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1. Introduction
As the machine market grows and diversifies, it is necessary to provide wireless services for massive number of devices. According to the objects of core part WI of NB-IoT enhancement [1], the network should support the transmission of NPRACH on a non-anchor NB-IoT PRB. The mechanism of paging enhancement to increase the access capacity will be discussed in the contribution.  
2. Discussion
2.1 Scenarios for transmission of NPRACH on a non-anchor carrier
The following four scenarios to choose the access carrier could be considered for NB-IoT.
· Initial access from RRC_IDLE (Setup or resume RRC connection)
· RRC Connection Re-establishment procedure
· DL data arrival during RRC_CONNECTED requiring random access procedure (E.g. when UL synchronisation status is "non-synchronised")
· UL data arrival during RRC_CONNECTED requiring random access procedure (E.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available)
For the first two scenarios, if the non-anchor carrier supports the transmission of NPRACH, it is flexible for the UE to access the system on the non-anchor carrier and reduces the overload of NPRACH on the anchor carrier.
Proposal 1: Support the transmission of NPRACH on the non-anchor carrier in the case of initial access from RRC_IDLE and in the case of RRC connection re-establishment procedure.
For the last two scenarios, if the UE is configured with the non-anchor carrier which supports the transmission of NPRACH, it is simple for the UE to send NPRACH on the non-anchor carrier and reduces the overload on the anchor carrier.
Proposal 2: Support the transmission of NPRACH on the non-anchor carrier in the case of DL data arrival during RRC_CONNECTED requiring random access procedure and in the case of UL data arrival during RRC_CONNECTED requiring random access procedure.
According to the objects of core part WI of NB-IoT enhancement [1], the network should support the transmission of paging on a non-anchor NB-IoT PRB. If the paging carrier is a non-anchor carrier, the UE accesses the system on the paging non-anchor carrier for simplicity.
Proposal 3: RAN2 discuss whether the network supports the transmission of NPRACH on the paging non-anchor carrier.
2.2 Selection of Access Carrier
The access carrier is defined as the carrier on which the UE sends the NPRACH.
The selection of the access carrier for the first two scenarios is discussed in following.
The UE accesses the network on
· the anchor carrier as legacy;
· the paging carrier if the network supports the transmission of NPRACH on the paging non-anchor carrier;
· the carrier selected by the UE and on which the network supports the transmission of NPRACH, and the UEs are uniformly distributed on the carriers.
If the UE accesses the network on the anchor carrier, the load of NPRACH on the anchor carrier becomes heavy. Obviously, anchor carrier is not the best choice. If the network supports the transmission of NPRACH on the paging non-anchor carrier and the UEs are uniformly distributed on the paging carriers, the UEs will be uniformly distributed on the access carrier/paging carrier on which the network supports the transmission of NPRACH. For the last option, a new mechanism of the selection of the access carrier is required.
Proposal 4: RAN2 discuss the access carrier in case of initial access from RRC_IDLE and in the case of RRC connection re-establishment procedure.
Option 1. Anchor carrier;
Option 2. Paging carrier;
Option 3. Any carrier (uniformly distributed)
The selection of the access carrier for the last two scenarios is discussed in following.
· If the UE is configured a non-anchor carrier, it accesses the network on
· the anchor carrier as legacy;
· the configured non-anchor carrier if the network supports the transmission of NPRACH on the non-anchor carrier;
· the paging carrier if the network supports the transmission of NPRACH on the paging non-anchor carrier;
· the carrier selected by the UE and on which the network supports the transmission of NPRACH, and the UEs are uniformly distributed on the carriers.
· Otherwise, it accesses the network on
· the anchor carrier as legacy;
· the paging carrier if the network supports the transmission of NPRACH on the paging non-anchor carrier;
· the carrier selected by the UE and on which the network supports the transmission of NPRACH, and the UEs are uniformly distributed on the carriers.
If the UE is configured a non-anchor carrier, it is simple for the UE to access on the configured non-anchor carrier. For other solutions, the advantage and disadvantage are similar to the case of initial access from RRC_IDLE and the case of RRC connection re-establishment procedure. 
Proposal 5: RAN2 discuss the access carrier in case of DL data arrival during RRC_CONNECTED requiring random access procedure and in case of UL data arrival during RRC_CONNECTED requiring random access procedure.
Option1. Anchor carrier
Option2. Paging carrier
Option3. Any carrier (uniformly distributed)
Option4. Configured non-anchor carrier
The mobility enhancement is FFS and the access carrier selection in the case of cell reselection on the edge of the cell and in the case of handover need to be considered.


2.3 Measurement of RSRP for cell reselection
Since the transmission of NPRACH on the non-anchor carrier is supported, the RSRP of non-anchor carrier needs to be considered in the cell reselection. In RAN1 NB-IoT adhoc#2 meeting [2] and [3], it is agreed that
· Any combination, i.e., inband+inband, inband+guardband, and guardband+guardband should be allowed for NB-IoT multi-carrier operation with the constraint that both guard-bands and the in-band are associated with the same LTE donor cell, i.e., the total span cannot exceed 110 PRBs from the same FFT
· Standalone+standalone should be allowed for NB-IoT multi-carrier operation with the constraint that the total frequency span cannot exceed 20MHz and both NB-IoT carriers are synchronized, i.e., the time alignment error shall not exceed the minimum requirement for intra-band contiguous carrier aggregation in TS 36.104
Since the total frequency span of the anchor carrier and the non-anchor carrier cannot exceed 20MHz, the RSRP of the anchor carrier is close to the RSRP of the non-anchor carrier. The RSRP of anchor can be used for cell reselection.
Proposal 5:  Use the RSRP of the anchor carrier for cell reselection. 
3. Conclusion
This contribution discusses the issues of the access enhancements for NB-IoT. The following proposals are made:
Proposal 1: Support the transmission of NPRACH on the non-anchor carrier in the case of initial access from RRC_IDLE and in the case of RRC connection re-establishment procedure.
Proposal 2: Support the transmission of NPRACH on the non-anchor carrier in the case of DL data arrival during RRC_CONNECTED requiring random access procedure and in the case of UL data arrival during RRC_CONNECTED requiring random access procedure.
Proposal 3: RAN2 discuss whether the network supports the transmission of NPRACH on the paging non-anchor carrier.
Proposal 4: RAN2 discuss the access carrier in case of initial access from RRC_IDLE and in the case of RRC connection re-establishment procedure.
Option 1. Anchor carrier
Option 2. Paging carrier
Option 3. Any carrier (uniformly distributed)
Proposal 5: RAN2 discuss the access carrier in case of DL data arrival during RRC_CONNECTED requiring random access procedure and in case of UL data arrival during RRC_CONNECTED requiring random access procedure.
Option1. Anchor carrier
Option2. Paging carrier
Option3. Any carrier (uniformly distributed)
Option4. Configured non-anchor carrier
Proposal 5:  Use the RSRP of the anchor carrier for cell reselection. 
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