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Introduction
In this paper, we would like to discuss paging mechanism in NB-IoT, considering Rel-8 LTE paging, Rel-13 eDRX and Rel-13 LTE MTC paging including coverage enhancement (CE).
Discussion
In RAN #69 meeting, the WID of “New WI proposal: NB-IoT” was approved [1].  Considering that MAC, RLC, PDCP and RRC procedures will be designed based on existing LTE procedures and protocols as written in [1], we assume that paging in NB-IoT should be similar with that in Rel-8 LTE and Rel-13 LTE MTC. 
Proposal 1: Design of paging in NB-IoT should use the same principle as in the legacy LTE paging mechanism and in Rel-13 LTE MTC paging mechanism.
Paging transmission in LTE is based on a paging DRX cycle, a paging frame (PF) and a paging occasion (PO). We propose that paging in NB-IoT is also designed based on on a paging DRX cycle, a paging frame (PF) and a paging occasion (PO). In details, when DRX is used, UE in NB-IoT monitors one PO per DRX cycle. A PF is one Radio Frame which may contain one or multiple paging occasion(s). The paging DRX cycle, PF and PO are calculated based on a UE identity and a system frame number (SFN).
Proposal 2: NB-IoT UE determines the paging frame (PF) and the paging occasions (PO) to monitor paging message by using UE ID and SFN. 
RAN2 has discussed how to implement eDRX in LTE paging for Release 13. We think that eDRX function is essential for battery power saving of IoT devices and so it should be considered in the initial phase of NB-IoT standardization. In our view, since legacy paging cycle does not exist in NB-IoT, a UE in NB-IoT should not operate with both short paging DRX cycle and extended paging DRX cycle. eDRX should be melt in the initial design of NB-IoT paging, so the UE in NB-IoT should monitor paging only based on a single paging DRX cycle. The single paging DRX cycle should support a sufficiently long cycle in length e.g. much longer than 10.24s.
Proposal 3: UE in NB-IoT should monitor paging based on a single paging DRX cycle only. The paging DRX cycle should support a sufficiently long cycle in length e.g. much longer than 10.24s, like eDRX cycle length.
For eDRX in idle mode, RAN2 agreed to improve paging reliability, so that the paging message can be repeated for a certain time window. We think that paging reliability is also important for NB-IoT paging reception. Thus, we propose to agree that a paging message should be repeated at a certain time window in a paging DRX cycle. 
Proposal 4: The network may repeat transmission of the same paging message in a paging DRX cycle for reliable paging reception.
In LTE system, to increase eDRX duration more than 10.24s, adoption of H-SFN in the RAN was agreed because of limit number of SFN, 1024 system frames. Since we are designing clean slate system in NB-IOT, we should introduce sufficiently long length of system frame numbers to cope with this problem, rather than specify both SFN and H-SFN in NB-IoT. 
Proposal 5: NB-IoT system should provide sufficiently long SFN which supports long paging DRX cycle (e.g. longer than 10.24s).
Next, for paging, coverage enhancement is considered in Rel-13 LTE MTC. We assume that NB-IoT will also support coverage enhancement and so paging in NB-IoT should reach UEs in enhanced coverage. As RAN2 discussed in Rel-13 LTE MTC, eNB will repeat paging transmission to UE in enhanced coverage according to the CE level where UE is previously located. To support this eNB operation, RAN2 agreed that CN provides information on whether the paging request is for enhanced coverage UE and the paging attempt number to eNB. In addition, RAN2 agreed that coverage enhancement level related information and the corresponding cell ID is provided from eNB to CN. In our view, those agreements on paging in LTE MTC should be applied to paging in NB-IoT.
Proposal 6: CN node provides information on whether the paging request is for enhanced coverage UE and the paging attempt number to RAN node in NB-IoT.
Proposal 7: RAN node in NB-IoT provides coverage enhancement level related information and the corresponding cell ID to CN.
Furthermore, RAN2 agreed in the context of LTE MTC that a UE does not inform the network when it changes the extended coverage level within a cell nor when it changes to another cell while being in extended coverage (unless it changes the tracking area). We think that this agreement should be also applied to paging in NB-IoT. With this agreement, UE in NB-IoT will also save UE battery power by restricting uplink transmissions.
Proposal 8: A UE in NB-IoT does not inform the network when it changes the extended coverage level within a cell nor when it changes to another cell while being in extended coverage (unless it changes the tracking area) 
Conclusion
In conclusion, we propose:
Proposal 1: Design of paging in NB-IoT should use the same principle as in the legacy LTE paging mechanism and in Rel-13 LTE MTC paging mechanism.
Proposal 2: NB-IoT UE determines the paging frame (PF) and the paging occasions (PO) to monitor paging message by using UE ID and SFN. 
Proposal 3: UE in NB-IoT should monitor paging based on a single paging DRX cycle only. The paging DRX cycle should support a sufficiently long cycle in length e.g. much longer than 10.24s, like eDRX cycle length.
Proposal 4: The network may repeat transmission of the same paging message in a paging DRX cycle for reliable paging reception.
Proposal 5: NB-IoT system should provide sufficiently long SFN which supports long paging DRX cycle (e.g. longer than 10.24s).
Proposal 6: CN node provides information on whether the paging request is for enhanced coverage UE and the paging attempt number to RAN node in NB-IoT.
Proposal 7: RAN node in NB-IoT provides coverage enhancement level related information and the corresponding cell ID to CN.
Proposal 8: A UE in NB-IoT does not inform the network when it changes the extended coverage level within a cell nor when it changes to another cell while being in extended coverage (unless it changes the tracking area).
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