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1   Introduction
At RAN#69, a new WI 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. 
Since coverage class and eDRX are important aspects of NB-IOT, some optimizations and enhancements are necessary to support these new concepts. This paper describes paging related issues which are discussed in GERAN, RAN2 and SA2. Some proposals are provided for paging in NB-IOT. 
2   Discussion
2.1   DRX cycle in idle mode

Extended DRX has been extensively discussed in RAN2 and GERAN. In GERAN the initial understanding on eDRX has been captured in Annex F.8 of TR45.820 [2]. 

- 
Paging mechanism needs to be optimized for different coverage classes.

-
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.
For latency tolerant applications, the extended DRX provides the advantage of low energy consumption. The maximum DRX cycle depends on the physical layer design.
Many of the solutions in the GERAN SI extended the initial understanding of the DRX/paging cycles and provided longer paging cycles (around an hour) to enable additional power saving.

Proposal 1: A long DRX cycle in idle mode is beneficial for energy consumption. DRX cycles of around an hour or above an hour should be supported. The exact cycle length will depend on the physical layer design.
2.2   Paging optimizations for coverage enhancements

In the LS from GERAN2 to SA2 [3], the working assumptions for coverage class and paging procedures were listed, which include:

-
WA1: The MS shall determine if currently estimated coverage class is different from last reported Coverage Class.  

-
WA2: The MS should report changes of its coverage class to the CN. The trigger of the reporting, to avoid frequent signaling, is FFS.

-
WA3: At least the estimated coverage class for downlink will be indicated to the RAN when attempting system access.

-
WA4: The changes of estimated coverage class for downlink may be indicated to the RAN during data transmission.

-
WA5: The RAN will include the coverage class information in the uplink data PDU sent to the CN. 

-
WA6: Upon reception of the device specific coverage class information the CN stores it for use in subsequent paging for delivery of downlink data to that device.

-
WA7: In order for RAN to send a page with the appropriate coverage enhancements the CN needs to convey the latest known coverage class information in the downlink paging PDU.

According to TR45.820 [3], when a UE is in idle mode it wakes periodically to receive paging, the UE can use this awake time to determine whether its coverage class has changed and signal changes to the network before its paging occasion. The UE does not need to wake-up between paging occasions only to check whether its coverage class has changed and signal any changes to the network. 

In the low cost MTC coverage level enhancement discussions in RAN2, it has been agreed that a UE in idle mode UE will not report coverage class change to the network and that the eNB will retry the paging with different level of coverage enhancements. 
Considering the long length of the DRX cycle (e.g. up to around an hour) with extended DRX, the probability of changing coverage level is not negligible. Using paging retransmission to reach the UE in the right coverage class is costly. When the paging message is retried it introduces delay in the delivery of the paging message, and depending upon the coverage class can use large amounts of network paging capacity for UEs which may not be present. 
It can also be costly for the UE to attempt paging reception in the wrong coverage class in terms of power consumption, especially if the coverage conditions are improving.
Further optimisations for change notification of coverage class in idle mode may be needed in NB-IOT.
Proposal 2: Paging is coverage class specific.

Proposal 3: In idle mode, the UE needs to check the change of coverage class and signal the change to network before its paging occasion when the UE is expected to be awake. 
2.3   Paging enhancement in eDRX
GERAN has sent LS to SA2 in [4] to ask guidance for paging in eDRX. The SGSN is required to buffer the paging messages and send the paging shortly before expiration of the device specific eDRX cycle timer. BSSs are required to be time coordinated and send the SGSN information that can be used for determining the “time remaining until the next paging occasion”. Regarding the method for providing the SGSN with "time remaining until the next paging occasion" depends on the guidance from SA2 [5].

RAN2 also has sent LS to SA2 and RAN3 discussing idle mode eDRX [6]. Making similar assumptions to those made in GERAN. The MME is required to buffer the paging message and have some awareness of the approximate time when the UE will become reachable. eNBs are required to be loosely H-SFN synchronized to ensure paging robustness when the UE moves between cells. The detail solutions are expected to be provided by SA2.
There are common requirements for eDRX, which SA2 is expected to provide detailed common solution for, including storing paging requests in the CN and determine approximate time the UE is reachable.

3   Conclusion

In this paper, paging optimization and enhancement are discussed, and the following proposals are raised for NB-IOT: 
Proposal 1: A long DRX cycle in idle mode is beneficial for energy consumption. DRX cycles of around an hour or above an hour should be supported. The exact cycle length will depend on the physical layer design.
Proposal 2: Paging is coverage class specific.

Proposal 3: In idle mode, the UE needs to check the change of coverage class and signal the change to network before its paging occasion when the UE is expected to be awake. 
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