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1 Introduction
In the RAN2 #105 meeting, a set of agreements regarding NR MDT have been achieved, illustrated as follows: 

In this contribution, details of supporting report for optimization of RACH, RLF, RRC establishment failure, resume failure are discussed, respectively.
2 Discussion
2.1. RACH reporting
2.1.1 RACH optimization procedure in LTE
A LTE UE could signal whether or not it supports RACH information report with a flag ‘rach-Report-r9’ within the UE EUTRA Capability section of a UE Capability Information message, according to TS 36.331, after the UE accesses to an network. When the eNB needs, it could request a UE within its coverage to provide such information by sending a flag within the UE Information Request message—setting rach-ReportReq to true. Subsequently, upon reception of the polling request, the UE provides the RACH report within a UE Information Response message. Specifically, the UE needs to set the IE numberOfPreamblesSent to indicate the number of preambles sent by MAC for the last successfully completed random access procedure. In addition, if contention resolution was not successful for at least one of the transmitted preambles for the last successfully completed random access procedure, the UE needs to set the IE contentionDetected to true. With the RACH configuration information optionally exchanged between neighbouring eNBs during the X2 Setup procedure or in the eNB Configuration update message, RACH configuration including PRACH configuration index, division of PRACH preambles between group A, group B and the group applied for CFRA, PRACH back-off timer, PRACH transmission power control parameters, etc., could be optimised. 

From the description shown above, we could find that the RACH optimization mechanism for the LTE could be reused for the NR.  
Observation 1: RACH optimization mechanism in LTE could be reused for the NR.
2.1.2 Enhancement for the RACH information report for NR
Because of the new features introduced in NR, the RACH report in NR has to be enhanced. Firstly, In the NR, RACH could be triggered in new scenarios, such as on-demand SI request, BFR, RRC_INACTIVE transition, etc. In addition, in NR, preambles and/or time-frequency resources are divided per SSB, such that network could know which downlink beam UE would like to access during RACH procedure. Moreover, two uplink channels, NUL and SUL, are probably available to the UE for the RACH.  

In our opinion, the aforementioned features added to the NR should be taken into account when designing RACH information report for the NR. Specifically, we think it is necessary to include more information in the RACH information report, compared with the LTE.
Observation 2: It is necessary to include more information in the RACH information report for the NR to deal with new features.
For example, the number of UEs under the coverage of the different SSBs may be imbalanced. If the PRACH resources are allocated equally for all SSBs, UEs under the coverage of some SSBs will need to try many times of RACH before accessing to the network finally, while some of the PRACH resources allocated to the SSB where few UEs in the coverage are highly probably left unused for long time. The scenario is illustrated in the figure 1. As a result, it is of necessity to include SSB related information including SSB index and number of preambles sent for each tried SSB in the RACH information report. 

Proposal 1: RAN2 to agree to include SSB related information consisting of SSB index and number of preambles sent for each tried SSB in the RACH information report.                                                                                                                   
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Figure 1: UE distribution may be imbalanced under the coverage of different SSBs
In addition, the geometric distribution of the UEs on the NUL and SUL are likely to be different. UEs using the NUL are more likely to be close to the NB, while the UEs using the SUL are more likely to be far from the gNB. As a result, at least CP length of the preambles applied and therefore preamble format configuration could be different. Thus, the configuration of the two group of UEs might need to be optimized independently. Moreover, while the positions of UEs using the SUL may be concentrated on some specific positions such as the shadow of a tall building, the UEs using the NUL may scattered around the gNB. As a result, at least preambles and RACH occasion opportunity allocations could be made differently on the SUL and NUL. Therefore, with the purpose of optimization of RACH configuration on UL and SUL precisely, it is proposed RAN2 to include information of UL carrier (SUL and/or NUL) applied for RACH procedure and the number of preambles sent on each tried carrier in the RACH information report.   
Proposal 2: RAN2 to agree to include information of UL carrier (SUL and/or NUL) applied for RACH procedure and the number of preambles sent on each tried carrier in the RACH information report.   
Also, bearing in mind that radio signal is vulnerable to blocking effect, which implies that beam failure may often occurs at a specific position where, for instance, a tall building is located between the UE and the base station, which is illustrated in the figure 2 below. In this sort of cases, it is better if the gNB could reserve more dedicated preambles for UEs around this specific position for the purpose of BFR procedure. With the information of timestamp of the occurrence of the BFR event, the optimization might be performed.
Proposal 3: RAN2 to agree to include the information of the timestamp of the occurrence of the BFR event in the RACH information report.
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                            Figure 2: BFR is expected when UEs moves to a specific position due to signal blocking
2.2 Radio link failure reporting
As stated in [3], in RRC_CONNECTED, after RLF is declared, the UE needs to select a suitable cell and then initiates RRC re-establishment. If a suitable cell could not be found within a certain time after RLF is declared, UE should enter RRC_IDLE. The cases when the RLF would be declared are indicated as follows:
· Expiry of a timer (T310, T340) started after physical layer experiences radio problems
· Failure of RACH procedure

