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1
Introduction
The following agreements related to paging for NB-IoT have been made by RAN2:

-
Different transmission repetitions are used for different coverage level; 

-
The CN node provides information on the coverage level of the UE, the paging attempt number, and the last known Cell ID in S1 Paging message to indicate related information to the RAN node;
-
The paging occasions to monitor paging message are determined by using UE ID and Frame Number. Whether other parameters are needed is FFS. 

In this contribution, we discuss on the paging channel design for NB-IoT.

2
Considerations on Paging for NB-IoT
Paging channel has been used to page a UE in RRC IDLE and/or to inform UEs in RRC IDLE and RRC CONNECTED about a system information change. Since the paging channel is the only channel which can be used to communicate between eNB and UE in RRC IDLE, it should be supported for NB-IoT UE as well.
For the NB-IoT UEs, the paging channel requires the followings:

· Support of various coverage enhancement level

· Flexible resource configuration for massive number of NB-IoT UEs
· Reduced active time for paging reception for lower battery consumption

Since the payload size of a paging message may vary and may be relatively large as compared with that for the associated DCI and a UE in enhanced coverage needs to monitor a paging message with repetitions in each PO, the paging reception without an associated DL control channel may result in significant UE battery consumption unnecessarily since in most case the UE may not be paged or indicated for the system information modification. 

In order to minimize the number of repetitions and active time for paging monitoring for a coverage limited UE in RRC IDLE, an associated DL control channel (i.e. NB-PDCCH) with a compact DCI should be used for a paging message scheduling as similar to that for eMTC UEs. The use of NB-PDCCH for the paging message scheduling can provide scheduling flexibility to support a variable number of UEs as well.
Proposal-1: NB-PDCCH is used with a compact DCI for paging message scheduling.
Due to the narrowband operation, the paging capacity can be significantly limited for NB-IoT UEs if a single narrowband is used. Given that a large number of NB-IoT UEs need to share the paging resources, time domain multiplexing with a DRX cycle will not provide enough paging capacity. Therefore, it should be allowed to use multiple paging narrowbands based on the number of NB-IoT UEs in a cell. The same issue was discussed in Rel-13 eMTC and configurability of the number of paging narrowbands has been introduced as a solution.

If multiple narrowbands are used, the NB-IoT UEs in the same PO should be evenly distributed over the paging narrowbands configured as much as possible in order to minimize the blocking probability. A UE-ID (e.g., IMSI-10) can be used to determine the narrowband index for paging to distribute UEs over paging narrowbands configured.

Proposal-2: number of paging narrowbands is configurable and narrowband location for NB-PDCCH monitoring is determined based on UE-ID
The system information (SI) update indication, CMAS, ETWS, and EAB bits has been carried in paging message for regular LTE UEs, thus an eNB may need to broadcast those bits in all paging occasions when a system information is changed. It becomes an issue in eMTC when coverage enhancement scheme is used since the associated DL control channel and the PDSCH carrying paging message need to be transmitted with a large number repetitions, resulting in significant resource waste. As a result, it is agreed to send the SI update indications in the DCI if there is no paging message scheduled which can reduce the resource waste as well as UE active time. Since NB-IoT has the same problems, reuse of eMTC paging SI update scheme for NB-IoT seems to be appropriate as it can address the issues and avoid unnecessary standard efforts.
Based on the RAN2 decision to support of EAB for NB-IoT UE, whether the indications of EAB signalled with SI update in the DCI can be decided. Note that RAN2 already made a decision that CMAS and ETWS will not be supported by NB-IoT.
Proposal-3: reuse of eMTC paging SI update scheme as it is for NB-IoT- An IDLE UE can be notified of a system information update using a bit in the control channel (NB-PDCCH) while avoiding sending a paging record on the PDSCH
So far, P-RNTI has been used for paging DCI and the DCI is shared by UEs in the same PO. Therefore, if a paging message is transmitted to one of the UEs in the same PO, all UEs in the same PO need to receive the associated PDSCH carrying paging message. After reception of the paging message, a UE can figure out if the paging massage is intended for the UE or not, and most of reception of the PDSCH will be the case that the paging message is intended for other UEs. Hence, this may result in unnecessary UE battery consumption especially when the UE is in coverage limited as large number of repetitions will be used. If deemed necessary, the false NB-PDSCH reception can be reduced. As a candidate solution, the DCI for paging message scheduling can be scrambled based on UE-ID (e.g., IMSI-10) or P-RNTI according to the paging message intended for. If the paging message is intended for a single UE, the DCI can be scrambled with UE-ID while the DCI can be scrambled with P-RNTI if the DCI intended for a group of UEs in that PO.
Proposal-4: false NB-PDSCH reception can be reduced
3
Conclusion
In this contribution, we discussed on paging channel for NB-IoT. From the discussions, we propose followings: 
Proposal-1: NB-PDCCH is used with a compact DCI for paging message scheduling.
Proposal-2: number of paging narrowbands is configurable and narrowband location for NB-PDCCH monitoring is determined based on UE-ID
Proposal-3: reuse of eMTC paging SI update scheme as it is for NB-IoT

Proposal-4: false NB-PDSCH reception can be reduced
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