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1. Introduction

At the 3GPP RAN1 NB-IoT ad-hoc meeting, multiple NB-IoT carriers operation was agreed as follows. 
Agreements:
· 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
There are some remaining issues on how and when to configure the additional NB-IoT carriers. In this contribution, we provide our views on these issues in order to realize multiple NB-IoT-carrier operation.
2. Methods to Utilize Multiple NB-IoT Carriers
In our view, it is up to NW choice regarding whether to deploy a single NB-IoT carrier or multiple NB-IoT carriers per band and/or per eNodeB. However, it is not efficient to deploy simply multiple NB-IoT carriers in the NW since such a deployment of multiple carriers increases the overhead due to the NB-PSS/SSS, NB-PBCH and SIB transmission. This necessitates an efficient support for the additional mechanism to configure the additional NB-IoT carriers where the NB-PSS/SSS, NB-PBCH,SIBs and paging message don’t need to be transmitted. Hence, we assume that additional carriers to be added to the UE don’t contain those signals. 
Below, we focus the discussion on how and when to configure the additional PRB for a UE. Although several methods can be considered, we provide a few options to simplify the discussion. 
· Option 1: Configure additional DL/UL PRB via RRC signaling
· This approach is the most straight-forward and relies on the RRC signaling to configure an additional NB-IoT carrier for a UE. In this option, the handover procedure can be reused and the additional NB-IoT carrier would be available after RRC reconfiguration is completed. 
· Pros: Specification impact would be minimal.
· Cons: The availability of the additional NB-IoT carrier would be later.
· Option 2: Configure additional DL/UL PRB via SIB and Msg. 2 (Fig. 1)
· SIB configures a set of the additional DL/UL NB-IoT carriers. Then, the DL carrier is indicated from the set via the DCI on the search space for RAR while the UL carrier is indicated by the UL grant in the RAR message. For the subsequent procedures such as Msg. 3, 4 and unicast transmissions, the same DL/UL carrier is used.
· Pros: The additional NB-IoT carrier can be used at earlier stage of RACH procedures.
· Cons: Carrier indication field is needed in the DCI for RAR and the UL grant in the RAR message.
Option 1 may be sufficient since this approach allows for enhancement of multiple PRB operations in the future release if any.
Proposal 1: The UE in RRC_CONNECTED is configured with an additional PRB via RRC signaling.
If there are no NB-PBCH and NB-PSS/SSS in the configured PRB, the UE behavior has to be defined as follows. 

Proposal 2: The UE is not expected to receive NB-PBCH, and NB-PSS/SSS in the configured PRB except for the (anchor) NB-IoT carrier for which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions.
There would be some cases when the UE needs to monitor the (anchor) NB-IoT carrier carrying NB-PBCH, and NB-PSS/SSS. The following cases can be considered.

· Case 1: UE is indicated by higher layer singling to read system information and paging. This is applicable to only the UE in RRC_IDLE as in Rel-13 eMTC.
· Case 2: UE is reconfigured by higher layer signaling to return to the NB-IoT carrier carrying NB-PBCH, and NB-PSS/SSS if supported.
· Case 3: Radio link failure happens although it is not clear if any UE behavior needs to be specified.
From the above cases, at least, we can draw the following proposal.
Proposal 3: The UE in the RRC_IDLE monitors the NB-IoT carrier for which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions.
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Figure 1 – Example of Option 2.

There are a few open issues regarding the operation scenarios to be resolved. The first issue is whether or not to support the above mechanism for the stand-alone operation. We don’t see a strong reason not to support the same mechanism for the stand-alone operation. The second issue is whether the NB-IoT carrier in the guard-band can be configured by the NB-IoT carrier in in-band operation or vice versa. If such a configuration is allowed, the configuration should be included in the RRC signaling.
Proposal 4: Support multiple NB-IoT carriers for stand-alone operation unless the issues are identified.
Proposal 5: Clarify whether the additional NB-IoT carriers in an operation (e.g., guard-band operation) can be configured by a NB-IoT carrier in the different operation mode (e.g., in-band operation).
3. Conclusion
In this contribution, we provided our views on how to and when to enable multiple PRB operations. In order to realize the multiple NB-IoT carriers operation, we discussed the remaining issues and make the following observations and proposals.
Proposal 1: The UE in RRC_CONNECTED is configured with an additional PRB via RRC signaling.
Proposal 2: The UE is not expected to receive NB-PBCH, and NB-PSS/SSS in the configured PRB except for the (anchor) NB-IoT carrier for which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions.
Proposal 3: The UE in the RRC_IDLE monitors the NB-IoT carrier for which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions.
Proposal 4: Support multiple NB-IoT carriers for stand-alone operation unless the issues are identified.

Proposal 5: Clarify whether the additional NB-IoT carriers in an operation (e.g., guard-band operation) can be configured by a NB-IoT carrier in the different operation mode (e.g., in-band operation).
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