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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 this contribution, we present our views on how to enable and make use of the NRS in non-anchor carrier. 
2 Use cases

Early termination

One of the major components of power savings in NB-IoT is the possibility for early terminating the monitoring of a channel if the UE detects that is not there. For example, if the UE estimates an SNR of 10dB and does not detect an NPDCCH (or WUS) for paging in one subframe, it can safely assume that the eNB did not transmit it and skip the reception of the rest of the repetitions. 

One of the major obstacles for early termination in non-anchor carriers is the fact that NRS will only be present when NPDCCH is transmitted. Therefore, it is not possible for the UE to know if the eNB didn’t transmit anything or if the NB-IoT carrier is in very low SNR. The introduction of fixed NRS in non-anchor carrier enables SNR estimation and the corresponding early termination of NPDCCH or WUS monitoring.

Observation 1: The introduction of NRS in non-anchor carriers can be used to enable early NPDCCH/WUS termination for paging.

Measurements

Current specification mandates a UE to make measurements in anchor carrier even when the UE is monitoring paging in a non-anchor carrier. This creates increased power consumption in UEs that monitor paging in non-anchor carriers, since the operation is as follows:
· UEs in anchor carrier: Wake up, go to anchor carrier, make measurements/decode paging in parallel.
· UEs in non-anchor carrier: Wake up, go to anchor, perform measurements, go to non-anchor, decode paging.
Thus, in every wake-up, the UE needs to monitor both anchor and non-anchor carriers, which increases the UE power consumption.

Observation 2: Rel-15 UEs monitoring paging in non-anchor carrier suffer from increased power consumption due to measurements being restricted to anchor carrier.

One additional issue of UEs monitoring paging in non-anchor carriers is that cell reselection does not follow the RSRP/RSRQ conditions of the non-anchor carrier. For example, consider the case when the anchor carrier is in good SNR conditions, but the non-anchor carrier is not (e.g. due to narrowband interference). In this case, the UE may be unreachable but may not reselect to a different cell, since the measurements that govern idle mode mobility are performed in anchor carrier.
Observation 3: Rel-15 UEs monitoring paging in non-anchor carrier may be unreachable for the cases where anchor carrier is in good radio conditions but non-anchor carrier is not (e.g. due to narrowband interference).
In our view, RAN1/2 should focus in enabling the two use cases mentioned below.

Proposal 1: Consider the following use cases for the introduction of NRS in non-anchor carrier for paging:


- Early termination of NPDCCH/WUS for paging.


- Mobility/RRM enhancements.

3 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).
Since these NRS will be used mainly by UEs in idle mode (i.e., UEs that are monitoring paging), the most natural way to signal the configuration is in broadcast signalling (e.g. SI).
Proposal 2: The presence of NRS in non-anchor carriers for paging is enabled by broadcast signalling (e.g. SI).


- FFS details such as number of NRS subframes, periodicity, etc.
Further details are needed to enable the RRM enhancements mentioned above. Two main directions can be followed to optimize power efficiency of measurements in idle mode:

· Enable measurements in non-anchor carrier: If the UE knows the power ratio between NRS in anchor and non-anchor, the UE will be able to derive the equivalent RSRP/RSRQ of the anchor carrier and use that value for RRM measurements.
· Relaxation of measurements: RRM measurement relaxations introduced in Rel-14 allow the UE to skip measurements of neighbour cells if the serving cell measurements are stable during a period of time. We could follow a similar approach but based on the non-anchor carrier measurements.
Since the two bullets above relate to RAN2 aspects, we propose to communicate this objective to RAN2 and encourage them to work on it.
Proposal 3: Send an LS to RAN2 to inform that:
· Current measurement procedure for non-anchor paging operation increases UE power consumption due to having to monitor both anchor and non-anchor carrier.

· Current measurement procedure is not robust against narrowband interference in non-anchor carrier.

· RAN1 will specify transmission of NRS in non-anchor carrier regardless of whether paging is transmitted or not.

· Ask RAN2 to consider using these NRS for measurements or measurement relaxation.
4 Summary

In this contribution we presented our initial views on usage and specification impact of enabling presence of NRS in non-anchor carriers for paging. We made the following observations and proposals:
Observation 1: The introduction of NRS in non-anchor carriers can be used to enable early NPDCCH/WUS termination for paging.

Observation 2: Rel-15 UEs monitoring paging in non-anchor carrier suffer from increased power consumption due to measurements being restricted to anchor carrier.

Observation 3: Rel-15 UEs monitoring paging in non-anchor carrier may be unreachable for the cases where anchor carrier is in good radio conditions but non-anchor carrier is not (e.g. due to narrowband interference).

Proposal 1: Consider the following use cases for the introduction of NRS in non-anchor carrier for paging:


- Early termination of NPDCCH/WUS for paging.


- Mobility/RRM enhancements.

Proposal 2: The presence of NRS in non-anchor carriers for paging is enabled by broadcast signalling (e.g. SI).


- FFS details such as number of NRS subframes, periodicity, etc.
Proposal 3: Send an LS to RAN2 to inform that:

· Current measurement procedure for non-anchor paging operation increases UE power consumption due to having to monitor both anchor and non-anchor carrier.

· Current measurement procedure is not robust against narrowband interference in non-anchor carrier.

· RAN1 will specify transmission of NRS in non-anchor carrier regardless of whether paging is transmitted or not.

· Ask RAN2 to consider using these NRS for measurements or measurement relaxation.
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