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1   Introduction
In this paper, we discuss on the introduction of RLF report for SA. 
In section 5.3.10.3 we have the following FFS:

Editor’s Note: FFS: RLF related measurement reports e.g. VarRLF-Report is supported in NR. 

In the initial phase of SA deployment, there could be an unexpected coverage hole and misplacement of the RAN nodes and the parameters for mobility control needs to be matured by repeated information exchange regarding the radio signal context. For this, not only for the network planning but also the detail information from the UE is necessary for resolving any kinds of radio link problems. We discussed the motivation and the required text proposal on introducing RLF report for SA.
2   Motivation 
Using only network side information on RLF is insufficient to resolve failure situation in the future. UE side information on RLF can give more detail guidance which can be useful for mobility robustness optimization and coverage optimization purpose.
Especially using the high frequency as a serving frequency, the cell deployment might not be guaranteed to have a seamless coverage at the beginning stage of SA. 

Already EN-DC has adopted RLF report which was targeted for SCG. It is straightforward to adopt RLF report in SA too. 

3   Procedure and contents 
Actually, there is no reason to modify the legacy procedure i.e., RLF report in LTE. 

We can follow a LTE RLF report procedure and contents as a baseline.

A. Procedure
1. As in LTE, UE stores the RLF report including the contents (see the contents section below) when RLF or HO failure happens, UE keeps this until UE successfully connects to a NR cell.
2. UE can indicate RLF report availability once RLF report is stored, in the following messages:

2-1. connection re-establishment complete msg 


2-2. connection setup complete msg


2-3. connection reconfiguration complete msg 


2-4. connection resume complete msg 
3. UE should maintain the RLF report 


3-1. once RLF report is successfully retrieved, then UE discards.

3-2. Otherwise, 48 hours later, UE discards.

4.
The serving gNB requests UE to report the RLF report using UEInfomration request message 

5. The UE, once requested to report the RLF report by the serving gNB, responses with UEInformation response message including RLF report to the serving gNB.
Proposal 1: Consider LTE RLF-report for NR RLF-report as a baseline
Proposal 2: As in LTE, UE stores the RLF context when RLF or HO failure happens.
Proposal 3: UE indicates RLF-report availability in message 5 as in LTE (Indicate RLF report availability in RRCSetupComplete msg, RRCResumeComplete msg, RRCReconfigurationComplete msg, RRCConnectionReestablishmentComplete msg.).
Proposal 4: UE keeps stored RLF context until UE successfully transmits UEInformationResponse to the connected gNB, or discards the stored RLF context after 48 hours later of report generation.

Proposal 5: UEInformationRequest is used for network’s request for the UE to report the RLF-report.

Proposal 6: UEInformationResponse message is used for UE’s reporting of RLF-report.
B. Stored Contents
When RLF report is stored, the following categories of information can be considered as a contents.

1. For the measurement contents: the serving cell measurement including beam measurement, if available and the best neighbor cell measurement can be considered as in LTE. 
2. For the details of the measurement results:

-
For each MO for which is configured and measurement results are available, whichever RS is configured, include the frequency indicated by that RS and available quantities of the concerned cells

3. For the other RLF context: 
· On HO failure: target Pcell information such as global cell identity (if available), and otherwise (if not available) PCI and frequency info when can be considered, and source Pcell info such as global cell ID as in LTE. 

· On RLF detection: for the cell where RLF happens, the cell information such as global cell identity (if available), and otherwise (if not available) PCI and frequency info when can be considered as in LTE.
· Location information as in LTE.
· Elapsed time since reception of the last RRCConfiguration message including reconfigurationWithSync also to be considered as in LTE.

· Connection failure type of hof or RLF as in LTE.
· C-RNTI in the Pcell (for RLF case), or source Pcell(for HOF case) as in LTE
Proposal 7: UE stores NR specific measurement and other RLF context information

Proposal 8: As a measurement related contents, RPLMN, last serving cell measurement results (if available), best neighborcells measurement including inter-RAT measurement result, can be stored.

Proposal 9: As part of RLF context, on HO failure case, target Pcell and source Pcell information such as global cell identity (if available), and otherwise (if not available) PCI and frequency info can be stored as in LTE. 

Proposal 10: As part of RLF context, on RLF case, the cell (on which RLF hanneps) information such as global cell identity (if available), and otherwise (if not available) PCI and frequency info can be considered as in LTE.
Proposal 11: Location information, elapsed time since reception of the last RRCconfiguration message including reconfigurationWithSync, connection failure type (HOF or RLF), C-RNTI in Pcell (for RLF case) or source Pcell (for HOF case) could be stored.
Proposal 12: UE support RLF report for inter-RAT MRO.
4. New T310 expiry cause in RLF case

- In RLF case, RLF-cause values are currently listed as T310-expiry, randomaccessProblem, rlc-MaxNumRetx in LTE. In NR we introduced two RLM threshold values. So, there could be two cases even in T310-expiry event i.e., according to the configured RLM threshold. It is important the network to know in which condition the UE was, and especially which threshold value was used on T310 expiry. If this information is known to the network, it can further tune the threshold parameter lower or it can manage to control the VoIP packet appropriately. Therefore, there should be 1-bit indicator to distinguish the used threshold value for RLM on T310-expiry.
Proposal 13: UE uses 1-bit indicator to distinguish the used threshold value for RLM on T310-expiry for RLF report.
4   Conclusion 

Based on the above discussion and the motivation, RLF report can be supported for SA.

