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1 Introduction

The WID of Rel-16 enhancements for NB-IoT was approved in RAN#80 [1]. In which, the following objective is included:
	Network management tool enhancement:

· SON support for reporting of [RAN2, RAN3]

· Cell Global Identity and strongest measured cell(s) (ANR)

· Random access performance
· Radio link failure (RLF), if needed


In RAN2 #103bis meeting, the following agreements were approved [2].
	· 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


In RAN2 #104 meeting, the following agreements were approved [3], and three related offline email discussions for ANR/RLF/Rach-Report are assigned.  
	SON/ANR:

· RAN2 understanding is that the purpose of SON/ANR reporting in NB-IoT is network optimisation rather than immediately updating neighbour relations like with LTE ANR, and is therefore not time critical.

· SON reporting does not trigger RRC connection establishment/resume

· FFS whether this includes EDT.

· SON information can be reported along with EDT, FFS what and how.

RACH report:

· In addition to legacy parameters for RACH reporting, the first selected resource pool (E.g. CE level, EDT) is included in the RACH report. This agreement is also applicable for eMTC


In this paper, based on the progress of email discussion [104#45][NB-IoT R16] RACH Report, we further discuss some remaining issues about the RACH report content, procedure etc. and give our proposals. 

2 Discussion

2.1 Further analysis on the content and size of the RACH report
During email discussion [104#45][NB-IoT R16] RACH Report, almost all the companies agree to introduce initial CEL information for RACH record for NB-IoT, then we will not discuss this parameter.

For legacy parameter contentionDetected, companies have some different opinion. We think it’s needed for NB-IoT. Moreover, as it’s one of the NPRACH failure reasons, the other one that RAR hasn’t been received also needs to be considered. Since several times of contentionDetected may occur before the PRACH procedure success and in order to have more information about proportion of different failure reasons, it can be considered to change the type of this parameter from BOOLEAN to INTEGER so that eNB can differentiate the number of failures caused by different reasons. 

Proposal 1: It’s suggested to introduce contentionDetected for a RACH record with type of INTEGER.
As we have mentioned in the email discussion, in legacy LTE, RACH report only include the total number of RACH preambles sent and whether contention resolution failure has ever occurred during the last time successful random access procedure. Although there may exist failed random access procedures before last successful random access, their information are not recorded. Taken into account that only one PRACH resource pool is supported in LTE, such LTE RACH report information would be enough for detecting the RACH resource congestion or PRACH parameters issues. But in NB-IoT or eMTC, several different NPRACH resource types could be configured in one cell. The UE may change the NPRACH resource type during a random access procedure or between two random access procedures. The initial CEL may be also changed in different random access procedures. Therefore, we think only one RACH record for the last time random access procedure is not enough. We suggest to record the information for several random access procedures, e.g., introduce a record list for RACH report (e.g., with maximum number of records maxRachReport to include several failed random access procedures and the last time successful procedure).

Proposal 2: It’s suggested to introduce a record list (e.g., with maximum number of maxRachReport-r16) for RACH report to include several failed random access procedures and the last time successful random access procedure.
As different NPRACH resource types (e.g. legacy NPRACH resource per CEL, EDT NPRACH resource per CEL, format 2 NPRACH resource per CEL, format2 EDT NPRACH resource per CEL) could be configured in one cell, it would be useful to let UE report the selected NPRACH resource type. 
Considering format 2 resource is always used if configured and then eNB could derive whether format 2 resource is used based on the reported initial CEL, final CEL, PRACH configuration and UE capability, we think it’s no need to report this format information. 
For EDT and non-EDT type, considering NPRACH resource could change from EDT NPRACH resource to legacy NPRACH resource for CEL ramping or in some fallback cases, this information would be needed. Moreover, company has mentioned during the email discussion that as UE would not start with legacy and fallback to EDT during RA, an indication of EDT fallback is sufficient (it’s used to indicate to eNB the case of starting with EDT and fallback to legacy). We think such comment make sense.
With the above proposal 1, 2 and clarification for NPRACH resource type, we think the following information should be provided in the RACH report:
Rach-ReportList-NB-r16 ::=
SEQUENCE (SIZE (0..maxRachReport-r16) OF Rach-Report-NB-r16

Rach-Report-NB-r16

{

initialCEL-r16                  ENUMERATED{0, 1, 2},                            //2bits
numberOfPreamblesSent-r16     INTEGER {1...30}   OPTINAL,                    //5bits
edt-Fallback-r16                BOOLEAN,                                          //1bits
contentionDetected             INTEGER{0...29}                                  //5bits

