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1	Introduction
RAN#72 meeting has approved the Rel-14 Work Item proposal on NB-IoT enhancements [1]. And one of the objectives is to enhance non-anchor PRB operation beyond Rel-13 NB-IoT, shown as below.
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]

In this contribution, we provide our understanding on potential enhancements of RA and paging procedures over non-anchor PRB.
2	Discussion
Support transmission of NPRACH on a non-anchor NB-IoT PRB:
In Rel-13 NB-IoT, non-anchor PRB can be configured to the connected mode UE and data transmission can then be done over the non-anchor PRB. However, whenever RA procedure is triggered, e.g. upon UL sync loss or requesting UL grant, RA has to be initiated on the anchor PRB, although after RA completion UE can automatically return to the non-anchor PRB for data transmission. This would easily cause overload to the anchor PRB considering a large number of NB-IoT UEs. 
Observation 1: large number of connected mode UEs may cause RA overload to the anchor PRB.
Another major contribution to the anchor PRB’s RA load comes from idle mode UEs. In Rel-13, all idle mode NB-IoT UEs camp on the anchor PRBs of cells. In case when RRC connection is needed upon NAS request, e.g. for data transmission, UEs always access to the network by transmitting random preambles via the anchor PRB. It would be challenging to accommodate potential connection setups from some many idle mode UEs, with such limited RA resources within the anchor PRB. 
Observation 2: large number of idle mode UEs would cause RA overload to the anchor PRBs in case of simultaneous access.
With above observations, it would be rather motivated to consider enhancing NPRACH transmission over non-anchor PRBs for both idle mode and connected mode UEs, in the Rel-14 NB-IoT enhancement WI.
Proposal 1: RAN2 to consider enhancing NPRACH transmission over non-anchor PRBs for both idle mode and connected mode UEs.
To enable NPRACH transmission over non-anchor PRBs, first of all, NPRACH resources over non-anchor PRBs have to be provided to the UEs. From signalling’s perspective, both SIB broadcasting and dedicated RRC signalling are feasible. Broadcasting non-anchor PRB(s)’ NPRACH resources from anchor PRB’s SIB can make IDLE mode and CONNECTED mode UEs be aware of which non-anchor PRBs can be used for RA transmission and how RA transmission can be done there, while dedicated RRC signalling can further configure, on a per-UE basis, which PRB is used for RA transmission (note that considering also the Rel-13 scheme, eNB can configure either anchor PRB or a non-anchor PRB for a CONNECTED mode UE to perform RA transmission).
In case when SIB or dedicated RRC signalling provides multiple non-anchor PRBs’ NPRACH resources, it can be either up to UE’s implementation or based on a predefined pattern on selecting which non-anchor PRB to perform RA, or UE can select non-anchor PRB according to further information, e.g. priority information, that network can provide together with the non-anchor PRB list. 
Proposal 2: NPRACH resources over non-anchor PRBs are provided to the UE via SIB broadcasting and dedicated RRC signalling.
Support transmission of paging on a non-anchor NB-IoT PRB:
In Rel-13 NB-IoT, paging can only be transmitted over the anchor PRB, so that UE just needs to monitor the anchor PRB for paging reception. Having paging transmission over non-anchor PRBs can help to relieve the anchor PRB’s paging burden. To enable this new feature, from UE’s perspective, the essential issue is how to indicate which non-anchor PRB is used for paging reception. Note that Rel-13 eMTC has specified the solution of paging eMTC UEs in one Paging Narrowband (PNB) within the system bandwidth and the UE specific PNB is determined by the following formulae using the DRX parameters provided in SIB [2]. 
PNB = floor(UE_ID/(N*Ns)) mod Nn
We understand the similar approach can be used for Rel-14 NB-IoT paging enhancement, e.g. to indicate the non-anchor PRB number.
Proposal 3: eMTC PNB derivation can be taken as the baseline for determining non-anchor PRB for Rel-14 NB-IoT paging. 
3	Conclusions
In this contribution, we analyse the potential enhancements of RA and paging procedure over non-anchor PRBs, and make following proposals:
Proposal 1: RAN2 to consider enhancing NPRACH transmission over non-anchor PRBs for both idle mode and connected mode UEs.
Proposal 2: NPRACH resources over non-anchor PRBs are provided to the UE via SIB broadcasting and dedicated RRC signalling.
Proposal 3: eMTC PNB derivation can be taken as the baseline for determining non-anchor PRB for Rel-14 NB-IoT paging. 
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