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1. Introduction

A new Rel 13 Work Item on Narrowband IOT has been approved with the aim to specify a radio access for cellular internet of things based on a non-backward-compatible variant of E-UTRA and addressing the following aspects [1]

· Improved indoor coverage

· Support for massive number of low throughput devices

· Low delay sensitivity

· Ultra low device cost and low power consumption

· (optimized) network architecture 

The following specific requirements are also to be considered [1]
· 180 kHz UE RF bandwidth for both downlink and uplink
· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer
In this contribution, we address the principles related to paging for NB-IOT, taking into account the above general requirements and specific aspects described in the 3GPP TR 45.820 [2]. 
2. Discussion

2.1. Paging for NB-IOT
A good starting point for the discussion on paging in NB-IOT are the requirements presented in 3GPP TR 45.820 [2]:
1. Paging mechanism needs to be optimized for different coverage classes.

2.  The DRX/paging cycle should be configurable to support applications with different latency requirements for application server triggered events (Network Commands). This should range from 1-30s (typical for existing 3GPP technologies) for low latency applications to 1-30 minutes to reduce energy consumption for medium latency applications that need to 'listen' to paging.

We note the above requirements are currently addressed as part of the ongoing work for eMTC [3] and eDRX [4]. Hence, we propose that work on NB-IOT paging follows similar principles as eMTC/eDRX. This is also consistent with the overall goals of the WI to define enhancements based on existing LTE procedures.  
Proposal 1: NB-IOT paging follows the principles adopted for Rel13 eMTC/eDRX, in particular with respect to

· Support for extended coverage paging over different coverage classes

· Support for large DRX cycles in idle mode

· Support for massive number of ultra low cost devices
The main use cases for paging in LTE are to provide notification of MT data arrival and system information update indication. We believe these use cases are still valid for NB-IOT and should be supported, especially considering that NB-IOT devices are expected to be RRC-IDLE for most of the time. SI update notification can be optimized for battery saving.
Proposal 2: Paging notification of MT data arrival and SI update notification are supported for NB-IOT. Possible approaches to reduce power consumption should be investigated.
It is important to note that NB-IOT devices are further constrained compared to eMTC, both in terms of capabilities (e.g support of a maximum RF bandwidth of 180kHz) as well as required functionalities. This means that paging procedures for NB-IOT should be further optimized relative to eMTC UEs considering their specific use-cases, in order to extend the UE’s battery life, further reduce signaling overhead and reduce implementation complexity. 
Some aspects that could be further optimized for NB-IOT relative to eMTC include:
· Optimizations that take into account the very low mobility of the device, enabling paging over a very limited tracking area;

· Optimizations to reduce the size of the paging messages
Proposal 3: Consider further optimization of the paging procedures for NB-IOT, aiming to optimize for low-mobility scenarios and reduce the size of the paging messages.
3. Conclusion

In this contribution, we discussed some principles for paging design for NB-IOT. The following is proposed: 
Proposal 1: NB-IOT paging follows the principles adopted for Rel13 eMTC/eDRX, in particular with respect to

· Support for extended coverage paging over different coverage classes

· Support for large DRX cycles in idle mode

· Support for massive number of ultra low cost devices

Proposal 2: Paging notification of MT data arrival and SI update notification are supported for NB-IOT. Possible approaches to reduce power consumption should be investigated.
Proposal 3: Consider further optimization of the paging procedures for NB-IOT, aiming to optimize for low-mobility scenarios and reduce the size of the paging messages.
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