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1 Introduction
RAN4 continued to discuss RRM measurements at last RAN4 #78bis meeting. Good progress was made as numerous way forward documents were approved. One of them was on RRM measurement [1].  The minimum number of inter-frequency carriers, excluding the serving carrier, that the NB-IOT UE shall be able to monitor was agreed in square-brackets, and whether this number should be the same or different for all deployment mode was agreed as FFS in [1]: 
	· RAN4 agreed that the minimum number of inter-frequency carriers that the NB-IoT UE shall be able to monitor is [2] (excluding serving carrier)
· It is FFS whether to specify minimum number of inter-frequency carriers to monitor per deployment mode(in-band/standalone/guard-band)


In this contribution we provide our view to resolve the FFS in the abovementioned agreement. 

2 Discussions 
The NB-IOT UE can be deployed as either in-band, guard-band or in standalone mode. Although many of the physical layer design, e.g. reference signals and synchronization signals, are common for all three modes, there are some other fundamental issues that need to be taken into account. 
This has to be analyzed from a practical deployment point of view. It is expected and also common understanding that some operators consider deploying NB-IOT in a standalone operation mode only. This may be the case especially for operators with GSM spectrum that they plan to refarm to be able to operate NB-IOT. We have illustrated this scenario in Figure 1, where it is seen that one of the GSM carrier is re-farmed for NB-IOT operation. In this case, all other carriers are to be used for traditional cellular operation except for this particular one. 
Likewise, other operators may only have license to operate in a narrow-band carrier, i.e. a single and independent carrier is used to deploy NB-IOT. In such scenarios, it is reasonable to assume that this standalone carrier is the only carrier that supports NB-IOT. 
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Figure 1: NB-IOT deployed in a stand-alone fashion

Consider another scenario, where NB-IOT is deployed in a guard-band fashion (Figure 2) and in an in-band fashion (Figure 3). 
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Figure 2: NB-IOT deployed in a guard-band PRB
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Figure 3: NB-IOT deployed within LTE system bandwidh
This may be the typical NB-IOT operational scenario for classical operators that already have license to operate on LTE. These operators may have one or several unused PRBs or PRBs that are made available particularly for NB-IOT purpose. In such scenarios, it is reasonable to assume that there may be several detectable NB-IOT PRBs/carriers available. For example, an in-band deployed NB-IOT UE may be able to detect multiple other NB-IOT PRBs that are deployed within the LTE system bandwidth, or within the guardband. Similarly, a guard-band deployed NB-IOT UE may be able to detect multiple NB-IOT PRBs that are deployed in the same or different guard-band , or within the LTE system bandwidth. 

In the two example scenarios given above, it is obvious that the number of NB-IOT PRBs that are available for detection may be different. Thus in our opinion, it is reasonable and important to take into account the deployment mode when specifying the minimum number of carriers for monitoring.

It was agreed at last meeting to specify the minimum number of inter-frequency carriers to monitor as 2, this number was agreed in square-brackets. Given the discussions above and in our view, the number of carriers that are available for detection might be less for one type of deployment while more for another type of deployment. Thus as compromise we propose that the minimum number of inter-frequency carriers to monitor for specific deployment mode is 2 but the total number of inter-frequency carriers to monitor are defined as at least 3. 
NB-IOT UE is a low-cost UE with limited functionality compared to legacy LTE UE. However, unlike legacy LTE UE it is not required to monitor any inter-RAT carriers and it shall not support increased carrier monitoring. These requirements only consider monitoring of inter-frequency carriers.
Based on the discussions above, we make the following proposal:
· Proposal #1: A NB-IOT UE shall be able to monitor at least:

· An intra-frequency carrier;

· At least [2] inter-frequency carriers belonging to in-band deployment;

· At least [2] inter-frequency carriers belonging to guard-band deployment;

· At least [2] inter-frequency carriers belonging to standalone deployment;

· Proposal #2: In addition an NB-IOT UE shall be able to monitor a total number of at least [3] inter-frequency carriers and 1 intra-frequency carrier.
3 Summary 
In this contribution we discussed the minimum number of carriers to monitor for the NB-IOT UE in different deployment scenarios. We have identified the need to specify different minimum number of carriers to monitor for the different deployment mode. Based on the discussions provided in this contribution, we make the following proposals:
· Proposal #1: A NB-IOT UE shall be able to monitor at least:

· An intra-frequency carrier;

· At least [2] inter-frequency carriers belonging to in-band deployment;

· At least [2] inter-frequency carriers belonging to guard-band deployment;

· At least [2] inter-frequency carriers belonging to standalone deployment;

· Proposal #2: In addition an NB-IOT UE shall be able to monitor a total number of at least [3] inter-frequency carriers and 1 intra-frequency carrier.
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