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1. Introduction

Recent discussions on idle mode issues have concluded, among other things, to retain the IFRI flag in NB-IoT.  As in LTE, this flag would control whether a barred cell (or otherwise unsuitable, e.g. due to forbidden PLMN, a reserved flag as suggested in [1], etc.) causes the UE to reselect to the second-best cell on the frequency or to another frequency.
This document examines the handling of the IFRI and considers whether the LTE behaviour and parameters are well suited to NB-IoT.

2. IFRI in the NB-IoT context
If a UE selects a different intra-frequency cell when the best cell is unavailable, it could violate the best-cell principle and cause extra uplink interference.  This may be acceptable or not, depending on the deployment and the reason for unsuitability; the motivation for the IFRI is to allow the network to control the UE behaviour as appropriate.
With the decision to use ranking for load balancing in idle mode, the basic mechanism for inter-frequency reselection is available in NB-IoT.  The existing behaviour in TS 36.304 is at least implementable:

	-
If the field intraFreqReselection in field cellAccessRelatedInfo in SystemInformationBlockType1 message is set to "allowed", the UE may select another cell on the same frequency if re-selection criteria are fulfilled.

-
The UE shall exclude the barred cell as a candidate for cell selection/reselection for 300 seconds.

-
If the field intraFreqReselection in field cellAccessRelatedInfo in SystemInformationBlockType1 message is set to "not allowed" the UE shall not re-select a cell on the same frequency as the barred cell;

-
The UE shall exclude the barred cell and the cells on the same frequency as a candidate for cell selection/reselection for 300 seconds.


The obvious concern is the 300-second exclusion.  In LTE, this value was chosen based on an assumption of “reasonable” user mobility; in NB-IoT, with greatly reduced mobility (none for many devices) and stricter requirements on battery life, a 300-second timer could result in frequent revisiting of the same barred cell.  Thus we propose to extend the timer significantly.  However, since some devices are physically mobile and would benefit from being able to “rediscover” a formerly barred frequency sooner, it would also be good to reintroduce a condition that was formerly in LTE as well, whereby the UE drops the restriction when the best cell changes.

Proposal 1: The barred cell (and frequency when applicable) should be considered as forbidden for a time of [6 hours] or until the best cell changes.
As a second concern, we observe that NB-IoT seems to be thought of as involving less measurement and mobility/reselection than LTE, so it seems possible that an NB-IoT UE would not be routinely measuring other frequencies (e.g. due to SnonIntraSearchP and SnonIntraSearchQ being set to very low values) and may not have any ranking information on inter-frequency cells when it encounters a barred/forbidden cell.
A reasonable UE in this situation should not spend much battery on measuring many different frequencies; rather it should try to identify some usable inter-frequency cell as efficiently as possible, whether or not it is the best available cell when all frequencies are considered.  Today the requirements in 36.304 seem to forbid this behaviour (e.g., “The UE shall perform ranking of all cells that fulfil the cell selection criterion S”).

A more efficient approach might be “pick a frequency and try to go there”, i.e., the UE chooses a frequency where it knows (from system information, its own history, etc.) that the NB-IoT system is operating, and ranks the cells only on that frequency—essentially it behaves as if the eNB had redirected it.  Our view is that this would be an acceptable UE behaviour in practice, but confirmation from the group is sought.

Proposal 2: RAN2 are asked to confirm that a UE treating a frequency as forbidden for reselection would be allowed to choose a target frequency for reselection, and to determine if any text is needed in the spec to clarify this point.
3. No available frequency
In a single-frequency deployment, or where there are barred/forbidden cells on several frequency layers, the UE could have no available frequency where it is allowed to camp. Such a situation was not seriously considered in LTE because it is quite unlikely that the UE would encounter it, but especially for private deployments such as factory floors it could be more realistic in NB-IoT systems.

This situation could be handled by deployment (“the operator is responsible for having the parameters make sense”) or by a specified UE behaviour (e.g., ignore the IFRI if it has no other choice).    We have no strong view on what is the right solution, but it should be discussed if any special handling is needed.
Proposal 3: Discuss if any special handling is needed when the UE sees the best cell on all frequencies as forbidden.
4. Conclusion
This document makes the following proposals to manage UE behaviour towards cells marked as barred or otherwise forbidden:

Proposal 1:
The barred cell (and frequency when applicable) should be considered as forbidden for a time of [6 hours] or until the best cell changes.

Proposal 2:
RAN2 are asked to confirm that a UE treating a frequency as forbidden for reselection would be allowed to choose a target frequency for reselection, and to determine if any text is needed in the spec to clarify this point.
Proposal 3:
Discuss if any special handling is needed when the UE sees the best cell on all frequencies as forbidden.
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