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1 Introduction
In RAN #72 meeting, R14 NB-IOT WI, supporting transmission of paging on non-anchor NB-IoT carrier is put forward [1]. And in RAN #95bis meeting, the following agreements are made: 
	· The DRX cycle (defaultPagingCycle) is common for all carriers configured for paging.

· The number of NPDCCH repetitions (npdcch-NumRepetitionPaging) is configured per carrier.

· nB is common for all paging carriers.

· Uneven paging load distribution between anchor and non-anchor carriers is supported. Weighted distribution between all carriers (Option d)
· CE level based carrier selection (i.e. where the UE selects paging carrier based on its current CE level) is not supported.



In this contribution, we will discuss the remaining issues for paging on non-anchor carrier from RAN2 perspective.
2 Discussion
2.1 Paging Configuration

In NB-IoT, the anchor carrier is used for NPSS/NSSS/NPBCH/SIB-NB transmission while the non-anchor carrier is not. The difference of paging capacity between anchor carrier and non-anchor carrier is apparent as NPSS/NSSS/NPBCH/SIB-NB transmission consumes a large part of the downlink resources of anchor carrier. Therefore, anchor carrier and non-anchor carriers should be configured with different weight factors of paging. In addition, there has the need for different npdcch-NumRepetitionPaging as power boosting difference exists between anchor carrier and non-anchor carriers. If there has power boosting for non-anchor carrier, different non-anchor carriers should also be configured with different npdcch-NumRepetitionPaging and weight factors. Therefore, it’s suggested to configure separately the npdcch-NumRepetitionPaging and weight factor for all carriers which can be used for paging based on the consideration for supporting uneven paging load distribution among all available paging carriers.
Maybe not all carriers can be used for paging, so it needs to configure the set of paging carriers. And each paging carrier in the set should be configured with the weight factor, npdcch-NumRepetitionPaging, etc. 
Proposal 1: It is suggested to configure separately the npdcch-NumRepetitionPaging and weight factor for each paging carrier through system information. 
2.2 Carrier Selection 

According to the agreement in last meeting, weighted distribution is a feasible way for uneven paging load distribution among all the available paging carriers. The eNB should set the exact weight factors for the paging carriers with the consideration of characteristic of each paging carrier. The UE can select an appropriate paging carrier with the paging carrier selection formula. With introduction of weight factors, we could have the following paging carrier selection formula: 
	UE-ID-W=floor(IMSI/(N*Ns)) mod W 
Where, 
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If 0<=UE-ID-W < w1 , selecting carrier 1 as paging carrier;
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, selecting carrier i+1 as paging carrier.


However, we notice that, if the IMSIs of the UEs have some special characteristics, it’s possible that all the UEs will choose the same carrier. If it happens, the expected uneven paging load distribution can’t be achieved. It will cause unexpected paging overload on some paging carriers. If the selected carrier always has less boosted power, the UE will further suffer from increased paging latency and increased battery consumption. 
Observation1: Weight factors may not take effect for uneven paging load distribution in the case the IMSIs of the UEs have some special characteristics.

To solve above mentioned problem, we think that introducing time factor related to paging occasion is feasible (i.e. SFN or H-SFN). The time factor can be combined with IMSI for the paging carrier selection. Then Different paging carrier may be selected from all the available paging carriers in different paging cycle with the expected possibility according to the weight factors. Uneven paging load distribution can be really achieved. 

Proposal 2: It’s proposed to introduce both weight factor and time factor into paging carrier selection formula as following:
	UE-ID-T =floor(IMSI/(N*Ns)+A) mod W 
 Where , A=SFN or H-SFN, 
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, selecting carrier i+1 as paging carrier.


2.3 Camping Carrier

As the non-anchor carrier for paging supported in NB-IoT, idle UE may choose non-anchor carrier or anchor carrier to camp on. If idle UE camps on anchor carrier and then it 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 UE power consumption since the UE needs to move between non-anchor carrier and anchor carrier frequently.

Observation2: If idle UE camps on anchor carrier and then goes to a non-anchor carrier to receive paging, it may cause much UE power consumption since the UE needs to move between non-anchor carrier and anchor carrier frequently.
If idle UE camps on paging carrier (non-anchor carrier), UE only needs to turn back to anchor carrier to receive system information if it gets the change notification of SIBs. The UE power consumption will be reduced. Moreover, if NRS is transmitted on non-anchor carrier, UE can execute measurement on non-anchor carrier. The measurement results for non-anchor carriers would be more accurate than the estimated ones which are deduced from measurements on anchor carrier. 
Proposal 3: Considering power consumption and the possibility of NRS transmitted on non-anchor carrier, it’s proposed that the UE camps on paging carrier (non-anchor carrier).
3 Conclusion

Based on the analysis, we have the following observations and proposals:
Observation1: Weight factors may not take effect for uneven paging load distribution in the case the IMSIs of the UEs have some special characteristics.
Observation2: If idle UE camps on anchor carrier and then goes to a non-anchor carrier to receive paging, it may cause much UE power consumption since the UE needs to move between non-anchor carrier and anchor carrier frequently.
Proposal 1: It is suggested to configure separately the npdcch-NumRepetitionPaging and weight factor for each paging carrier through system information.
Proposal 2: It’s proposed to introduce both weight factor and time factor into paging carrier selection formula as following:
	UE-ID-T =floor(IMSI/(N*Ns)+A) mod W 
 Where , A=SFN or H-SFN, 
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Proposal 3: Considering power consumption and the possibility of NRS transmitted on non-anchor carrier, it’s proposed that the UE camps on paging carrier (non-anchor carrier).
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