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1. Introduction

RAN4 has been discussing NB-IoT RRM requirements in recent meetings. So far the framework of all the requirements has been developed. Initial discussion on RRM test cases took place at last RAN4 #79 meeting [1~2]. 

In this contribution, we would like to provide analysis on RRM test cases for NB-IoT for the corresponding RRM core requirements.
2. Discussion
2.1. Test case for NB-IoT RRM requirements

RAN4 reached agreement on all the NB-IoT RRM core requirements and performance requirement framework in last Nanjing meeting. CRs [3~17] were approved to introduce corresponding requirements into TS36.133, including:

1) RRC_IDLE state mobility (section 4)

a) Cell selection

b) Cell reselection

c) Maximum interruption in paging reception

d) UE measurement capability

2) RRC Connection Mobility Control (section 6)

a) RRC re-establishment

b) Random access

3) Timing and signalling characteristics (section 7)
a) UE transmit timing
b) UE timer accuacy
c) Timing advance
d) RLM
4) UE Measurements Procedures in RRC_CONNECTED State (section 8)

a) Intra-frequency measurement

5) Measurements performance requirements for UE (section 9)

a) Measurement accuracy

According to the above requirements, here we provide discussion on strategy to develop corresponding test cases based on the existing LTE (especially eMTC) test cases.

1) Test case for RRC_IDLE state mobility

The requirement in RRC_IDLE state comprises cell selection/reselection, paging interruption and measurement capability:

· For cell selection, we think the requirement is quite generic and don’t need test case for this part, just the situation in LTE. 

· For cell reselection, the principle of existing LTE test case can be reused (TS36.133 section A.4.2). Tdetect and Tevaluate in RRC_IDLE state requirement can be verified in existing test case. Besides, measurement accuracy and measurement capability might also be verified implicitly by proper design.
· Similar with LTE, we don’t think test case is needed to verify the requirement for maximum interruption of paging reception for NB-IoT.
2) RRC Connection Mobility Control
The core requirement in this section comprises RRC re-establishment and random access. 

· For RRC re-establishment, the requirement for each component of TUE-re-establish_delay is relaxed compared with LTE. However, the procedure remains the same. Therefore, the existing test methodolgy can be reused (TS36.133 section A.6.1). 

· For random access, the procedure is quite different from LTE. Firstly, UE need to judge its PRACH coverage level by comparing downlink signal quality with random access threshold received from network. Secondly, on contention based random access is supported for NB-IoT. However, the procedure is similar with category M1 UE. Thus the PRACH test for UE category M1 can be used as baseline when developing NB-IoT PRACH test.
3) Timing and signalling characteristics
The requirement in section 7 comprises UE transmit timing, UE timer accuacy, timing advance and RLM. 

· For UE transmit timing, the timing error limit (Te) and UE autonomous timing adjusement requirements are relaxed compared to LTE. However, the procedure is basically the same as LTE except that some transmission should be considered as initial transmssion. The existing test case (TS36.133 section A.7.1) can be used as baseline and be further developed to verified the difference part of requirement.

· For UE timer accuracy, no test case is needed.

· For timing advance, only the adjustment delay and adjustment accuracy are relaxed compared with LTE. Thus the existing test principle in TS36.133 section A.7.2 can be reused for NB-IoT.
· For RLM, the requirements of Qin, Qout evaluation period are prolonged compared with LTE. And PDCCH repetition is introduced. Compared with eMTC, the procedure is quite similar. So similar principle to eMTC test. 
4) UE Measurements Procedures in RRC_CONNECTED State
Since measurement reporting is not supported in Rel-13 NB-IoT. The measurement period can’t be verified by existing event triggered reporting test. Our view is that no test needs to be introduced for this requirement.
5) Measurements performance requirements for UE
This part of requirements contains NRSRP/NRSRQ measurement accuracy requirement and power headroom. 

