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1 Introduction
At RAN#80, the Rel-16 work item on Rel-16 enhancements for NB-IoT was approved [1]. One of the objectives in this work item is to support SON reporting for random access performance and radio link failure for network management.
	Network management tool enhancement:

· SON support for reporting of [RAN2, RAN3]

· Random access performance

· Radio link failure (RLF), if needed


In this document, we discuss RACH report and RLF report for NB-IoT. 
2 Discussion
2.1 RACH report and RLF report in LTE
RACH report was introduced in Rel-9 as part of SON support for RACH optimisation and is described in TS 36.300 section 22.4.3

	The setting of RACH parameters that can be optimized are:

-
RACH configuration (resource unit allocation);

-
RACH preamble split (among dedicated, group A, group B);

-
RACH backoff parameter value;

-
RACH transmission power control parameters.

RACH optimization is supported by UE reported information and by PRACH parameters exchange between eNBs.

UEs which receive polling signalling shall report the below information:

-
Number of RACH preambles sent until the successful RACH completion;

-
Contention resolution failure.


The RLF report was first introduced in Rel-9 as part of SON Mobility Robustness Optimisation (MRO) and was further enhanced in Rel-10 as part of MDT for coverage optimisation. It is described in TS 36.300 section 22.4.2 and 22.4.5.

	Detection of the failure after RRC re-establishment attempt
UE may provide the RLF Report to the eNB after successful RRC re-establishment. The radio measurements contained in the RLF Report may be used e.g. to identify coverage issues as the potential cause of the failure. The cause for the RLF contained in the RLF Report may be used to identify the cause of the failure and exclude the events that are irrelevant for MRO evaluation.
Detection of the failure after RRC connection setup:

In case the RRC re-establishment fails or the UE does not perform any RRC re-establishment, the UE makes the RLF Report available to the eNB after reconnecting from idle mode. The RLF Report is described in section 22.4.5. Availability of the RLF Report at the RRC connection setup procedure is the indication that the UE suffered from a connection failure and that the RLF Report from this failure was not yet delivered to the network. The RLF Report from the UE includes the following information:

-
The E-CGI of the last cell that served the UE (in case of RLF) or the target of the handover (in case of handover failure). If the E-CGI is not known, the PCI and frequency information are used instead.

-
E-CGI of the cell that the re-establishment attempt was made at.

-
E-CGI of the cell that served the UE at the last handover initialisation, i.e. when message 7 (RRCConnectionReconfiguration) was received by the UE, as presented in Figure 10.1.2.1.1-1.

-
Time elapsed since the last handover initialisation until connection failure.

-
An indication whether the connection failure was due to RLF or handover failure.

-
The radio measurements.

-
C-RNTI allocated for the UE in the last serving cell.

-
RLF trigger of the last RLF that was detected.

-
Time elapsed from the connection failure till RLF Report signalling.

The eNB receiving the RLF Report from the UE may forward the report to the eNB that served the UE before the reported connection failure using the RLF INDICATION message. The radio measurements contained in the RLF Report may be used e.g. to identify coverage issues as the potential cause of the failure. The cause for the RLF contained in the RLF Report may be used to identify the cause of the failure and exclude the irrelevant events that are irrelevant for MRO evaluation.


	The RLF Report from the UE can be used for both coverage optimization and mobility robustness optimization.

The UE stores the latest RLF or handover failure related information, and indicates RLF report availability at each subsequent LTE RRC connection (re-)establishment and handover to an LTE cell until the RLF report is fetched by the network or for 48 hours after the RLF or handover failure is detected. 

The UE keeps the information during state transitions and RAT changes, and indicates RLF report availability again after it returns to the LTE RAT.

The UE only indicates RLF report availability and only provides the RLF report to the network if the current RPLMN is a PLMN that was present in the UE's EPLMN List or was the RPLMN at the time the RLF or handover failure was detected.


2.2 RACH report in NB-IoT

In LTE, the RACH report is a useful tool for the setting of the RACH parameters and so will it be in NB-IoT. 

In LTE, the RACH report is sent after the connection is successfully established/resumed and does not contain ‘sensitive’ information about the UE (e.g. location, measurements). Following the same approach in NB-IoT, it can be made applicable to both the CP and UP solution.

Proposal 1: The RACH report is supported for both the CP solution and the UP solution in NB-IoT.
2.3 RLF report in NB-IoT

RLF reporting after RRC Connection Reestablishment

In LTE, the RLF report was initially introduced for mobility robustness, i.e. to detect too early or too late handover or handover to the wrong cell. The RLF report from the UE only included measurements about the previous serving cell and the neighbouring cells, the other information being implicitly known by the eNB from the RRCConnectionReestablishment message (PCI and CRNTI in the source cell, cell identity of the target cell, reestablishmentCause).

In NB-IoT, there is no handover so the motivation for a RLF report similar to LTE is not very strong. 

The RLF report could be useful for coverage optimisation purpose, although it would only include the measurements of the cell where the radio link failure occured and would only be applicable to the UP solution due to the need for AS security. 

Proposal 2: RAN2 to discuss the benefit of a RLF report solely including the measurements of the cell where the radio link failure occured for the UP solution.
For the control plane solution, the RRCConnectionReestablishment message does not provide any information about the cell where the radio link failure occurred (e.g PCI and CRNTI) and thus it could be useful to provide these information to the eNB in a RLF report.
Proposal 3: RAN2 to discuss the benefit of a RLF report including information about the cell where the radio link failure occurs for the CP solution.

RLF reporting after RRC Connection Setup 
Reporting during the connection establishment following a ‘failed’ connection re-establishment was introduced in LTE as part of MDT work item and was partly motivated by the absence of forward handover. In our view, there is no motivation for this additional complexity in NB-IoT. 

Proposal 4: Reporting of RLF report after RRCConnectionSetup is not supported in NB-IoT.
3 Conclusion
In this document, we have discussed RACH report and RLF report for some in NB-IoT and made the following observations and proposals: 
Proposal 1: The RACH report is supported for both the CP solution and the UP solution in NB-IoT.

Proposal 2: RAN2 to discuss the benefit of a RLF report solely including the measurements of the cell where the radio link failure occured for the UP solution.

Proposal 3: RAN2 to discuss the benefit of a RLF report including information about the cell where the radio link failure occurs for the CP solution.

Proposal 4: Reporting of RLF report after RRCConnectionSetup is not supported in NB-IoT.
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