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1 Introduction
In R13, the concept of multi-carrier cell was proposed and the bandwidth of each carrier is 200 kHz. Only one carrier can transmit NPSS, NSSS and NPBCH, which called anchor carrier. The other carrier called non-anchor carrier, which only transmit data.  Paging is limited to transmit on anchor carrier in R13. 
Because anchor carrier is also used for NPSS, NSSS and NPBCH, it will have an influence on paging capacity and it cannot meet the demand of the rapid growth of the number of terminals. In RAN #72 meeting, supporting transmission of paging on non-anchor NB-IoT carrier is put forward. 
In this contribution, we will discuss some considerations for paging on non-anchor carrier from RAN2 perspective.
2 Discussion
To obtain more resource for paging, non-anchor carrier is supported to transmit paging in RAN #72 meeting. As the result of non-anchor carrier supported for paging, it not only improves paging capacity but implements load balance of paging. For idle UE, the configuration of non-anchor carrier used for paging should be known by UE. System information broadcasted by eNB may be the most effective way to notify UE of the configuration of non-anchor carrier. The configuration of non-anchor carrier used for paging should at least contain the number of non-anchor carriers for paging and the corresponding frequency of each non-anchor carrier. Also, the index of each carrier may be included to make it convenient for paging carrier selection.
On UE side, after knowing the configuration of non-anchor carrier used for paging, UE can choose paging carrier by an algorithm. On eNB side, it can use the configuration to calculate each UE’s paging carrier by the same algorithm.
Proposal 1: The configuration of non-anchor carriers used for paging can be transmitted by system information.
In eMTC, multiple narrowband for paging is supported. A UE’s narrowband for paging is defined by the following formula:
PNB = floor (UE_ID/ (N*Ns)) mod Nn
Where, One Paging Narrowband (PNB) is one narrowband, on which the UE performs the paging message reception. Nn is the total number of narrowband for paging. 

In eMTC, the maximum of N*Ns is 1024 and UE_ID is defined by the following equation: UE_ID=IMSI mod 16*1024, where the number of narrowband is 16. But in NB-IoT, if the number of paging carrier is more than 4, UE_ID defined in eMTC can’t be used for NB-IoT directly and should consider to be expanded as the maximum of N*Ns is 4096 in NB-IoT. Therefore, UE_ID should be expanded based on the maximum of N*Ns and the number of paging carrier in NB-IoT. 
Proposal 2: In the algorithm for determining the paging carrier, UE_ID should be expanded based on the maximum of N*Ns and the total number of carrier for paging.
For NB-IoT UE, non-anchor carrier is supported for paging in R14. Therefore, the parameter Nn maybe contain non-anchor carrier and anchor carrier or only contain non-anchor carrier.  If it only contains non-anchor carrier, R14 UE will all use non-anchor carrier for paging. It’s convenient for resource management as R14 UE have the same ability and the same feature. But, considering the number of R13 UE may gradually decrease, it will make anchor carrier underutilized if anchor carrier can only be used by R13 UE. Therefore, the parameter Nn should be configurable according to the actual deployment. For example, system information can be used to indicate whether the set of carriers for paging contains anchor carrier or not. 
Proposal 3: system information can be used to indicate whether the set of carriers for paging contains anchor carrier or not.
If the parameter in the formula of paging carrier selection has the fixed value, UE will always select a fixed carrier for paging. If it happens, the paging load of each carrier is constant for long time scales. It may cause paging load unbalanced because of the unequal paging load of each UE or unequal UE number of each carrier. But, if the paging carrier selected by UE can be variational in the respect of time-domain, the paging load of each carrier will be more balanced for long time scales. Therefore, UE should be distributed among the carriers from a perspective of time-domain in order to make the paging load of each carrier more uniform. 
Proposal 4: To make paging load more evenly distributed among the carriers, time-domain factor can be considered in the formula of carrier selection for paging.
As the non-anchor carrier for paging supported in NB-IoT, idle UE may choose non-anchor carrier or anchor carrier to reside on. If idle UE resides on anchor carrier and late the UE selects non-anchor carrier for paging, the UE needs to turn to non-anchor carrier to receive paging message when one paging occasion comes. Receiving system information and measurement for cell reselection still perform on anchor carrier. In this way, limited modification of the existing protocol will be needed. But considering the frequency of paging is higher than that of the modification of system information, it may cause much energy consumption since the UE needs to move between non-anchor carrier and anchor carrier frequently.

Observation1: If idle UE resides on anchor carrier, multi-carrier paging will be realized with limited modification of the existing protocol, but at a cost of more energy consumption.

If idle UE resides on non-anchor carrier, receiving paging message and making the measurement for cell reselection will occur on non-anchor carrier. UE only needs to turn to anchor carrier to receive system information. UE executes intra-frequency measurements and inter-frequency measurements on non-anchor carrier. IntraFreqNeighCellList and interFreqCarrierFreqList are measuring object for cell reselection, which are received from system information on anchor carrier. As receiving paging message and doing measurement for cell reselection are both on non-anchor carrier, energy consumption that caused by moving between non-anchor carrier and anchor carrier will be reduced.
Observation2:  If idle UE resides on non-anchor carrier, energy consumption that caused by the moving between non-anchor carrier and anchor carrier will be reduced.
Proposal 5:  For multi-carrier paging, letting idle UE reside on non-anchor carrier may be a suitable way for energy saving.
As multi-carrier paging supported in NB-IoT, UE and eNB can get the information of carrier used for paging by a formula. Before eNB determines the paging carrier of each UE, eNB should know the UE whether to have the ability of supporting non-anchor carrier paging. If the UE doesn’t support non-anchor carrier paging, eNB will transmit paging on anchor carrier directly, otherwise eNB shall calculate the paging carrier of the UE among multi carriers and then transmit paging on it. 
UE can report the ability of supporting non-anchor carrier paging to eNB and then eNB delivers it to MME. The ability of each UE will be contained in paging when MME transmits paging to eNB. UE can also deliver its ability to MME directly by NAS message.
Proposal 6：UE should report the ability of supporting non-anchor carrier paging to network.
3 Conclusion

Based on the discussion above, for the paging of NB-IoT, we have the following observations and proposals:

Proposal 1: The configuration of non-anchor carriers used for paging can be transmitted by system information.

Proposal 2: In the algorithm for determining the paging carrier, UE_ID should be expanded based on the maximum of N*Ns and the total number of carrier for paging.
Proposal 3: system information can be used to indicate whether the set of carriers for paging contains anchor carrier or not.

Proposal 4: To make paging load more evenly distributed among the carriers, time-domain factor can be considered in the formula of carrier selection for paging.
Observation1: If idle UE resides on anchor carrier, multi-carrier paging will be realized with limited modification of the existing protocol, but at a cost of more energy consumption.

Observation2:  If idle UE resides on non-anchor carrier, energy consumption that caused by the moving between non-anchor carrier and anchor carrier will be reduced.
Proposal 5:  For multi-carrier paging, letting idle UE reside on non-anchor carrier may be a suitable way for energy saving.
Proposal 6：UE should report the ability of supporting non-anchor carrier paging to network.
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