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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]


Also, in the last RAN1 eNB-IoT meeting, followings are agreed for, non-anchor PRB enhancements [2]: 
	RAN1 #86 eNB-IoT agreements:
· For paging: 
· For a Rel-14 NB-IoT UE, both anchor and non-anchor PRB can be selected as the paging PRB 
· A Rel-14 UE chooses the PRB based on UE_ID

· Paging message on NPDSCH is scheduled by NPDCCH on the same PRB


In this contribution, we discuss about the non-anchor PRB enhancement methods for paging and NPRACH on eNB-IoT. 
2. Non-anchor PRB for paging
In this section, we discuss non-anchor PRB configuration method for paging. 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 on anchor PRB, paging transmission on non-anchor PRB operation has been discussed in Rel-14 eNB-IoT. 
Handling potential SINR degradation of non-anchor PRB for paging

Paging is important because it enables eNodeB to change UE operation mode from idle mode to connected mode. Thus paging should be transmitted under the good channel condition to guarantee successful paging monitoring on UE side. In case of Rel-13 UE, paging message is transmitted on anchor PRBs selected by UE based on the cell selection/reselection procedure which can serve good channel condition. However, SINR on non-anchor PRB can be different from on anchor PRB, and there is a possibility of SINR degradation on non-anchor PRB if non-anchor PRB for paging is selected only based on the UE ID. Paging is an operation for idle mode UEs. So UE cannot recognize failure of paging and does not have any compensation method for SINR degradation. 
To prevent possible degradation of paging on non-anchor PRB, paging PRB hopping can be used which can provide frequency diversity. With paging PRB hopping method, UE can choose its paging PRB within possible non-anchor PRBs and/or anchor PRB. Possible paging PRB indices can be shared among the UEs and UE choses its paging PRB based on some parameters. UE_ID and SFN can be used for paging PRB selection, but detail methods should be discussed in RAN2.
Although PRB hopping can provide frequency diversity, delay and overhead for paging can be increased if first paging monitoring is failed. Another possible method to prevent SINR degradation on non-anchor PRB is assigning different repetition level on non-anchor PRB. Larger repetition level for paging on non-anchor PRB can compensate potential SINR degradation on non-anchor PRB compared to anchor-PRB without delay. The repetition level for paging on non-anchor PRB can be controlled by eNodeB. The eNodeB can decide whether to use different repetition level for non-anchor PRB for paging. This information can be broadcasted by eNodeB on a SIB. For example, offset from the repetition level on anchor PRB can be informed by eNodeB. 
Paging load balancing
As we described above, Rel-13 UEs expect their paging on anchor PRB only, while Rel-14 UEs have possibility to be paged both on anchor PRB and non-anchor PRB. Thus, paging load on anchor PRB can be larger than non-anchor PRBs if Rel-14 UEs are distributed evenly on possible paging PRBs. In general, it is desirable to have similar loading in all possible paging PRBs. In this point of view, it should be consider to allow eNodeB can control paging load among the paging PRBs for Rel-14 UEs. One possible method to make non-uniform paging distribution for Rel-14 UEs is assigning weight to paging PRBs. For example, eNodeB can assign different weight between anchor PRB and non-anchor PRBs. If the weight of anchor PRB is 1 and the weight of non-anchor PRB is 2, the number of Rel-14 UE which expect paging on non-anchor PRB is two times more than anchor PRB one. 
If paging PRB hopping is used for Rel-14 eNB-IoT, paging load balancing principle should be considered in hopping pattern design. To enhance the frequency diversity, it is desirable to design hopping pattern to make PRB hopping as many as possible. 
Proposal 1: To handle the potential SINR degradation of non-anchor paging PRB compared to anchor PRB, the following alternatives can be considered.

Option 1) Hopping paging PRB

Option 2) Assigning different repetition level on non-anchor paging PRB from the anchor PRB
Option 3) Combination of Option 1 and Option 2

3. Non-anchor PRB for NPRACH
In this section, we discuss non-anchor PRB configuration method for NPRACH. Likewise paging PRB issue, usage of non-anchor PRB for NPRACH has been discussed in Rel-14 eNB-IoT. The main expected benefit of NPRACH on non-anchor PRB is offloading the traffic of anchor PRB. Especially, downlink traffics of NPRACH procedure can be offloaded to non-anchor PRB. In this perspective, paging PRB selection mechanism can be reused for NPRACH which is discussed in previous section.

In another point of view, CE level can be considered in NPRACH PRB selection. If eNodeB can operate multiple NPRACH PRBs, it is possible to assign different CE level on each PRB. Different UE may need different CE level on NPRACH transmission. The proper CE level for NPRACH can save UE battery life in normal coverage and can guarantee performance of the UE in extreme coverage. Thus it is preferable to have various CE level if multiple PRB is available. In this perspective, eNodeB can configure multiple CE level for NPRACH and informs to UE about the possible NPRACH PRB list and their CE level. Instead of predetermined NPRACH PRB selection criteria, UE can select its NPRACH PRB among the PRB in the NPRACH PRB list based on its CE level. 
Proposal 2: Different CE levels can be configured per eNB-IoT non-anchor PRBs for random access. UE can select non-anchor PRB for random access based on its required CE level estimation for Rel-14 NPRACH.
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: To handle the potential SINR degradation of non-anchor paging PRB compared to anchor PRB, the following alternatives can be considered.

Option 1) Hopping paging PRB

Option 2) Assigning different repetition level on non-anchor paging PRB from the anchor PRB

Option 3) Combination of Option 1 and Option 2

Proposal 2: Different CE levels can be configured per eNB-IoT non-anchor PRBs for random access. UE can select non-anchor PRB for random access based on its required CE level estimation for Rel-14 NPRACH.
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