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1. Introduction
In RAN4#79 meeting, all CRs on RRM core requirements for NB-IoT were agreed and RRM test requirements for NB-IoT were preliminary discussed [1, 2]. In this contribution, we discuss RRM test requirements for NB-IoT.

2. Discussion

2.1. Coverage mode assumed in test requirements
RRM requirements of Cell reselection, RRC Re-establishment, Random access, and Radio link monitoring depend on coverage mode where a UE is. Thus these requirements are specified for both normal coverage and enhanced coverage. As you know, side condition is NSCH Ês/Iot ( -6 dB and NRS Ês/Iot ( -6 dB for normal coverage, and NSCH Ês/Iot ( -15 dB and NRS Ês/Iot ( -15 dB for enhanced coverage. Although the side condition for enhanced coverage is worse than that for normal coverage, the requirements for enhanced coverage are relaxed as compared with those for normal coverage. This means that we cannot decide which requirement is tighter, for normal coverage or for enhanced coverage. In other words, even if a UE passes test cases to ensure the requirements for normal coverage, the UE may not meet the requirements for enhanced coverage, and vice versa. Thus for the coverage dependent requirements, RAN4 needs to specify test cases for both normal coverage and enhanced coverage. In addition, the UE shall run both of them. 
Observation 1: Following RRM requirements depend on coverage mode where a UE is:

RRM requirements of Cell reselection, RRC Re-establishment, Random access, and Radio link monitoring.
Observation 2: For coverage dependent requirements, although side condition assumed for enhanced coverage is worse than that for normal coverage, the requirements for enhanced coverage are relaxed as compared with those for normal coverage.
Observation 3: For coverage dependent requirements, RAN4 cannot decide which requirement is tighter, for normal coverage or for enhanced coverage. 

Proposal 1: For coverage dependent requirements, RAN4 needs to specify both normal coverage test and enhanced coverage test.

Proposal 2: For coverage dependent requirements, UE needs to run both normal coverage test and enhanced coverage test.

On the other hand, RRM requirements of UE transmit timing and Timing advance do not depend on the coverage mode. This means that since the side condition for enhanced coverage is worse than that for normal coverage, test cases for the enhanced coverage could verify correct UE behaviour under normal coverage. Thus for the coverage independent requirements, RAN4 may not need to specify test cases for both normal coverage and enhanced coverage.
Observation 4: Following RRM requirements do not depend on coverage mode where a UE is:

RRM requirements of UE transmit timing and Timing advance.
Proposal 3: For coverage independent requirements, only enhanced coverage test may be enough. 
2.2. Operation mode assumed in test requirements
NB-IoT supports three operation modes, i.e. in-band, guard-band, and stand-alone operations. Although all RRM core requirements for NB-IoT do not depend on the operation modes, from viewpoint of test requirements it is better to consider impact of the operation modes on NB-IoT UE performance. For example, although the number of REs containing NRS per subframe does not depend on the operation modes, the number of subframes used for NB-IoT would be typically different among the operation modes. For guard-band/stand-alone operation, all subframes would be used for NB-IoT. On the other hand, for in-band operation, some subframes would be used for NB-IoT but the others would be used for LTE. In other words, the number of subframes can be used for NB-IoT in in-band operation is typically smaller than that in other operation modes. This means that in-band operation is worse situation than the other operation modes from viewpoint of RRM requirements, such as measurement and so on. Thus we propose to consider in-band operation as a baseline assumption for RRM test requirements. 

Observation 5: Number of subframes can be used for NB-IoT in in-band operation is typically smaller than that in other operation modes.

Observation 6: In-band operation is worse situation than the other operation modes from viewpoint of RRM requirements, such as measurement.

Proposal 4: In-band operation is assumed as a baseline assumption for RRM test requirements.

For test cases in in-band operation, LTE carrier needs to be considered. Since 10MHz BW is supported by the all NB-IoT operation bands, we propose 10MHz BW as a LTE channel bandwidth assumption for RRM test requirements.

Proposal 5: 10MHz BW is assumed as a LTE channel bandwidth in in-band operation.

