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1. Introduction
In RAN #72 meeting, eNB-IoT was approved as a work item. In this work item, non-anchor PRB enhancement is approved to achieve even lower device power consumption, while maintaining the coverage and capacity of the NB-IoT network, and ultra-low UE cost. This objective applies to the in-band, guard-band, and standalone operation modes and the same coverage enhancement targets as defined in the Rel-13 NB-IoT work item [1].
According to [1], the objective for the non-anchor PRB enhancement which is supported by eNB-IoT is as follows:
	Non- Anchor PRB enhancements
· Support transmission of NPRACH on a non-anchor NB-IoT PRB [RAN2,RAN4] 

· Support transmission of paging on a non-anchor NB-IoT PRB [RAN2, RAN1,RAN3]


In this contribution, we discuss about the non-anchor PRB enhancement methods for paging and NPRACH on eNB-IoT. 
2. Enhancements of PRB configuration for paging
In this section, we discuss paging PRB configuration methods to reduce overhead on anchor PRB. In Rel-13 NB-IoT, paging messages are transmitted on anchor PRB. In NB-IoT, it can be possible that massive numbers of UEs are in RRC_IDLE mode, and expect to receive paging message on one eNodeB. In this situation, paging message can be the burden on anchor PRB. To reduce the overhead of paging message, we propose two possible methods, which are anchor PRB reconfiguration and non-anchor PRB paging.
Anchor PRB reconfiguration
Multiple anchor PRBs can be used to offload the traffic for paging on anchor PRB. In this method, UE reconfigures its anchor PRB based on its UE ID after receiving NPSS/NSSS/PBCH/SIB-NB from an original anchor PRB. CSSs for paging message can be configured on multiple anchor PRBs, and UE expect its paging message on its reconfigured anchor PRB. Thus eNodeB can distribute traffic of paging message on multiple PRBs based on UE ID.

In the method, UE does not need to comeback to its original anchor PRB after anchor PRB reconfiguration to monitor any DL traffic. Instead, UE expect all possible traffics for anchor PRB on its reconfigured anchor PRB.

To increase possible candidates for anchor PRB, PRBs without channel raster requirements can be anchor PRBs. At least one anchor PRB with channel raster requirements is needed to support initial access. Instead of initial access process, UE can camp on an anchor PRB without channel raster requirements by reconfiguration process on previous anchor PRB.
Support non-anchor PRB for paging
To offload paging overhead on anchor PRB, non-anchor paging can be considered. To support paging on non-anchor PRB, information of non-anchor PRB for paging message should be served to RRC_IDLE mode UEs. SIB-NB can be used to transmit information of non-anchor PRB for paging. After receiving NPSS/NSSS/PBCH/SIB-NB on anchor PRB, UE start monitoring CSS on non-anchor PRB for paging message. Also, SI change notification can be transmitted on same non-anchor PRB with paging to simplify the CSS operation.

Unlike anchor PRB reconfiguration method, eNodeB cannot assume the UE-specific PRB location. Thus, all possible paging messages should be transmitted on all non-anchor paging PRBs which can induce large overhead. Also, UE should monitor anchor PRB if it needs to achieve NPSS/NSSS/PBCH/SIB-NB. Instead, overhead from NPSS/NSSS/PBCH/SIB-NB transmission is much smaller than anchor PRB reconfiguration method.
Proposal 1: For offloading paging PRB, the following alternatives are considered.

Option 1) Anchor PRB is reconfigured based on UE ID

· PRB without channel raster requirements can be used as reconfigured anchor PRB

Option 2) Non-anchor PRB for paging is configured in addition to anchor PRB

3. Enhancements of PRB configuration for NPRACH
In this section, we discuss NPRACH PRB configuration methods to reduce overhead on anchor PRB. Likewise paging PRB configuration issue, traffic on anchor PRB can be offloaded with configuration of NPRACH PRB. In NPRACH PRB configuration problem, we can consider two different states of UEs, RRC_IDLE and RRC_CONNECTED. 

In case of RRC_IDLE UEs, UE can be configured with PRB for NPRACH to offload data traffics. If we want to configure PRBs for NPRACH, additional information for PRB configuration should be served on anchor PRB. To reduce the additional process, paging PRB configuration methods can be reused for NPRCH PRB configuration. Then, UE can camp on the PRB decided during paging PRB configuration process (e.g., UL PRB paired with DL PRB for paging or signalled as reconfigured anchor PRB). 
In case of RRC_CONECTED UEs, PDCCH order can be used to indicate PRB configuration. If there are multiple PRBs which are configurable for NPRACH transmission, PDCCH order can be used to indicate one of them for specific UE.

Proposal 2: In case of RRC_IDLE UE, NPRACH uses the PRB decided during paging PRB configuration process
Proposal 3: In case of RRC_CONNECTED UE, PDCCH order can be used to configure NPRACH PRB.

4. Conclusions

In this contribution, we discussed several aspects to enhance PRB configuration for Rel-14 eNB-IoT UE. The proposals of the contribution are as follows:

Proposal 1: For offloading paging PRB, the following alternatives are considered.

Option 1) Anchor PRB is reconfigured based on UE ID

· PRB without channel raster requirements can be used as reconfigured anchor PRB

Option 2) Non-anchor PRB for paging is configured in addition to anchor PRB
Proposal 2: In case of RRC_IDLE UE, NPRACH uses same PRB with paging.

Proposal 3: In case of RRC_CONNECTED UE, PDCCH order can be used to configure NPRACH PRB.
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