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Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK24][bookmark: OLE_LINK41]In the last NB-IoT ad-hoc it was agreed that intra-frequency mobility shall be based on simple ranking.
	Intra-frequency cell reselection is based on ranking.
For inter-frequency mobility no decisions were made neither on autonomous cell re-selection nor whether re-direction is needed and if so when it shall be used.

Discussion
The need for inter-frequency measurem2nts can be caused by scenarios, the device moves, or a new NB-IoT cell is set into function.
· If the device moves, the receive level of current serving cell and neighbor cell changes
· If the device is not moving, i.e. static, the serving cell will remain constant and the newly activated/introduced cell and its ratio to the serving cell is of interest for the required methods.
The devices moves slowly from one cell to another cell
In this context the device needs to have the ability to select/re-select a cell. This cell re-selection can be based on cell ranking i.e. simple measurements included by an offset. The scenario is depicted below if the device moves the coverage received from one cell will decrease and from the other cell it will increase.
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Fig. 1 UE moves between 2 cells, i.e. leaving one coverage area and entering the other coverage area.


If the difference is large enough the device will re-select and camp on the new cell. The required difference to stipulate said re-selection process depends on the achievable accuracy to be evaluated by RAN#4. However, besides the pure measurements also some additional offsets between carriers could be considered.
Observation 1a: For support of mobility a simple inter-frequency re-selection mechanism based on ranking is sufficient.

The device is static and the network changes 
This scenario may happen in case a new cell/NB-IoT carrier is brought into the field. Here mainly two scenarios need to be distinguished:
· The new carrier is coming from the same location tower
· The new carrier is coming from a different location/tower. 
Here it is only focused on the devices that have a fixed location and their specialties. 
The new carrier is coming from the same location
In case that the same location is chosen, as depicted in Fig. 2 both signals nearly undergo same propagation conditions except some frequency selective effects. However, compared to the expected accuracy - given that also enhanced coverage needs to be considered - it is expected that these effects are small compared to the achievable accuracy which accordingly impacts the cell re-selection criteria.

Fig. 2: LTE and NB-IoT deployment at the outer edges		
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In eMTC in extended coverage an accuracy of 6db was chosen down to 10dB coverage enhancement and for dedicated mode. For re-selection it is likely that the difference of two cells which needs to be fulfilled is in the order of several dB , hence the difference in the signals caused by difference in frequency is small compared to that.
As a consequence, the difference in the received signals as such will not fulfill re-selection criteria or there would be a very small difference for the re-selection which than would lead to ping-pong effects. Even when considering or including an offset between the carriers will not help because it would cause all the UEs or no UEs to change the carrier.

This is valid for all scenarios where transmission takes place from the same location i.e. undergoing same propagation loss and the difference in frequency and its impacts are small compared to accuracy that can be achieved by measurements.
In such scenarios UE autonomous cell re-selection will not happen because the difference is too small. As a consequence there will be no load distribution between the carriers and all devices will stay on the carrier/cell they are currently camped on. 
Observation 1b: Especially for static scenarios when a device receives signals from 2 NB-IoT cells coming from the same location on different frequencies a pure re-selection will not achieve a load distribution between those carriers.
As a consequence it is proposed to adapt a re-direction mechanism. Even so there are many RRC messages which could carrier such a message one needs to consider here, that the need for responsiveness and load adaption is small. I.e. one should allow a device to finish its started activity e.g. connection request and afterwards for the next activity cycle send the device to a new carrier.
Hence it is proposed to send the re-direction upon RRC connection release. 
Observation 2a: For load distribution purposes a re-direction mechanism at RRC connection release is proposed.


Due to the fact that the difference between the carriers is small compared to the accuracy of the measurements, measurement reporting would not help in this case because magnitude would be known but whether load balancing would be made upon the data or not would not change.
The new carrier is coming from a different location
The situation looks different, when a new carrier on a different physical location even on same or comparable frequency is established. The reception of the new signal at the device depends on the path loss which due to nature of that scenario can be different. Situation is depicted in Fig. 3
Fig. 3: LTE and NB-IoT deployment from different BS locations	


NB-IoT carrier A from eNodeB A			NB-IoT carrier B	 from NodeB B	

At the beginning both devices are served from NB-IoT carrier A. In case that the device is doing measurements it will recognize the new carrier. If it fulfills the re-selection criteria it will re-select accordingly. FIf the re-selection criteria is not fulfilled, it will stay on the prior serving carrier. 
Observation 2b:  For carriers from different locations load distribution can happen by re-selection. In case that the carriers are too close in level the load balancing can also be achieved by re-direction upon connection release.
Re-direction parameter
The re-direction towards a different carrier may be based on available knowledge, i.e. coverage performance of an adjacent system or done even blind.
Even if based on measurements the inaccuracy needs to be considered in addition and hence under all side-conditions i.e. knowledge based (other system), measurement based, or blind re-direction on the following scenarios will occur:
· The device is send to a NB-IoT cell/Carrier which is better than the previous serving cell
· The device is send to a NB-IoT/cell carrier which is so bad that the previous serving cell triggers the re-selection criteria.
· The device is send to a carrier being worse than previous serving cell but not that bad that it triggers the re-selection criteria.

For the first two depicted scenarios the consequence is pretty clear and it is predictable what will happen. In the 3rd scenario devices may behave differently and this scenario can not be avoided regardless what pre-knowledge is available for the re-direction.
Depending on the number of the devices an operator may reach the point where he needs to send some devices on cells/carriers which he knows are slightly worse than the current serving cell for load distribution purposes. He may select here devices being in rather good coverage which can stand a certain lowering of their reception quality and still being reachable and having long life.
As these devices are designed for power saving/long life they may have additional “means/measures” to evaluate best serving cell. In case these devices change/are requested to change their network entry point they also can use some “long-term” observations. This means, the devices compare actual conditions against stored information they have from previous serving cell. There are several methods which can especially be applied and are suitable for static devices (average required output power, long term average receive level CE repetitions,…), however there is no need to standardize such requirements there only needs to be the minimum requirement for cell re-selection.
As a consequence the network just needs to be aware that devices may return to the initial serving cell after they were re-directed to a different cell having worse conditions or when even momentarily that cell looked better/quite good. 
The UE autonomous cell re-selection is a minimum requirement a device may always reselect a cell even when the difference between current and previous cell does not fulfill the re-selection requirement. Sometimes this behavior is favorable but if send on purpose to a worse carrier this should be avoided.
A static device may use further means to evaluate cell re-selection to optimize its serving cell. This may be done especially after re-direction, as this may lead to selections to the prior serving cell the network can indicate whether or to what extend such mechanisms should be applied by the device.
Observation 3: In case of re-direction a minimum difference needs to be defined indicating how much degradation the UE needs to tolerate compared to the previous cell, i.e. defining a negative boundary and preventing from re-re-selection. 

Conclusions
Proposal 1: We suggest RAN2 to consider for support of inter-frequency cell re-selection a simple mechanism based on ranking, ranking based on measurements and offsets.
Proposal 2: We propose to consider for support of load balancing between different NB-IoT carriers/frequencies an RRC re-direction upon RRC connection release. 
Proposal 3: In case of re-direction a minimum difference needs to be defined indicating how much degradation the UE needs to tolerate compared to the previous cell, i.e. defining a negative boundary and preventing from re-re-selection
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