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1. Introduction
In RAN#72 a new work item (WI) named enhancements of NB-IoT  [1] was introduced. The objectives of the WI include the support of positioning, multicast, non-anchor PRB enhancements, mobility and new power classes. In RAN1#86 the following agreement was reached:
Agreements:
· For paging: 
· For a Rel-14 NB-IoT UE, both anchor and non-anchor PRB can be selected as the paging PRB 
· A Rel-14 UE chooses the PRB based on UE_ID
· Paging message on NPDSCH is scheduled by NPDCCH on the same PRB.

In this document we provide our views on the support of paging in non-anchor PRBs.

2. Support of paging in non-anchor PRBs
Supporting paging transmission in non-anchor PRBs result in an increase of the paging capacity for a particular in-band deployment. For example, adding one more PRB for paging doubles (or even more, if we remove the overhead of SIBs/NPSS/NSSS/MIB) the amount of UEs that can be paged in a particular time instant. One of the main design aspects to effectively support paging is how to distribute the UEs across the different PRBs, and how to manage the paging resources in the most efficient way.
Unlike eMTC (which also supports paging in multiple narrowbands), one particular characteristic of NB-IoT is that a subset of UEs can only be paged in the anchor PRB (Rel-13 UEs), while the rest of them may be paged in anchor and non-anchor PRB (Rel-14 and beyond UEs). In general, it is desirable to have similar loading in all the paging PRBs to try to avoid blocking issues.
Observation 1: It is desirable to uniformly spread the UEs across the different paging PRBs to avoid blocking issues.
The fact that some UEs are only pageable in the anchor PRB introduces some additional difficulties that should be resolved. Consider the following example:
· There are 50% of Rel-13 UE, and 50% of Rel-14 UE in a particular cell.
· The network configures 2 PRB for paging (anchor + 1 non-anchor).
· If the PRB is selected following a similar scheme as eMTC, this would be the paging load
· All the Rel-13 UE are paged in the anchor PRB
· Of the Rel-14 UE, half of them are paged in the anchor, the other half in the non anchor
· The resulting load is:
· 75% of UEs are paged in anchor
· 25% are paged in non-anchor
Observation 2: Due to Rel-13 UEs being paged only in anchor PRB, the loading distribution among PRBs can be uneven.
There are some examples where this difference can be even higher. For example, if a cell is operating near its paging capacity with only Rel-13 users, it would be desirable to have all the Rel-14 users being paged in a non-anchor PRB. In the opposite case, e.g. 25% of Rel-13 UEs, 75% of Rel-14 UEs, it would be desirable to move 1/3 of the Rel-14 UEs to the anchor PRB such that the final distribution is uniform. In general, a way to uniformly spread the total number of UEs in the cell across the different PRBs is to distribute Rel-14 UEs in a non-uniform way among anchor and non-anchor PRBs.
Proposal 2: Introduce a mechanism to distribute Rel-14 UEs in a non-uniform way across anchor and non-anchor PRBs.
One possible mechanism to enable this non-uniform distribution is as follows:
· In SIB, when enumerating the PRBs used for paging, assign a weight to all of them. For example, consider that two PRBs are available for paging:
· Anchor PRB: weight 1
· Non anchor PRB: weight 2
· From these weights, we generate a set of virtual PRBs, where each PRB has associated as many VRB as its weight indicates
· VRB0 : Anchor PRB
· VRB1: Non-anchor PRB
· VRB2: Non-anchor PRB
· The UE selects uniformly among the VRB (based on a formula similar to the one in eMTC), and then monitors paging in the corresponding PRB. This results in:
· 1/3 of the Rel-14 UEs being paged in the anchor PRB
· 2/3 of the Rel-14 UEs being paged in the non-anchor PRB
With this simple implementation (that requires the signalling of one additional weight for each PRB, which should be negligible), the network has the flexibility to distribute UEs among different narrowbands depending on the expected load of UEs from different releases. Additionally, if the load of UEs changes over time, the network can change this value and/or add additional PRBs to accommodate the new UEs.
3. Summary
Observation 1: It is desirable to uniformly spread the UEs across the different paging PRBs to avoid blocking issues.
Observation 2: Due to Rel-13 UEs being paged only in anchor PRB, the loading distribution among PRBs can be uneven.
Proposal 1: Introduce a mechanism to distribute Rel-14 UEs in a non-uniform way across anchor and non-anchor PRBs.
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