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Introduction

At RAN#71 meeting in March 2016, a Release 13 work item for UE Conformance Test Aspects-NB-IoT (NB_IoT-UEConTest) was approved [1]. In RAN4 78AH, the RRM requirement for NB-IoT were discussed and approved. Based on agreements about RRC_IDLE State Mobility, RRC Connection Mobility Control, Timing and Signalling Characteristics in RAN4, and relevant definitions in RAN1 and RAN2, we provide discussion on NB-IoT RRM test cases in this contribution.

Discussion

Cell selection

It is quite challenging to specify testable RRM requirement for initial cell selection. It has been agreed that requirement for initial cell selection shall not be specified [2].

Cell Re-Selection
In NB-IoT, UEs under different coverage levels will have different time for cell measurement and evaluation of serving cell and target cells. RAN4 will define different measurement and evaluation requirements for normal and enhanced coverage levels [3].It is different from legacy LTE requirements. So for RAN5, we have to differentiate the cases for these two coverage levels.

Because NB-IoT cell re-selection test procedure is similar to LTE, we can re-use the legacy LTE cell re-selection test procedure.
Observation 1: Given that different measurement and evaluation requirements, we have to define different cell re-selection cases for normal and enhanced coverage levels. Besides, NB-IoT does not support Inter-RAT cell reselection[4], so following cases are proposed:
cell re-selection intra-frequency case for NB-IoT in normal coverage;

cell re-selection intra-frequency case for NB-IoT in enhanced coverage;

cell re-selection inter-frequency case for NB-IoT in normal coverage;

cell re-selection inter-frequency case for NB-IoT in enhanced coverage;

We can re-use the legacy LTE re-selection procedure.

RRC Re-establishment

Two new NB-IoT data transfer modes were introduced in core spec: 

NB-IoT data transfer over NAS, where the RRC connection is established for data transfer over NAS without setting up data radio bearer (DRB). When RLF happens, RRC connection re-establishment will not be supported, UE will be released to RRC_IDLE state. 

NB-IoT AS context caching, where the RRC connection is established with setting up data radio bearers (DRBs). 
It has been agreed in RAN2 that the RRC connection re-establishment is NOT supported for Data transfer over NAS mode but can still be supported for AS context caching mode at least in Radio link failure condition. 

Observation 2: RRC Re-establishment procedure is only applicable for UP solution.

Moreover, in wayforward on RRC re-establishment and random access for NB-IoT [5] of RAN4, it has been introduced that RRC re-establishment requirements will be defined for normal and enhanced coverage with different cell search delays.

Observation 3: For RAN5, following RRC Re-establishment cases are proposed:
Intra-frequency RRC Re-establishment for NB-IoT in normal coverage;

Intra-frequency RRC Re-establishment for NB-IoT in enhanced coverage;

Inter-frequency RRC Re-establishment for NB-IoT in normal coverage;

Inter-frequency RRC Re-establishment for NB-IoT in enhanced coverage;

Random Access
The legacy LTE random access requirements include both Contention based random access and Non-Contention based random access. For NB-IoT, it has been agreed in RAN4 [5] that only contention based random access requirements will be defined.
Observation 4: Non-Contention based random access requirements will not be defined. 
UE Transmit Timing, UE Timing Advance
For legacy UEs, the transmit timing is verified by the UE transmitting SRS used as a measurement reference. In each time period, timing advance commands are sent to the UE and SRS are sent from the UE and received by the SS. By measuring the reception of the SRS, the transmit timing, and hence the timing advance adjustment accuracy, can be measured. 

However, SRS is not supported for NB-IoT. New test methodology need to be introduced for transmit timing accuracy and UE timing advance tests.
Observation 5: Due to not supporting SRS, new test methodology need to be introduced for transmit timing accuracy and UE timing advance tests.
Radio Link Monitoring
In LTE legacy, the UE can be configured for periodic CQI reporting with x ms reporting periodicity. SS will detect uplink power in each subframe configured for CQI transmission during the test period. According to the uplink power, SS can distinguish the whether UE is in sync or out of sync. 

