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1 Introduction
At RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1]. One of the objectives in this work item is to introduce signalling to indicate presence of NRS on a non-anchor carrier for paging.
Improved multi-carrier operation:

· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 

At RAN1#94, two initial agreements were made as follows: 
Agreement 

The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by broadcast signalling.

· Above applies only for non-anchor carriers

Agreement

For the objective on presence of NRS on a non-anchor carrier for paging, consider the following use case:

· Early termination of NPDCCH/WUS

Above is not intended to restrict the study of other use cases in other WGs which may or may not have RAN1 specification impact

In this document, we discuss the presence of NRS on a non-anchor carrier for paging and give some observations and proposals. 
2 Discussion
2.1 Configuration of NRS on non-anchor carrier
According to RAN1 agreement, the presence of NRS on a non-anchor carrier when there is no paging NPDCCH is enabled by system information. The non-anchor carrier paging configuration is provided in SIB22, so it is suggested to include the NRS configuration for a non-anchor carrier in SIB 22.  

Proposal 1: NRS presence is configured in SIB22-NB. 
The NRS presence on a non-anchor carrier can be enabled per cell or individually for each non-anchor paging carrier. Considering the use cases that are considered, early termination of NPDCCH / WUS and/ or RRM measurements, it seems reasonable to enable this feature per cell.

Proposal 2: NRS presence is enabled per cell. 
The presence of NRS on a non-anchor carrier when no paging NPDCCH is transmitted benefits UE’s power consumption by allowing UE in good coverage to terminate early NPDCCH blind decoding before the maximum number of repetition of Type1-CSS. However, there are negative impacts on the network, e.g. interference management and dynamic resource scheduling. So it is important to configure NRS properly to minimize the impacts to the network while helping to reduce the UE’s power consumption. How to design the NRS to meet the requirements of both sides depend on RAN1 design. 
Proposal 3: RAN2 to wait for RAN1 for the details of the NRS configuration. 
2.2 RRM measurement on non-anchor carrier

Whether the NRS can be used to perform RRM measurements on a non-anchor carrier is a potential use case. According to [2], if there is a paging on the non-anchor carrier, there is NRS on the non-anchor carrier. That means there is NRS on non-anchor carrier to support RRM measurement if needed. 
During the Rel-14 discussions about non-anchor carrier paging, it was discussed whether to support RRM measurements on non-anchor paging carrier or not. At the time (RAN2#96), the conclusion in RAN2 was NO but this was partly due to NRS not being transmitted continuously on a non-anchor carrier.

In Rel-16, even if there is no paging NPDCCH, the NRS exists on a non-anchor carrier, this enables the RRM measurement on non-anchor carrier. Performing RRM measurement on non-anchor carrier benefits the UE’s power consumption by reducing the switch between anchor carrier and non-anchor carrier. 
Proposal 4: RRM measurement on non-anchor carrier is supported. 
3 Conclusion
In this document, we have discussed the support of NRS presence on non-anchor carrier and made the following observations and proposal: 
Proposal 1: NRS presence is configured in SIB22-NB. 
Proposal 2: NRS presence is enabled per cell. 
Proposal 3: RAN2 to wait for RAN1 for the details of the NRS configuration. 

Proposal 4: RRM measurement on non-anchor carrier is supported. 
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