We had the following proposals as a conclusion:

Proposal 14: Consider LTE RLF-report for NR RLF-report as a baseline
Proposal 15: As in LTE, UE stores the RLF context when RLF or HO failure happens.
Proposal 16: UE indicates RLF-report availability in message 5 as in LTE (Indicate RLF report availability in RRCSetupComplete msg, RRCResumeComplete msg, RRCReconfigurationComplete msg, RRCConnectionReestablishmentComplete msg.).
Proposal 17: UE keeps stored RLF context until UE successfully transmits UEInformationResponse to the connected gNB, or discards the stored RLF context after 48 hours later of report generation.

Proposal 18: UEInformationRequest is used for network’s request for the UE to report the RLF-report.

Proposal 19: UEInformationResponse message is used for UE’s reporting of RLF-report.
Proposal 20: UE stores NR specific measurement and other RLF context information

Proposal 21: As a measurement related contents, RPLMN, last serving cell measurement results (if available), best neighborcells measurement including inter-RAT measurement result, can be stored.

Proposal 22: As part of RLF context, target Pcell and source Pcell information on HO failure case such as global cell identity (if available), and otherwise (if not available) PCI and frequency info can be stored. 

Proposal 23: As part of RLF context, for the cell where RLF happens, the cell information such as global cell identity (if available), and otherwise (if not available) PCI and frequency info when can be considered as in LTE.
Proposal 24: Location information, elapsed time since reception of the last RRCconfiguration message including reconfigurationWithSync, connection failure type (HOF or RLF), C-RNTI in Pcell (for RLF case) or source Pcell (for HOF case) could be stored.
Proposal 25: UE support RLF report for inter-RAT MRO.
Proposal 26: UE uses 1-bit indicator to distinguish the used threshold value for RLM on T310-expiry for RLF report.
<Text Proposal>

For the readiness of reading TP, most of contents are directly imported from LTE RLF report part into its corresponding part. The changed part compared to LTE RLF report other than measurement is highlighted in green. And for the other NR specific changes (mainly for measurement such as MO and beam) are highlighted in yellow.
5.3.3.4
Reception of the RRCSetup by the UE

The UE shall perform the following actions upon reception of the RRCSetup:

1>
if the RRCSetup is received in response to an RRCReestablishmentRequest; or 
1>
if the RRCSetup is received in response to an RRCResumeRequest: 
2> discard the stored UE AS context, fullI-RNTI and shortI-RNTI, if stored;

2>
indicate to upper layers fallback of the RRC connection;

1> perform the cell group configuration procedure in accordance with the received masterCellGroup and as specified in 5.3.5.5;

1>
perform the radio bearer configuration procedure in accordance with the received radioBearerConfig and as specified in 5.3.5.6;

1>
if stored, discard the cell reselection priority information provided by the cellReselectionPriorities or inherited from another RAT;

1>
stop timer T300, T301 or T319 if running;

Editor’s Note: FFS Whether there is a need to define UE actions related to access control timers (equivalent to T302, T303, T305, T306, T308 in LTE). For example, informing upper layers if a given timer is not running.

1>
stop timer T320, if running;

1>
if the RRCSetup is received in response to an RRCResumeRequest or RRCSetupRequest:

2>
enter RRC_CONNECTED;

2>
stop the cell re-selection procedure;

1>
consider the current cell to be the PCell;

1>
set the content of RRCSetupComplete message as follows:

2> if upper layers provide an 5G-S-TMSI:

3> if the RRCSetup is received in response to an RRCSetupRequest:

4>  set the ng-5g-s-tmsi-bits to ng-5G-s-tmsi-part2;

3> else:

4>  set the ng-5g-s-tmsi-bits set to ng-5g-s-tmsi;

2>
set the selectedPLMN-Identity to the PLMN selected by upper layers (TS 24.501 [23]) from the PLMN(s) included in the plmn-IdentityList in SIB1;

2>
if the masterCellGroupConfig contains the reportUplinkTxDirectCurrent:

3> include the uplinkTxDirectCurrentList; 

2>
if upper layers provide the 'Registered AMF':

3> include and set the registeredAMF as follows:

4>
if the PLMN identity of the 'Registered AMF' is different from the PLMN selected by the upper layers:

5>
include the plmnIdentity in the registeredAMF and set it to the value of the PLMN identity in the 'Registered AMF' received from upper layers;

