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1
Introduction
In RAN2#91bis it was left FFS whether RRC Connection Re-establishment procedure is supported for NB-IOT. In addition SA2 has agreed solution 2 as mandatory feature for UE and NW to support from TR 23.720.

Solution 2 piggybacks uplink small data onto the initial NAS uplink message that is extended and it uses an additional NAS message for carrying downlink response small data. SA2 left up to RAN2 to decide how to optimize RRC connection establishment procedure to minimize signalling.
This contribution discusses the usage of RRC Connection Re-establishment procedure and related signalling optimization for NB-IoT.
2
RRC connection establishment procedures
According to current E-UTRAN specifications the RRC Connection can be established in two ways i.e. using RRC connection establishment or RRC connection re-establishment procedures. The purpose of RRC connection establishment procedure is to establish an RRC connection. RRC connection establishment involves SRB1 establishment. The purpose of RRC connection re-establishment procedure is to re-establish the RRC connection, which involves the resumption of SRB1 operation, the re-activation of security and the configuration of only the PCell.
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Figure 1: RRC connection re-establishment, successful

RRC connection re-establishment re-activates AS security without a need to perform Security Mode Command procedure (where the Security Mode Command is one of the largest signalling messages in the connection setup procedure). Additionally, RRC connection re-establishment procedure provides fast connection recovery after a connection failure. Therefore, it seems beneficial to support RRC connection re-establishment also for NB-IoT.
Proposal 1: RRC connection re-establishment is supported for NB-IOT
In RAN2#91bis the following was agreed:

We assume we will not support
· Network controlled handover. We will not have measurement reporting either, but can be discussed based on contributions.  
In our view it would be desirable that the UE behaviour in RRC_CONNECTED is not left totally up to UE implementation i.e. predictable and testable UE behaviour should be always targeted. According to current E-UTRAN specifications a connected mode UE performs radio link monitoring. In case of “out-of-sync” indication from lower layers, a Radio Link Failure (RLF) is triggered. It should be investigated if similar approach can still be applied in NB-IoT, especially when considering devices in extended coverage but we think that some method of identifying RLF in connected mode needs to be established.

Proposal 2: The NB-IoT UE evaluates the radio link quality in connected mode for RLF
With the current E-UTRAN specifications the RRC Connection Re-establishment procedure is initiated in the following scenarios:
The UE shall only initiate the procedure when AS security has been activated. The UE initiates the procedure when one of the following conditions is met:

1>
upon detecting radio link failure, in accordance with 5.3.11; or

1>
upon handover failure, in accordance with 5.3.5.6; or

1>
upon mobility from E-UTRA failure, in accordance with 5.4.3.5; or

1>
upon integrity check failure indication from lower layers; or

1>
upon an RRC connection reconfiguration failure, in accordance with 5.3.5.5;

In RAN2#91bis the following was agreed:  
We assume we will not support
· Inter-RAT cell-reselection, or Inter RAT mobility in connected mode (Note that in this respect NB-IOT is a separate RAT from LTE). 
Therefore it seems that the only RLF, integrity check failure and RRC connection reconfiguration failure conditions are valid for NB-IoT UE to initiate the Re-establishment.
Proposal 3: RRC Connection Re-establishment is initiated upon detecting radio link failure, integrity check failure and RRC connection reconfiguration failure
It can be assumed for stationary or very low mobile NB-IoT devices that the UE can be long time on the coverage area of the same cell or on the cells nearby. The UE context could be maintained on these cells. Therefore, it would be beneficial to establish the connection using RRC Connection Re-establishment procedure instead of RRC Connection Establishment in order to minimize signalling between the UE and eNB.
Proposal 4: After initial Access (i.e. Attach procedure) the RRC connection is attempted to be established with RRC Connection Re-establishment instead of RRC Connection Setup procedure

In scenario where the UE is re-establishing the connection in a different cell where the UE context is not available the re-establishment will fail. The procedure would succeed as long as the target cell is either prepared or it is able to retrieve the UE context from the previous serving cell. To recover from the failed re-establishment we propose: 

Proposal 5: If RRC Connection Re-establishment fails the UE shall attempt RRC Connection Setup procedure

3
Conclusions
Based on the discussion the following is proposed:
Proposal 1: RRC connection re-establishment is supported for NB-IOT
Proposal 2: The NB-IoT UE evaluates the radio link quality in connected mode for RLF

Proposal 3: RRC Connection Re-establishment is initiated upon detecting radio link failure, integrity check failure and RRC connection reconfiguration failure
Proposal 4: After initial Access (i.e. Attach procedure) the RRC connection is attempted to be established with RRC Connection Re-establishment instead of RRC Connection Setup procedure

Proposal 5: If RRC Connection Re-establishment fails the UE shall attempt RRC Connection Setup procedure
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