· RLC failure 

In LTE, When RLF failure occurs, such latest RLF or handover failure related information should be store in UE. Subsequently, RLF report availability flag should be indicated at each subsequent LTE RRC connection (re-) establishment and handover to a LTE cell until the RLF report is fetched by the network. In addition, note that it was agreed in the RAN2 #105 that upon UE entering connected state, the UE firstly sends available indicator(s) to the network, and then the network can command the UE to send the measurements. As a result, we think the mechanism of LTE RLF reporting could be taken as a baseline for 5G NR.
Proposal 4: the mechanism of LTE RLF reporting could be taken as a baseline for 5G NR.
For LTE, the following radio link failure information might be included in the RLC report:
· plmn-IdentityList: the list of EPLMNs store by the UE
· measResultLastServCell: the RSRP and RSRQ, if available, of the PCell
· measResultNeighCells: the best measured cells, other than the PCell, ordered such that the best cell is listed first (further details could be found in TS 36.331).
· logMeasResultListWLAN: WLAN measurement results, in order of decreasing RSSI for WLAN APs
· logMeasResultListBT: Bluetooth measurement results, in order of decreasing RSSI for Bluetooth beacons
· locationInfo: locationCoordinates and horizontalVelocity
· failedPCellId: global cell ID or the PCI and carrier frequency of the PCell where RLF is detected
· tac-FailedPCell: tracking area code of the PCell where radio link failure is detected
             ……
Proposal 5: the LTE RLF information could be taken as a baseline for 5G NR RLF information.
Since 5G NR has introduced new features, based on the LTE RLF information, discussion should be made on introduction of new measurement objects/quantities into the 5G NR RLF report.

In the last RAN3 meeting, discussion on MRO has been made. In the discussion, the detailed information shall be included in the 5G NR RLF information report has also been touched and captured in TR 37.816 [4]. Still, some further details are left as FFS or missed. Further discussion on is required in RAN2 also.
Most importantly, beam level measurement results should be considered. Especially, when the RLF occurs, the UE is in the state of RRC_CONNECTED, so the UE could collect both SSB and CSI-RS measurement results. So firstly, the SS Block index and CSI-RS index should be included. Furthermore, the numerical measurement results such as beam-level BRSRP/BRSRQ/BSINR should be included as well.
Proposal 6: SS Block index, CSI-RS index and the corresponding numerical measurement results such as beam-level BRSRP/BRSRQ/BSINR for both of serving and neighbouring cells should be included in the NR RLF report. 
For failure of RACH procedure to declare RLF, the UE is in the state of RRC_CONNECTED. Therefore, in addition to the contents proposed to be included in RACH information report, CSI-RS index and the related number of preambles sent for each involved beam carrying CSI-RS index should be included also.
Proposal 7: in addition to the contents proposed to be included in the RACH information report in this contribution, CSI-RS index and the corresponding number of preambles sent for each tried beam carrying CSI-RS index should be included in the NR RLF report also, if it is RACH procedure failure leading to the RLF. 

2.3 RRC connection failure reporting
After the UE sends the msg3 including RRC Connection request to the gNB, T300 will be started. Upon the expiry of the T300, if still no response from the gNB has been received by the UE, UE will reset MAC, release MAC configuration, which also implies that the RRC connection establishment has failed.
In LTE, when such event occurs, the UE is required to log the information related to the RRC connection establishment failure in the VarConnEstFailReport. When UE performing access to the network, a flag ‘connEstFailInfoAvailable’ could be included in RRCConnectionResumeComplete or RRCConnectionSetupComplete message. Upon such flag is detected, the eNB might send UEInformationRequest message to the UE asking for the information. Subsequently, the UE will response it with UEInformationResponse message. Exampling details of the related report are shown as follows:
· failedCellID: E-GCI of the cell in which the RRC connection failure happens
· locationInfo: the location information of where the RRC connection failure happens
· measurement results of failed cells: RSRP, RSRQ
· measurement results of neighbour cell when RRC connection failure happens

· number of preambles sent in the RACH procedure 
· Boolean indicating whether or not contention was detected.
……

In our opinion, the LTE mechanism and contents of RRC connection failure reporting should be taken as baseline for NR MDT.
Proposal 8: the mechanism of LTE RRC connection failure reporting could be taken as a baseline for 5G NR.
Proposal 9: the RRC connection failure reporting information could be taken as a baseline for 5G NR RRC connection failure reporting.
Similar with the above sections, further information should be included in the RRC connection failure report for 5G NR due to new features added to the 5G. Some of the examples are given as follows:
· SSB index of the downlink beams of both serving cell and neighbour cells and the corresponding measurement results.

