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1 Introduction
At RAN#69, new work item NarrowBand IOT [1] was approved. The objective is identified as following:
To specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA, that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture.
In this paper, we try to analyze the issues related paging mechanism for NarrowBand IOT (NB-IoT).
2 Discussion
One of the requirements of NB-IoT is to support a large number of devices, each generating a small amount of data. In some scenarios, massive NB-IoT devices may be triggered to send an uplink report at the same time as a result of the network command e.g. request for a smart meter reading, which may cause high paging and access signalling loads to the network. Considering the devices for a certain IoT application usually have the similar operational characteristics, group-based paging and access mechanisms should be considered for signalling convergence and reduction.

In NB-IoT, a device should also be paged corresponding to its coverage class. Generally, paging records with different coverage classes may be transmitted in one message and the repetition times would be determined by the maximum coverage classes. Alternatively, paging records with different repetition levels may be separately transmitted according to the coverage classes. Considering resource utilizing efficiency, separately transmitting Paging messages according to the coverage levels would be preferable.

Observation 1: Group-based paging mechanisms with consideration on coverage class would be beneficial for NB-IoT.
In NB-IoT, the devices with periodic and infrequent traffic mode would get the benefit from the LTE DRX mechanism and the ongoing optimization of extended idle mode DRX. Such devices are inclined to stay in idle state for longer time for power saving. However, longer DRX has its shortage. As mentioned in [2], during such a long DRX cycle, even for an IoT device with no mobility or low mobility, the radio environment and the location of the device may change.  If the network is unsynchronized and the time offset between neighbor cells are several super frames, the devices may lose the paging messages or receiving the paging messages triggered by the same downlink PDU for several times. The solution of getting SFN level synchronization between neighbor cells can be helpful and has been discussed both for GERAN and LTE architectures, but it may introduce additional signalling among network nodes. Another proposal of letting the device wake up earlier needs more study on feasibility. So more paging optimization based on the LTE architecture for the NB-IoT devices with extended idle mode DRX should be proposed. 
Observation 2: More paging optimization based on the LTE architecture for the NB-IoT devices with extended idle mode DRX is needed.
In legacy LTE, UEs in idle mode monitor the PDCCH channel for P-RNTI used for paging to receive paging message from eNB. UE should find out paging frame and paging occasion for its paging message. In the ongoing Rel-13 WI on “Further LTE Physical Layer Enhancements for MTC”(LC/EC MTC), one of this WI’s objectives is to support low complexity UE with a limited channel bandwidth of 6 PRBs (corresponding to the maximum channel bandwidth available in a 1.4 MHz LTE system) in downlink and uplink, it’s agreed that one or more narrowbands can be configured by eNB for paging and a UE monitors a paging occasion in one of the configured narrowbands in the subframe based on at least UE ID at least for paging record(s). Considering the similar narrowband characteristic for the NB-IoT devices, such agreements may be followed in the NB-IoT and may needs some optimization to adapt to the narrower channel bandwidth of 1 PRB.
Observation 3: Some agreements for paging in a narrowband system in the ongoing Rel-13  LC/EC MTC WI may be reused in the discussion of for  NB-IoT.

All the above observations come from the paging procedure used to transmit paging information to a UE in RRC_IDLE. In the other use case, paging procedure was used to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change and/or ETWS/CMAS notification. If paging messages are transmitted only for SI update indication, it is very power-inefficient for UEs since they have to receive both PDSCH and the associated PDCCH, especially for enhanced coverage, in which both PDSCH and the associated PDCCH are repeated in a number of subframes. In the ongoing Rel-13 LC/EC MTC WI, it has been suggested to notify the IDLE UE of a system information update using the control channel (M-PDCCH) in order to avoid sending a paging record on the shared channel. Such mechanism also can be used to notify the Connected UE of a system information update. Furthermore, it’s suggested to define a new DCI(s) dedicated for indication of SI update, ETWS and CMAS for M-PDCCH. This optimisation is considerable for NB-IoT.
Observation 4: It’s considerable for NB-IoT to inform the IDLE and CONNECTED UE about a system information change and/or ETWS/CMAS notification using the control channel (PDCCH) with new DCI(s) to avoid sending paging messages on the shared channel.

3 Conclusion
In this paper we point out some issues mainly related to paging mechanism which we should give more consideration in the following NB-IoT WID study.

Our observations are as following: 
Observation 1: Group-based paging mechanisms with consideration on coverage class would be beneficial for NB-IoT.

Observation 2: More paging optimization based on the LTE architecture for the NB-IoT devices with extended idle mode DRX is needed.
Observation 3: Some agreements for paging in a narrowband system in the ongoing Rel-13  LC/EC MTC WI may be reused in the discussion of for  NB-IoT.

Observation 4: It’s considerable for NB-IoT to inform the IDLE and CONNECTED UE about a system information change and/or ETWS/CMAS notification using the control channel (PDCCH) with new DCI(s) to avoid sending paging messages on the shared channel.
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