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1 Background
A new work item Narrowband IOT (NB-IOT) [1] was agreed in RAN#69: the objective of the work item 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. 

One of the detailed objectives relevant from a L23 perspective is [1]:
· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer

Thus NB-IOT is based on existing LTE procedures, such as paging and discontinuous reception (DRX). In this contribution paging and DRX aspects for NB-IOT are evaluated further. Paging for system information change in NB-IOT is discussed in [2]. 
2 Discussion
Paging in legacy LTE

When the UE is in discontinuous reception (DRX) in Idle mode (320 ms – 2.56 seconds) the UE can be paged. Once every DRX cycle the UE wakes-up to monitor its paging occasion. The paging occasion is a sub-frame of the PDCCH where the UE monitors the paging RNTI (P-RNTI). The Paging Frame (PF) of the UE's paging occasion depends on the UE's specific DRX cycle, the default paging cycle of the cell, and the number of paging occasions per DRX cycle (nB). Furthermore the PFs are distributed based on the UE_ID. For FDD sub-frames #0, #4, #5 and #9 can be used for paging. The sub-frames used to page the UE depend again on UE_ID and Nb. When the P-RNTI is triggered the UE subsequently reads the paging message on the PDSCH. The UE checks the paging record in the paging message to check if the paging message is for the UE. 
Paging in REL-13 MTC
In REL-13 paging is enhanced to enable paging for low complexity (LC) MTC devices and MTC devices operating coverage enhancements (CE), i.e. devices in bad coverage conditions [3]. An LC MTC device has reduced Tx and Rx capabilities, a limited channel bandwidth of 6 PRBs (1.4 MHz) and supports a transport block size up to 1000 bits. The coverage enhancements (CE) enable reception of system information and paging for different coverage enhancement levels.
LC/CE MTC devices are paged separately from legacy LTE devices, because the paging enhancements make use of M-PDSCH sub-frame bundling/repetitions with multiple bundle sizes/repetition levels (i.e. there are more paging repetitions for LC/CE devices). It is beneficial from a device perspective to know the number of repetitions such that the device can stop monitoring (and save power). Furthermore it is beneficial from an eNodeB perspective to know if the device is LC/CE (UERadioPagingInformation TBD) to determine the number of paging repetitions. When the eNodeB receives a paging message to broadcast it is beneficial to know which coverage level to assume for the paging repetitions. 
The starting sub-frames for paging LC/EC devices are determined in the same way as for legacy paging and are independent of the UEs coverage extension level. The M-PDCCH repetition pattern in both time and frequency domain is determined irrespective of the UEs coverage extension level. RAN1 determines the repetition patterns in time and frequency. The number of M-PDCCH repetitions corresponding to each coverage level will be known to the UE (e.g. system information TBD). To save power, the UE monitors M-PDCCH paging repetitions according to its coverage level, i.e. the device stops reception of M-PDCCH paging repetitions according to its coverage level. 
The eNodeB can determine the coverage enhancement level of the UE based on static information (UE capability) and dynamic information (UE measurements). The CN may store information about the UE’s enhanced coverage level (in idle mode) to be used for paging. The 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. The eNodeB informs the MME with coverage enhancement level related information and cell ID. In the Paging message from MME to eNodeB it is indicated if the paging message is for an LC/CE MTC device, and also a “paging attempt number” can be indicated. It is FFS if the MME should be able to cancel paging when the UE has responded to paging. 
Paging in REL-13 NB-IOT
The NB-IOT device has limited bandwidth (180 kHz). It is proposed to perform paging on the same principles as for REL-13 MTC: the M-PDCCH is used to schedule paging occasions and trigger reception of paging messages on M-PDSCH. Furthermore different coverage enhancements levels can be assumed (e.g. basic, robust, extreme coverage mode): 

Proposal 1: NB-IOT uses the M-PDCCH to schedule paging, and trigger reception of paging messages on the M-PDSCH. Furthermore different coverage enhancement levels can be used. 

