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Introduction
The support of paging transmission on non-anchor PRB is included in the WID [1] as one of the objectives of the WI approved in RAN #72 meeting:
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 RAN1 #86 meeting, the following was agreed:
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 provide our views on the support of paging transmission on non-anchor PRB.
Discussions
For a Rel-14 UE, it is agreed that the PRB for monitoring paging messages is selected based on UE_ID. However, since all Rel-13 UEs are paged on anchor PRB, it is expected that the paging load on anchor and non-anchor PRB will be uneven when there are a large number of Rel-13 UEs in the network. In contrast, when the number of Rel-13 UEs is small, all UEs will be more evenly distributed on the PRBs used for paging. Therefore, it would be beneficial to introduce mechanism(s) to unevenly distribute Rel-14 UEs such that all UEs will be distributed evenly on all PRBs used for paging so that the probability of blocking of paging messages can be reduced.
Observation 1: It would be beneficial to introduce mechanism(s) to unevenly distribute Rel-14 UEs on all the PRBs used for paging.
There are mainly two methods that have been discussed in [2] for support of uneven distribution of Rel-14 UEs on all PRBs for paging. The first method uses an on/off indicator to indicate whether Rel-14 UEs can select anchor PRB as the PRB for paging. The second method uses weighting factors of each PRB for paging to unevenly distribute Rel-14 UEs. Compared to the on/off indicator method, the second method can achieve more even distribution of all UEs. However, the signaling overhead of the second method is much bigger.
The signaling for uneven distribution of Rel-14 UEs should be signaled in system information so that UEs can acquire the signaling in RRC_IDLE. However, since the paging load condition may vary over time, the signaling may not correctly reflect the current paging load because of long modification periodicity of system information. Hence, the mechanism may not effectively distribute all UEs evenly on all PRBs for paging. Therefore, the on/off indicator method may be a better choice considering UE complexity and signaling overhead.
Observation 2: Signaling in system information for uneven distribution of Rel-14 UEs may not correctly reflect the current paging load on each PRB because of long modification periodicity of system information.


Another aspect of consideration is whether each PRB has one or more associated CE levels. If they do, a Rel-14 UE should select a PRB that matches its CE level so that the number of repetitions of paging messages matches the UE’s CE level, which can result in more efficient resource usage. Although RAN1 agreed that a Rel-14 chooses a PRB for paging based on its UE_ID, CE level based PRB selection has not been excluded from our point of view. One possible way to do this is to assign each PRB to a CE level and there should be more than one PRB within a CE level so that a Rel-14 UE selects a PRB from the PRBs corresponding to its CE level based on its UE_ID.

However, since a UE may change CE level due to mobility after it is released to RRC_IDLE, CE level mismatch may occur if UE uses its current CE level to select the PRB for paging. Unless a mechanism to report CE level change of the UE is introduced, which will result in signaling overhead and UE power consumption, the UE should use the CE level last known by the network for choosing PRB for paging so that CE level mismatch can be avoided. By using the last known CE level to select the PRB for paging, eNB can know exactly which PRB the UE monitors. However, if the UE’s channel condition has worsened, the eNB may not be able to reach the UE using the number of repetitions of the last known CE level. In this case, power boosting have to be applied to increase the coverage. But it may not always be viable, since the anchor PRB or other non-anchor PRB may need to be power boosted at the same time. In conclusion, using CE level as a parameter for selecting the PRB for paging has the benefit of more efficient resource usage because in most of the cases, a NB-IoT UE has low mobility. Further study is needed to avoid wasting resources when the UE changes CE level after entering RRC_IDLE.

Proposal 1: FFS using CE level as a parameter when selecting the PRB for paging.

For random access on a non-anchor PRB, selecting a PRB based on CE level is beneficial since the proper amount of repetitions can be used to transmit RAR and MSG4 in the downlink. Blocking of messages of different CE level can also be avoided since different PRBs are associated with different CE levels. In this case, selecting the same PRB for paging as the PRB for random access may not be a good idea, since it may result in blocking of paging messages and RAR, MSG4 when the number of repetitions is large. Hence, PRB selection for random access should not be coupled with PRB selection for paging when CE level is used as a parameter. Although this may result in more signaling because parameters for selecting the PRB for paging and the PRB for random access may need to be signaled separately.

Proposal 2: PRB selection for random access should not be coupled with PRB selection for paging when CE level is used as a parameter.




Conclusions
This contribution considers paging transmission on non-anchor PRB for Rel-14 NB-IoT. Based on the discussion, the observations and proposals are listed in the following.

Observation 1: It would be beneficial to introduce mechanism(s) to unevenly distribute Rel-14 UEs on all the PRBs used for paging.

Observation 2: Signaling in system information for uneven distribution of Rel-14 UEs may not correctly reflect the current paging load on each PRB because of long modification periodicity of system information.

Proposal 1: FFS using CE level as a parameter when selecting the PRB for paging.

Proposal 2: PRB selection for random access should not be coupled with PRB selection for paging when CE level is used as a parameter.
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