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[bookmark: _Ref409106980]Introduction
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 this contribution, we discuss the support for utilizing multiple LTE PRBs for serving NB-IoT traffic. A solution with minimum specification impact is suggested.
Multiple PRBs for NB-IoT
Figure 1 illustrates the in-band operation of NB-IoT, in which one LTE PRB is used for serving NB-IoT. A scheduling solution for NB-PDSCH is described in [3] and shown in Figure 2. NB-PDCCH carries a scheduling command, which indicates the uplink and downlink resources allocated to the scheduled UE. If no support of multiple NB-IoT PRBs is provided, the downlink and uplink resources are implicitly assumed to be within the same PRB as NB-PDCCH.
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. An example of using multiple PRBs for NB-IoT operation is shown in Figure 3. The additional NB-IoT PRBs, when made available, may have exactly the same resource mapping as the NB-IoT deployed using PRB index k, as far as NB-PDSCH is concerned. This may simplify UE implementation as the rate matching is the same on all NB-IoT PRBs.
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[bookmark: _Ref439851700]Figure 1: NB-IoT deployed inside a normal LTE carrier (in-band operation). 


[bookmark: _Ref439852367]Figure 2: Downlink and uplink scheduling for NB-IoT.
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[bookmark: _Ref439854450]Figure 3: Using multiple PRBs for NB-IoT in-band operation.

However, most of the UEs may not be aware of the additional PRBs available for serving NB-IoT, and will continue to camp on PRB k. In fact, for the consideration of minimizing UE power consumption, UE should not need to search for NB-IoT on a different PRB if it does not experience a persistent service outage. Thus, a likely scenario is that most of the UEs continue to get scheduling command via NB-PDCCH on PRB k. However, the scheduler can allocate the radio resources available on the additional PRBs to the NB-PDSCH for the scheduled UE. For facilitate this, the DCI needs to include a PRB index to point to scheduled resources in another PRB. The PRB index may be an offset value relative to the PRB carrying the DCI. For example, according to Figure 3, the PRB index is either i or j. Since all the NB-IoT PRBs share the same resource mapping for NB-PDSCH, the exact radio resources available for NB-PDSCH are identical in PRBs k, k+i, and k+j. There is no additional complication in terms of rate-matching. From the UE perspective, it simply needs to able to retune to a different PRB for NB-PDSCH reception after detecting a DCI with a non-zero PRB index.
Proposal 1: NB-IoT DCI includes a PRB index to point to scheduled resources in another PRB.
Proposal 2: NB-IoT UE can retune to a different PRB for NB-PDSCH reception after detecting a DCI with a non-zero PRB index.
To reduce the number of bits needed to signal the PRB index, a list of possible PRB indexes may be defined in a system information block.
Proposal 3: A list of possible PRB indexes is provided in a system information block.
Conclusions
In this contribution, we have discussed mechanisms needed for supporting NB-IoT inband operation with multiple PRBs. We make the below proposals.
Proposal 1: NB-IoT DCI includes a PRB index to point to scheduled resources in another PRB.
Proposal 2: NB-IoT UE can retune to a different PRB for NB-PDSCH reception after detecting a DCI with a non-zero PRB index.
Proposal 3: A list of possible PRB indexes is provided in a system information block.
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