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1	Introduction
At RAN4#90 meeting, RAN4 discussed improved multi-carrier operation for NB-IoT based on the following work item objective [1]:
	Improved multi-carrier operation:
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]
· 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] 
· 



Based on the discussion a way forward was agreed with following agreement [2]: 
	· RAN4 is to specify requirements for MSG3 quality reporting on non-anchor carriers based on RAN1/RAN2 outcome.
· RAN4 is to identify the scenarios under which non-anchor RRM measurements based on NRS on non-anchor carriers are feasible.




In this contribution we discuss the scenarios under which the non-anchor RRM measurements are feasible, i.e. the second agreement. 
2	Discussion
2.1 	Background
In NB-IoT anchor and non-anchor carriers are defined. In anchor carrier the UE assumes that NPSS/NSSS/NPBCH/SIB-NB are transmitted on downlink. In non-anchor carrier the UE does not assume that NPSS/NSSS/NPBCH/SIB-NB are transmitted on downlink. The anchor carrier is transmitted on subframes #0, #4, #5 in every frame and subframe #9 in every other frame. The anchor carriers transmitting NPBCH/SIB-NB contains also NRS. The non-anchor carrier contains NRS during certain occasions and UE specific signals such as NPDCCH and NPDSCH. The non-anchor carrier can be transmitted in any subframe other than those containing the anchor carrier.
The release 16 NB-IoT WI also contains following objective [1]:
	· 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] 



RAN1 is actively discussing introducing a number of subframes containing NRS prior/within the NPDCCH search space of a PO, which can be used by the UE to perform early termination of NPDCCH reception. The agreement in [2] is related to whether it is feasible to use those NRS resources for performing RRM measurements on the non-anchor carrier. This is further discussed in subsequent section.  
2.2 	Discussions
Firstly it is recalled that, from RAN4 point of view, the anchor carrier and non-anchor carrier frequencies are always within 20MHz, and the frequencies are in the same base station or in co-located base stations [3]:
	The requirements in this section are applicable for the random access transmission by the UE category NB1 to an anchor carrier or to a non-anchor carrier under the following conditions:
-	The anchor and non-anchor carrier frequencies are within 20 MHz and
-	The anchor and the non-anchor carrier frequencies are in the same base station or in co-located base stations.



According to current specification, the RRM measurements for category NB1/NB2 UEs are performed on the anchor carrier where physical channels and signals such as NPSS/NSSS/NPBCH/SIB-NB are transmitted. In multicarrier operation, the UE can be configured to receive paging, control channel and data channels on the non-anchor carrier. However, the UE still needs to retune to anchor carrier on periodic basis to receive the synchronization signals, and to perform RRM measurements. Hence, one basic criteria to rely on non-anchor RRM measurement is that UE should not be required to perform neighbour cell measurements.
· Observation #1: In order to rely on non-anchor carrier measurements, the UE should not be required to perform neighbour cell measurements.
Relaxed cell monitoring feature was introduced in release 14 for NB-IoT and it comprises numerous conditions to decide when then the UE can choose not to perform intra- and inter-frequency neighbor cell measurements [4]. The conditions are chosen such that the UE is allowed not to perform intra-frequency and inter-frequency neighbor cell measurements for a certain time only when the UE has limited mobility e.g. stationary or substantially stationary. Hence, the UE is only required to perform serving cell RRM measurement.  
· Observation #2: UE is not required to perform neighbour cell RRM measurements when the relaxed cell monitoring criteria are met.
Secondly, the current specification allows the UE to apply different transit power for anchor- and non-anchor measurements. For example, eNodeB can apply power-boosting of 6 dB on the signals and channels transmitted on the non-anchor carrier. If RRM measurements are performed on the signals/channels under such power-boosted scenarios, this can result in different UE observed coverage levels of the anchor and non-anchor carriers, see Figure 1. Consequently, using these measurements in operational tasks (e.g. cell re-selection decisions) may result in incorrect decisions and behaviour. Therefore, the non-anchor carrier serving cell measurements should only be allowed when the transmit power of the signals/channels used for RRM measurements are same or at least known to the UE. 
· Observation #3: Non-anchor carrier RRM measurements performed on signals/channels using different power levels than anchor-carrier can result inaccurate observed coverage levels of the carriers. 
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Figure 1 Example showing the transmit power difference affecting the coverage level
Thirdly, UE can also be configured with measurements which require the UE to measure on the anchor-carrier. Example of such measurements are RSTD, UE Rx-Tx measurements which are all supported in IDLE state for NB-IoT. These requirements are defined in section 4.8 in [3]. Generally, the positioning measurements are more time critical than periodic RRM measurements and therefore have higher priority than any other types of measurements. In the case of NB-IoT RSTD measurement, the NB-IoT positioning reference signal (NPRS) can be transmitted anywhere within the cell bandwidth. This means, they can fall outside the frequency location associated anchor- or non-anchor carriers. Because of their higher priority, the UE may have to retune that part of the frequency location and measure on the NPRS. Hence, it is proposed that UE in order to rely on non-anchor carrier measurements, the UE should not be configured with any positioning measurements. It is also notable that NSSSb based RRM measurement won’t be feasible either when measurements are only performed on the non-anchor carrier since they are only transmitted on the anchor-carrier.
Finally, another aspect to take into consideration is that the feasibility of performing RRM measurements on the non-anchor will be subject to the values of “M” & “N” and decimation patterns under discussion in RAN1 [5].
· Observation #4: UE can be configured with positioning measurements that require the UE to retune to parts of the cell bandwidth other than non-anchor carrier frequency location.  
Based on the discussions and observations made in this contribution, we make the following proposal: 
· Proposal: If configured by the network, serving cell non-anchor carrier measurements are feasible provided the relaxed cell monitoring criterion is met, transmit power difference of the signals/channels between anchor- and non-anchor carriers is known, UE is not configured with any positioning measurements and there are sufficient number NRS subframes available for measurements as being discussed in RAN1.  

 Summary
In this contribution we have discussed feasibility of non-anchor carrier measurements. More specifically, we have identified scenarios under which the UE can choose not to perform neighbor cell measurements and anchor-carrier measurements. Instead, the serving cell measurements are performed only on the non-anchor carrier provided certain conditions are met. Based on discussions, we have made following observations and proposals:
· Observation #1: In order to rely on non-anchor carrier measurements, the UE should not be required to perform neighbour cell measurements.
· Observation #2: UE is not required to perform neighbour cell RRM measurements when the relaxed cell monitoring criteria are met.
· Observation #3: Non-anchor carrier RRM measurements performed on signals/channels using different power levels than anchor-carrier can result inaccurate observed coverage levels of the carriers. 
· Observation #4: UE can be configured with positioning measurements that require the UE to retune to parts of the cell bandwidth other than non-anchor carrier frequency location.  
· Proposal: If configured by the network, serving cell non-anchor carrier measurements are feasible provided the relaxed cell monitoring criterion is met, transmit power difference of the signals/channels between anchor- and non-anchor carriers is known, UE is not configured with any positioning measurements and there are sufficient number NRS subframes available for measurements as being discussed in RAN1.  
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