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1 Introduction

RAN4 has started high-level discussions on RRM requirements for NB-IoT. Some high-level agreements were made at last RAN4 meetings in [1, 2, 3]. In [1] the agreements for UEs in RRC IDLE and CONNECTED state were captured. In the RRC_CONNECTED state it was agreed that Radio Link Monitoring (RLM) requirements will depend on RAN1/2 agreements. At last RAN2 meeting, RAN2 agreed that RLM will be used to trigger Radio Link Failure (RLF); however no agreements were made regarding the triggering conditions for RLF. In [3] it was agreed that RAN4 is to identify the types of signals that are feasible for RLM requirements for NB-IOT. 
In this contribution we provide our view on the topic that can be considered in further RLM discussions for NB-IoT in RAN4. 

2 Discussion
RLM for NB-IoT

The radio link monitoring procedure is carried out in RRC_CONNECTED state by the UE. The purpose of radio link monitoring is to monitor the downlink radio link quality of the connected serving cell and use that information to decide whether UE is in in-sync or out-of-sync with respect to that serving cell. In legacy RLM procedure, UE performs measurement on downlink cell-specific reference symbols (CRS) and the SINR of this measurement is then compared to hypothetical control channel PDCCH BLER targets. There are two BLER targets, namely Qin and Qout. Qout corresponds to a 10% hypothetical BLER and Qin corresponds to 2% hypothetical BLER of M-PDCCH channel. These parameters are used to evaluate the downlink quality of the serving cell and declare RLF if conditions support that. 
The NB-IoT will not support PDCCH, instead EPDCCH or M-PDCCH type channel will be used. This means that the RLM should be based on this new channel instead of PDCCH. 
· Observation #1: NB-IoT radio link monitoring procedure should be based on new M-PDCCH/EPDCCH type channel since PDCCH is not supported in NB-IoT. 

As mentioned earlier the legacy RLM procedure involves the UE measuring on the Cell Specific Reference Symbols (CRS) which is then compared to hypothetical control channel BLER. But for the NB-IoT operation, CRS based measurement may not be sufficient for RLM since NB-IoT downlink transmission will take place on only 1 PRB and is operable with 180 kHz system bandwidth. This can be compared to e.g. Rel-13 category M1 UE downlink transmission which will have at least 6 PRBs. This means that the number of resource elements (REs) containing the CRSs will be significantly reduced. This will in turn impact the measurement accuracy and the UE will not be able to use CRS based measurement for determining the quality of the serving cell. 
· Observation #2: Legacy RLM procedure based on CRS based measurement may not work properly for NB-IoT. 
Other means to improve the quality of measurement should be considered here to ensure that RLM, and eventually RLF is triggered based on reliable channel conditions. In following subsection we present different options that can be considered for RLM procedure NB-IoT. 
Options to improve RLM for NB-IoT

In a first option, we propose to use the synchronization signals (e.g. P-PSS, M-SSS) for measurement to evaluate the downlink quality of the serving cell instead of CRS. The problem of using CRS, as mentioned in previous subsection, is that the number of REs that contain reference symbols may not be sufficient to estimate the channel. The new synchronization signals, on the other hand, will be transmitted less frequently compared to the CRS but more densely depending on deployment, i.e. they will occupy more number of REs. RAN1 is currently discussing different design options for synchronizations signals that depend on deployment type. E.g. one type of design for in-band operation and another type of design for stand-alone operation etc. The measurement performance should therefore take into account the deployment type. 
The design options of synchronization signals are currently under discussion in RAN1. Measurement based on M-SSS may be preferable than M-PSS because detection of secondary synchronization signals are often more challenging, but for NB-IoT they are expected to be denser than the M-PSS and more reliable than M-PSS. The design of these signals is currently under RAN1 discussion. 
Typically UEs takes numerous samples every 40 ms or 80 ms, and they are then averaged over the measurement period. The new design of synchronization signals are expected to support these sampling frequencies as they will take place e.g. every 80 ms. It is noteworthy that 80 ms sampling is also used for Rel-12 category 0 UEs and for Rel-13 category M1 UEs.  
· Option 1: Measurement based on secondary synchronization signal (P-SSS) is used for RLM for NB-IoT UE.
In a second option, we propose to use the synchronization signals (e.g. M-SSS) in addition to legacy reference signals to improve the RLM performance. This will probably improve the reliability of estimated downlink quality of the serving cell further. The measurement performance of this could also be studied.  
· Option 2: Measurement based on cell specific reference signals (e.g. CRS) and synchronization signals (e.g. P-SSS) are used for RLM by a NB-IoT UE.  

The RLM performance using both options above can be studied and down selection can be made accordingly. 
· Proposal #1: RLM performance of NB-IoT UEs can be studied using both option 1 and 2, and down selection can be made accordingly. 
3 Conclusion
In this paper, we provide a high-level discussion on RLM procedure for NB-IoT. We have identified that the legacy RLM procedure based on CRS measurement may not be work well for NB-IoT and methods to improve the measurement performance need to be discussed. We have presented following two options and made a proposal accordingly. 
· Proposal #1: RLM performance of NB-IoT UEs is to be studied using following options, and the requirements can be defined accordingly. 

· Option 1: Measurement based on secondary synchronization signal (P-SSS) is used for RLM for NB-IoT UE.

· Option 2: Measurement based on cell specific reference signals (e.g. CRS) and synchronization signals (e.g. P-SSS) are used for RLM by a NB-IoT UE.  
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