· For NRSRP, since no measurement reporting supported for NB-IoT, the measurement accuracy requirement can’t be verified via existing accuracy test. As mentioned before, the NRSRP measurement accuracy requirements can be verified by executing cell reselection test. 

· For NRSRQ, similar with NRSRP, it can’t be tested by event triggered reporting test. Furthermore, NRSRQ is not involved in ranking cell reselection. Therefore, the NRSRQ measurement accuracy can’t be verified by any existing test case. No test is needed.

· For power headroom, no test is needed. Similarly, no PHR test case for LTE.

2.2. Operation mode

Three operation modes are supported by release 13 NB-IoT, which are in-band, guard-band and standalone operation respectively. Look through NB-IoT RRM requirements approved in [3~16], one can find that RAN4 didn’t differentiate RRM requirements for different operation mode. It means that a well designed Cat-NB1 UE shall be able to fulfill RRM requirements under all the operation modes. As we all know, UE under in-band operation mode may have worst experience compared to ones under guard-band and standalone operation due to lower density resource and potential lower transmit power from network side. However, operators can have different deployments in their real network. We think it’s rational to design RRM test case for all the operation modes. 

Proposal 1: RAN4 is to develop RRM test cases for all the operation modes for UE category NB1.

In order to limit the test complexity and cost, we don’t think it’s necessary to put a Cat-NB1 UE in tests for all the operation modes if the tests are to verify the same type of RRM requirement. We think some test principle for NB-IoT test cases shall be introduced. Thus, we can have following proposal:

Proposal 2: RAN4 is to introduce test applicability for NB-IoT test cases in different operation modes.
2.3. Coverage mode

Similar with eMTC, RAN4 differentiate RRM requirements for normal and enhanced coverage, e.g. measurement accuracy, cell search delay are further relaxed for enhanced coverage. Theoretically, RAN4 should develop different test cases to verify different requirements, i.e. different test cases for normal and enhanced coverage. 

Proposal 3: RAN4 is to develop RRM test cases for both normal and enhanced coverage mode for UE category NB1.
2.4. Other test configuration

For legacy RRM tests, RMC (Reference Measurement Channels) are defined in Section A.3.1 for FDD, TDD, and HD-FDD UEs, including channel bandwidth, number of transmitter antennas, number of control region OFDM symbols, aggregation level, DCI Format and etc. 
However, a category NB1 UE does not monitor the legacy PCFICH/PDCCH/PHICH channels. Thus, some of the above parameters for no longer need to be defined for NB-IoT NPDCCH RMCs. Similarly, with different channel bandwidth and resource allocation, new NPDSCH RMCs and OCNG patterns should also be introduced.

Proposal 4: new NPDCCH RMCs, NPDSCH RMCs and ONCG patterns should be introduced for NB-IoT RRM test case.
Furthermore, RAN1 has brand new design of narrowband physical random access channel (seeing TS36.211). Therefore, a new table for reference NPRACH configuration should be introduced in TS36.133. Otherwise, we have to specify all the detailed parameters for NPRACH in corresponding test case.

Proposal 5: RAN4 is to introduce reference NPRACH configuration in TS36.133 for NB-IoT test case.
3. Conclusions

In this contribution, we provide preliminary analysis on NB-IoT RRM test cases. The following proposals are provided.

Proposal 1: RAN4 is to develop RRM test cases for all the operation modes for UE category NB1.

Proposal 2: RAN4 is to introduce test applicability for NB-IoT test cases in different operation modes.
Proposal 3: RAN4 is to develop RRM test cases for both normal and enhanced coverage mode for UE category NB1.
Proposal 4: new NPDCCH RMCs, PDSCH RMCs and ONCG patterns should be introduced for NB-IoT RRM test case.
Proposal 5: RAN4 is to introduce reference NPRACH configuration in TS36.133 for NB-IoT test case.

Based on the analysis in this contribution, a test case list for release 13 NB-IoT is provided in [18].
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