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1 Introduction
In RAN#80, a new work item on NB-IoT enhancements was approved (RP-181451) with the following objective:

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] 

In RAN1#94, the following agreements were reached:

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

· 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 contribution, we present our views on how to enable NRS in non-anchor carrier. 
2 RAN1 specification impact
The main specification impact of NRS in non-anchor carrier relates to how to enable this transmission, and further details such as periodicity/length/offset of subframes containing NRS. Details related to early termination of NPDCCH/WUS do not need to be specified, provided that the UE knows the power offset between WUS/NPDCCH and NRS (which should be enabled by Rel-15 specification).
In RAN1#94 it was agreed to enable the presence of NRS in non-anchor carrier by broadcast signalling. The following details are needed:
1) Location of NRS with respect to a PO: The NRS have to be present before/during the transmission that is to be early terminated, i.e., NPDCCH or WUS.
2) Number of subframes for NRS: The length of these subframes should be enough to accurately estimate the channel quality in the SNR regime of interest.
3) Decimation for POs: Depending on the use case, and especially for short DRX cycles, not all POs may need presence of NRS.
To define these 3 parameters, RAN1 should take into account feedback from RAN2 and RAN4 regarding performance requirements and/or additional use cases to be introduced by these working groups.
Proposal 1: To enable the presence of NRS in a non-anchor carrier, the following parameters are to be decided:

- Location of NRS with respect to the PO


- Number of subframes for NRS


- Whether NRS is present in all POs or only a subset

To decide these parameters, RAN1 should take into account performance requirements and/or additional use cases from RAN2 and RAN4.
3 Enabling measurements in non-anchor carriers
When UE has paging occasion (PO) on non-anchor carrier then UE still has to perform measurements on anchor carrier for radio resource management (e.g. serving cell suitability checking, to determine if neighbour cell measurements need to be performed, to determine if cell reselection needs to be performed). Switching between anchor and non-anchor carriers and sequentially performing paging reception and measurements prolongs the UE active state. The end result is that two identical UEs served by the same cell and same coverage level will show different battery life depending on which carrier they monitor for paging.

Sourcing company has done some evaluations when large percentage of measurements are done on the same carrier as that used for paging while a small percentage of measurements done on the anchor carrier and the results are shown in Table 1. There is a need to periodically do search on anchor carrier to maintain frequency accuracy, so the results include periodic retuning to the anchor carrier to do so. 
Table 1 Relative power consumption of making measurements in non-anchor vs in anchor
	MCL (dB)
	Relative power consumption (%)

	144
	37

	154
	50

	164
	39


The evaluation assumes WUS and DRX cycle of 1.28s. 
Observation 1: Performing most of the measurements on the same carrier as used for paging achieve considerable reduction in power consumption.
Proposal 2: For the objective of presence of NRS in non-anchor carrier, consider the use case of enabling measurements in non-anchor carrier while reducing measurement on anchor carrier.

4 Summary

In this contribution we presented our views on usage and specification impact of enabling presence of NRS in non-anchor carriers for paging. We made the following observations and proposals:
Proposal 1: To enable the presence of NRS in a non-anchor carrier, the following parameters are to be decided:


- Location of NRS with respect to the PO


- Number of subframes for NRS


- Whether NRS is present in all POs or only a subset

To decide these parameters, RAN1 should take into account performance requirements and/or additional use cases from RAN2 and RAN4.
Observation 1: Performing most of the measurements on the same carrier as used for paging achieve considerable reduction in power consumption.
Proposal 2: For the objective of presence of NRS in non-anchor carrier, consider the use case of enabling measurements in non-anchor carrier while reducing measurement on anchor carrier.
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