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1
Introduction
3GPP LTE has approved a new Rel.13 work item of narrowband IOT [1]. 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, which 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. 

RAN2 aims to reuse as much as reasonable w.r.t. eMTC and eDRX enhancements with respects of NB-IoT MAC, RLC, PDCP and RRC [2]. Following were agreed regarding Paging procedure [2] [3]:

· 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. 
· 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.
This contribution explains how Paging procedure is performed for NB IoT.
2
Discussion
For eMTC, M-PDCCH scheduled PDSCH is used to carry paging record(s). However, as analysed in [4], because of the limited 1PRB, transmitting paging message without scheduling by physical downlink control channel might be beneficial to reduce the signaling overhead and potential power consumption in UE. In addition, to contain only one paging record in the RRC Paging message could further decrease the complexity for blind decoding in UE and therefore improve the UE battery life.

Proposal 1: RRC Paging contains one record and is transmitted without scheduling by physical control channel.

As per RAN2 agreement, paging for NB IoT reuses schemes from eMTC and eDRX, that is 
· The eNB decides the repetition number for paging based on the CE level info and paging attempt count in S1 paging message.
· The UE attempts to decode the potential paging based on its current CE level from each PO (within the PTW if eDRX is configured).

In addition, Rel13 eMTC [5] agreed two CE modes for CONNECTED mode UE and set of PDSCH repetition numbers are derived based on each respective 4-bit indicator signalled in MTC-SIB. More specifically, there are 4 values and 8 values for Mode A and Mode B respectively. Therefore, a set of repetition numbers could be applied for transmitting paging message implicitly.

Without DCI indication, the UE then needs to blindly decode the PDSCH transmission. However, based on eMTC agreement, UE could receive paging according to its current coverage level. It is likely that UE and eNB apply different repetition number especially when the CE level changes during idle mode, therefore UE will not decode the paging message correctly. MME may reattempt sending S1 paging with increased paging attempt account, however the retransmitted paging can only be scheduled by eNB within next PTW, and will result in significant paging delay if considering the extended paging cycle.
In addition, eNB may autonomously increase the repetition number according to the assistance information carried in S1 paging message for subsequent paging retransmission. However UE could not accurately predict which repetition number eNB is using and there is still risk of such misalignment for the paging retransmission. 

Observation 1: Misaligned repetition number may cause unsuccessful paging and increase the paging delay especially when eDRX is configured.
In order to ensure the successful paging reception, UE may try all the possible repetition numbers for decoding the paging message from the PO all the time, but this would complicate the UE implementation and increase UE power consumption significantly depending on how many repetitions are configured for PDSCH transmission. 

Observation 2: UE may suffer from increased power consumption and implementation complexity if UE attempts to decode paging message with all possible repetition numbers.
Therefor it would be desirable that UE and eNB could synchronize the repetition number applied during paging. One potential solution is to correspond each PO to different repetition numbers by some means. For instance, a set of repetition number for monitoring the paging message could be preconfigured. To derive the repetition number for each PO, the pattern may be predefined depending on the CE level (mode) (e.g. which is reported to MME or selected by the UE or estimated by the UE based on the radio measurement) and the number of POs within the PTW if eDRX is configured. 
The eNB pages the UE according to the required repetitions associated with the PO. In order to improve the successful paging reception in UE side, eNB may send paging message multiple times from different POs. On the other hand, based on the preconfigured parameter and predefined pattern, UE only needs to detect the paging from the PO associated with the desired repetition number which satisfies its current coverage situation (within the PTW if eDRX is configured). 
Observation 3: by associating the PO with the repetition number, 

· The repetition number could be well aligned between UE and eNB.
· UE only needs to perform one blind decoding attempt from the PO which provides sufficient repetitions for its current CE level.

Therefore, to ensure the successful blind decoding of PDSCH for paging message, optimize the UE power consumption and avoid unnecessary paging delay in case of extremely long DRX cycle, we propose:

Proposal 2: Different POs correspond to different repetition number with predefined pattern.
Proposal 3: UE only decodes paging message from the PO which provides sufficient repetitions to meet current coverage enhancement requirement.
3
Conclusion
This contribution analysed the paging procedure for NB-IOT devices, the following observation were made:
Observation 1: Misaligned repetition number may cause unsuccessful paging and increase the paging delay especially when eDRX is configured.
Observation 2: UE may suffer from increased power consumption and implementation complexity if UE attempt to decode paging message with all possible repetition numbers.

Observation 3: by associating the PO with the repetition number, 

· The repetition number could be well aligned between UE and eNB.
· UE only needs to perform one blind decoding attempt from the PO which provides sufficient repetitions for its current CE level.

And we propose the following:

Proposal 1: RRC Paging contains one record and is transmitted without scheduling by physical control channel.

Proposal 2: Different POs correspond to different repetition number with predefined pattern.

Proposal 3: UE only decodes paging message from the PO which provides sufficient repetitions to meet current coverage enhancement requirement.
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