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1. Introduction
As the machine market grows and diversifies, it is necessary to provide wireless services for massive number of devices. Paging configurations have been discussed in RAN2#95 in [1]. RAN2 agreed that: 
NB-IoT system information includes a list of carriers which can be used for paging.
We assume that the existing paging frame and subframe calculations in 36.304 are reused.
The mechanism of paging enhancement including selection of paging carrier and notification of system information change will be discussed in the contribution.  
2. Discussion
2.1 Selection of paging carrier
Since paging is sent on anchor carrier for NB-IoT R13, paging load distribution needs to be considered among anchor/non-anchor carriers for NB-IoT R14. The selection of paging carrier for NB-IoT R14 depends on the number of paging for R13 UEs and R14 UEs. Both of anchor carrier and non-anchor carrier might be used for paging and there are two alternatives for paging load distribution, such as on/off indication [2][5] and weighted distribution[2][3][4]. It is obvious that on/off indication is simple and feasible. 
Proposal 1: Use on/off indication to indicate whether anchor carrier is used for paging.
If the coverage for each paging carriers are different, UE might not be on the paging carrier on which the eNB sends the paging message to the UE when the UE coverage changes. In this case, the eNB needs to page the UE on other carriers and it causes delay and overhead on air interface and increases the complexity of the paging mechanism.  It is obvious that the coverage of all paging carriers should be common.
Proposal 2: Coverage of all paging carriers is common.
In case of DL power boosting, the same coverage of different carriers can be achieved by configuring setting different maximum number of repetitions for NPDCCH CSS for paging (npdcch-NumRepetitionPaging). The configuration of npdcch-NumRepetitionPaging for different carriers could be different. 
Proposal 3: Maximum number of repetitions for NPDCCH CSS for paging is configured per carrier in case of DL power boosting.
On the other hand, defaultPagingCycle and nB should be common for paging carriers as it is unnecessary to support different paging capacity for different paging carriers. In case of paging in one PO overlaps with the next PO, it can be avoided by increasing the number of paging carriers to reduce the paging load on each paging carrier.
Proposal 4: DefaultPagingCycle and nB are common for all paging carriers.
The UEs need be distributed uniformly across the paging carriers. The legacy mechanism to determine Paging Narrowband (PNB) in [6] is used as a reference to determine the paging carrier. For simplicity the Paging Carrier (PC) is determined by the following equation
PC = floor(UE_ID/(N*Ns)) mod Np
The following Parameters are used for the calculation of the PC:
-	T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. UE specific DRX is not applicable for NB-IoT.
-	nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256.
-	N: min(T,nB)
-	Ns: max(1,nB/T)
-	Np : number of paging carriers provided in system information
-	UE_ID: IMSI mod X, if P-RNTI is monitored on NPDCCH.
The parameters of T and nB in the above equation are common for all of the paging carriers in the cell in order to keep the UEs distributed uniformly across the paging carriers. Np is number of paging carriers provided in system information and anchor carrier might be included in the selection of paging carrier. X needs to be extended considering Np for better distribution on paging carriers. The advantage of the method above is simple for both of the eNB side and the UE side. 
Proposal 5:  Paging carrier (PC) is the determined by PC = floor(UE_ID/(N*Ns)) mod Np, where
-	T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. UE specific DRX is not applicable for NB-IoT. 
-	nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, T/256, T/512, and T/1024
-	N: min(T,nB)
-	Ns: max(1,nB/T)
-	Np : number of paging carriers provided in system information
-	UE_ID: IMSI mod X, if P-RNTI is monitored on NPDCCH.
The parameters of T and nB for all paging carriers are the same. X needs to be extended considering Np.
2.2 Notification of system information change
Since the network supports the transmission of paging on a non-anchor NB-IoT PRB, the system information change notification can be sent with paging on the non-anchor carrier. If the UE receives the system information change notification on the non-anchor carrier, it updates the system information as legacy.
Proposal 6:  The system information change notification can be sent with paging on the non-anchor carrier.
Direct Indication information is transmitted on NPDCCH using P-RNTI but without associated Paging-NB message to notify the change of system information. It is simple to support the transmission of Direct Indication information on the non-anchor carrier.
Proposal 7:  Support the transmission of Direct Indication information on the non-anchor carrier.
Proposal 8:  Send LS to RAN1 about the support of the transmission of Direct Indication information on the non-anchor carrier.



3. Conclusion
This contribution discusses the issues of the paging enhancements for NB-IoT. The following proposals are made:
Proposal 1: Use on/off indication to indicate whether anchor carrier is used for paging.
Proposal 2: Coverage of all paging carriers is common.
Proposal 3: Maximum number of repetitions for NPDCCH CSS for paging is configured per carrier in case of DL power boosting.
Proposal 4: DefaultPagingCycle and nB are common for all paging carriers.
Proposal 5:  Paging carrier (PC) is the determined by PC = floor(UE_ID/(N*Ns)) mod Np, where
-	T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. UE specific DRX is not applicable for NB-IoT.
-	nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, T/256, T/512, and T/1024
-	N: min(T,nB)
-	Ns: max(1,nB/T)
-	Np : number of paging carriers provided in system information
-	UE_ID: IMSI mod X, if P-RNTI is monitored on NPDCCH.
The parameters of T and nB for all paging carriers are the same. X needs to be extended considering Np.
Proposal 6:  The system information change notification can be sent with paging on the non-anchor carrier.
Proposal 7:  Support the transmission of Direct Indication information on the non-anchor carrier.
Proposal 8:  Send LS to RAN1 about the support of the transmission of Direct Indication information on the non-anchor carrier.
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