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1 Introduction
Radio link monitoring is a core part of RRM requirements specified in RAN4. In last two meetings we provided two contributions containing high level discussions on RLM for NB-IOT [1], [2]. The legacy RLM procedure is expected to be impacted due to 1 PRB operation and also new type of measurements required to be performed. At RAN4#78 meeting a way forward document containing suggestion on multiple signal options to be used for RLM was agreed in [3] as follows:

	· RAN4 is to study RLM performance of NB-IoT UEs using following options:
· Option 1: Measurement based on NB-RS signals

· To be used as simulation baseline only.
· Option 2: Measurement based on synchronization signals (e.g. NB-SSS) 
· provided that NB-SSS are available for measurement
· Option 3: Measurement based on combination of NB-RS and NB-SSS.
· provided that NB-SSS are available for measurement
· Other options are not precluded
· RAN4 is to study whether the existing RLM procedure can be reused for NB-IOT.


The measurements using the secondary synchronization signals are pending RAN1 finalization of physical design. In this contribution, we discuss whether the existing RLM procedure can be reused for NB-IOT to address the issue brought up in the way forward.
2 Discussions 
2.1 RLM procedure
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 PDCCH channel. These thresholds are used to determine whether the UE is in-sync or out-of-sync with respect to the serving cell. UE starts the radio link failure timer T310 when N310 consecutive out-of-sync indications are reached, and this timer is stopped when N311 consecutive in-sync indications are reached. Upon expiry of of the T310 timer, UE declares radio link failure (RLF) and turns off the transmitter. 
2.2 Discussion on the procedure

As explained in 2.1 the legacy RLM procedure does not involve any reporting between the serving eNodeB and the UE. The procedure is carried out by the UE itself. A discussion on the necessity of introducing reporting (e.g. coverage level change, or predefined measurement event) was brought up in [4]. It is noteworthy that no mobility support is expected for NB-IOT devices in RRC_CONNECTED state, instead only RRC_IDLE state mobility is supported. However, the RLM procedure is carried out by the NB-IOT devices in RRC_CONNECTED state only. 
Similar to Rel-13 eMTC devices, the NB-IOT devices are expected to be operating under different coverage enhancement levels. If same or similar coverage classes as identified in [5] are to be supported by NB-IOT devices, following level of coverage enhancements are to be considered:
-
Normal coverage class, similar to legacy GPRS coverage.

-
Extended coverage class, corresponding to about 10 dB improvement relative to legacy GPRS.

-
Extreme coverage class, corresponding to 20 dB improvement relative to legacy GPRS. 
The control channel (NB-PDCCH) transmission parameters will vary with the level of coverage enhancement. For example, more robust transmission parameters (higher repetition levels and 2 aggregation levels) would be necessary to meet the Qin and Qout target for extreme coverage class devices compared to normal coverage class devices. We understand that in theory a UE in RRC_CONNECTED state device may move between two or more different coverage classes and may sometimes operate using a less suitable control channel transmission parameters, or may sometimes cause sudden out-of-sync indications depending on the configured parameters. This will of course depend on the speed of the device, direction of movement, etc. 
Nevertheless, firstly it shall be noted that according to NB-IOT WID and RAN2 agreements no RRC_CONNECTED? state mobility, handover or measurement reporting is supported. Hence, it is believed that RLM impact due to mobility is not going to be an issue for NB-IOT. 
Secondly, according to simulation results in Figure 1, it is expected that the majority of the NB-IOT devices are expected to be operating under normal coverage, i.e. similar to GPRS. For this type of UEs no coverage enhancements are expected. Figure 1 shows the CDF of downlink path gain of UEs that are connected to one cell, aka serving cell assuming scenario #2 for building penetration loss in Table D.3 in [5???]. This scenario is more challenging than the other scenarios since a higher fraction of UEs are subject to higher BPL and all UEs are indoor UEs.  This figure shows that a large part (majority) of the UEs have quite good path gain with respect to its serving cell, i.e. they are operating under normal/basic coverage (144 MCL). Also it is observed that UEs requiring coverage extension by 10 dB (i.e. extended mode UEs) (154 MCL) are not that many compared to the normal coverage UEs.  Also, this figure shows that only small portion of the UEs may need extension up to 20 dB, i.e. extreme coverage. Hence, it is believed that the problem of mobile devices moving between different coverage areas using less suitable NB-PDCCH transmission parameters are expected to be negligible  or very minimal. 
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Figure 1: Downlink path gain of serving cell
Based on the discussions above, we make the following observation:
· Observation #1: The LTE/Cat-M1 RLM procedure can be reused for NB-IOT devices. However the requirements are expected to be different and may depend on deployment mode. 
2.3 RLM in case of NB-IOT operation over multiple PRBs
In this section we discuss the RLM operation when NB-IOT devices are operated using multiple PRBs, i.e. using anchor- and non-anchor PRBs. The NB-IOT devices in RRC_IDLE state always camp on the NB-IOT carrier (aka anchor carrier), and it is on this carrier that the UE receives NB-PSS/NB-SSS, NB-PBCH and SIB transmissions. But the NB-IOT devices in RRC_CONNECTED state can be configured to be operated on a different PRB (aka non-anchor PRB) for receiving all unicast transmissions. This configuration is done using the UE specific RRC signaling using the IE radioResourceConfigDedicated. The device remains configured to the non-anchor PRB through the RRC_CONNECTED state or until other ongoing transmissions are completed. While the UE remains in the RRC_CONNECTED state in the anchor- and non-anchor PRBs, it shall carry out RLM procedure. The RLM is performed once every radio frame. The quality of the channel may differ between the anchor and non-anchor PRBs, and if that is the case, it may be advantageous to redistribute the NB-IOT devices accordingly. In one example, the radio conditions of non-anchor PRB may be worse than the anchor PRB. If that is the case, it may be advantages to configure those devices to the anchor PRB. In a second example, the radio conditions of the non-anchor PRB may be better than the anchor PRB. In this case, it may be advantageous to configure the NB-IOT devices to the non-anchor PRB. The advantage of re-assigning or re-configuring the devices in this way is that unnecessary resource configurations (e.g. more repetitions than necessary) are reduced. Thus the RLM requirements might be different depending on which carrier (anchor or non-anchor carriers) that the UE is configured with.  The UEs that require extreme coverage or that are in enhanced coverage area could be configured on a non-anchor carrier since there is a possibility to boost such carriers compared to anchor carriers.
· Observation #2: Configuring the NB-IOT devices based on the channel quality across the different available NB-IOT PRBs over multiple carriers may improve the RLM performance. 
3 Summary 
In this contribution we provide our view on whether the existing RLM procedure can be reused for NB-IOT to address the issue brought up in the way forward at last meeting. We have also provided our view on RLM operation in case of NB-IOT is operated over multiple PRBs as currently being discussed in RAN2. Based on the discussions, we have made the following observations:
· Observation #1: The existing RLM procedure can be reused for NB-IOT devices. However the requirements are expected to be different and may depend on deployment mode. 
· Observation #2: Configuring the NB-IOT devices based on the channel quality across the different available NB-IOT PRBs over multiple carriers may improve the RLM performance. 
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