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1 Introduction

In RAN1 NBIOT Ad-hoc, the following 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 further present our views on the system operation and common control messages for NB-IoT in a multiple carriers operation with respect to cell (re)selection and UE power consumption. 
2 NB-IoT System Operation
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 LTE Rel. 13, it may not be desirable from both a network and a 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 spreading the load of broadcast messages (such as paging and RAR) and DL unicast transmissions (i.e. PDSCH transmissions). Furthermore, RAN 1 also agree that “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”. This means that UE may not be able to search for such carriers anyway and it seems a waste to broadcast PSS/SSS/PBCH.
Observation#1: From network perspective, multiple carrier operation in NB-IoT can avoid unnecessary PSS/SSS/PBCH and SIBs overhead, which could otherwise be used for spreading the load of broadcast messages (such as paging and RAR) and DL unicast transmissions (i.e. PDSCH transmissions). 
From a UE perspective, RRC_IDLE mode cell reselection among such multiple standalone NB-IoT carriers may be inefficient from a battery consumption and measurement performance perspective, since the UE needs to measure and retune among these multiple carriers to perform cell reselection measurements. Instead, with multiple carrier operation, the UE could camp on any one of the carriers and not perform cell reselection measurements for the other carriers. The UE can still be scheduled with resources in the other carriers without having to cell reselect to those carriers, even without the support of connected mode handover for NB-IoT.  This can enable the network to perform load balancing among the different carriers without the need of any complex idle mode load balancing. 
Observation#2: From UE perspective, multiple carrier operation in NB-IoT helps in reducing the need to measure and retune to multiple carriers for idle mode mobility which in turn improves UE power consumption and measurement performance.

Observation#3: From UE and network perspective, multiple carrier operation in NB-IoT helps in load balancing among the multiple carriers for NB-IoT. 
To achieve the above gain from multiple carrier operation, a single so-called anchor NB-IoT carrier could be defined which carries the NB-PSS, NB-SSS, NB-PBCH and system information containing configuration information such as the broadcast and unicast channels of all NB-IoT carriers of an LTE donor cell.  An idle mode UE can select and reselect to cells on an anchor carrier, but UEs do not need to select and reselect to cells on those carriers that do not carry NB-PSS, NB-SSS, NB-PCH and system information.
Proposal 1: NB-IoT carriers without system broadcast information, such as, synchronization signals (i.e. NB-PSS and NB-SSS), NB-MIB (i.e. NB-PBCH) and system information are supported in Rel. 13, which we refer as "non-anchor NB-IoT carrier".
Proposal 2: The system broadcast information of the non-anchor NB-IOT carriers is provided in a cell of the NB-IoT carrier, so-called "anchor NB-IoT carrier", which carries the synchronization signaling and NB-MIB for all the carriers. 
Proposal 3: The common control signaling (i.e. paging, PRACH and RAR) could also be configured to schedule in a different NB-IoT carrier based on the scheduling information shared in the system information of the "anchor NB-IoT carrier"
Proposal 4: UE do not need to cell (re)select to those NB-IoT carriers that do not carry NB-PSS, NB-SSS, NB-BCH and system information.
3 Conclusions
In this contribution, we presented our views on the design aspects of system operation and common control messages for NB-IoT. These are summarized via the following observation and proposals:

Observation#1: From network perspective, multiple carrier operation in NB-IoT can avoid unnecessary PSS/SSS/PBCH and SIBs overhead, which could otherwise be used for spreading the load of broadcast messages (such as paging and RAR) and DL unicast transmissions (i.e. PDSCH transmissions). 
Observation#2: From UE perspective, multiple carrier operation in NB-IoT helps in reducing the need to measure and retune to multiple carriers for idle mode mobility which in turn improves UE power consumption and measurement performance.

Observation#3: From UE and network perspective, multiple carrier operation in NB-IoT helps in load balancing among the multiple carriers for NB-IoT. 

In achieve the above gain from multiple carrier operation, the following is proposed: 

Proposal 1: NB-IoT carriers without system broadcast information, such as, synchronization signals (i.e. NB-PSS and NB-SSS), NB-MIB (i.e. NB-PBCH) and system information are supported in Rel. 13, which we refer as "non-anchor NB-IoT carrier".
Proposal 2: The system broadcast information of the non-anchor NB-IOT carriers is provided in a cell of the NB-IoT carrier, so-called "anchor NB-IoT carrier", which carries the synchronization signaling and NB-MIB for all the carriers. 
Proposal 3: The common control signaling (i.e. paging, PRACH and RAR) could also be configured to schedule in a different NB-IoT carrier based on the scheduling information shared in the system information of the "anchor NB-IoT carrier"
Proposal 4: UE do not need to cell (re)select to those NB-IoT carriers that do not carry NB-PSS, NB-SSS, NB-BCH and system information.
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