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1 Background
Paging and (extended) DRX in Idle mode for NB-IOT was discussed in RAN2#91bis, and the following agreements were made [1]:

· 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.
We will support 

· Power Saving Mode (as per Release 12)
· Idle mode DRX with DRX cycle values in the “normal” range and in eDRX range  

· 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.  
· We assume that we support different paging transmission repetitions for different coverage level.

· NB-IoT UE determines the paging occasions to monitor paging message by using UE ID and Frame Number. FFS if we also need other parameter(s). 

· 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. 

· Course paging occasion alignment for a UE between eNBs is beneficial when using long DRX cycles for NB-IoT.
In this contribution paging and DRX in NB-IOT is discussed further.
2 Discussion
Possible solutions for an extended DRX (eDRX) in LTE and UMTS have been discussed extensively [2]. For UMTS an event/timer based solution was agreed, and for LTE a SFN based solution was agreed. In the SFN based approach the paging occasions are determined by an SFN and Hyper SFN (H-SFN) broadcasted in system information. By acquiring the SFN/H-SFN from system information the device can re-synchronise with the system for paging, i.e. the device and RAN/CN are coordinated when the device can be paged:
Proposal 1: In NB-IOT an SFN-based DRX is used.

The DRX in NB-IOT should range from a “normal” (e.g. seconds) to and “extended” (e.g. hours) range. To enable this it is proposed to have a short DRX and an extended DRX, similar as in REL-13 LTE eDRX, to minimize the CN impact. When the device is configured with a short DRX then the MME can send the paging message to the eNodeB directly, but when the device is configured with extended DRX then the MME stores the paging message until the device can be paged. 

Proposal 2: NB-IOT supports a short DRX up to 2.56 seconds based on the SFN in MIB.

The number of bits for the SFN in MIB is dependent on RAN1 agreements.
In LTE the UE uses the shortest of the UE specific paging cycle and the defaultPagingCycle of the cell broadcasted in SIB2. As a baseline it is assumed that the defaultPagingCycle of the cell can be re-used for the short DRX in NB-IOT, and there is no need to have a device specific short DRX that is shorter than the defaultPagingCycle of the cell. 

Proposal 3: RAN2 to discuss if there is a use case for an individual short DRX per device or that the defaultPagingCycle of the cell can be used.
For the extended DRX it is proposed to re-use the Paging Transmission Window (PTW) concept of REL-13 eDRX, i.e. when the device has been sleeping for a long time, the device wakes-up and starts monitoring the paging occasions of the short DRX: 
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Figure 2: Paging Transmission Window (PTW) with extended DRX.

Proposal 4: When the device is configured with an extended DRX and wakes up the device can be paged during a certain period of time, in consecutive paging occasions of the short DRX, referred to as Paging Transmission Window (PTW). 
To enable a long sleep period up to 3 hours an additional Hyper SFN (H-SFN) is needed to indicate the time between consecutive Paging Transmission Windows: 
Proposal 5: NB-IOT supports an extended DRX based on an Hyper SFN (H-SFN) in SIB1. The H-SFN corresponds to an SFN period, i.e. is incremented every SFN cycle. 

The device can suggest an extended DRX coefficient value in ATTACH/TAU request. When the device does not indicate a eDRX value, the device does not support extended DRX. The MME replies with the configured eDRX coefficient value and PTW size value in the NAS reply:
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Figure 3: NAS negotiation and paging with extended DRX.
Proposal 6: The extended DRX cycle length and PTW size are negotiated between UE and MME during ATTACH/TAU.
When the NB-IOT device is in eDRX and potentially not reachable for paging for a long time (up to 3 hours) it is assumed that the MME stores any incoming paging messages until the device can be paged, to avoid storing paging messages for extended periods in eNodeB [3]. The MME is aware of the approximate time when the device can be paged and thus the MME minimizes storage of paging messages in eNodeB. It is assumed that all the MMEs and eNBs use the same H-SFN within a difference in the order of 1 to 2 seconds (loosely synchronized) [3]. A tight synchronization (such as SFN or sub-frame level) is not required. The MME sends the paging message to the eNodeB just before the Paging Transmission Window starts: 

Proposal 7: RAN2 assumes that the MME sends the paging message to the eNodeB just before the Paging Transmission Window of the NB-IOT device starts.

