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Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK24][bookmark: OLE_LINK41]In the 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.
In addition it was agreed in the last meeting that 

In NB-IoT the cell suitability criteria S is defined as:
Srxlev = Qrxlevmeas – Qrxlevmin - Qoffsettemp – Pcompensation (FFS)
FFS: Squal = Qqualmeas – Qqualmin - Qoffsettemp
 	NB-IoT supports cell specific offsets for intra-frequency, but not for inter-frequency.
Following points were left for further study:
	It is FFS if we introduce a default value and an option to broadcast a single value for Qoffsetfreq to be used for all inter-frequencies (revisit after disc on cell reselection). 
In addition it was agreed that:
-	To introduce redirection information in a RRC Dedicated message

Discussion
Cell specific offsets were agreed for NB-IoT and for inter-frequency scenarios there may be a carrier/frequency specific offset. However, this means that there is only one offset contained in the re-selection formula. 
When looking at the possible scenarios especially comparing and analyzing the needs of 
UE autonomous mobility i.e. cell re-selection and the needs for network controlled mobility via re-direction for load balancing
 It becomes obvious that for allowing flexible addressing of these different scenarios additional parameter or value may be needed.

Device autonomous mobility
The device measures new carriers in its surrounding and performs cell re-selection according to the agreed Scriteria. 
The basis is given by the Qrxlevmin and the measured value Qrxlevmeas and a correspondingly cell or frequency specific offset depending on the scenario.
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	

Depending on the offset specified for that scenario i.e. cell specific or frequency specific the device will consider the Offset in the ranking.
For simplicity a small and a large offset are considered here:
· In case that a larger Offset value would be specified the UE autonomous mobility would be restricted because In such scenarios UE autonomous cell re-selection will not happen because the difference is too small. As a consequence there will be no Ue autonomous mobility. All devices will stay on the carrier/cell they are currently camped on because the ranking criteria would not be fulfilled.
· In case that a small Offset value would be specified the UE autonomous mobility would even happen between carriers having only small differences. 
Obersvation1a: A small Offset is good for Ue autonomous mobility.
Obersvation1b: A large Offset limits Ue autonomous mobility.

However, small here means that in the evaluation the inaccuracy needs to be considered in addition. Hence signals from same site are rather small in difference and hence do not cause UE autonomous mobility.
As one of the consequences to achieve load balancing also for such a scenario there-direction was agreed.


Device re-direction
To cope with very small differences the re-direction mechanism was proposed but it is also useful for all scenarios. Depending on the circumstances an operator may need to send a device in good coverage to a carrier which has worse coverage there exist all scenarios:

· 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 worse than the previous serving cell 

In the first scenario it is clear that based on the measurements/ranking the device will just stay on the carrier.
For the other scenario it depends, and without any further parameters in case of a small Qoffset the device will re-select to the carrier it was re-directed from and in case of a large Offset, it may stay on that carrier but also not consider any other carrier because of the high Offset for Ue autonomous mobility.

Obersvation2a: A small Offset bears the risk of re-reselection to the previous carrier in case of re-direction.
Obersvation2b: A large Offset prevents from re-reselection to the previous carrier in case of re-direction.

Combining the observations made in UE autonomous and re-direction with respect to the Offset shows that one single offset is not sufficient to cope with all the scenarios and an additional mechanism is needed besides the Offset in the S criteria evaluation.
As a consequence we propose to consider in case of re-direction also an offset to be included in the re-direction message which indicates which Offset the device shall consider to the previous serving cell prior re-selecting that cell. This specific re-direction offset would allow to send the device to a carrier being lower in power and prevent from re-reselection. However, if the device is send to a carrier being too bad in coverage (below) the indicated Offset the device could return immediately and would not be send out-of-service. In case that no offset is provided in the re-direction message the normal re-selection roles are also applicable between these cells.

Observation 3: In case of re-direction a minimum offset 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. 
Optimized devices 
The current specification TS36.304 is very precise on the ranking, i.e. a cell shall only be re-selected if better ranked than the current serving cell. This ranking and evaluation is based on short term measurements which have certain accuracy limitations and hence may result for optimized devices in an undesirable limitation.
NB-IoT 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.
Nevertheless the only point that would need to be adapted is that a device may also re-select a cell which is not the best ranked cell according to momentary measurements/observation. The re-selection based on best ranking is a minimum criteria and the device may re-select even when said criteria is not fulfilled.

Observation 3: The UE autonomous cell re-selection should be minimum requirement. 
A device may also reselect a cell even when the difference between current and previous cell does not fulfill the re-selection requirement. 
The network should indicate whether a device is allowed to perform such UE optimized cell re-selection not only based on momentary measurements.
Observation4. Network should indicate whether the UE is allowed to apply further ranking means to safe battery power/lifetime.
Conclusions
Proposal 1: In case of RRC re-direction a minimum offset shall be provided, 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.
Proposal 2: The UE cell re-selection requirement according to the S criteria should be minimum requirement.  
Proposal 3: Network should indicate whether the UE is allowed to apply further ranking means to safe battery power/lifetime.
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