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1 Introduction

In RAN1 NB-IoT Ad-Hoc meeting, it has been agreed that multiple NB-IoT carriers operation for NB-IoT is supported at least for in-band and guard-band operation modes [1]. In this contribution, some considerations on the frequency PRB allocation for multi-PRB operation are discussed, and several proposals to guide the design for multi-PRB operation are given.
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
2 Discussion
With 6 dB PSD boosting, one PRB can provide sufficient capacity for IoT applications. In order to complete NB-IoT within Rel-13, as , it is important to focus on the necessary features. Although it is agreed in last adhoc meeting that multiple NB-IoT carrier operation for NB-IoT is supported, it would be helpful for the standard progress to treat the multi-carrier operation as a lower priority and minimize the specification impact. It may be desired if multiple carriers operation can improve the following two aspects are considered within a simple and minimized multi-carrier solution.
1. If PSS/SSS and NB-PBCH are transmitted on multiple PRBs, the PRBs without 6 dB power boosting may not fulfill the requirement for 164 dB MCL. 
2. If all of the NB-IoT PRBs are transmitting NB-PSS/NB-SSS, the NB-IoT UEs may prefer to access to the PRB of 6 dB power boosting because the received signal strength is better than other PRBs. So the load between PRBs are not balanced. The load mainly comes from the software/firmware upgrade.
This contribution aims to improve the above two aspects for independent multiple NB-IoT carrier operations with minimum system impact.

3 Operation modes

In last adhoc meeting, it has been agreed that multiple NB-IoT carrier operation is supported  at least for in-band, guard-band operation modes and FFS for standalone operation mode. In standalone operation mode, it is also possible that multiple 200 kHz carriers may be available for NB-IoT deployment. The following figures show the example multiple 200 kHz carrier NB-IoT operation in standalone mode.

Figure 1 Multiple NB-IoT carrier operation in standalone mode

There is also some dedicated spectrum for IoT operations, which is being discussed in CEPT (i.e. harmonized 2x3 MHz within 700MHz with 3 MHz bandwidth). 
Considering the above, if multi-carrier operation is introduced, it should apply to all 3 operation modes: standalone, guard-band and in-band.
Proposal 1: If multi-carrier operation is introduced, it should apply to all 3 operation modes: standalone, guard-band and in-band.

4 Anchor carrier content
In last adhoc meeting, it was discussed whether to define one NB-IoT PRB containing NB-PSS/SSS and NB-PBCH as the anchor carrier or not. It is possible that NB-IoT SIBs could be on the anchor carrier or non-anchor carriers.

If multi-carrier transmission is used for NB-IoT SIBs, this information should be broadcast to NB-IoT UEs. The distribution of the different NB-IoT SIBs has some alternatives:

· Alt 1: NB-IoT SIB transmission is in the anchor carrier. A common design can be kept for both single-carrier and multi-carrier operations, where no extra PRB indication is required. If all the SIBs are transmitted on the anchor carrier, the total overload for downlink common channels transmission may occupy around 30% of resources from the anchor carrier.

· Alt 2: NB-IoT SIB1 transmission is in the anchor carrier and other SIBs can be transmitted on other PRBs with no frequency hopping. Alt2 is helpful to reduce the overhead of the common channel as described in Alt1.

· Alt 3: All NB-IoT SIB transmission can be in different PRBs. There are many sub options in this alternative. These options are helpful to improve the performance, for example, frequency hopping. However, it is not the main target of this release. Although adopting frequency hopping for NB-IoT SIB transmission may obtain diversity gain, a lot of aspects need to be addressed. For example, it is not possible to maintain the 6 dB power boosting for additional PRBs, which may diminish the diversity gain obtained by frequency hopping. Besides, the determination of the occupied PRBs and the design of frequency hopping pattern still need further consideration. Alt 3 can be considered in a future release.
Proposal 3: If multi-carrier operation is introduced, define an anchor carrier to transmit NB-PSS/SSS, NB-PBCH, and NB-SIB1.

Other NB-SIBs can be either transmitted in the anchor carrier or other PRBs. If NB-SIBs are transmitted, SIB1 broadcast the other SIB locations (frequency for standalone operations or PRB for in-band operations.
According to the above discussion, especially the potential issues and possibly limited gains due to imbalanced transmission power in different PRBs, frequency hopping should not be supported at least in Rel-13 for NB-IoT SIB transmission.
Proposal 2: Frequency hopping is not supported for NB-IoT SIB transmission at least in Rel-13. 
5 Load balancing between NB-IoT carriers
As described in section 2, the load between the multiple NB-IoT carriers may not balanced. Some simple mechanism is necessary and helpful. It was agreed that additional PRBs are configured by MIB and/or SIB and/or RRC signalling. MIB and SIB are cell-specific, RRC is UE specific. UE specific load balance is more effective. So RRC signalling is preferred.
RRC based load balancing is most useful for the software/firmware upgrade because this can take a long time to transmit, and may have many packets to transmit in RRC connected states. If we go further, i.e., earlier than RRC to redirect the traffic to a different carrier, it works for both software/firmware upgrade and bursty traffic transmissions. RAR based signaling can be an alternative for the load balancing mechanism. 
Proposal 4: If additional PRBs are configured by MIB and/or SIB and/or RRC signaling, RRC signaling is preferred.
6 NB-IoT Paging
For paging transmission, it is a common view that all the NB-IoT UEs are required to receive the paging information on the same PRB. For simple design purpose, NB-IoT paging can be always transmitted on the anchor carrier, thus no PRB indication is needed. As for the PRB location of NB-PDCCH for scheduling NB-IoT paging, similar indication approach as that for unicast transmission can be applied.

Proposal 5: NB-IoT paging is always transmitted on the anchor carrier.
7 Conclusions 

In this contribution, some considerations on the frequency PRB allocation for multi-carrier NB-IoT operation are discussed, and the following proposals are given.
Proposal 1: If multi-carrier operation is introduced, it should apply to all 3 operation modes: standalone, guard-band and in-band.
Proposal 2: Frequency hopping is not supported for NB-IoT SIB transmission at least in Rel-13. 

Proposal 3: If multi-carrier operation is introduced, define an anchor carrier to transmit NB-PSS/SSS, NB-PBCH, and NB-SIB1.
Proposal 4: If additional PRBs are configured by MIB and/or SIB and/or RRC signaling, RRC signaling is preferred.
Proposal 5: NB-paging is always transmitted on the anchor carrier.
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