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1 Introduction
RAN4 has completed the core requirement work for eMTC and performance work is currently ongoing. The performance work has been split into two phases. In phase 1, the test cases for normal coverage were developed and completed at RAN4#79 meeting, and the enhanced coverage test cases are currently being developed in phase 2. 
In this contribution we discuss the test case scenarios for eMTC UEs under enhanced coverage. CEModeB UEs have certain characteristics than the CEModeA UEs that may result in that the legacy testing methodologies cannot be reused. This is the case for UE transmit timing tests and RLM tests, and these issues were identified in [1].  
2 Discussions 
2.1 UE Transmit timing Test
Uplink transmit timing requirements for eMTC are specified in section 7.1 in [2]. The timing requirements consist of two parts:
· UE Transmit Timing requirements specified in section 7.1.
· UE Timer accuracy requirements specified in section 7.2. 

· UE Timing Advance Accuracy requirements specified in section 7.3. 
RAN4 typically specifies test cases to verify the UE transmit timing requirements and UE timing advance requirements. In legacy transmit timing tests, sounding reference symbols (SRS) are used to verify that the timing requirements are met by the UE. SRS configurations are defined in a table as part of the test configurations. Unlike legacy LTE UEs, SRS transmissions are not supported by eMTC UEs in CEModeB. This means a new testing methodology needs to be used. Two specific options were identified as possible means to solve this problem at last meeting in [1]:
· Option 1: Using random access transmission

· Option 2: Using NPUCCH/NPUSCH transmission

It can be noted that similar problem also exists for NB-IOT UEs as SRS transmissions are not supported by those UEs either. Since the basic problem is the same, we suggest using the approach as in NB-IOT. 
In legacy FDD LTE operation, UE adjusts the uplink timing based on received downlink in the same subframe, see Figure 1. This is not the case for TDD LTE operation where there is a fixed delay between the reception of the downlink path and autonomous adjustment in the uplink transmission due to that UE cannot do reception and transmissions simultaneously. 
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Figure 1: Timing adjustment in legacy LTE for FDD and TDD

We start our discussions by looking at the first option, i.e. using random access transmission to verify the timing requirements. The feasibility of this option depends on the type of random access. The contention based random access method is difficult to use as verification method since the UE cannot always be guaranteed with a predefined preambles to use as it will compete with all other UEs. The non-contention based random access method is, on the other hand, feasible to use in our view. Our view is to use option 2 which is based on uplink transmissions; this is also used for NB-IOT. This will enable RAN4 to reuse some of the work already done for NB-IOT. 
Next we look at the second option which is the use of PUCCH/PUSCH transmissions for verifying the timing requirements. This option may be feasible, but the UE has to receive the scheduling grants in order to be able to transmit on PUSCH. The signal level can be specified to correspond to normal coverage and enhanced coverage in respective test configurations such that the UE can receive the grant. Also, the UE has to be configured with repetitions since some of the timing requirements include verifying the autonomous timing adjustment. In comparison to legacy timing requirement where the SRS transmissions are used to verify the timing adjustments, here the test system can use the PUCCH/PUSCH transmissions. 
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Furthermore, the eMTC UE needs to be configured with certain number of repetitions in both downlink and uplink for the enhanced coverage test. This is necessary to verify that the UE does not make autonomous timing adjustment during repetition period. This is one of the new requirements that were introduced for eMTC compared to legacy LTE UEs. 
The UE needs to be configured to receive an UL grant at n-4 and timing should be changed in order to verify whether the UE does as timing adjustment during repetition burst. The configuration is illustrated in Figure 2.  
· Observation #1: PUCCH/PUSCH transmissions can be used to verify the new timing requirements of eMTC UEs in CEModeB 

Based on the discussions above, we make the following proposal on UE transmit timing testing:

· Proposal #1: PUCCH/PUSCH transmissions are used to verify the eMTC UE CEModeB transmit timing requirements. 

2.2 Radio Link Monitoring Test
In legacy RAN4 tests, UE is configured with periodic CQI reporting. The minimum CQI reporting periodicity, which is 2 ms, is used to verify the RLM requirements as the signal quality changes over the time. The problem, which is also common for NB-IOT UE, is that CQI reporting is not supported by the eMTC UE under CEModeB. This means that the legacy RLM testing methodology cannot be reused. For eMTC, following three options were identified as possible means to solve the problem in [1]:
· Option 1: Periodic serving cell RSRP measurement reporting

· Option 2: Periodic/continuous PUSCH scheduling

· Option 3: Use re-establishment to verify UE RLF status

The first option might be difficult to use in CEModeB since the UE may have difficulties to perform measurements with good accuracy. Also the uplink quality might be bad such that UE is unable do any reporting. It can also be noted that the minimum measurement reporting periodicity is 10 ms which can be compared to 2 ms with reporting. 
·   Observation #2: Use of periodic serving cell RSRP measurement reporting might be challenging to use as method to verify the RLM requirement of eMTC UEs in CEModeB. 

