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1 Introduction
Enhancements to NB-IoT WID[1] included Non-Anchor PRB enhancements for NPRACH and paging:
	Non- Anchor PRB enhancements
· Support transmission of NPRACH on a non-anchor NB-IoT PRB [RAN2,RAN4] 

· Support transmission of paging on a non-anchor NB-IoT PRB [RAN2, RAN1,RAN3]


The support for paging on non-anchor carriers requires enhancements so the UE and eNB can synchronize which carriers are available for paging and which carrier will be used.  

In this contribution we take the eMTC principles relating to configuration and carrier selection for paging and propose enhancements to NB-IoT to match those principles.
2 Discussion
2.1 Paging Configuration

Configuration for paging in NB-IoT is provided by the following system information parameters in SIB2 defined in 36.331[2] as:

PCCH-Config-NB-r13 ::=




SEQUENCE {


defaultPagingCycle-r13




ENUMERATED {rf128, rf256, rf512, rf1024},


nB-r13








ENUMERATED {













fourT, twoT, oneT, halfT, quarterT, one8thT,













one16thT, one32ndT, one64thT,












one128thT, one256thT, one512thT, one1024thT,












spare3, spare2, spare1},

npdcch-NumRepetitionPaging-r13


ENUMERATED {












r1, r2, r4, r8, r16, r32, r64, r128, 













r256, r512, r1024, r2048, 













spare4, spare3, spare2, spare1}

}

In eMTC all the Paging Narrowbands share the same configuration for paging cycle, nB and number of repetitions. NB-IoT should follow this principle and apply a common configuration for all its paging carriers.
Proposal 1: The paging configuration is common for all NB-IoT paging carriers.
All the carriers used by a cell are not broadcast in system information, and when a UE is configured to use a specific carrier for downlink and/or uplink it is provided with its carrier frequency, using CarrierFreq-NB.

System information could be extended to include a list of all carriers supported by the cell, however it maybe that not all the carriers will be used for paging. To support paging on non-anchor carriers a list of carriers which are used for paging should be included system information.
Proposal 2: NB-IoT system information includes a list of carriers which can be used for paging.
The existing paging formulas for calculating paging frames and sub-frames in 36.304[3] do not need modifying to support paging on multiple carriers and therefore can be reused, regardless of the carrier used.

Proposal 3: The existing paging frame and subframe calculations in 36.304 are reused.

2.2 Paging Carrier Selection
The UE and eNB need a method to determine which carrier the UE will receive paging on, if supported.
eMTC uses the following formula to determine which Paging Narrowband (PNB) is used to receive paging, which could be reused for NB-IoT paging carrier selection:

PNB = floor(UE_ID/(N*Ns)) mod Nn
NB-IoT can reuse many of the same parameters (eg N, Ns), however Nn is an eMTC specific parameter which is the number of paging narrowbands and is provided in system information.
The number of carriers used for paging in NB-IoT can be subsisted for paging narrowbands (Nn) in the formula.  The number of paging carriers can be determined from system information.  The result of the formula can be used to select a carrier to receive paging on.

Proposal 4: The paging carrier is selected by reusing the PNB formula (PNB = floor(UE_ID(N*Ns)) mod Nn), with Nn representing the number of carriers available for paging. 
In order for the eNB to determine whether the UE supports paging on non-anchor carriers the MME will have to provide the eNB with the UEs ability along with the all the other paging parameters.

A UE can determine whether an eNB supports paging on non-anchor carriers from system information .

3 Conclusion
In this contribution we make the following proposals to support paging in non-anchor carriers:

Proposal 1: The paging configuration is common for all NB-IoT paging carriers.
Proposal 2: NB-IoT system information includes a list of carriers which can be used for paging.

Proposal 3: The existing paging frame and subframe calculations in 36.304 are reused.

Proposal 4: The paging carrier is selected by reusing the PNB formula (PNB = floor(UE_ID(N*Ns)) mod Nn), with Nn representing the number of carriers available for paging. 
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