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1. Introduction 
In RAN1 Ad-Hoc on NB-IoT [1], we agreed the following:
· Multiple NB-IoT carriers operation for NB-IoT is supported at least for in-band, guard-band operation modes
· FFS: Define one NB-IoT PRB containing NB-PSS/SSS and NB-PBCH as the anchor PRB

· FFS: which PRB is defined as the anchor PRB

· Additional PRBs are configured by MIB and/or SIB and/or RRC signaling
· If more than one PRBs are allocated in the in-band operation, not all of those PRBs need to satisfy 100 kHz channel raster requirements

· FFS: Detailed signaling

· FFS: Stand-alone operation
This contribution discusses some aspects of multi NB-IoT carriers operations.
2. Discussion
In eMTC only one narrowband is used to carry the PSS/SSS and PBCH whilst other narrowbands are used to carry other traffic.  Multi NB-IoT carrier operation can benefit from such arrangement, i.e. by having an anchor carrier contains NB-PSS/SSS and NB-PBCH whilst other PRBs in the system bandwidth can be used to carry other traffic.  Arguments for introducing an anchor carrier:
· Reduced overhead: Only one PRB is needed to carry NB-PSS/SSS and NB-PBCH within a system bandwidth for the UE to sync to the eNB.  NB-PBCH occupies 1 subframe/radio frame whilst NB-PSS and NB-SSS may each occupy 1 subframe per radio frame.  Without considering LTE CRS, LTE Control Regions and SIBs, 30% of resources are already not available for NB-IoT data.  Without an anchor carrier, such overhead would make NB-IoT system highly inefficient
· Interference: NB-PSS/SSS and NB-PBCH are always transmitted regardless of the loading in the NB-IoT carrier.  Furthermore they need to be transmitted at maximum power to reach cell edge.  This would introduce interference to neighbouring cells.  Anchor carrier would reduce such unnecessary interference.
· Available PRBs: If the 100 kHz channel raster step size is used, then only a small subset of PRBs (e.g. 18 PRBs in 20 MHz system bandwidth) can contain NB-PSS/SSS that can be searched by the UE [2].  This limits the available PRBs that can be used for NB-IoT.

· NB-PSS/SSS cannot be used in configured PRB: Since it is agreed that additional NB-IoT PRBs configured by the network does not need to satisfy the 100 kHz channel raster requirement, they cannot be searched by the UE and therefore, there is no benefit in adding NB-PSS/SSS into these configured PRBs.
· Impact to Rel-14 resource utilization: It is argued that anchor carrier can be introduced in Rel-14 NB-IoT.  Without an anchor carrier in Rel-13, Rel-13 NB-IoT UEs would require NB-PSS/SSS & NB-PBCH on PRBs.  In order to support both Rel-13 and Rel-14 NB-IoT UEs in a cell, NB-PSS/SSS & NB-PBCH are required and this would significantly impact the efficiency in resource utilization for Rel-14 NB-IoT system.
Therefore, anchor carrier should be introduced in Rel-13 NB-IoT.
Observation 1: Anchor carrier reduces overhead, reduces inter-cell interference, increases the available PRBs for NB-IoT, remove the need for NB-PSS/SSS for PRB that does not satisfy 100 kHz channel raster and avoid impacting Rel-14 resource utilization.

Proposal 1: Define one NB-IoT PRB containing NB-PSS/SSS and NB-PBCH as the anchor PRB in Rel-13.

It is agreed that additional NB-IoT PRBs are configured by higher layers such as in the MIB, SIB and RRC signaling.  The MIB can schedule SIB1, which can indicate the PRB index used for SIB1 in addition to the repetition and TBS.  In [3], it is argued that SIB1 can share the same PRB with NB-PBCH and therefore avoid the need to schedule SIB1 PRB.