The second option of period/continuous PUSCH scheduling requires reception of scheduling grant. This may work as long as UE is operating under good coverage conditions. The problem, however, is that when UE is operating at out-of-sync or close to out-of-sync BLER target since it may be difficult for the UE to receive grant at this condition. At normal condition, e.g. in-sync or close to in-sync, UE should be able to receive the scheduling grant. Test system can expect some uplink data transmission at subframe n+4. Successful reception of PSUCH can be used as an indicator to verify RLM instead of CQI reporting. This means that only part of the RLM requirement can be verified, i.e. only the in-sync requirement. It is equally important to also verify the out-of-sync requirement. It is difficult to use the same methodology to verify the out-of-sync requirement since there is no way to guarantee that UE receives the uplink grant when UE is operating at poor conditions (i.e. at high BLER close to out-of-sync target). Even if PUSCH transmissions are used to verify the out-of-sync requirement, if test system fails to receive the PUSCH at expected subframe there is no way for the test system to determine whether it is because UE has declared RLF and turned OFF the transmitter or if it is because UE failed to receive the uplink grant to be able to transmit at expected subframe. One way to solve this problem is by ensuring that uplink grant is sent to the UE during good channel conditions, i.e. the SNR level has to be increased during the time period uplink grant is transmitted. It can be noted that same approach is being used for NB-IOT, and this will also allow RAN4 to reuse some of the work already done for NB-IOT.
·   Observation #3: PUCCH/PUSCH transmissions can be used to verify the RLM requirement of eMTC UEs in CEModeB. 
The third option considers the use of RRC re-establishment procedure to verify the RLM requirement. The RRC re-establishment test involves two cells whose SNR levels are varied differently over the time. In this test, the SNR level of cell1 goes below a certain level and then UE is required to trigger RRC re-establishment on cell2. The problem of using this procedure to test RLM is that the RLM test then becomes very similar to the RRC re-establishment test itself. The RLM procedure requires the UE to declare RLM and turn OFF the transmitter after a certain event (out-of-sync). The RRC re-establishment procedure cannot test this important UE behaviour since UE cannot trigger the RRC re-establishment if it turns OFF its transmitter. 
·   Observation #4: RRC re-establishment procedure may not be possible to use to verify the RLM requirement of eMTC UEs in CEModeB.
Based on the discussion above, the option of using PUCCH/PUSCH transmissions to verify the RLM requirement is identified as one possible method to verify the RLM requirement. Thus we make the following proposal: 
· Proposal #2: PUCCH/PUSCH transmissions are used to verify the RLM of eMTC UEs in CEModeB. 
One of the other open issues in RLM testing is to agree on the margins to use for deriving the five different SNR values. This was very briefly discussed at last meeting and companies were asked to provide their input [3]. In our companion paper, we have provided further simulation results which are also aligned with other company results. Based on them we have proposed the different SNR values. For CEModeB, we propose to study the NPDCCH performance and derive the Qin and Qout based the results. If simulations results show that sufficient Qin and Qout separation can be achieved, then it is reasonable to reuse the existing margins. 
3 Summary 
In this contribution we discuss and provide our view on the test scenarios of NB-IOT. In particular, we identified UE transmit timing requirement and RLM requirement as two sorts of requirements which require new testing methodology. We have discussed different options, and made the following observations and proposals:
· Observation #1: PUCCH/PUSCH transmissions can be used to verify the new timing requirements of eMTC UEs in CEModeB 

· Proposal #1: PUCCH/PUSCH transmissions are used to verify the eMTC UE CEModeB transmit timing requirements. 

·   Observation #2: Use of periodic serving cell RSRP measurement reporting might be challenging to use as method to verify the RLM requirement of eMTC UEs in CEModeB. 

·   Observation #3: PUCCH/PUSCH transmissions can be used to verify the RLM requirement of eMTC UEs in CEModeB. 

·   Observation #4: RRC re-establishment procedure may not be possible to use to verify the RLM requirement of eMTC UEs in CEModeB.

· Proposal #2: PUCCH/PUSCH transmissions are used to verify the RLM of eMTC UEs in CEModeB. 
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