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Introduction
In the previous two RAN4 meetings, the following agreements were made on RRM measurements in non-anchor carrier [1][2]:
For RRM measurements on non-anchor carriers based on NRS
· Skip the NRSRQ measurement on non-anchor carrier
· The existing criteria depending on NRSRQ are not feasible on non-anchor carrier
· It is left to RAN2 whether to modify the existing S criteria or define new criteria

Per the agreement in RAN4 and if configured by the network, serving cell NRSRP measurements on the non-anchor paging carrier are feasible provided that:
· The relaxed cell monitoring criteria defined in TS 36.304 clause 5.2.4.12 are met, and 
· Transmit power difference of the signals/channels between anchor carrier and non-anchor paging carrier is signalled to the UE via a parameter similar to nrs-PowerOffsetNonAnchor, and
· UE is not configured with any positioning measurements, and
· There are sufficient number of NRS subframes available for measurements in the non-anchor paging carrier as being discussed in RAN1.




In our previous paper [3], we discussed aspects of relaxed neighbor cell monitoring and the conditions to enter and exit that state. However, there were no agreements on this topic and we reiterate some of our views in this paper.
Discussion
A concern that was raised in the RAN4#91 meeting was whether the existing parameter nrs-PowerOffsetNonAnchor is sufficient for NRSRP translation or a new parameter similar to it should be introduced with possible different range and/or granularity. Per TS 36.213 clause 16.2.2, the downlink NRS EPRE can be derived from the downlink NRS transmit power given by nrs-Power + nrs-PowerOffsetNonAnchor, where the parameter nrs-Power is provided by higher layers and nrs-powerOffsetNonAnchor is zero if it is not provided by higher layers. The downlink narrowband reference-signal transmit power is defined as the linear average over the power contributions (in [W]) of all resource elements that carry narrowband reference signals within the operating NB-IoT system bandwidth.
The parameter nrs-Power is signalled to UE in units of dBm with a range of [-60, 50] as defined in TS 36.331:
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The parameter nrs-PowerOffsetNonAnchor is in units of dBm and defined in TS 36.331 for the set {-12, -10, -8, -6, -4, -2, 0, 3}:
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Hence, the combination of the two parameters nrs-Power and nrs-PowerOffsetNonAnchor cover a wide range of NRS EPRE and the parameter nrs-PowerOffsetNonAnchor can signal all possible power offsets between non-anchor and anchor carriers and is sufficient for NRSRP measurement translation between non-anchor and anchor carriers.
Observation 1. The existing parameter nrs-PowerOffsetNonAnchor can signal all possible power offsets between non-anchor and anchor carriers and is sufficient for NRSRP measurement translation between non-anchor and anchor carriers.
Proposal 1. For for NRSRP measurement translation between non-anchor and anchor carriers, existing parameter nrs-PowerOffsetNonAnchor to be used. No new parameter needs to be defined or signalled. 
Next, we present our views on RRM measurements on non-anchor carrier in general and the conditions under which it can work. 
With the presence of NRS on the non-anchor carrier even in the absence of paging transmissions in R16, UE can perform RRM measurements (at least NRSRP). Serving cell measurements on the non-anchor carrier can be permitted by the network in addition to legacy serving cell measurements on the anchor carrier. 
Proposal 2. With the presence of NRS on the non-anchor carrier even in the absence of paging transmissions in R16, NW to permit NRSRP serving cell measurements on the non-anchor carrier. Serving cell measurements on the non-anchor carrier can be performed in addition to legacy serving cell measurements on the anchor carrier. 

With Proposal 1, UE’s actions in the non-relaxed monitoring state (default state) will be as follows:
· UE performs neighbour cell measurements in anchor carrier
· UE performs serving cell measurements in anchor carrier
· UE may perform serving cell NRSRP measurements in non-anchor carrier
· UE translates non-anchor carrier NRSRP measurement to equivalent anchor carrier NRSRP measurement using parameter nrs-PowerOffsetNonAnchor for procedures requiring anchor carrier NRSRP measurement  

Proposal 3. In the non-relaxed monitoring state (default state), UE:
· UE performs neighbour cell measurements in anchor carrier
· UE performs serving cell measurements in anchor carrier
· UE may perform serving cell NRSRP measurements in non-anchor carrier
· UE translates non-anchor carrier NRSRP measurement to equivalent anchor carrier NRSRP measurement using parameter nrs-PowerOffsetNonAnchor for procedures requiring anchor carrier NRSRP measurement  