The issues with paging in NB-IOT are very similar to the issues addressed with REL-13 MTC (i.e. narrow bandwidth and limited UE capabilities). With NB-IOT there will be differences in the physical layer channels and characteristics compared to REL-13 MTC, e.g. different L3 configuration and timer handling may apply. Furthermore NB-IOT specific paging occasion mapping may need to be considered. However many of the principles and trade-offs for REL-13 MTC are expected to apply for NB-IOT as well: 
Proposal 2: NB-IOT uses the REL-13 MTC paging enhancements as a baseline. 

Extended DRX REL-13
For the REL-13 work item on extended DRX [4] it has been agreed to:

· Increase the Connected mode DRX up to 10,24 seconds (SFN limit)

· Increase the Idle mode DRX (maximum eDRX is FFS but most likely in the order of minutes or hours (e.g. 44 minutes))
The eDRX parameters in Idle mode are negotiated between UE and MME with the ATTACH or TAU procedure. The eDRX solution uses an extended SFN (eSFN), broadcasted in system information, to enable DRX longer than 10,24 seconds (legacy SFN range). When the UE wakes-up from a long deep sleep period, the UE monitors the paging occasions in the legacy DRX. The time the UE monitors the legacy paging occasions, and thus is reachable for paging, is referred to as Paging Transmission Window (PTW). The extended DRX and PTW are configured in the UE during ATTACH/TAU. The eSFN is “loosely synchronized” between cells. It is still FFS if the UE is required to check SIB1 for system information changes, when waking up, or if the UE is paged for system information change. Furthermore coordination between eNodeB and MME to limit the storage-time of paging messages in the eNodeB is FFS. 
It is prosed to re-use the extended DRX in Idle and Connected for NB-IOT:

Proposal 3: NB-IOT supports the REL-13 extended DRX in Idle mode and Connected mode. 

It can be discussed further if additional eDRX configuration options (eDRX range and values) are needed or if some REL-13 eDRX configuration options are not applicable. 

For REL-13 paging optimizations (TEI13) are discussed in both RAN2 and RAN3. These optimizations include generic optimizations (e.g. Recommended Cells/eNBs for Paging) but also enhancements targeted for MTC (e.g. Paging Attempt Count Information, Global Cell ID + Coverage Enhancement Level). It is proposed to re-use these paging enhancements for NB-IOT, if applicable:

Proposal 4: NB-IOT uses the REL-13 paging optimizations (TEI13) for NB-IOT, if applicable. 
The Power Save Mode (PSM) in Idle mode is a power saving feature that is configured during ATTACH/TAU when an Active Time is configured. The UE is only reachable for paging during the Active Time in Idle mode, i.e. it requires HLcom features to coordinate paging. In principle, PSM could also be used for NB-IoT UEs. However, before concluding on this, it should be further studied how this fits to other S1 signalling optimization mechanisms: 
Proposal 5: RAN2 to discuss if NB-IOT supports Power Save Mode (PSM). 

In NB-IOT no use cases are foreseen for the ETWS/CMAS warning system, i.e. paging for ETWS/CMAS is not needed: 
Proposal 6: NB-IOT does not support paging for ETWS nor CMAS notifications.
3 Summary

RAN2 is kindly asked to paging and DRX for NB-IOT: 

Proposal 1: NB-IOT uses the M-PDCCH to schedule paging, and trigger reception of paging messages on the M-PDSCH. Furthermore different coverage enhancement levels can be used. 

Proposal 2: NB-IOT uses the REL-13 MTC paging enhancements as a baseline. 

Proposal 3: NB-IOT supports the REL-13 extended DRX in Idle mode and Connected mode. 

Proposal 4: NB-IOT uses the REL-13 paging optimizations (TEI13) for NB-IOT, if applicable. 

Proposal 5: RAN2 to discuss if NB-IOT supports Power Save Mode (PSM). 

Proposal 6: NB-IOT does not support paging for ETWS nor CMAS notifications.
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