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1. Introduction

In RAN2#104, the following agreements on RACH reporting for NB-IOT were made as in [1]:
	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 RAN2#103bis, the following agreements on RACH reporting for NB-IOT were made as in [1]:
	· 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 this contribution, it discusses the possible procedure for RACH reporting and RLF reporting for NB-IOT SON.
2. Discussion
In legacy LTE, as in [2], RACH reporting and RLF reporting for SON are determined by RRC message UEInforamtionRequest/ UEInforamtionResponse from network. However, these two reporting procedure is actually independent with each other. UE will record its RACH information in RA procedure for SON, and respectively record its RLF information when RLF is happened for SON. Accordingly, eNB could ask for RACH reporting or RLF reporting by independent indication in UEInforamtionRequest. This request/response mechanism could make eNB determine when RLF reporting or RACH reporting will be trigged. In order to find a reasonable procedure of RACH reporting or RLF reporting for SON, this section tries to list all of possible RLF/RACH reporting procedure since a common procedure is desired in the email discussion, analysis is given based on the consideration for both RLF reporting and RACH reporting.
2.1 Procedure of RLF reporting
In legacy LTE, as in [3], the RLF report from the UE can be used for both coverage optimization and mobility robustness optimization. The UE stores the RLF information, and indicates RLF info availability at each subsequent LTE RRC connection (re-)establishment until the RLF report is fetched by the network or for 48 hours after the RLF or handover failure is detected. During legacy RLF reporting procedure, UE will report its RLF information availability to network, the indication rlf-InfoAvailable is contained in the legacy Msg.5 including RRCConnectionResumeComplete, RRCConnectionReestablishmentComplete, and RRCConnectionSetupComplete. Then network can ask for the RLF report by UEInforamtionRequest message with Boolean indication rlf-ReportReq, the following RLF report is sent to eNB by UEInformationResponse message.
In NB-IOT network, for UE in non-EDT mode, as in figure.1, one way is to send the indication of RLF info available in Msg.5 as in legacy LTE, network will determine whether the RLF reporting is trigged by legacy UEInformationRequest/UEInformationResponse message, the legacy message and procedure is reused as much as possible. Another way is to optimize RLF report in Msg.5, the RLF info request message may be send in Msg.4 to keep legacy request/response mechanism for network determination right. In the second way, the RLF available indication will not be used, or sent in Msg.3, and or in last RRC connection (re)establish/resume procedure in Msg.5, which is feasible since RLF reporting is not urgent. Two ways are shown in figure1, the same options could also be applied to RRC connection setup/resume procedure for NB-IOT RLF reporting.
In these two procedure, UE will continue exchange data with network after RRC connection reestablishment complete, thus the second way is not necessary considering that new element is needed in RRC message but no significant power saving is seen. But the second way may be reused in following EDT mode and is power saving to EDT mode compared with the first way.
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Figure.1 The procedure for RLF reporting in non-EDT mode
Observation1: For RLF reporting in non-EDT mode, two procedures could be considered further:

· Indication of RLF info available is sent in Msg.5, the legacy UEInformationRequest/UEInformationResponse message can be used for RLF reporting after Msg.5 based on network determination.
· RLF info request/response information is contained in Msg.4/Msg.5, such as RRCConnectionReestablishment/ RRCConnectionReestablishmentComplete message, the indication on RLF information available could be FFS.