2.3. Test methodology
Frame structures of most of the RRM requirements for NB-IoT are similar to those for LTE/eMTC. Thus RAN4 could use the existing RRM test methodologies for LTE/eMTC as a baseline. However, some RAN1/2 features used in RRM tests are not specified for NB-IoT. For example, in order to verify UE correct behaviour in the existing UE Transmit Timing tests, UE timing advance tests, and Radio Link Monitoring tests, periodic uplink signals are used. Sounding Reference Signals (SRS) are used for the existing UE Transmit Timing tests and UE timing advance tests, and periodic CQI reports are used for the existing Radio Link Monitoring tests. However, NB-IoT supports neither SRS nor periodic CQI reports. In addition, NB-IoT does not support any uplink signals periodically transmitted without uplink scheduling information. This means that RAN4 needs to specify new test methodology for these test cases.

 Observation 7: Periodic uplink signals are used in the existing UE Transmit Timing, UE timing advance, and RLM tests.
Observation 8: NB-IoT supports neither SRS nor periodic CQI reports.
One possible alternative way is to use NPUSCH. When UE received the uplink scheduling information for NPUSCH in subframe n, the UE shall transmit NPUSCH in n + k0, which k0 is specified in Section 16.5.1 of TS36.213. This means that periodical transmission on the uplink scheduling information from TE has the UE transmit NPUSCH periodically. Thus RAN4 would be able to use NPUSCH in order to verify the correct UE behavior in these tests. It should be noted that the UE needs to correctly receive NPDCCH including the uplink scheduling information. For the RLM tests, since SNR level during T3 decrease in order to emulate OOS states, UE may not be able to receive NPDCCH during T3. Thus if NPUSCH is used for RLM tests, RAN4 needs to carefully consider impact of NPDCCH received performance on NPUSCH transmission.
Observation 9: Periodical transmission on the uplink scheduling information from TE has the UE transmit NPUSCH periodically.

Proposal 6: One possible way is to use NPUSCH for UE Transmit Timing, UE timing advance, and RLM tests.

Proposal 7: If NPUSCH is used for RLM tests, RAN4 should carefully consider the impact of NPDCCH received performance.

3. Conclusion
In this contribution, we discussed RRM test requirements for NB-IoT. Our observations and proposals are as below;

Coverage mode assumed in test requirements
Observation 1: Following RRM requirements depend on coverage mode where a UE is:

RRM requirements of Cell reselection, RRC Re-establishment, Random access, and Radio link monitoring.

Observation 2: For coverage dependent requirements, although side condition assumed for enhanced coverage is worse than that for normal coverage, the requirements for enhanced coverage are relaxed as compared with those for normal coverage.

Observation 3: For coverage dependent requirements, RAN4 cannot decide which requirement is tighter, for normal coverage or for enhanced coverage. 

Proposal 1: For coverage dependent requirements, RAN4 needs to specify both normal coverage test and enhanced coverage test.

Proposal 2: For coverage dependent requirements, UE needs to run both normal coverage test and enhanced coverage test.

Observation 4: Following RRM requirements do not depend on coverage mode where a UE is:

RRM requirements of UE transmit timing and Timing advance.

Proposal 3: For coverage independent requirements, only enhanced coverage test may be enough. 

Operation mode assumed in test requirements
Observation 5: Number of subframes can be used for NB-IoT in in-band operation is typically smaller than that in other operation modes.

Observation 6: In-band operation is worse situation than the other operation modes from viewpoint of RRM requirements, such as measurement.

Proposal 4: In-band operation is assumed as a baseline assumption for RRM test requirements.

Proposal 5: 10MHz BW is assumed as a LTE channel bandwidth in in-band operation.

Test methodology
Observation 7: Periodic uplink signals are used in the existing UE Transmit Timing, UE timing advance, and RLM tests.

Observation 8: NB-IoT supports neither SRS nor periodic CQI reports.
Observation 9: Periodical transmission on the uplink scheduling information from TE has the UE transmit NPUSCH periodically.

Proposal 6: One possible way is to use NPUSCH for UE Transmit Timing, UE timing advance, and RLM tests.

Proposal 7: If NPUSCH is used for RLM tests, RAN4 should carefully consider the impact of NPDCCH received performance.
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