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At RAN#69, a new work item named NarrowBand IOT (NB-IoT) was approved, see [1]. The objective is to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. At RAN#70, a revised work item description was approved, see [2].
NB-IOT should support 3 different modes of operation: 
1. “Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
2. “Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 
3. “In-band operation” utilizing resource blocks within a normal LTE carrier
NB-IoT will support 180 kHz UE RF bandwidth for both downlink and uplink. 
From network perspectives, for the in-band operation it is desirable to be able to allocate multiple PRBs for serving NB-IoT traffic during LTE off-peak hours when the LTE traffic volume is low. This feature may be helpful, for example, when over-the-air firmware updates need to be pushed down to a massive number of devices in a cell.
In RAN1 NB-IoT Ad-Hoc, the following way-forward on the support of multiple NB-IoT carriers was agreed.
· 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
In this contribution, we discuss the support for utilizing multiple LTE PRBs for serving NB-IoT traffic. Solutions with minimum specification impact are considered.
Multiple PRBs for NB-IoT
Figure 1 illustrates the in-band operation of NB-IoT, in which one LTE PRB is used for deploying NB-IoT inside an LTE carrier. During LTE off-peak hours when the LTE traffic volume is low, it is desirable to be able to allocate additional PRBs for serving NB-IoT traffic. For example, over-the-air firmware updates may be pushed down to a massive number of NB-IoT devices in a cell during the middle of the night. Figure 2 illustrates an example where additional PRBs are allocated for NB-IoT operation. Here, all the PRBs allocated for NB-IoT, the original one and the additional ones, are all inband. However in fact, the availability of additional inband PRBs also benefits the guard band operation. As illustrated in Figure 3, NB-IoT guard band operation can benefits from having additional LTE PRBs as capacity booster.
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[bookmark: _Ref439851700]Figure 1: NB-IoT deployed inside a normal LTE carrier (in-band operation). 
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[bookmark: _Ref442275242]Figure 2: Using multiple PRBs for NB-IoT in-band operation.
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[bookmark: _Ref442275755]Figure 3: NB-IoT guard band operation enhanced by using LTE PRBs.
Signalling for supporting multiple NB-IoT carriers
A key aspect of using multiple NB-IoT carriers is load balancing, i.e. how the scheduler redirects traffic from one carrier to another. One important consideration is that the operation of multiple NB-IoT carriers should avoid penalizing the UE battery lifetime. Furthermore, it is highly desirable to have a solution that requires minimum standardization efforts. 
Based on the consideration above, two solutions may be considered for redirecting the UE traffic to another NB-IoT carrier.
Redirection using RRC signalling
With this solution, a UE is paged on the anchor carrier, and subsequently following the regular RRC procedure already defined in LTE, the UE may be redirected to a new NB-IoT carrier for both downlink and uplink traffic. The UE will remain on the redirected carrier during the RRC session. 
Redirection using DCI
[bookmark: _GoBack]With this solution, information about a non-anchor NB-IoT carrier, e.g. information about its PRB number, is provided in a System Information Block (SIB). After acquiring the system information, a UE continues to get scheduling command via NB-PDCCH on the anchor carrier. However, the scheduler can allocate the radio resources available on the additional PRBs to the NB-PDSCH for the scheduled UE. To facilitate this, the DCI needs to include a PRB index to point to scheduled resources in another PRB. The PRB index is one of those defined in the SIB. The PRB index may be an offset value relative to the PRB carrying the DCI. For example, according to Figure 2, the PRB index is either i or j.
Other considerations
Due to lack of periodic CQI reporting, it is unlikely that NB-IoT will be able to adapt MCSs to fast fading. It is also expected that the coupling loss on the multiple NB-IoT carriers to be approximately the same. Thus, we foresee that no additional UE measurement and reporting are required.
Proposal 1: No additional UE measurement and reporting are required for supporting the operation of multiple NB-IoT carriers.

Another issue is whether the new additional NB-IoT carrier carries the NB-IoT synchronization signals (NB-PSS and NB-SSS) and broadcast channel (NB-PBCH). To support both possibilities, the RRC signalling or SIB may include one bit to indicate such.
Proposal 2: Whether an additional PRB used for NB-IoT carries the NB-IoT synchronization signals (NB-PSS and NB-SSS) and broadcast channel (NB-PBCH) is indicated to the UE.
 Conclusions
In this contribution, we have discussed mechanisms that may be used for supporting multiple carrier operation in a NB-IoT cell. Two solutions are considered – (1) RRC based redirection (2) DCI based redirection with additional LTE PRBs that can be used for NB-IoT defined in SIB.
The proposals below apply to both solutions.
Proposal 1: No additional UE measurement and reporting are required for supporting the operation of multiple NB-IoT carriers.
Proposal 2: Whether an additional PRB used for NB-IoT carries the NB-IoT synchronization signals (NB-PSS and NB-SSS) and broadcast channel (NB-PBCH) is indicated to the UE.
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