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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


RACH report was discussed at RAN2#103bis and the following agreements were made:
	RAN2#103bis agreements:
· ANR reporting for NB-IoT only uses idle-mode measurements (i.e. we won’t introduce connected mode measurements)

· Support RACH report for NB-IoT

· Will consider whether information in LTE RACH report is extended




2 Discussion
2.1 RACH 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.


2.2 Contents of the 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 legacy LTE, there is only one pool of PRACH resources with the RACH preambles optionally split into Group A and group B

In NB-IoT, the NPRACH resource configuration is a lot more complex and has multiple dimensions:

· per CE level (up to three);
· per NB-IoT carrier (up to sixteen), legacy/ mixed operation mode;
· per preambles format: format 0/1 vs format 2;
· per usage: non-EDT vs EDT.
To be useful, the RACH report shall allow to identify which NPRACH resource(s) has(ve) been used. 

CE level

In NB-IoT, up to three NPRACH resource can be configured, one per CE level. Each NPRACH resource is configured with a total maximum number of preambles attempts preambleTransMax-CE and a maximum number of preambles attempts per CE level maxNumPreambleAttemptCE.
Although the eNB can identify the CEL for which the random access procedure succeeded via the used PRACH resource, it cannot always identify whether the UE has changed CEL during the procedure solely based on the reported number of transmitted RACH preambles. 

Observation 1: In some cases, the eNB cannot determine whether the UE has changed CE level, solely based on the existing RACH reported.
As the CEL level is an indication of the used NPRACH resource, we think it will be beneficial for the network to be informed of the starting CEL.
Proposal 1: The ‘starting CEL’ information is provided to the RACH report.
In rel-14, Enhanced power control have been introduced to reduce uplink references. Knowing the power used by the UE in the preamble transmission will also be beneficial to interpret the report.
Proposal 2: An indication of whether enhanced power control has been used is provided in the RACH report.
NB-IoT carrier
In NB-IoT, up to 16 carriers can be configured with NPRACH resources. The UE randomly selects one carrier at each preamble attempt. The list of used carriers is dependent on the configuration and UE support of mixed operation mode.  
The random selection was introduced to provide frequency diversity with the assumption that the NPRACH resource configuration is consistent across carriers (i.e. provide equivalent performance). Thus, beyond the impracticability to report the NB-IoT carriers that have been used, the information is not particularly useful for the optimization of the parameters.

Observation 2: Assuming consistent configuration of the NPRACH parameters across carriers, there is no benefit in reporting which carriers have been used during the random access procedure.
Preamble format
Different preambles format are defined in NB-IoT, format0/1 and format 2. Preambles format 2 use a different numerology and configured in a separate pool of NPRACH resources. The eNB can identify which pool was used when the random access procedure succeeded and the rules for selecting one pool or the other in different CEL are deterministic for a UE supporting preamble format 2, thus there is no need for the UE to report any information.
Observation 3: The eNB can determine which preamble formats have been used without additional indication for the UE.
Non-EDT vs EDT

Dedicated pools of NPRACH resources are defined for the UE to request EDT. The eNB can identify the pool that have been used during when the random access procedure succeeded. However, it cannot know if the EDT fallback has taken place during the random access procedure. Having the information would be beneficial to identify the pool of NPRACH resources that have been used.

Observation 4: In some cases, the eNB cannot determine whether EDT fallback has taken place. 
Proposal 3: An indication of EDT fallback is provided in the RACH report.

2.3 Procedure for reporting the RACH report in NB-IoT

At RAN2#103bis, there was some discussion on which procedure to use for the RACH report reporting. Three different approaches were mentioned: UE information procedure, MSG3 and MSG5.
Power consumption is a key requirement in NB-IoT that has led to the introduction of the CIoT EPS optimization in order to reduce the signaling overhead at connection establishment. Adding a new procedure for the sole purpose of transmitting the RACH report is counter-productive.

Observation 5: Using a separate procedure, e.g. UE information procedure, to report the RACH report will negatively impact UE power consumption and is counter-productive.

The information in the RACH report can only be known after the random access procedure is successful, so it does seem feasible to provide the information in MSG3 (e.g. EarlyDataRequest or RRCConnectionResumeRequest for EDT) when initiating the random access procedure. 
Observation 6: The information in the RACH report is not known when RRC submits MSG3 to MAC to initiate the random access procedure.
Thus, we propose as a baseline to use MSG5 for reporting the RACH report. It can be further considered if more is needed.
Proposal 4: As a baseline, the RACH report is reported in MSG5.
3 Conclusion
In this document, we have discussed RACH report in NB-IoT and made the following observations and proposals: 
Observation 1: In some cases, the eNB cannot determine whether the UE has changed CE level, solely based on the existing RACH reported

Proposal 1: The ‘starting CEL’ information is provided in the RACH report.
Proposal 2: An indication of whether enhanced power control has been used is provided in the RACH report

Observation 2: Assuming consistent configuration of the NPRACH parameters across carriers, there is no benefit in reporting which carriers have been used during the random access procedure.

Observation 3: The eNB can determine which preamble formats have been used without additional indication for the UE.

Observation 4: In some cases, the eNB cannot determine whether EDT fallback has taken place. 
Proposal 3: An indication of EDT fallback is provided in the RACH report.

Observation 5: Using a separate procedure, e.g. UE information procedure, to report the RACH report will negatively impact UE power consumption and is counter-productive.

Observation 6: The information in the RACH report is not known when RRC submits MSG3 to MAC to initiate the random access procedure.

Proposal 4: As a baseline, the RACH report is reported in MSG5.
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