP Intra frequency case for Cat-M1 UE in CEModeA
Positioning test cases:
It is proposed to define the positioning test cases in Phase 2, both core and accuracy, since RAN4 has not finished the requirements in section 9 for both UE Rx-Tx and RSTD, and there are some minor TBDs and open issues to be resolved. Therefore RAN4 should at this meeting focus on the test list, and the remaining detailed parameters can be discussed at next meeting. In brief, we see need for defining following new positioning test cases for UE category M1 and M2:
· RSTD CE Mode A: intra-frequency and inter-frequency measurement period (section 8) and accuracy (section 9)
· RSTD CE Mode B: intra-frequency measurement period (section 8) and accuracy (section 9)

· UE Rx-Tx CE mode A accuracy (section 9)
Further, if inter-frequency requirements for RSTD are added in the coming meetings, then also the corresponding test cases are to be added to the list above.

Time Plan

Since there are large number of new test cases that need to be developed for release 14 category M1/M2 UEs, it is a good approach to split the test cases into two phases. RAN4 can first start focus on the test cases included in the first phase and second phase test cases can be developed later. This approach has also been used earlier in release 13 MTC. 

Proposed time plan: 
· RAN4 meeting cycle

· RAN4#84 (August 2017)

· Agree the complete list of the test cases for Rel-14 with detailed test configurations and parameter settings
· Determine the test cases included in Phase I and Phase II.
· All positioning test cases are to be developed under Phase II
· RAN4#84bis (October 2017)

· Companies are encouraged to provide their r CRs for phase I test cases, and try to align and agree on them.

· RAN4#85 (November 2017)

· Companies are encouraged to provide their CRs for phase II test cases, and try to align and agree on them.

· Final CRs agreed for TS 36.133 

5.
Conclusions
We have in this contribution discussed and identified the new test cases that need to be introduced for release 14 category M1 and M2 UEs.  We have also discussed the test configurations such as RMC and OCNG, by comparing them to the already existing ones in release 13. Following two proposals are made regarding the test configurations and applicability. 
· Proposal #1: RMCs and OCNG already defined for category M1 UEs are reused for category M2.

· Proposal #2: Introduce applicability rule stating that category M1 test cases are applicable for category M2.
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