· SUL/NUL carrier information

Proposal 10: both of SSB index of the downlink beams of both serving cell and neighbour cells and the corresponding measurement results and SUL/NUL carrier information should be included in the 5G NR RRC connection failure reporting. 
2.4 RRC resume failure reporting

In the NR, the timer T319 will be started, after UE transmits RRCResumeRequest message towards a network. Upon the expiry of the T319, if still no response from the gNB has been received by the UE, the UE shall perform the actions upon going to RRC_IDLE as specified in 5.3.11 in [4] with release cause 'RRC Resume failure'. 
Actually, the mechanism of RRC resume failure reporting could take that of RRC connection failure reporting as a baseline. In the NR, when RRC Resume failure occurs, the UE shall log the information related to such event in a report. Subsequently, when UE performing access to the network, a flag indicating the available of the information related to the previous RRC resume failure could be included in RRCConnectionResumeComplete or RRCConnectionSetupComplete message. Upon such flag is detected, the gNB could send UEInformationRequest message to the UE asking for the information. Subsequently, the UE will response it with UEInformationResponse message.  

Regarding the content of the report for the 5G NR RRC resume failure, what will be included in the 5G NR RRC connection failure reporting could be taken as a baseline. Note that according to the offline email discussion [105bis#17][NR/RDCU], several companies also agree that the RRC resume failure and the RRC connection failure are  similar cases.  As a result, we suggest that, in future WID phase when further defining the details, a common report could be used for these two cases. To let the network know the purpose of the received report, a flag indicating the report is for RRC connection failure or RRC resume failure should be included in the report.   

Proposal 11: the mechanism of RRC resume failure reporting could take the that of RRC connection failure reporting as a baseline.
Proposal 12: what will be included in the 5G NR RRC connection failure reporting could be taken as a baseline for the content of the report for the 5G NR RRC resume failure. 
Proposal 13: a common report could be used for RRC Connection failure reporting and RRC resume failure reporting

Proposal 14: To let the network know that the purpose of the received report, a flag indicating the report is for RRC connection failure or RRC resume failure should be included in the report.   
3 Conclusions
In this contribution, following observations and proposals are made:
Observation 1: RACH optimization mechanism in LTE could be reused for the NR.
Observation 2: It is necessary to include more information in the RACH information report for the NR to deal with new features.
Proposal 1: RAN2 to agree to include SSB related information consisting of SSB index and number of preambles sent for each tried SSB in the RACH information report.                 

Proposal 2: RAN2 to agree to include information of UL carrier (SUL and/or NUL) applied for RACH procedure and the number of preambles sent on each tried carrier in the RACH information report.   
Proposal 3: RAN2 to agree to include the information of the timestamp of the occurrence of the BFR event in the RACH information report.
Proposal 4: the mechanism of LTE RLF reporting could be taken as a baseline for 5G NR.
Proposal 5: the LTE RLF information could be taken as a baseline for 5G NR RLF information.
Proposal 6: SS Block index, CSI-RS index and the corresponding numerical measurement results such as beam-level BRSRP/BRSRQ/BSINR for both of serving and neighbouring cells should be included in the NR RLF report. 
Proposal 7: in addition to the contents proposed to be included in the RACH information report in this contribution, CSI-RS index and the corresponding number of preambles sent for each tried beam carrying CSI-RS index should be included in the NR RLF report also, if it is RACH procedure failure leading to the RLF. 

Proposal 8: the mechanism of LTE RRC connection failure reporting could be taken as a baseline for 5G NR.

Proposal 9: the RRC connection failure reporting information could be taken as a baseline for 5G NR RRC connection failure reporting.
Proposal 10: both of SSB index of the downlink beams of both serving cell and neighbour cells and the corresponding measurement results and SUL/NUL carrier information should be included in the 5G NR RRC connection failure reporting.
Proposal 11: the mechanism of RRC resume failure reporting could take the that of RRC connection failure reporting as a baseline.

