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1 Introduction
A R14 WID enhancements of NB-IoT (eNB-IoT) was approved in RAN#72. In the WID [1], one objective of non-anchor PRB enhancements is to support transmission of paging on a non-anchor NB-IoT PRB. In the last RAN2 meeting, there were following agreements for paging [3]:
1. NB-IoT system information includes a list of carriers which can be used for paging.
2. We assume that the existing paging frame and subframe calculations in 36.304 are reused.
3. The paging procedure for Rel-14 is the same as for Rel-13, i.e. the paging message on NPDSCH is scheduled by NPDCCH.
4. When paging is done on non-anchor carriers both the NPDCCH and the NPDSCH is received on the same non-anchor carrier.

5. In order for the eNB to know if a UE can be paged on a non-anchor carrier some information needs to be provided from the MME as part of the paging message. 
 Also there are following issues to be discussed.
1. Whether to use the existing PNB formula or a modified version, and what modifications to use

2. Support for uneven paging load distribution among anchor/non-anchor carriers.
3. Support for CE-level differentiated paging

4. Is the paging configuration common for all NB-IoT paging carriers?

5. Do we need to handle unfairness wrt some UEs always receiving with higher number of repetition. 

In this contribution, we give our consideration on paging support in eNB-IoT based on some of the above open issues. 
2 Discussion
2.1 Whether to use existing PNB formula or a modified version
In R13 eMTC, multiple paging narrowband can be configured by eNB to balance the paging load. MTC UE determines the paging narrowband using the following formula based on the UE_ID [2].
If P-RNTI is monitored on MPDCCH, the PNB is determined by the following equation:

PNB = floor(UE_ID/(N*Ns)) mod Nn

-
N: min(T,nB)

-
Ns: max(1,nB/T)

-
Nn : number of paging narrowbands provided in system information

-
UE_ID:
IMSI mod 1024, if P-RNTI is monitored on PDCCH.
IMSI mod 4096, if P-RNTI is monitored on NPDCCH.
IMSI mod 16384, if P-RNTI is monitored on MPDCCH.

Considering MTC and NB-IoT use the similar DRX mechanism for paging, and current PNB calculation is also applicable for paging carrier in eNB-IoT, we prefer reusing the current formula for paging carrier determination in eNB-IoT. 
Proposal 1: reuse the PNB formula in R13 eMTC for paging carrier determination in eNB-IoT.
Furthermore, the parameter Nn refers to the number of total paging carriers configured in the paging list in system information. As analysed in the following section 2.2, we think the eNB can decide whether Nn refers to the number of all non-anchor paging carriers, or the number counting in the anchor carrier. 
For UE_ID, as proposed by [4], the range should be extended to take the max number of paging carriers into account. We share the same understanding that current max value of UE_ID 4096 is not large enough, if we further consider that N, Ns and Nn also have extended values compared with those used in eMTC. Thus if we reuse the current paging carrier formula, we need to consider how to extend UE_ID.
Proposal 2: RAN2 is requested to discuss how to extend the UE_ID in paging carrier determination formula.
2.2 Whether to support for uneven paging load among anchor and non-anchor carrier
In one aspect, as the common signalling (e.g., PSS/SSS, system information) are transmitted on the anchor carrier, the remaining resource available on anchor carrier is considered to be much less than that on non-anchor carrier. In another aspect, in R13 NB-IoT, paging is restricted only on anchor carrier, even in R14, there will also be large number of R13 UEs in the network, which lead to heavy paging load on the anchor carrier, especially in the early stage of R14. Therefore, the NW may want the non-anchor carrier(s) to not only share but bear more paging load than the anchor carrier. We think such support of uneven paging load distribution among anchor and non-anchor carrier should be provided in the standardization.
Many companies have proposed solutions for this issue [3]:
A. On/Off indication. The cell indicates (e.g. using a flag in system information) whether the Rel-14 UE can select the anchor carrier for paging. If the indication is present, the UE will include the anchor carrier as one of the carriers in the paging carrier selection formula. Otherwise the UE will only consider the non-anchor carriers. 
B. Weighted distribution between anchor and non-anchor carriers or among all cells. This option allows the cell to assign a fraction of the UEs to one specific carrier. 
In our opinion, though option B is more flexible and can provide finer adjustment for paging load distribution between anchor and non-anchor carriers, option A can also resolve the above issue very well by configuring or not configuring the anchor carrier for paging of R14 UEs. Moreover, option A is simple and easy to go which also has less standardization impact. Therefore, we think option A is good enough if we consider that the requirement of much finer load distribution may not be that strong.
Proposal 3:  option A is used to support the uneven paging load between anchor and non-anchor carriers.
2.3 Whether to support CE-level differentiated paging

Firstly, we agree with the intention to support such scheme, which is obviously beneficial for both the UE power saving and the network resource efficiency. In R13 the eNB has information of the UE paging CE level obtained from the MME, and if we introduce this scheme to eNB-IoT, the eNB can configure a set of paging carriers for each CE level. When transmitting paging, the eNB selects the paging carrier set of the corresponding CE level according to the UE CE level received from MME, then further selects the paging carrier for a UE from the paging carrier set based on the calculation of the formula shown in section 2.1. Correspondingly, the UE also monitors paging on the carrier determined by its paging CE level and the paging carrier formula.
However this may cause very long paging latency if the UE paging CE level changes due to e.g. UE mobility. In order to guarantee the successful paging delivery, the eNB anyway needs to send paging on paging carriers of all possible CE level, as the eNB does not know whether the UE paging CE level is changed or not.

Thus, CE-level based paging differentiation can work more efficiently if status of the paging CE level is synchronized between the UE and the NW. This can work well for no mobility UEs or low mobility UEs.
Proposal 4: RAN2 is requested to discuss whether to support the CE-level differentiated paging.
3 Conclusion 

In this contribution, we discuss some of the open issues for paging in eNB-IoT, based on the discussion we have the following proposal: 
Proposal 1: reuse the PNB formula in R13 eMTC for paging carrier determination in eNB-IoT.
Proposal 2: RAN2 is requested to discuss how to extend the UE_ID in paging carrier determination formula.
Proposal 3:  option A is used to support the uneven paging load between anchor and non-anchor carrier.
Proposal 4: RAN2 is requested to discuss whether to support the CE-level differentiated paging.
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