The MME takes into account the paging time window length for its paging retransmission strategy. It could be beneficial for the eNB to know if the paging message is for a device configured with eDRX: 
Proposal 8: RAN2 to discuss if the configured extended DRX cycle and PTW information are signalled in the Paging message from MME to eNodeB.

When the device in extended DRX wakes-up to receive a potential paging message in the Paging Transmission Window the Paging Transmission Window should allow for:

· MME paging strategy (e.g. paging scope may be widened when first Page fails)

· eNB paging repetitions (e.g. eNB may send the Paging message of the MME multiple times)

· eNB repetitions for coverage enhancements
RAN2 needs to discuss the short DRX cycle length values up to 2.56 seconds that are allowed, e.g. [320 msec, 640 msec, 1.28 sec, 2.56 sec]: 
Proposal 9: RAN2 to discuss the possible short DRX cycle length values.
RAN2 also needs to discuss the extended DRX cycle length values up to 3 hours that are allowed. It is assumed that the value exponentially grow e.g. [5.12 sec, 10.24sec, 20.48 sec, 40.96 sec, 81.92 sec, 2.73 min, 5.46 min, 10.92 min, 21.85 min, 43.69 min, 1.46 hour, 2.91 hour]: 

Proposal 10: RAN2 to discuss the possible extended DRX cycle length values.

Change of system information is further discussed in [4]. 
Paging solution
The paging solution needs to be discussed in RAN1, i.e. as a reference the following solutions are identified:

1. M-PDCCH indication followed by Paging message on M-PDSCH
2. Paging message directly on M-PDSCH

3. Paging message directly on M-PDCCH
Variants of the above solution can be identified, and the need for multiplexing multiple UE IDs in the paging message needs to be addressed. The paging load in NB-IOT is assumed to be low, and delay tolerant. Furthermore a power efficient paging solution taking into account coverage enhancements is needed. The risk of “false” paging should be reduced, i.e. the UE is receiving a paging message but is not addressed. The paging solution also needs to address modification in system information (e.g. common SIBs) in addition to normal paging. 
Proposal 11: The paging solution, i.e. the use of M-PDCCH/M-PDSCH, is discussed in RAN1.

3 Summary

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

Proposal 1: In NB-IOT an SFN-based DRX is used.

Proposal 2: NB-IOT supports a short DRX up to 2.56 seconds based on the SFN in MIB.

Proposal 3: RAN2 to discuss if there is a use case for an individual short DRX per device or that the defaultPagingCycle of the cell can be used.

Proposal 4: When the device is configured with an extended DRX and wakes up the device can be paged during a certain period of time, in consecutive paging occasions of the short DRX, referred to as Paging Transmission Window (PTW). 

Proposal 5: NB-IOT supports an extended DRX based on an Hyper SFN (H-SFN) in SIB1. The H-SFN corresponds to an SFN period, i.e. is incremented every SFN cycle. 

Proposal 6: The extended DRX cycle length and PTW size are negotiated between UE and MME during ATTACH/TAU.

Proposal 7: RAN2 assumes that the MME sends the paging message to the eNodeB just before the Paging Transmission Window of the NB-IOT device starts.

Proposal 8: RAN2 to discuss if the configured extended DRX cycle and PTW information are signalled in the Paging message from MME to eNodeB.

Proposal 9: RAN2 to discuss the possible short DRX cycle length values.

Proposal 10: RAN2 to discuss the possible extended DRX cycle length values.

Proposal 11: The paging solution, i.e. the use of M-PDCCH/M-PDSCH, is discussed in RAN1.
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