Of specific interest is how to define conditions when UE can stop measurement on anchor carrier and rely solely on non-anchor carrier measurements to maximize power savings. When radio conditions are changing then UE performs neighbor cell measurements anyway to search for a better cell hence there will be limited power savings if UE performs measurements on anchor carrier in addition to paging on non-anchor carrier. However, significant power savings can be achieved when UE performs measurements only on the serving cell. Therefore, it makes sense to link relaxing of measurements on anchor carrier to the relaxed measurement mechanism introduced in Release 14. For this sourcing company make the following proposals:
Based on the evaluation of the relaxed monitoring conditions as introduced in Release 14, UE can enter a relaxed monitoring state wherein UE:
· Stops monitoring neighbor cells
· May stop performing measurements on anchor carrier
· May continue to perform measurements only on the non-anchor carrier
· May continue to evaluate relaxed monitoring conditions using non-anchor carrier NRSRP measurements and nrs-PowerOffsetNonAnchor for translation to their equivalent NRSRP in anchor carrier

Exiting this state will be based on NRSRP measurements not fulfilling the relaxed conditions. 
Proposal 4. Based on the evaluation of the relaxed monitoring conditions as introduced in Release 14, UE can enter a relaxed monitoring state wherein UE:
· Stops monitoring neighbor cells
· May stop performing measurements on anchor carrier
· May continue to perform measurements only on the non-anchor carrier
· May continue to evaluate relaxed monitoring conditions using non-anchor carrier NRSRP measurements and nrs-PowerOffsetNonAnchor for translation to their equivalent NRSRP in anchor carrier

Exiting this state will be based on NRSRP measurements not fulfilling the relaxed conditions. 
It is noted that while in relaxed monitoring state with Proposal 4, UE may still perform search/measurement on anchor carrier for frequency synchronization and the rate at which this task is done is left to UE implementation. 
Proposal 5. While UE is in relaxed monitoring state and performing measurements on non-anchor carrier, it may occasionally perform search/measurement on anchor carrier (e.g., for frequency synchronization). The rate at which this is done is left to UE implementation. 
Conclusions
Observation 1. The existing parameter nrs-PowerOffsetNonAnchor can signal all possible power offsets between non-anchor and anchor carriers and is sufficient for NRSRP measurement translation between non-anchor and anchor carriers.
Proposal 1. For for NRSRP measurement translation between non-anchor and anchor carriers, existing parameter nrs-PowerOffsetNonAnchor to be used. No new parameter needs to be defined or signalled. 
Proposal 2. With the presence of NRS on the non-anchor carrier even in the absence of paging transmissions in R16, NW to permit NRSRP serving cell measurements on the non-anchor carrier. Serving cell measurements on the non-anchor carrier can be performed in addition to legacy serving cell measurements on the anchor carrier. 
Proposal 3. In the non-relaxed monitoring state (default state), UE:
· UE performs neighbour cell measurements in anchor carrier
· UE performs serving cell measurements in anchor carrier
· UE may perform serving cell NRSRP measurements in non-anchor carrier
· UE translates non-anchor carrier NRSRP measurement to equivalent anchor carrier NRSRP measurement using parameter nrs-PowerOffsetNonAnchor for procedures requiring anchor carrier NRSRP measurement  


Proposal 4. Based on the evaluation of the relaxed monitoring conditions as introduced in Release 14, UE can enter a relaxed monitoring state wherein UE:
· Stops monitoring neighbor cells
· May stop performing measurements on anchor carrier
· May continue to perform measurements only on the non-anchor carrier
· May continue to evaluate relaxed monitoring conditions using non-anchor carrier NRSRP measurements and nrs-PowerOffsetNonAnchor for translation to their equivalent NRSRP in anchor carrier

Exiting this state will be based on NRSRP measurements not fulfilling the relaxed conditions. 

Proposal 5. While UE is in relaxed monitoring state and performing measurements on non-anchor carrier, it may occasionally perform search/measurement on anchor carrier (e.g., for frequency synchronization). The rate at which this is done is left to UE implementation. 
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