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1 Introduction
In RAN1 NB-IoT Ad-Hoc meeting, the following agreements were made [1]:
· 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 discuss some issues related to multiple NB-IoT carriers operation.
2 Considerations on multiple NB-IoT carriers operation
For in-band operation, to reduce overhead and impact on LTE system, it is preferred that NB-PSS/SSS and NB-PBCH are only transmitted in the anchor PRB. For in-band operation, only one PRB within LTE system bandwidth is configured as anchor PRB. For different LTE system bandwidth, PRB indices used for anchor PRB are listed in Table 1. 
Table 1 PRB indices available for anchor PRB
	LTE system bandwidth (MHz)
	Indices for anchor PRB

	3
	2,12

	5
	2,7,17, 22

	10
	4, 9, 14, 19,30, 35, 40, 45

	15
	2, 7, 12, 17, 22, 27, 32, 
42, 47, 52, 57, 62, 67, 72

	20
	4, 9, 14, 19, 24, 29, 34, 39, 44, 55, 60, 65, 70, 75, 80, 85, 90, 95


Anchor PRB contains all downlink channels including NB-PSS/SSS, NB-PBCH, NB-SIB1 and other system information, etc. One or more NB-PDCCH PRB carrier(s), NB-PDSCH PRB carrier(s) and NB-PUSCH PRB carrier(s) can be configured by NB-SIB1. PRB carriers for NB-PDCCH and NB-PDSCH can be separately configured by NB-SIB1 for different coverage enhancement levels. But for the same coverage enhancement level, PRB carrier for NB-PDCCH and PRB carrier for NB-PDSCH are the same. In order to accommodate more NB-IoT devices, transmission of NB-paging can also be configured on additional PRB carrier than anchor PRB carrier.
As for NB-PRACH and corresponding initial access procedure, there are several options for transmission of other channels.
Option 1:  There is no NB-PRACH channel on non-anchor PRB carrier. All initial access related procedures are operated in anchor PRB. For example, NB-SIB1, RAR related control and RAR are transmitted in anchor PRB. After initial access, additional PRB(s) can be configured by UE specific RRC signalling for traffic offloading.
Option 2: One or more NB-PRACH PRB carrier(s) are configured by NB-SIB1. Different NB-PRACH PRB carriers can be configured for different coverage levels. For a NB-IoT UE, PRB carrier for NB-PUSCH is same as that for NB-PRACH.  UE choose PRB carrier to launch RACH procedure based on its coverage level.
For option 1 the overhead of NB-PRACH and related downlink channels will be increased almost linearly with the number of PRB carriers because all the initial access procedure is done through anchor PRB. And the more PRB carriers are, the more overhead is. One of the consequences is at least 50% NB-IoT devices will be transferred to another PRB carrier during/after initial access procedure. Another consequence is network needs access control and congestion control carefully on anchor PRB because all the devices access the NB-IoT system through one small door.
For option 2 NB-PRACH and related downlink channels are also configured on other PRB carriers. After cell search procedure and acquiring all the system information UE can choose one of the PRB carriers to monitor its NB-Paging message. When the UE wants to launch RACH procedure it chooses the PRB carrier based on its coverage level. This PRB carrier could be any of the PRB carriers. This means UE is already distributed in RRC_IDLE state but not after initial access procedure. Of course to redistribute UE during/after initial access procedure is still feasible if it is necessary e.g. some PRB carrier need shift load to another PRB carrier. 
In option 2, overhead of NB-PRACH and related downlink channels are evenly distributed among PRB carriers and the real configuration is up to network. Network normally doesn’t worry about access control and congestion control and therefore switching during/after initial access procedure is avoided.
Proposal 1: Anchor PRB contains all downlink channels. One or more NB-PRACH PRB carrier(s) are configured by NB-SIB1. 
· Different NB-PRACH PRB carriers can be configured for different coverage levels.
Considering the standardization complexity of frequency hopping, multiple PRB(s) hopping for NB-IoT can be postponed to future releases. If frequency hopping would be supported in Rel-13, to reuse frequency solution in Rel-13 eMTC and reduce the standardization work, it is suggested that the number of PRB carriers for NB-IoT is equal to the available narrowband in Rel-13 eMTC.
Proposal 2: If frequency hopping would be supported in Rel-13, it is preferable that the number of PRB carriers for NB-IoT is equal to the available narrowband in Rel-13 eMTC.
For paging, to support load balancing of paging message, PRB carriers for paging transmission can be configured by NB-SIB1. To reuse Rel-13 eMTC paging scheme, the PRB carrier for paging transmission can be determined by UE ID.
Proposal 3: PRB carriers for paging transmission can be configured by NB-SIB1. For a NB-IoT UE, the PRB carrier for paging transmission can be determined by UE ID.
Multiple NB-IoT carriers operation for guard-band can reuse the solution for in-band operation except for the available PRB indices for anchor PRB. For multiple NB-IoT carriers operation, anchor PRB can be located in in-band while additional PRB(s) are located in guard-band. Or, anchor PRB can be located in guard-band and additional PRB(s) are located in in-band.
Proposal 4: For multiple NB-IoT carriers operation, anchor and additional PRB(s) can be jointly configured for in-band and guard-band operation.
3 Conclusions
In this contribution, we have discussed some issues on multiple NB-IoT carriers operation. We make the following proposals:
Proposal 1: Anchor PRB contains all downlink channels. One or more NB-PRACH PRB carrier(s) are configured by NB-SIB1. 
· Different NB-PRACH PRB carriers can be configured for different coverage levels.
Proposal 2: If frequency hopping would be supported in Rel-13, it is preferable that the number of PRB carriers for NB-IoT is equal to the available narrowband in Rel-13 eMTC.
Proposal 3: PRB carriers for paging transmission can be configured by NB-SIB1. For a NB-IoT UE, the PRB carrier for paging transmission can be determined by UE ID.
Proposal 4: For multiple NB-IoT carriers operation, anchor and additional PRB(s) can be jointly configured for in-band and guard-band operation.
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