For NB-IoT, it has been agreed that periodic CQI reporting will be not supported in Rel-13[6]. Maybe RAN4 will figure out a new way to test uplink power.
Observation 6: Because of not supporting periodic CQI reporting in NB-IoT, new way of uplink power detection need to be figured out for RLM cases.
RLM performance depends on NPDCCH control channel performance. Maximum repetition level(Rmax) is a configurable parameter for both out-of-sync and in-sync. Therefore RLM requirements will be specified for different ranges of Rmax as per wayforward [7].

Observation 7: RLM cases will be different for different ranges of Rmax.
Handover, Measurement Report Trigger and Measurement Accuracy

For the purpose of supporting ultra-low cost devices, NB-IoT supports a reduced subset of functions compared with E-UTRAN system, in [4] it has been agreed that handover and measurement reporting are not supported by NB-IoT in Rel-13.
Even though RAN4 will define new RRM measurement requirements, there will be no RRM measurement procedure and accuracy test cases, due to the fact that NB-IoT devices are not capable of sending measurement report. Also, there will be no handover cases.

Observation 8: There will be no RRM measurement and handover cases in NB-IoT.
Chapters/Subclauses Affected
Chapters/Subclauses of NB-IoT RRM cases in specification should be considered now. Based on the document structure of TS 36.521-3, there are two options for us:

Option 1: Create a new Chapter 10 for NB-IoT test cases. For example, subclause 10.1.1 for cell re-selection and 10.1.1.1 for test case “cell re-selection intra frequency case for NB-IoT in normal coverage”.
Option 2: Add the NB-IoT cases into existing chapters/subclauses, e.g. adding cell re-selection test cases into Chapter 4.

For option 1, NB-IoT is a new RAT which is different from LTE, it’s better to create a new Chapter 10.

For option 2, usually new test cases are added into existing chapters, but for NB-IoT, the problem is that Chapter 4 (E-UTRAN RRC_IDLE State Mobility) and Chapter 5 (E-UTRAN RRC_CONNECTED State Mobility) are titled as “E-UTRAN”, it is not suitable to add NB-IoT cell re-selection cases into Chapter 4.

Proposal 1: Create a new Chapter 10 for NB-IoT test cases.
Conclusions

In this contribution, we provide discussion on NB-IoT RRM test cases based on NB-IoT specific features, the following conclusions are made:

Observation 1: Given that different measurement and evaluation requirements, we have to define different cell re-selection cases for normal and enhanced coverage levels. Following cases are proposed:

cell re-selection intra-frequency case for NB-IoT in normal coverage;

cell re-selection intra-frequency case for NB-IoT in enhanced coverage;

cell re-selection inter-frequency case for NB-IoT in normal coverage;

cell re-selection inter-frequency case for NB-IoT in enhanced coverage;

We can re-use the legacy LTE re-selection procedure.

Observation 2: RRC Re-establishment procedure is only applicable for UP solution.

Observation 3: For RAN5, following RRC Re-establishment cases are proposed:
Intra-frequency RRC Re-establishment for NB-IoT in normal coverage;

Intra-frequency RRC Re-establishment for NB-IoT in enhanced coverage;

Inter-frequency RRC Re-establishment for NB-IoT in normal coverage;

Inter-frequency RRC Re-establishment for NB-IoT in enhanced coverage;

Observation 4: Non-Contention based random access requirements will not be defined. 
Observation 5: Due to not supporting SRS, new test methodology need to be introduced for transmit timing accuracy and UE timing advance tests
Observation 6: Because of not supporting periodic CQI reporting in NB-IoT, new way of uplink power detection need to be figured out for RLM cases.

Observation 7: RLM cases will be different for different ranges of Rmax.

Observation 8: There will be no RRM measurement and handover cases in NB-IoT.

Proposal 1: Create a new Chapter 10 for NB-IoT test cases.
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