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1 Background
Load balancing was discussed in the RAN2#NB-IoTAdhoc meeting [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]. 
It was (only) agreed that:
· Intra-frequency cell reselection is based on ranking.
There was also an email discussion on load balancing after the adhoc meeting [11]. 

In this contribution load balancing in NB-IoT is discussed further, i.e. the need for priority based cell re-selection, cell ranking, and redirection. 
2 Discussion
Multiple frequencies (in the same or different bands) may be used in NB-IoT independent of the deployment scenario (stand-alone, inband, guardband). It has been agreed to support both intra-frequency and inter-frequency cell reselection [12], however details of the inter-frequency cell re-selection procedure are still FFS.
In case multiple frequencies are deployed it may be desirable to distribute the UEs across the frequencies to enable the best use of each frequency: 
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Figure 1: Multiple frequency deployment in NB-IoT.

In case UEs are equally distributed across the deployed frequencies while in Idle mode, there is no immediate requirement to enable load balancing in connected mode, e.g. during setup: 

Proposal 1: NB-IoT does not support load balancing in connected mode, i.e. redirection during connection setup.
There is no AS security with redirection during setup, and a potential negative impact on the C-RNTI handling during setup. 
Priority based cell re-selection requires the UE to perform regular measurements to try to re-select to a higher priority frequency layer. Unless the UE is on the highest priority layer, the UE is required to measure at least every minute for higher priority cells. These "background" measurements for higher priorities frequencies/cells add to the power consumption of the UE. Furthermore dedicated priorities need to be assigned to the UE to make this method effective for load balancing purposes (i.e. otherwise all UEs would eventually re-select to the highest priority frequency layer). Dedicated priorities (0..7) for up to 8 LTE frequencies can be assigned in IE IdleModeMobilityControlInfo in the RRCConnectionRelease message. To avoid periodic measurements for higher priority frequencies/cells priority based cell re-selection is not preferred for NB-IoT. This then also eliminates the use of dedicated priorities for load balancing purposes. The cell ranking with equal priority inter-frequency cell reselection (section 5.2.4.6 in TS 36.304) is considered suitable for NB-IoT for cell re-selection purposes: 

Proposal 2: Inter-frequency cell re-selection is based on cell ranking.

The existing cell ranking procedure is a toolbox where different frequencies can be promoted and demoted (section 5.2.4.6 in 36.304):
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Figure 1: Cell ranking
.
The cell ranking procedure allows the UE to re-select to the strongest cell within the offsets configured by the network to bias the UE. For power consumption and especially with coverage enhancements it is important that the UE is on the strongest cell. The frequency offsets with cell ranking are considered sufficient to bias the UE idle mode mobility for load balancing. With the cell specific offset (intra-frequency) and frequency specific offset (inter-frequency) cells can be promoted and demoted in the cell ranking:
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However with the promotion and demotion of inter-frequencies there are two cases to consider:
· Case 1: Prevent the UE from going to a promoted frequency (negative offset value) that is not that good (target cell just above Rxlevmin).
· Case 2: Encourage the UE to go to a demoted frequency (positive offset value) when serving cell becomes bad (serving cell just above Rxlevmin).
Therefore it is proposed to omit the promotion and demotion of frequencies in certain cases:
Proposal 3: Introduce a new measurement threshold for cell ranking to indicate when UE shall omit promotion/demotion frequency offsets as follows:

· Omit promotion of an inter-frequency when the measured signal strength of the inter-frequency cell drops below this new threshold. 

· Omit demotion of an inter-frequency cell when the measured signal strength of the serving cell drops below this new threshold. 
In addition to the idle mode mobility control provided by cell ranking it is desirable to also have UE individual control for load balancing. Potentially certain UEs are preferred on certain frequencies/bands. Furthermore it is desirable to have (individual) network control when the UE controlled mobility does not provide the desired load balancing result. Therefore it is proposed:
Proposal 4: NB-IoT supports RRC connection release and suspend with RedirectedCarrierInfo to an LTE frequency.
With redirection upon release the network can re-direct the UE to an LTE frequency with IE redirectedCarrierInfo in the RRCConnectionRelease message. The UE is required to search for a suitable cell on the indicated LTE frequency through cell selection. Redirection upon release can be done "blindly", i.e. without measurements from the UE. However without measurements the UE could potentially be redirected to a carrier where it cannot find a suitable cell. This would render redirection for load balancing in-effective, and it would add to the UE power consumption to find a suitable cell on another carrier. Or the UE may be assigned to a frequency while a stronger/better cell is available on another frequency. Measurement reporting in NB-IoT is further discussed in [13].

3 Summary

RAN2 is kindly asked to load balancing in NB-IOT:
Proposal 1: NB-IoT does not support load balancing in connected mode, i.e. redirection during connection setup.

Proposal 2: Inter-frequency cell re-selection is based on cell ranking.

Proposal 3: Introduce a new measurement threshold for cell ranking to indicate when UE shall omit promotion/demotion frequency offsets as follows:

· Omit promotion of an inter-frequency when the measured signal strength of the inter-frequency cell drops below this new threshold. 

· Omit demotion of an inter-frequency cell when the measured signal strength of the serving cell drops below this new threshold. 
Proposal 4: NB-IoT supports RRC connection release and suspend with RedirectedCarrierInfo to an LTE frequency.
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