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1 Introduction

At the last RAN1 Ad-Hoc meeting in Budapest, HU multi-carrier NB-IoT operation was discussed and the following was agreed:
	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



In this contribution, we present our understanding on how this concept could be achieved in Release 13. 
2 The Benefits of Multi-Carrier Operation in NB-IoT Systems
By default, an NB-IoT carrier is standalone, i.e., the cellular IoT system can be operated on a single carrier of 180 kHz bandwidth. There are, however, many benefits in configuring multiple NB-IoT carriers for operation of the NB-IoT system. In principle, this is true for all NB-IoT modes of operation, namely, in-band, guard-band and standalone. For example, multiple GSM carriers may be re-farmed for operation of the cellular IoT system. Similarly, multiple NB-IoT carriers may be available in the guard-band of an LTE cell, either at one or both ends of the LTE transmission bandwidth. For ease of exposition, however, we shall restrict our discussion to the in-band mode of operation. 

In its simplest form, multi-carrier NB-IoT operation does not require any specification support. For example, by network implementation, multiple PRBs of a donor LTE cell can be configured for NB-IoT operation. Since no specification support is provided, each NB-IoT carrier operates as a standalone carrier, i.e., the donor eNB transmits necessary control signaling on each configured NB-IoT carrier (NB-PSS, NB-SSS, NB-PBCH, system information, paging …. to name a few). While such a deployment comes for free with the introduction of NB-IoT in Rel. 13, it may not be desirable from both a network and user equipment perspective. 

From a network perspective, unnecessary overhead is created, e.g., by transmitting common system information (i.e. PSS/SSS/PBCH and SIBs) on each and every NB-IoT carrier, which could otherwise be used for distribute the load of broadcast messages (such as paging and random access responses) and DL unicast messages (i.e., PDSCH transmissions). 

Observation 1: From a network perspective, NB-IoT multi-carrier operation can avoid control overhead stemming from NB-PSS/NB-SSS/NB-PBCH and other SI transmissions. 

From a UE perspective, RRC_IDLE mode cell reselection among multiple standalone NB-IoT carriers may be inefficient from a battery life and measurement performance perspective since the NB-IoT UE would need to measure and retune among the multiple NB-IoT carriers to perform cell reselection measurements. Furthermore, since connected mode handovers are not supported in NB-IoT, multi-carrier operation allows the network to configure NB-IoT UEs with resources in other carriers without the need for cell reselection procedures at the NB-IoT UE. This can help perform load balancing among different carriers without complex load balancing in RRC_IDLE. 

Observation 2: From a UE perspective, NB-IoT multi-carrier operation obviates the need to measure and retune to multiple carriers in order to support idle mode mobility which in turn improves UE power consumption and measurement performance.

Observation 3: From both a UE and a network perspective, NB-IoT multi-carrier operation simplifies load balancing between multiple NB-IoT carriers. 

3 Implementation of NB-IoT Multi-Carrier Operation 
To realize the aforementioned benefits and to achieve the resulting gains, we propose that a single NB-IoT carrier can transmit NB-PSS, NB-SSS, and NB-PBCH as well as system information containing configuration information for additional NB-IoT carriers in the same LTE donor cell. 

Proposal 1: NB-IoT carriers not supporting transmission of NB-PSS, NB-SSS, NB-PBCH are supported in Rel. 13. 
Proposal 2: Common control signaling such as paging random access response can be configured to be transmitted on a different NB-IoT carrier than the one carrying NB-PSS, NB-SSS and NB-PBCH.
4 Relationship between Frequency Hopping and NB-IoT Multi-Carrier Operation
In our view, frequency hopping per se is a feature independent of NB-IoT multi-carrier operation. The explanations above do not depend on support for frequency hopping in any way. However, decisions on the support of frequency hopping in this release may negatively impact future releases. In fact, the same is true for support of NB-IoT multi-carrier operation as well. Assume the introduction of NB-IoT multi-carrier operation was postponed to Rel. 14. This would not allow the network to turn of the NB-PSS, NB-SSS and NB-PBCH transmissions on some NB-IoT carriers since legacy NB-IoT would not be able to use these carriers anymore. In other words, the network could not harness the above benefits and gains. On the contrary, the overhead would be increased due to the transmission of two sets of system information, namely, the legacy one and the load distributed one described above. Along the same lines, if frequency hopping for system information transmissions was postponed to Rel. 14, the network would have to send two sets of system information, namely, the legacy one that doesn’t hop (one per NB-IoT carrier) and the one that supports frequency hopping.
We believe that frequency hopping is beneficial for the acquisition of system information at least in in-band mode of operation considering the coding loss from rate matching around legacy LTE signals and channels in addition to the power loss stemming from the shared power amplifier that is used for both NB-IoT and legacy LTE transmissions. 

For unicast transmissions, we are open to not introducing frequency hopping or even dynamic cross-carrier scheduling in Rel. 13. These features could be postponed to Rel. 14 in light of the tight schedule to complete this work item in this meeting. We don’t see any detrimental impact from such a solution. Regarding frequency hopping for system information transmissions and the support of semi-statically configured NB-IoT carriers that do not carry NB-PSS, NB-SSS, NB-PBCH we think these should not be postponed to a later release. 

Observation 4: Frequency hopping is beneficial for the acquisition of system information at least in in-band mode of operation considering the coding loss from rate matching around legacy LTE signals and channels in addition to the power loss stemming from the shared power amplifier that is used for both NB-IoT and legacy LTE transmissions.
Proposal 3: Frequency hopping for system information transmissions is supported in Rel. 13.

Proposal 4: Frequency hopping and/or dynamic cross-carrier scheduling can be considered in a later release. 
5 Conclusion

In this contribution, we discussed the benefits of NB-IoT multi-carrier operation and outlined the consequences if this feature was not supported in this release. The following observations and proposals summarize our contribution.
Observation 1: From a network perspective, NB-IoT multi-carrier operation can avoid control overhead stemming from NB-PSS/NB-SSS/NB-PBCH and other SI transmissions. 

Observation 2: From a UE perspective, NB-IoT multi-carrier operation obviates the need to measure and retune to multiple carriers in order to support idle mode mobility which in turn improves UE power consumption and measurement performance.

Observation 3: From both a UE and a network perspective, NB-IoT multi-carrier operation simplifies load balancing between multiple NB-IoT carriers. 

Observation 4: Frequency hopping is beneficial for the acquisition of system information at least in in-band mode of operation considering the coding loss from rate matching around legacy LTE signals and channels in addition to the power loss stemming from the shared power amplifier that is used for both NB-IoT and legacy LTE transmissions.
Proposal 1: NB-IoT carriers not supporting transmission of NB-PSS, NB-SSS, NB-PBCH are supported in Rel. 13. 

Proposal 2: Common control signaling such as paging random access response can be configured to be transmitted on a different NB-IoT carrier than the one carrying NB-PSS, NB-SSS and NB-PBCH.

Proposal 3: Frequency hopping for system information transmissions is supported in Rel. 13.

Proposal 4: Frequency hopping and/or dynamic cross-carrier scheduling can be considered in a later release. 

