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1 Introduction
In the revised WID “Revised WI: NarrowBand IOT (NB-IOT)” ([1]) approved in RAN #70 meeting, downlink numerology was down-selected to:

· OFDMA on the downlink

· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 

In RAN1 #83 meeting, the following agreements were made [2],

· NB-IoT supports a physical downlink control channel, NB-PDCCH

· NB-IoT supports a physical downlink shared channel, NB-PDSCH

In this contribution, we discuss considerations on NB-Paging design for NB-IoT.
2 NB-Paging design
2.1 Control vs. control-less
The following three factors may be considered:
· The payload of NB-Paging message may be variable (even if only one NB-IoT UE is paged in each NB-Paging message).

· Compared with DCI payload, NB-Paging payload is relatively larger. Transmission time of NB-Paging message would be longer.

· NB-IoT UEs in Idle mode monitor NB-Paging in each PO. But in most cases, a NB-IoT UE would not be paged and there would have no notification information from network (for example, System information update/EAB, etc).
The control-less NB-Paging transmission may cause serious and unnecessary power comsumption of NB-IoT UEs especially in extreme coverage case. For NB-IoT UEs in idle mode, in order to reduce the number of repetitions of NB-Paging and reduce the active time for NB-Paging monitoring, similar to Rel-13 eMTC, NB-Paging scheduled by NB-PDCCH is preferred.
Proposal 1: NB-Paging message is transmitted in NB-PDSCH scheduled by NB-PDCCH.
2.2 Number of paged UEs at one PO
For NB-IoT system, massive UEs simultaneously access to the system is allowed. It is hard to predict the number of NB-IoT UEs to be paged in a time period. For a certain PO, more than one NB-IoT UE may be paged. On the other hand, NB-Paging transmission scheduled by NB-PDCCH has better scheduling flexibility thus can support more variable number of simultaneously paged NB-IoT UEs. Similar to Rel-13 eMTC, a NB-Paging message paging multiple NB-IoT UEs should be supported. Meanwhile, P-RNTI based DCI CRC scrambling method can be reused. If NB-IoT UEs with different coverage levels are paged at the same time, NB-Paging message would be transmitted according to the maximum coverage level.
Proposal 2: Paging multiple UEs at one PO should be supported for NB-IoT.
2.3 Notifications carried in NB-Paging DCI
In Rel-13 eMTC, in order to reduce resource waste and reduce active time of eMTC UEs, if no eMTC UEs are paged and only notification of system information update/ETWS/CMAS/EAB is transmitted in current PO, such notification information can be carried by DCI as agreed in RAN1 #82bis meeting [3]:
· In each Paging Occasion (PO), an RRC idle UE monitors one DCI type.
· An indication (e.g. S_flag) is used in the DCI with P-RNTI for paging.
· If S_flag=TRUE, the rest of DCI bits carries scheduling information of PDSCH for paging message.
· If S_flag=FALSE, the rest of DCI bits carries system information update, ETWS, CMAS, and EAB without scheduling information of PDSCH.
Similar solution in Rel-13 eMTC can be reused at least for notification of “System information update” for NB-IoT system. Furthermore, if CMAS, ETWS and EAB are supported for NB-IoT system, notification of CMAS, ETWS and EAB also can be carried by NB-PDCCH. 
Proposal 3: At least notification of “System information update” may be carried in NB-Paging DCI.
2.4 Others
In case of multi-PRB, the following two options may be considered for PRB(s) transmitting NB-Paging:
· Option 1: NB-Paging is transmitted in anchor PRB together with NB-PSS/NB-SSS/NB-PBCH/NB-SIBx.
· Option 2: NB-SIBx (including NB-SIB1 and other NB-SIBs) is transmitted in anchor PRB. The PRB set for NB-Paging is configured by NB-SIB1. When the number of PRBs for NB-Paging is more than one, the specific PRB in which NB-Paging transmtted is determined based on UE_ID.
In order to achieve load balance of NB-Paging and reuse Rel-13 eMTC paging mechanism, Option 2 is preferred.
Proposal 4: In case of multi-PRB, the PRB set for NB-Paging is configured by NB-SIB1, and the specific PRB in which NB-Paging transmtted is determined based on UE_ID.
3 Conclusions
In this contribution, we elaborated several considerations on NB-Paging design, with the following proposals:
Proposal 1: NB-Paging message is transmitted in NB-PDSCH scheduled by NB-PDCCH.
Proposal 2: Paging multiple UEs at one PO should be supported for NB-IoT.
Proposal 3: At least notification of “System information update” may be carried in NB-Paging DCI.

Proposal 4: In case of multi-PRB, the PRB set for NB-Paging is configured by NB-SIB1, and the specific PRB in which NB-Paging transmtted is determined based on UE_ID.
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