}
Taken into account that the unsuccessful RACH procedure will be rare, and also considering that no CGI info is included in RACH record, once the cell reselection occurs, the RACH records should be cleared, we think the record number of RACH report does not need to be large. Maybe the value 5 for maxRachReport-r16 is enough. As one RACH record is only 13bits, the total size of RACH report is still small.
Observation 1: The size of RACH report could be small.
2.2 RACH report procedure
RACH information recording is along with a random access procedure, therefore, RACH information can usually be reported once the RACH procedure is successful. If the RACH procedure is not successful, the RACH record can be stored and reported in the next PRACH procedure. No matter successful or failed RACH procedure, in order try to save UE power and reduce signaling overhead, we think RACH report can be carrier in the legacy Msg5 or EDT Msg3 (Option 1).
During the email discussion, some other companies prefer to use the legacy LTE procedure (UEInformationRequest/ UEInformationResponse messages) for RACH reporting (Option 2). Leaving alone the security issue that needs to be discussed in SA3, we think introducing UEInformationRequest/ UEInformationResponse messages may require more specification work and cause more complexity for NB-IoT UE. For example, it’s not clear if the UE has sent RACH information available indication during RRC connection setup/resume or EDT procedures, whether it can provide NAS/AS RAI to network later? If the UE follows the existing rules to send NAS/AS RAI when it has no DL/UL user data, the indication may trigger early connection release (maybe from MME). And eNB may have no chance to request the RACH report. If such issue needs to be avoided, the existing rules for fast release may need modification.  
In a summary, we think it’s feasible and beneficial to allow UE report RACH information in the ongoing or later RRC connection setup/resume or EDT procedures (e.g. in EDT Msg3 or legacy Msg5). Also according to our Observation 1, we think in more EDT cases, EDT Msg3 may be enough to directly include this RACH information. In other EDT cases that user data will fully occupy the Msg3, it can be considered that a rach-InfoAvailable kind indication is carried in EDT Msg3 to trigger eNB to fallback to legacy procedure so that the RACH information can be reported in RRC_CONNECTED state.
Proposal 3: It’s suggest to send RACH report along with RRC connection setup/resume or EDT procedures.

Proposal 3a: The RACH RACH report can be carried in RRC Msg5 in RRC connection setup/resume procedures (e.g. RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReestablishmentComplete).
Proposal 3b: The RACH report can be carried in EDT Msg3 (e.g. RRCEarlyDataRequest, RRCConnectionResumeRquest) if the EDT Msg 3 can accommodate it. Otherwise, a rach-InfoAvailable kind indication can be carried in EDT Msg3.
2.3 RACH report enable/disable mechanism 
Similar to ANR reporting, we think RACH information recording and reporting should not be activated by default but should support to be enabled/disabled. The RACH reporting can be performed as long as the function is activated and during each random access procedure. If there has concern about too much RACH report from a certain UE, further control may be considered.
Proposal 4: RACH reporting should support to be enabled/disabled in NB-IoT. 
Similar to ANR reporting, it is obviously undesired to let all the UEs in a cell perform RACH reporting. Therefore, enable/disable indication provided by dedicated message would be suitable. The eNB can only choose a small part of UEs in a cell to perform RACH report. 

As RACH information recording and reporting is performed during state transition, the suitable timing for providing enable/disable indication would be in the last RRC connection release procedure (e.g. in RRCConnectionReject, RRCConnectionRelease or RRCEarlyDataComplete etc).

Proposal 5: It’s suggest to provide RACH reporting enable/disable indication through dedicated signaling.

Proposal 5a: The enable/disable indication for RACH reporting can be carried in RRC connection release messages, e.g., RRCConnectionReject, RRCConnectionRelease or RRCEarlyDataComplete.
Taken into account only the UEs that support RACH report can be enabled this function, a UE capability needs to be report to network before eNB can provide enable/disable indication by dedicated message. 
Proposal 6: A UE capability about supporting RACH report needs to be defined.  

3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: The size of RACH report could be small.
Proposal 1: It’s suggested to introduce contentionDetected for a RACH record with type of INTEGER.
Proposal 2: It’s suggested to introduce a record list (e.g., with maximum number of maxRachReport-r16) for RACH report to include several failed random access procedures and the last time successful random access procedure.
Proposal 3: It’s suggest to send RACH report along with RRC connection setup/resume or EDT procedures.

Proposal 3a: The RACH RACH report can be carried in RRC Msg5 in RRC connection setup/resume procedures (e.g. RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReestablishmentComplete).
Proposal 3b: The RACH report can be carried in EDT Msg3 (e.g. RRCEarlyDataRequest, RRCConnectionResumeRquest) if the EDT Msg 3 can accommodate it. Otherwise, a rach-InfoAvailable kind indication can be carried in EDT Msg3.
Proposal 4: RACH reporting should support to be enabled/disabled in NB-IoT. 
Proposal 5: It’s suggest to provide RACH reporting enable/disable indication through dedicated signaling.

Proposal 5a: The enable/disable indication for RACH reporting can be carried in RRC connection release messages, e.g., RRCConnectionReject, RRCConnectionRelease or RRCEarlyDataComplete.
Proposal 6: A UE capability about supporting RACH report needs to be defined.  
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