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1. Introduction
In RAN#69, a new WI called NB-IoT was created [1]. This WI states that NB-IoT will support 3 different modes of operations:
1.	‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers
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
In order to support the larger number of connections, operators maybe allocate more bandwidth to serve MTC UEs, for example: 1 MHz channel bandwidth is allocated. In this condition, how to configure and utilize the frequency resources is considered.
In this contribution, we described the NB-IoT potential configurations as design reference. 
2. Deployment scenarios for NB-IoT
2.1 The typical deployment scenarios based on single NB-IoT carrier
Based on WID descriptions, the following deployment scenarios—stand-alone, in-band and guard-band will be supported.

For stand-alone operation, the system can utilize re-farmed GSM carrier(s), and according to capacity requirement, one or more carriers can be deployed. For stand-alone, more power can be supported, so that 20dB+ coverage enhancement can be achieved.
For in-band operation, the system can utilize resource blocks within an LTE carrier. Based on the RAN1#82bis conclusion, the maximum values for power boosting can be 6dB if one LTE PRB is used or 6dB in one PRB and 3 dB in other PRBs if more than one LTE PRB is used, within a 10MHz system bandwidth. Whether 6dB can be applied is up to RAN4’s conclusion, if maximum value of power boosting is 3dB (the effective transmission power is 32dBm), 20dB coverage enhancement (CE) for in-band may be too hard to be realized, because the design target for synchronization channel is that NB-PSS can satisfy 20dB CE under the condition of 35dBm transmission power, the possible way is to relax the related requirements.
For guard-band operation, the system can utilize the unused frequency resources within a LTE carrier’s guard-band. Such deployments can have the following advantages compared to in-band deployments:
1) Can fully utilize the reserved resources to increase the business value of a spectrum license
2) More transmit power can used, for example: DL transmit power of 38dBm or 35dBm for separate PA. For this power boosting level, the CE target is easier to be achieved. 

2.2 The typical deployment scenarios based on multiple NB-IoT carriers
In order to support larger number of connections, the straightforward method is to allocate multiple NB-IoT carriers and each carrier can work independently. But the drawbacks are obvious which include: 
1) The overhead of common channels is larger.
2) For some carriers, it is difficult to achieve 20dB CE.
In order to overcome the above concerns, we give the following solutions. 
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Figure 1: in-band and guard-band combination configuration (primary can also be inband or standalone)
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Figure 2: standalone and standalone combination configuration 

The main characteristics of the multiple NB-IoT carrier solution are as the follows:
· NB-PSS/SSS & NB-PBCH/SIB are only located in the primary NB-IoT carrier 
· Primary carrier may have a larger power boosting than secondary carrier(s) to meet the requirements of coverage enhancement.
· 35%~40% NB-IoT common control channel overhead only exists in primary carrier [3].
· More resources in secondary carrier(s) for data transmission, i.e. significant latency decrease for cell-edge UE NB-PDSCH is expected, and thus less UE power consumption due to longer sleeping interval.
· Primary carrier can support UEs with larger coverage enhancement requirements and secondary carrier(s) can support UEs with smaller CE requirements, and thus less UE power consumption due to shorter transmission time.
· Frequency switching between the carriers (primary and secondary) maybe employed to improve the data transmission and receiving performance. 
· Flexible and online system capacity planning by turning on or off one or some of the Secondary carriers according to cell utilization.

In order to make multiple NB-IoT carrier system work well, eNB and UE should exchange the related information. Firstly, UE search N-PSS/SSS and obtain the corresponding information such as whether UE is located in in-band or guard band etc. Then UE will receive MIB or SIB and obtain secondary carrier information.  To support inter-carrier hopping (switching), For NB-PDCCH, eNB will inform UE the potential NB-IoT carrier that the CSS located on by SIB, and then UE can determine the CSS location by UE identity or other information implicitly for paging channel, for RAR,CSS location can be inferred by preamble etc. For USS, NB-IoT carrier information can be informed by RAR etc. For data channel, DCI can carry the NB-IoT carrier information. This has some similarities to eMTC designs, which could be re-used where appropriate.

Observation 1: When an operator is able to provision more than one NB-IoT carrier, UE support for multiple NB-IoT carrier operation allows more efficient control channel deployment than single NB-IoT carrier operation.
Observation 2: Support for multiple NB-IoT carrier operation could reduce latency and improve UE power consumption.

The possible multiple NB-IoT carrier combinations include:
· In-band + guard-band
· In-band + in-band etc.
In general, common channels can be located in NB-IoT carrier with more power or with less interference to legacy LTE. For example, for in-band + in-band, the values of power boosting are 6dB and 3dB respectively, common channels can be configured in primary NB-IoT carrier with 6dB power boosting. If in-band carrier cannot support 6dB power boosting, maybe in-band+ guard-band is a reasonable solution
Support for multiple NB-IoT carrier operation would be optional for the UE, so that IoT devices can be optimized for cost according to their application.





3. Conclusions
This contribution described the potential multi-carrier NB-IoT schemes, these schemes can bring the corresponding benefits compared to the straightforward superposition schemes:
· 35%~40% overhead saving 
· ~40% latency decrease
· Flexible and online system capacity planning
We make the following observations and proposal:
Observation 1: When an operator is able to provision more than one NB-IoT carrier, UE support for multiple NB-IoT carrier operation allows more efficient control channel deployment than single NB-IoT carrier operation.
Observation 2: Support for multiple NB-IoT carrier operation could reduce latency and improve UE power consumption.
Proposal 1: NB-IoT should include support for multiple NB-IoT carrier deployment scenarios.
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