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1 Introduction
In RAN#69 meeting, a New WI Proposal “Narrowband IOT” (NB-IOT) [1] was approved.
The objective is 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.
NB-Iot has much narrower bandwidth, larger number of devices, and much longer sleep cycle. The paging mechanism for NB-IoT requires further study. The following agreements were made in RAN2 #91bis meeting.
	General

· NB-IoT MAC, RLC, PDCP and RRC is based on LTE Rel-13. RAN2 aims to reuse as much as reasonable w.r.t. eMTC and eDRX enhancements. Details to be discussed case by case.
Idle mode DRX cycle
· Idle mode DRX cycles up to around 3 hours should be possible to support. The exact cycle length will depend on the physical layer design.
· Idle mode DRX cycles down to around one second should be supported. The exact cycle length will depend on the physical layer design. May be revisited due to impacts of repetitions. May be dependent on coverage level.

Coverage level

· We assume that we support different paging transmission repetitions for different coverage level.
· RAN2 assumes that the CN node can provide information on the coverage level of the UE, the paging attempt number, and the last known Cell ID, to RAN node in NB-IoT. 

· RAN2 assumes that eNB forwards the coverage level to the MME. It is FFS how the eNB can know the UE coverage level. 


While RAN2 aims to reuse existing mechanisms of eMTC and eDRX as much as possible, there are still some changes needed due to NB-IoT characteristics. In this contribution, we analyze the paging designs that can be reused in NB-IoT, as well as the potential impacts on paging mechanism for NB-IoT.
2 Discussion
The current paging method is best-effort, where the CN just repeats paging message in the next paging cycle. Modified paging mechanism may be needed for NB-IOT due to the large number of UEs, enhanced coverage, and extended paging cycle.
2.1 General
According to the discussion on eDRX WI in RAN2 #91bis, it has been agreed that the maximum idle mode DRX cycle will be extended to 43.69 minutes. It was also proposed to introduce a paging window (PW), within which paging messages can be retransmitted for better reliability (e.g., in case that the UE misses its first PO after waking up from extended DRX). 
Proposal 1: 
A two level DRX shall be applied, where a paging window (PW) is used for NB-IOT, within which, paging messages can be (re-)transmitted by the Core Network with a short cycle. PWs occur periodically with a long cycle.
Proposal 2: 
To determine the PF/PO within a paging window, the legacy LTE formula can be used. 
Moreover, due to the strict power consumption constraint for NB-IOT, the usage of a paging window with multiple POs should be optional / configurable, and the UE wakeup time should be limited to the amount necessary to successfully monitor one of the POs within the PW.
Proposal 3:
The number of paging occasions in a paging window should be configurable, and the value 1 should be supported, i.e. no paging window.
Proposal 4:
The UE is required to successfully monitor only one of its POs within the paging window.
In NB-IOT, since there is only one PRB in NB-IOT frequency domain, and the number of UE identities in a paging message is expected to be small, the location and presence of paging messages need not to be indicated by (E)PDCCH as in legacy LTE system; a UE can check the content of potential PO-carrying subframes directly.

Proposal 5:
The location and presence of paging messages need not to be indicated by (E)PDCCH.
2.2 Paging message repetition for EC UEs
For enhanced coverage UEs, we assume that paging messages need to be blindly repeated at RAN level, and thus more frames (after the original PF) are used to carry paging messages. To avoid colliding with the PF of other UEs, the density of PFs may be reduced. Sparser PF allocation (fewer PF per paging cycle) should be allowed. That is, smaller nB values (nB < T/32) should be introduced to give room for (RAN-level) paging repetitions for EC UEs. 
Proposal 6:
Introduce smaller nB values to give room for paging repetitions for EC UEs.
For eMTC, it has been agreed in RAN2 #91 meeting that the number of M-PDCCH repetitions corresponding to each coverage level will be known to the UE (e.g. based on information broadcast in system information). Also, there is a time-frequency pattern for the repeated paging messages. For NB-IOT, although we propose not to apply PDCCH, the number of paging message repetitions corresponding to each coverage level should also be known to the UE. Moreover, to simplify the paging mechanism, we propose to repeat the paging message in subsequent frames after the original PF.
Proposal 7:
The number of paging repetitions corresponding to each coverage level shall be known to the UE.
Similar to eMTC, the exact repetition pattern should be defined by RAN1. However, since there is no dimension of frequency hopping, the repetition pattern for NB-IOT is expected to be simpler than eMTC.
3 Conclusion

It is proposed to discuss and decide on the following proposals:
Proposal 1: 
A two level DRX shall be applied, where a paging window (PW) is used for NB-IOT, within which, paging messages can be (re-)transmitted by the Core Network with a short cycle. PWs occur periodically with a long cycle.

Proposal 2: 
To determine the PF/PO within a paging window, the legacy LTE formula can be used.
Proposal 3:
The number of paging occasions in a paging window should be configurable, and the value 1 should be supported, i.e. no paging window.
Proposal 4:
The UE is required to successfully monitor only one of its POs within the paging window.
Proposal 5:
The location and presence of paging messages need not to be indicated by (E)PDCCH.
Proposal 6:
Introduce smaller nB values to give room for paging repetitions for EC UEs.
Proposal 7:
The number of paging repetitions corresponding to each coverage level shall be known to the UE.
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