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1 Introduction

In the last meeting RRM requirements for NB-IOT were briefly discussed [1-3]. A high level way forward paper on the scope of RRM requirements was approved [3]. 

In this paper we provide an overview of the RRM requirements for NB-IOT while taking into account the previous discussion in RAN4 and the ongoing work and agreements in RAN2. 

2 Analysis of RRM Requirements

According to the WF paper approved in [3], the following high level agreements were reached:
· RRM requirements for cell selection are needed for NB-IOT
· The scenario associated with a potential RRM requirement for cell reselection for NB-IOT requires further discussion and agreements in RAN2

In the following sections we discuss the impact on the RRM requirements in RRC idle state and RRC connected state.
2.1 Requirements in idle state
2.1.1 DRX cycle in idle state
The DRX cycle configurations (e.g. DRX cycle length etc) are being discussed in RAN2. It is expected that DRX cycles will be in the ranges from the LTE Rel-8 (legacy) DRX cycles and eDRX cycles that are being discussed under Rel-13 WI on eDRX. RAN2 is even discussing even much longer DRX cycle lengths compared to eDRX e.g. between 1 second to 3 hours are being discussed in RAN2. 

In idle state RAN4 will have to define requirements the DRX cycles for idle state agreed by RAN2.
2.1.2 Mobility requirements in idle state
Both UE cell selection and UE cell reselection procedures are supported according to RAN2 agreements.

Furthermore according to RAN2 discussion the above mobility procedures are expected to be supported for intra-frequency and inter-frequency cases. However the inter-RAT mobility is not expected to be supported. 
Due to limited time in RAN4 we suggest that RAN4 first develop the mobility requirements for the intra-frequency case and address inter-frequency case only if there is remaining time. This approach has been used for developing RRM requirements for UE category 0 in Rel-12 and being also used for Rel-13 eMTC WI. 

2.1.3 Measurement requirements
The cell selection and reselection procedures will be based on UE measurement, which is being discussed in RAN2. The cell selection and reselection will be based on at least signal strength. RAN4 has to develop the measurement rate, evaluation time and detection time of the serving cell and the target cell to be selected. In addition we suggest that the measurement accuracy of the measurement(s) used for cell selection and reselection in idle state are also defined. 
Even though the measurement(s) used in idle mode will not be reported by the UE to the network, but the corresponding measurement accuracies (absolute and relative) would be needed. The reason is that the UE will be comparing the measurements with respect to some threshold values (absolute or relative) for cell selection/reselection. Without the known accuracy requirements RAN4 cannot set proper thresholds.
The procedure related to logged measurements (i.e. similar to those defined for MDT in LTE) is also being discussed. In case such procedures are defined by RAN2 then the corresponding requirements need to be defined in RAN4. Such requirements are expected to be ‘best-effort’ like they are specified for LTE and UTRA. This means the UE will log such measurements whenever they are available e.g. when measurements are done for cell selection/reselection purposes.  

2.1.4 Paging interruption requirements

Like in existing RAT (e.g. UTRA, E-UTRA) the requirements on the maximum paging interruption time also need to be defined for NB-IOT. The existing approach can be used in that the maximum paging interruption depends on the time to read the system information of the target cell.
2.2 RRC connected state
2.2.1 DRX cycle in RRC connected state

The DRX cycle configurations (e.g. DRX cycle length etc) for connected state are being discussed in RAN2. According to the current agreements in RAN2 only long DRX cycles will be supported but will have both short and long values. The details have not been finalized. RAN4 has to define requirements for features (e.g. RLM) applicable in connected state for all DRX cycles supported in RRC connected state. 
2.2.2 Random access

The random access procedures are being discussed in RAN1. It has not been agreed yet that whether the RA procedure will be based on LTE or some other approach will be adopted. In LTE the RA is based on preamble where the UE initially transmits preamble. If LTE based RA procedure is defined then the existing RAN4 requirements on RA can be reused as much as possible for the RA requirements for NB-IOT. 

2.2.3 UE timing requirements

The UE timing related requirements should cover the following aspects:
· UE transmit timing accuracy
· TA accuracy
· UE timer accuracy
At least the UE transmit timing and UE timer accuracy requirements are to be specified. For SC-FDMA the TA accuracy requirements also need to be specified. 
2.2.4 RLM

It is expected that the UE will support RLM procedure. The details are being discussed in RAN2. Depending on the RAN1 and RAN2 agreements, RAN4 will have to develop the corresponding RLM requirements.  
2.2.5 Mobility requirements in connected state
According to RAN2 agreements mobility procedures such as handover and measurement reporting are not supported in RRC connected state. Therefore no handover delay and mobility measurement reporting requirements will be specified. 

The lack of HO support implies that upon losing the coverage of the serving cell, the UE may have to perform cell reselection to a new cell. It is being further discussed in RAN2 that whether the RRC re-establishment procedure will be supported or not. If this procedure this supported then new requirements for RRC re-establishment procedure will have to be defined in RAN4.  

It is however still being discussed if measurement reporting for specific features (e.g. for ANR SON) is needed. If such procedure is introduced then RAN4 has to develop the corresponding requirements e.g. measurement delay and accuracy. 
3 Summary
In this paper we have provided an overview of the expected RRM requirements work for NB-IOT. RAN4 requirement work is heavily depended on the RRM related procedures being specified in RAN1 and RAN2. The main proposals are as follows:

· Proposal # 1: In idle state cell selection and cell reselection requirements are specified. These involve:
· cell selection and cell reselection delays;

· measurement rate, cell selection/reselection evaluation time and cell detection time.

· Measurement accuracy(ies) of measurement(s) used for cell selection/reselection.

· Proposal # 2: For idle state cell selection and cell reselection, RAN4 needs to develop at least requirements for intra-frequency carrier in Rel-13. 
· Proposal # 3: In RRC connected state the requirements for HO and requirements related to mobility measurements are not needed. 
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