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1. Introduction
In the last two RAN2 meetings, a number of concepts which could be considered for enhancing the experience of NB-IoT UEs receiving paging were discussed. These were:

· Paging repetition mechanism

· Whether the paging mechanism be cater for the device type taking into account NB-IoT device characteristics

In this paper, we provide our views on the paging over radio interface addressing the above concepts.
2. Discussion
Paging mechanism for NB-IoT UEs was discussed in the last two RAN2 meetings. RAN2 discussion aimed to reuse the Rel-12 paging mechanism including power saving mode, eDRX enhancements and eMTC paging mechanism as much as possible. The agreements on paging procedure are listed in Annex A.

There are two levels of paging repetitions been discussed; CN level paging retransmission and RAN level paging repetitions.

In legacy paging procedure, MME is in charge of the idle mode paging procedure. Where the MME keeps TA/RA of the UEs and requests the eNBs in the corresponding TA/RA to transmit a paging message for the UE which is delivered over S1 interface. The eNBs transmits the paging message at the UE’s PO over the radio interface. Upon reception of the paging message by the UE, the UE transmits a paging response message to the MME. The paging message is retransmitted by the MME for a period of time in the absence of paging response by the UE. As the paging retransmission is controlled by the MME, there is no paging stop message transmitted by the MME to the eNB informing the reception of paging response by the UE.

The same CN based paging message retransmission can be applied even for NB-IoT UEs. Our understanding of the agreement made so for also relies on the LTE CN based paging message retransmission. This could be concluded based on the following agreements.

·  NB-IOT supports a short DRX up to X seconds, where X need to be selected to allow RAN repetitions between PO, and to allow CN to trigger retransmissions at PO’s. 

· As specified for eDRX, we assume that the extended DRX cycle length and PTW size are negotiated between UE and CN during ATTACH/TAU.

· RAN2 assumes that the CN sends the paging message to the eNodeB just before the PTW of the NB-IOT device.

Proposal 1: RAN2 is requested to confirm that the CN based paging message retransmission is used for NB-IoT and no deviation from Rel-12 LTE paging retransmission is seen necessary.

eNB is in charge of the RAN level paging repetition. Different coverage levels are supported with different number of paging repetition. The corresponding CN node stores the UE coverage level information and provides the coverage level associated with the paging to the eNB. The following agreements were made for RAN level paging repetition for NB-IoT.  

· 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. 

Furthermore, the following agreements were made in the last RAN2 meeting for coverage levels signalling to the CN.

1: 
RAN node can determine the UE’s coverage level from random access procedure. How this is done depends on RACH design of physical layer.

2: 
The original eMTC design, e.g. by using S1 Context Release message to indicate coverage level can be used as the baseline, at least for the UP solution.  

3: 
CN may include coverage enhancement (CE) level information, Global Cell Id and Paging Attempt Count IE in Paging message to indicate related information to RAN node.

4:    For UE in idle mode, UEs in general do not make specific access only to report coverage level change. 

Above agreements defines the basic procedure for RAN level paging message repetition. In case, the UE’s coverage level stored at the CN does not match the UE’s current coverage level, the eNB may repeat the paging message to assuming the UE is located in the next coverage level. The coverage level stored at the CN is provided to the eNB as guidance however the number of paging repetition by the eNB is an eNB implementation function. Thus the number of message repetition could be left to the eNB implementation.

Proposal 2: The eNB is in charge of the RAN level paging message repetition associated with different coverage levels. The number of paging message repetition is left to eNB implementation which takes into account the information received from CN as guidance. 

NB-IoT devices have distinctive characteristics. A question is whether the paging mechanism should be design to cater for a specific device type. For example, some NB-IOT devices primarily support Mobile Originated data. Therefore, paging mechanism could be relaxed to minimise unnecessary signalling as well as better UE battery consumption. Relaxing of paging procedure is already supported in Rel-12 paging procedure used in LTE. For example, eDRX or PSM could be used with extended DRX to cater for the device characteristics. In our understanding, Rel-12 paging mechanism used in LTE provides a sufficient flexibility for DRX configuration to addressed different device types. Paging is also used in legacy LTE for system information updates. A method was introduced in specification to obtain critical system information updates while in extended DRX. The same mechanism used in Rel-12 could be reused to enable the NB-IOT UEs in long DRX acquiring up to date system information. 

Another characteristic of NB-IOT device is that very low mobility associated with some NB-IOT device types. The very low mobility of the device could be used to enable small paging tracking area thus enabling the reduced size of the paging message over the radio interface. From the RAN2 point of view, eNB transmits the paging message which is received over S1 interface and no paging message selection is enabled at the eNB. Tracking area level paging discussion is out of RAN2 scope and should be discussed in RAN3 and SA2. 

From RAN2 point of view, there is no critical requirement identified for paging optimisation taken into account the NB-IoT specific device characteristics. Therefore optimisation of the paging procedure to cater for the device types is not seen necessary in Rel-13 NB-IoT. 

Proposal 3: From RAN2 perspectives, optimisation of the paging procedure to cater for the NB-IoT device types is not seen necessary in rel-13 NB-IoT.
3. Conclusion
In this contribution, we have discussed different aspects of paging procedure taken into account the specific characteristics of Nb-IoT devices. And the following proposals are made.

Proposal 1: RAN2 is requested to confirm that the CN based paging message retransmission is used for NB-IoT and no deviation from Rel-12 LTE paging retransmission is seen necessary.

Proposal 2: The eNB is in charge of the RAN level paging message repetition associated with different coverage levels. The number of paging message repetition is left to eNB implementation which takes into account the information received from CN as guidance. 

Proposal 3: From RAN2 perspectives, optimisation of the paging procedure to cater for the NB-IoT device types is not seen necessary in rel-13 NB-IoT.
4. Annex A
Agreements on paging procedure for NB-IoT

· 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.

· We assume that NB-IOT shall use the eDRX system solution(s). 
In NB-IOT an SFN-based short DRX, long DRX (eDRX) with paging transmission window (PTW) is used. 
· NB-IOT supports a short DRX up to X seconds, where X need to be selected to allow RAN repetitions between PO, and to allow CN to trigger retransmissions at PO’s. 
· UE monitors all his PO’s in the PTW
· PTW start, and PO is calculated based on UE-ID
· For the short DRX individual paging cycle is not needed, the defaultPagingCycle of the cell can be used.

· As specified for eDRX, we assume that the extended DRX cycle length and PTW size are negotiated between UE and CN during ATTACH/TAU.

· RAN2 assumes that the CN sends the paging message to the eNodeB just before the PTW of the NB-IOT device.
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