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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 object of non-anchor PRB enhancements is to support transmission of paging on a non-anchor NB-IoT PRB. In this contribution, we give our consideration on paging support on a non-anchor carrier. 
2 Discussion

In R13 NB-IoT, a UE only receives paging on the camped anchor carrier, if we want to introduce paging on a non-anchor carrier, we may need to consider the following issues:

(1) Which carrier(s) is used by the eNB for paging transmission?

(2) Which carrier is used by the UE for paging reception?
2.1 Which carrier(s) is used by the eNB for paging transmission
The purposes of supporting paging on a non-anchor carrier are both to increase the paging capability of the NB-IoT system and to balance the paging load on anchor carrier. We think it is similar to the consideration in eMTC. So let’s review the paging transmission in R13 eMTC firstly. In eMTC, one or more narrowbands can be configured by the system for paging transmission based on e.g. paging load of the system. The eNB configures the paging narrowbands by configuring the number of paging narrowbands, and transmits paging on the corresponding configured paging narrowbands [2].
PCCH-Config-v1310 ::=



SEQUENCE {


paging-narrowBands-r13



INTEGER (1..maxAvailNarrowBands-r13),


mpdcch-NumRepetition-Paging-r13

ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128, r256},


nB-v1310






ENUMERATED {one64thT, one128thT, one256thT}



















OPTIONAL
-- Need OR
}

We think the same concept can be reused for eNB-IoT. In eNB-IoT, the system can also configure one or more non-anchor carriers for paging transmission according to the paging load of the system. 
Furthermore, the system can decide whether to use both anchor carrier and non-anchor carrier as paging carrier, or just use non-anchor carriers as paging carrier to further enlarge the available resource on anchor carrier. Considering that the common signalling (e.g., PSS/SSS, system information) are transmitted on the anchor carrier, the left available resource on anchor carrier is much less than that on non-anchor carrier. In some case, eNB may want the non-anchor carrier(s) to bear more paging load than the anchor carrier. This can also be implemented by configuring different PCCH configuration for anchor and non-anchor carrier.
Proposal 1:  one or more non-anchor carriers can be configured for paging transmission which is similar to that in eMTC.
2.2 Which carrier is used by the UE for paging reception?

When more than one carrier is configured by the eNB for paging transmission, one issue is which carrier is used by a UE for paging reception. In R13 eMTC, the same issue had also been discussed that how to distribute the UEs among different paging narrowbands in order to guarantee the uniform UE distribution on the configured multiple narrowbands. A straightforward way adopted in eMTC is to use UE_ID for paging narrowband determination as below [3].
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 16384, if P-RNTI is monitored on MPDCCH.

This method is an efficient way to distribute UEs evenly among the configured paging narrowbands.We believe that this way can also be reused in NB-IOT for UE to determine which carrier is used to receive paging message when multiple carriers are configured, and probably with minor modification if needed.
Proposal 2:  A UE selects one carrier for paging reception when multiple non-anchor carriers are configured for paging.

Besides, for an eNB-IoT UE in idle, it camps on an anchor carrier that transmits PSS/SSS/PBCH/SIB-NB. During the UE’s paging occasion, it turns to the selected paging carrier to detect the paging message as the eMTC UE does.  After that, the UE can go back to keep camping on the previous anchor carrier, or perform RA on a RA supporting carrier to establish a RRC connection if its UE_ID is included in the paging.
Proposal 3: An idle UE camps on an anchor carrier can turn to a selected non-anchor carrier to receive paging.

According to the discussion above, we think it is similar situation for paging on non-anchor carrier(s) in eNB-IoT to that in R13 eMTC, therefore we propose
 Proposal 4: Paging on multiple narrowbands in R13 eMTC is used as a baseline when RAN2 discusses paging on non-anchor carriers.

3 Conclusion 

In this contribution, we discuss the following 2 issues for supporting paging on non-anchor carriers:

(1) Which carrier(s) is used by eNB for paging transmission?

(2) Which carrier is used by UE for paging reception?
Based on the discussion we have the following proposal: 
Proposal 1:  One or more non-anchor carriers can be configured for paging transmission which is similar to that in eMTC.
Proposal 2:  A UE selects one carrier for paging reception when multiple non-anchor carriers are configured for paging.

Proposal 3: An idle UE camps on an anchor carrier can turn to a selected non-anchor carrier to receive paging.
Proposal 4:  Paging on multiple narrowbands in R13 eMTC can be used as a baseline when RAN2 discusses paging on non-anchor carriers.
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