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1 Introduction
Regarding multi-carrier operation for NB-IOT, RAN1 made the following agreements in the NB-IOT ad hoc meeting, January 2016.
	· 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 analyze potential RAN2 impacts due to the introduction of multi-carrier operation.
2 Discussion
2.1 Functional Separation on Anchor and Data NB-IOT carriers
To mitigate signaling overheads, it is proposed to transport system broadcast information such as synchronization signals (NB-PSS/NB-SSS) and NB-MIB (NB-PBCH) only on a specific carrier, referred to as the “anchor NB-IOT carrier” [1]. In this case, a UE must camp on the anchor carrier, so as to receive required information when waking up. 
Proposal 1: 
In multi-carrier NB-IOT scenario, system broadcast information is transmitted on the anchor NB-IOT carrier, and UEs camp on the anchor NB-IOT carrier. 

On the other hand, uni-cast data for a single UE can be transmitted on an additional data carrier for offloading purpose. The next issue is where the common control signaling (paging, RACH) should be transmitted. Since the UE camps on anchor carrier and paging for a single UE is quite infrequent, we suggest that a UE monitors paging occasions on anchor carrier, and therefore paging messages are also transmitted on the anchor carrier. 
Proposal 2: 
UE monitors the anchor NB-IOT carrier for paging messages.

As it is assumed that the connection will be short, the dominating traffic is small UL data, and the signaling and overhead will be significant, the UE should use a data carrier for as much as possible of its transmission and receptions, in order to achieve load distribution between such carriers. If the UE would be required to always use the anchor carrier for some of its transmissions, there is a risk that the anchor carrier would be a bottleneck. Proposal 3: 
RACH procedure is performed on a data carrier, where the anchor carrier may be considered to be also a data carrier..
Proposal 4: 
All subsequent transmissions are performed on the data carrier where successful RACH was performed. 

There may be the case that different data carriers could function in slightly different ways, e.g. some data carriers could support only a subset of the possible coverage levels, which would need to be taken into account when selecting carrier. However the benefits and drawbacks with such schemes should be discussed in RAN1. Until further notice, RAN2 could assume that the data carriers are equivalent, and that load sharing should be done across the carriers. Possibly the carrier that is the anchor carrier would need special handling to allocate less unicast load to it, as it may have less capacity as the L1 overhead and common channel overhead is larger on that carrier.

Proposal 5: 
It is FFS if all carriers can be considered to be equivalent in function and capacity.

Proposal 6: 
The UE should select carrier for RACH and subsequent transmissions such that load sharing is achieved across carriers of equivalent function, by a randomization or pseudo-random function.
The above understanding of multi-PRB / multi-carrier operation would need to be verified with RAN1. Note that in this paper the word “carrier” is used, meaning a set of radio resources that a UE could use for rx/tx (i.e. within the rx/tx capability of a UE), which is not intended to limit the possibility of frequency hopping, additional TDM restrictions etc, that may be discussed in RAN1. 

Proposal 7: 
Send a LS to RAN1 to verify the RAN2 understanding, i.e. that a) Anchor carrier is the only carrier where the UEs may camp, receive MIB, SI and paging, b) at UL access, higher AS layer selects a “carrier”, c) the “carrier” is used for RACH and subsequent transmissions, d) the selection of “carrier” is done such that load spreading is achieved, e) that different data carriers are equivalent. 
3 Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1: 
In multi-carrier NB-IOT scenario, system broadcast information is transmitted on the anchor NB-IOT carrier, and UEs camp on the anchor NB-IOT carrier.
Proposal 2: 
UE monitors the anchor NB-IOT carrier for paging messages

Proposal 3: 
RACH procedure is performed on a data carrier, where the anchor carrier may be considered to be also a data carrier..

Proposal 4: 
All subsequent transmissions are performed on the data carrier where successful RACH was performed. 

Proposal 5: 
It is FFS if all carriers can be considered to be equivalent in function and capacity.

Proposal 6: 
The UE should select carrier for RACH and subsequent transmissions such that load sharing is achieved across carriers of equivalent function, by a randomization or pseudo-random function.
Proposal 7: 
Send a LS to RAN1 to verify the RAN2 understanding, i.e. that a) Anchor carrier is the only carrier where the UEs may camp, receive MIB, SI and paging, b) at UL access, higher AS layer selects a “carrier”, c) the “carrier” is used for RACH and subsequent transmissions, d) the selection of “carrier” is done such that load spreading is achieved, e) that different data carriers are equivalent.
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