Moreover, it is popular that NB-IOT UE work in EDT mode. It is power saving for UE to report the RLF information in EDT procedure when UE has already been trigged to EDT mode caused by data transmission, otherwise UE needs to store the RLF information and wait another non-EDT procedure to report RLF information, regarding the agreement that SON reporting does not trigger RRC connection establishment/resume, thus it is benefit to report the RLF information along EDT procedure that is not solely to RLF report. Besides, in RAN2#104, it has been agreed that SON information can be reported along with EDT. 
The size of RLF report may be large, for UE in EDT mode, it is feasible to send the indication of RLF information available in Msg.3, then network will determine whether RLF reporting is needed by fallback to RRC connection setup/resume procedure at Msg.4/Msg.5, if the indication of RLF information available is not contained in Msg.3, the network will not know whether RLF reporting is available and can’t make determination on RLF reporting, the legacy UEInformationRequest/UEInformationResponse message could be reused after Msg.5, the blue part in figure.2 gives this procedure. As green part in figure.2, one optimal method is that the RLF information request/response could be contained in Msg.4 and Msg.5 if network determines to fallbcak for RLF reporting. For further power saving, the third way is RLF reporting could be sent over Msg.3, but the security issue needs to be further studied.
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Figure.2 The procedure for RLF reporting in EDT mode
Observation2: It is power saving for RLF reporting along EDT procedure that is not solely to RLF report, three procedures could be considered further:
· Indication of
RLF info available is sent in Msg.3, the legacy UEInformationRequest/UEInformationResponse message could be used for RLF reporting after network determine to fallback by RRC connection setup/resume procedure for RLF reporting.

· Indication of
RLF info available is sent in Msg.3, the RLF info request/response information is contained in Msg.4/Msg.5, such as RRCConnectionResume/ RRCConnectionResumeComplete message.

· RLF information is contained in Msg.3 in EDT mode.

It can be seen that the indication of RLF info available could be applied in all above three ways, even in the way that RLF reporting is sent in Msg.3, it is a complementary method if the bits in Msg.3 for RLF reporting is not sufficient. 
Proposal1: Indication of RLF info available can be sent in Msg.3 along EDT procedure considering the size of RLF reporting is large.
2.2 Procedure of RACH reporting
In legacy LTE, the RACH report from UE can be used for RACH optimization. UE will record its RACH information such as the number of RA preamble for the last successful RA procedure. The network can ask for the RACH report by UEInforamtionRequest message with Boolean indication rach-ReportReq, the following RACH report is sent to eNB by UEInformationResponse message.

In NB-IOT network, for RACH optimization, for non-EDT procedure, one way is legacy RRC message is reused for RACH report, UEInforamtionRequest/UEInformationResponse message may be applied after Msg.5 based on network determination for RACH reporting. Another way is to optimize RACH report in Msg.5, the RACH info request message may be sent in Msg.4 to keep legacy request/response mechanism for network determination right of RACH reporting.
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Figure.3 The procedure for RACH reporting in non-EDT mode
In these two procedures in figure.3, UE will continue to exchange data with network after RRCConncetionResumeComplete message, thus the second way is not necessary considering that new element is needed in RRC message but no significant power saving is seen. But the second way may be reused in following EDT mode and is power saving to EDT mode compared with the first way.
Observation3: For RACH reporting in non-EDT mode, two procedures could be considered further:

· The legacy UEInformationRequest/UEInformationResponse RRC message is used for RACH reporting after Msg.5 based on network determination.
· RACH info request/response information is contained in Msg.4/Msg.5, such as RRCConnectionResume/ RRCConnectionResumeComplete message that is triggered by non-SON reporting reason.
Moreover, as our analysis on the necessity of RLF reporting for UE in EDT mode, it is benefit to report the RACH information along EDT procedure triggered by data transmission, otherwise the RACH report will be deleted and re-compute for the next successful random access, meanwhile, network will never receive RACH reporting of UE working at EDT mode. Besides, in RAN2#104, it has been agreed that SON information can be reported along with EDT.
Considering that the size of RACH report is not large, one way is to send RACH report in Msg.3, the request information may be in Msg.2 or not used considering EDT complexity. Another way is to fallback to RRC connection resume at Msg.4/Msg.5, then UEInforamtionRequest/UEInformationResponse may be applied after Msg.5, this way is shown in blue part in figure.4. The third way is to optimize RACH report in Msg.5, the RACH info request message may be send in Msg.4 to keep legacy request/response mechanism for network determination right of RACH reporting, it is shown in the green part in figure.4. Unlike the size of RLF reporting, the size of RACH reporting is small, the way of using RACH reporting in Msg.3 will reduce extra four steps of signalling compared with the way of using legacy UEInforamtionRequest/UEInformationResponse message.
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Figure.4 The procedure for RACH reporting in EDT mode
Observation4: RACH reporting for UE in EDT mode needs to be supported, otherwise network will never receive RACH reporting of UE working at EDT mode, three procedures could be considered further:

· The legacy UEInformationRequest/UEInformationResponse RRC message is used for RACH reporting after Msg.5 if network determines to fallback by RRC connection setup/resume procedure for RACH reporting.