Proposal 12: what will be included in the 5G NR RRC connection failure reporting could be taken as a baseline for the content of the report for the 5G NR RRC resume failure. 
Proposal 13: a common report could be used for RRC Connection failure reporting and RRC resume failure reporting

Proposal 14: To let the network know that the purpose of the received report, a flag indicating the report is for RRC connection failure or RRC resume failure should be included in the report.  
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Annex
- TP for TR 37.816

<<< start of first changes >>>
5.5 RACH Optimisation
5.5.1
Use case description
Editor Note: capture the use cases description and benefits of the use cases

<<< skipped >>>
5.5.2
Solution description
Editor Note: Capture the solutions for the use case, including the procedure for configuration and collection of measurements, necessary procedures and information exchange required for the solution, as well as comparison and evaluation on potential alternative solutions.
RACH optimization is realized by UE providing RACH related information report to the gNB, and by exchange of PRACH parameters between gNBs. 
Upon a UE receives polling message, e.g., UE Information Request message, to ask the RACH report from the gNB, UE needs to report RACH information within a UE Information Response message. The details of the RACH information report are indicated as follows:
· Indices of the SSBs towards which UE has performed RACH 
· Number of RACH preambles sent
· On which UL carrier i.e., SUL or NUL, UE has performed RACH

· the timing of the BFR event
· Contention Detected flag

gNBs are required to exchange PRACH configuration information between each other to avoid interference.
  <<< end of first changes >>>
 <<< start of second changes >>>
6.3
Events and faults

6.3.1
RLF and access failure information

6.3.1.1 RLF failure information
· the list of EPLMNs store by the UE

· the RSRP and RSRQ, if available, of the PCell

· the BRSRP, BRSRQ and BSINR of the accessed SS block of the PCell
· the indices of the accessed SS block of the PCell

· the BRSRP, BRSRQ and BSINR of the accessed CSI-RS of the PCell

· the indices of the accessed CSI-RS of the PCell

· the best measured cells, other than the PCell, ordered such that the best cell is listed first (further details could be found in TS 36.331).

· the BRSRP, BRSRQ and BSINR of the measured SS blocks of the measured cells.
· the indices of the measured SS block of the measured cells.
· WLAN measurement results, in order of decreasing RSSI for WLAN APs

· Bluetooth measurement results, in order of decreasing RSSI for Bluetooth beacons

· Location information where radio link failure is detected

· global cell ID or the PCI and carrier frequency of the PCell where RLF is detected

· tracking area code of the PCell where radio link failure is detected
· connection Failure Type
· FFS additional information regarding E-UTRAN NR inter-system HO, 5G NR intra-system HO
· the trigger for detecting radio link failure

   If Radio link failure is triggered by the RACH procedure:
· Indices of the SSBs towards which UE has performed RACH 

· Indices of the CSI-RSs towards which UE has performed RACH

· Number of RACH preambles sent

· On which UL carrier i.e., SUL or NUL, UE has performed RACH

· the timing of the BFR event
· Contention Detected flag

6.3.1.2 RRC connection failure
· global cell ID of the PCell where RRC connection failure is detected
· information of the location where RRC connection failure is detected, if available
· the RSRP and RSRQ of the PCell, if available
· the BRSRP, BRSRQ and BSINR of the accessed SS block of the PCell

· the indices of the accessed SS block of the PCell
· the best measured cells, other than the PCell, ordered such that the best cell is listed first (further details could be found in TS 36.331), if available
· number of preambles sent during the RACH procedure.
· A Boolean indicating whether or not the contention is detected
· A Boolean indicating whether or not the maximum transmission power has been reached

· Time elapsed since the RCC connection failure
· The cause of the report logging: RRC connection failure

6.3.1.3 RRC resume failure
· global cell ID of the PCell where RRC resume failure is detected
· information of the location where RRC resume failure is detected, if available
· the RSRP and RSRQ of the PCell, if available
· the BRSRP, BRSRQ and BSINR of the accessed SS block of the PCell

· the indices of the accessed SS block of the PCell
· the best measured cells, other than the PCell, ordered such that the best cell is listed first (further details could be found in TS 36.331), if available

· number of preambles sent during the RACH procedure.

· A Boolean indicating whether or not the contention is detected

· A Boolean indicating whether or not the maximum transmission power has been reached

· Time elapsed since the RCC resume failure
· The cause of the report logging: RRC resume failure
<<< end of second changes >>>
Agreements of NR MDT:


Logged MDT, immediate MDT and accessibility report should be supported for NR MDT. LTE MDT measurements/failures could be the baseline.


Logged MDT should also be supported for RRC_INACTIVE and RRC_IDLE. 


Management based and signalling based trace procedure in LTE can be reused in NG-RAN MDT.


The procedures of LTE MDT are the baseline of NR MDT.


for immediate MDT: The network can collect data with/without the UE involvement in RRC_CONNECTED. For example, the UE can report measurements to the RAN via periodical or event-triggered ways.


for logged MDT: the network sends logged measurement configuration to the UE in connected mode, and then the UE collects measurements in RRC_IDLE/INACTIVE. UPON UE restarting the RRC connection, the UE firstly sends available indicator(s) to the network, and then the network can command the UE to send the measurements.


For RLF report and accessibility measurements, UE logs these measurements without the need for prior configuration by the network. Upon UE entering connected state, the UE firstly sends available indicator(s) to the network, and then the network can command the UE to send the measurements.
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