Since SIB1 schedules the SI, this can include the downlink PRB of the SI.  SIB2 which configure PRACH resources can indicate the pair of PRBs (uplink and downlink) for the RACH process, e.g. uplink PRB containing PRACH resources & for Msg 3 transmission and downlink PRB for RAR, Msg 4 and NB-PDCCH for Msg3 ReTx & Msg 4.  Multiple pairs of PRB can be configured, e.g. different pair for different coverage level.  Msg 4 or further RRC signaling may configure the UE to operate in another pair of uplink & downlink PRBs.  
Proposal 2: Additional PRBs for NB-IoT are configured by SIB (SIB1 and SIB2) and RRC signaling.  MIB is not used to configure additional NB-IoT PRBs.
· SIB1 configures DL PRB for SI

· SIB2 configures pair(s) of UL/DL PRBs for RACH.  These pairs of PRBs can also be used for unicast.

· RRC signaling (including Msg 4) reconfigure pair of UL/DL PRBs for unicast.
In eMTC the UE monitors different narrowband for their paging based on their UE ID in idle mode.  This allows the eNB to spread the paging load in frequency.  The PRB used for paging would need to be defined, which can be same as those for the RACH process (RAR, NB-PDCCH for Msg 3 ReTx & Msg 4).  However, due to the limited time left in the WI, for Rel-13 NB-IoT, the UE can reside in the anchor carrier to monitor its paging during idle mode.  

Proposal 3: For Rel-13 NB-IoT, the UE monitors its paging in the anchor carrier during idle mode.

Frequency hopping may provide some frequency diversity gain.  The PRBs that are used for frequency hopping and the frequency hopping pattern needs to be defined.  However, due to the limited time left in the WI, for Rel-13 NB-IoT, frequency hopping is not supported.  It was argued that frequency hopping is introduced in Rel-13 for common channels such as SIBs to reduce number of repetitions.  It should be appreciated that the SIB can be contained in a PRB where power boosting of up to 6 dB [4] can be employed (which is equal or more than the gain offered by frequency hopping) if additional gain is required.
Observation 2: If additional gain is required on PRB containing SIB, power boosting can be used rather than frequency hopping. 

Proposal 4: Frequency hopping between different PRBs is not supported in Rel-13 NB-IoT.

For Rel-13 NB-IoT, inter NB-IoT PRB measurement such as CSI or RSRP is not required.  It is sufficient for the UE to only provide measurement report (if configured) for the PRB that it is configured to operate.  It should be noted that the UE does not even need to be aware of which PRB in the system bandwidth can be used for NB-IoT.

Observation 3: The UE does not need to be aware of other PRBs within the system bandwidth that are used for NB-IoT.

Proposal 5: Inter NB-IoT PRB measurement is not supported in Rel-13 NB-IoT.

3. Conclusion

In this contribution we discuss some considerations for NB-PBCH.  We have the following observations:
Observation 1: Anchor carrier reduces overhead, reduces inter-cell interference, increases the available PRBs for NB-IoT, remove the need for NB-PSS/SSS for PRB that does not satisfy 100 kHz channel raster and avoid impacting Rel-14 resource utilization.

Observation 2: If additional gain is required on PRB containing SIB, power boosting can be used rather than frequency hopping.
Observation 3: The UE does not need to be aware of other PRBs within the system bandwidth that are used for NB-IoT.

We propose the following:

Proposal 1: Define one NB-IoT PRB containing NB-PSS/SSS and NB-PBCH as the anchor PRB in Rel-13.

Proposal 2: Additional PRBs for NB-IoT are configured by SIB (SIB1 and SIB2) and RRC signaling.  MIB is not used to configure additional NB-IoT PRBs.
· SIB1 configures DL PRB for SI

· SIB2 configures pair(s) of UL/DL PRBs for RACH.  These pairs of PRBs can also be used for unicast.

· RRC signaling (including Msg 4) reconfigure pair of UL/DL PRBs for unicast.
Proposal 3: For Rel-13 NB-IoT, the UE monitors its paging in the anchor carrier during idle mode.

Proposal 4: Frequency hopping between different PRBs is not supported in Rel-13 NB-IoT.
Proposal 5: Inter NB-IoT PRB measurement is not supported in Rel-13 NB-IoT.
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