· RACH info request/response information is contained in Msg.4/Msg.5, such as RRCConnectionResume/ RRCConnectionResumeComplete message, if network determines to fallback by RRC connection setup/resume procedure for RACH reporting.

· RACH info is contained in Msg.3 in EDT mode.

Proposal2: RACH info is suggested to be sent in Msg.3 along EDT procedure, which could avoid extra 4 steps caused by UEInformationRequest/UEInformationResponse message.
Based on above observation to potential procedure to RLF reporting and RACH reporting, it can be seen that the use of legacy UEInformationRequest/UEInformationRespons could reduce the impact to legacy kinds of message structure in NB-IOT, the drawback is that UE needs extra two or more steps to be in RRC connected status to receive the message if UE in EDT mode. The way of RACH/RLF info request/response information contained in Msg.4/Msg.5 could work at the procedure in both EDT and non-EDT, but new info element needs to be designed in Msg4/Msg.5, the security may be not big issue since the important information of RLF reporting and RACH reporting is transmitted in Msg.5, such as RRCConnectionResumeComplete message, which has already re-established the AS security. From the view of less impact on legacy RRC message and power saving, the legacy UEInformationRequest/UEInformationRespons message could be used for non-EDT mode.
Proposal3: The legacy UEInformationRequest/UEInformationRespons message could be used for non-EDT mode.
3. Conclusion
In this contribution, the procedure of RACH reporting and RLF reporting is discussed, we have the following proposals：
Observation1: For RLF reporting in non-EDT mode, two procedures could be considered further:

· Indication of RLF info available is sent in Msg.5, the legacy UEInformationRequest/UEInformationResponse message can be used for RLF reporting after Msg.5 based on network determination.

· RLF info request/response information is contained in Msg.4/Msg.5, such as RRCConnectionReestablishment/ RRCConnectionReestablishmentComplete message, the indication on RLF information available could be FFS.

Observation2: It is power saving for RLF reporting along EDT procedure that is not solely to RLF report, three procedures could be considered further:

· Indication of
RLF info available is sent in Msg.3, the legacy UEInformationRequest/UEInformationResponse message could be used for RLF reporting after network determine to fallback by RRC connection setup/resume procedure for RLF reporting.

· Indication of
RLF info available is sent in Msg.3, the RLF info request/response information is contained in Msg.4/Msg.5, such as RRCConnectionResume/ RRCConnectionResumeComplete message.

· RLF information is contained in Msg.3 in EDT mode.
Observation3: For RACH reporting in non-EDT mode, two procedures could be considered further:

· The legacy UEInformationRequest/UEInformationResponse RRC message is used for RACH reporting after Msg.5 based on network determination.

· RACH info request/response information is contained in Msg.4/Msg.5, such as RRCConnectionResume/ RRCConnectionResumeComplete message that is triggered by non-SON reporting reason.

Observation4: RACH reporting for UE in EDT mode needs to be supported, otherwise network will never receive RACH reporting of UE working at EDT mode, three procedures could be considered further:

· The legacy UEInformationRequest/UEInformationResponse RRC message is used for RACH reporting after Msg.5 if network determines to fallback by RRC connection setup/resume procedure for RACH reporting.

· RACH info request/response information is contained in Msg.4/Msg.5, such as RRCConnectionResume/ RRCConnectionResumeComplete message, if network determines to fallback by RRC connection setup/resume procedure for RACH reporting.

· RACH info is contained in Msg.3 in EDT mode.

Proposal1: Indication of RLF info available can be sent in Msg.3 along EDT procedure considering the size of RLF reporting is large.
Proposal2: RACH info is suggested to be sent in Msg.3 along EDT procedure, which could avoid extra 4 steps caused by UEInformationRequest/UEInformationResponse message.
Proposal3: The legacy UEInformationRequest/UEInformationRespons message could be used for non-EDT mode.
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