4>
set the amf-Region, amf-SetId, amf-Pointer to the value received from upper layers;

3>
include and set the guami-Type to the value provided by the upper layers;

Editor’s Note: FFS Confirm whether the guami-Type is included and set in the abovementioned condition.
2>
if upper layers provide one or more S-NSSAI (see TS 23.003 [20]):

3>
include the s-nssai-list and set the content to the values provided by the upper layers;

2>
set the dedicatedInfoNAS to include the information received from upper layers;
2>
if the UE has radio link failure or handover failure information available in VarRLF-Report and if the RPLMN is included in plmn-IdentityList stored in VarRLF-Report:
3> include rlf-InfoAvailable;
1>
submit the RRCSetupComplete message to lower layers for transmission, upon which the procedure ends 

----------------------------------------<Not modified part is Omitted>----------------------------------

5.3.13.4
Reception of the RRCResume by the UE

The UE shall:

1>
stop timer T319;

1>
if the RRCResume includes the fullConfig:

2>
perform the full configuration procedure as specified in 5.3.5.11;

1>
else:

2>
restore the PDCP state, reset COUNT value and re-establish PDCP entities for SRB2 and all DRBs;

2>
restore the cellGroupConfig from the stored UE AS context;

2>
if drb-ContinueROHC is included:

3>
indicate to lower layers that stored UE AS context is used and that drb-ContinueROHC is configured;

3>
continue the header compression protocol context for the DRBs configured with the header compression protocol;

2>
else:

3>
indicate to lower layers that stored UE AS context is used;
3>
reset the header compression protocol context for the DRBs configured with the header compression protocol;

1>
discard the fullI-RNTI, shortI-RNTI and the stored UE AS context, except ran-NotificationAreaInfo;

1> if the RRCResume includes the masterCellGroup:

2>
perform the cell group configuration for the received masterCellGroup according to 5.3.5.5;

Editor’s Note: FFS Whether it is supported to configure secondaryCellGroup at Resume.

1>
if the RRCResume includes the radioBearerConfig:

2>
perform the radio bearer configuration according to 5.3.5.6;

Editor’s Note: FFS Whether there needs to be a second radioBearerConfig.

1>
resume SRB2 and all DRBs;

1>
if stored, discard the cell reselection priority information provided by the cellReselectionPriorities or inherited from another RAT;

1>
if the RRCResume message includes the measConfig:

2>
perform the measurement configuration procedure as specified in 5.5.2;

1>
resume measurements if suspended;

Editor’s Note: FFS Whether there is a need to define UE actions related to access control timers (equivalent to T302, T303, T305, T306, T308 in LTE). For example, informing upper layers if a given timer is not running.

1>
enter RRC_CONNECTED;

1>
indicate to upper layers that the suspended RRC connection has been resumed;

1>
stop the cell re-selection procedure;

1>
consider the current cell to be the PCell;

1>
set the content of the of RRCResumeComplete message as follows:

2> if the upper layer provides NAS PDU, set the dedicatedInfoNAS to include the information received from upper layers; 
2>
if the UE has radio link failure or handover failure information available in VarRLF-Report and if the RPLMN is included in plmn-IdentityList stored in VarRLF-Report:
3> include rlf-InfoAvailable;

1>
submit the RRCResumeComplete message to lower layers for transmission;

1>
the procedure ends.

----------------------------------<Not modified part is Omitted>---------------------------------------

5.3.5.3
Reception of an RRCReconfiguration by the UE

The UE shall perform the following actions upon reception of the RRCReconfiguration:

1>
if the RRCReconfiguration includes the fullConfig:

2>
perform the radio configuration procedure as specified in 5.3.5.11;
1>
if the RRCReconfiguration includes the masterCellGroup:

2>
perform the cell group configuration for the received masterCellGroup according to 5.3.5.5;

1> if the RRCReconfiguration includes the keyRefresh:

2>
perform security key update procedure as specified in 5.3.5.7;

1>
if the RRCReconfiguration includes the secondaryCellGroup:

2>
perform the cell group configuration for the SCG according to 5.3.5.5;

1>
if the RRCReconfiguration message contains the radioBearerConfig:

2>
perform the radio bearer configuration according to 5.3.5.6;

1>
if the RRCReconfiguration message includes the measConfig:

2>
perform the measurement configuration procedure as specified in 5.5.2;

1>
set the content of RRCReconfigurationComplete message as follows:

2>
if the RRCReconfiguration includes the masterCellGroup containing the reportUplinkTxDirectCurrent, or;

2>
if the RRCReconfiguration includes the secondaryCellGroup containing the reportUplinkTxDirectCurrent:

3> include the uplinkTxDirectCurrentList;
1>  if the UE is configured with E-UTRA nr-SecondaryCellGroupConfig (MCG is E-UTRA):

2> if RRCReconfiguration was received via SRB1:

3> submit the RRCReconfigurationComplete via the EUTRA MCG embedded in E-UTRA RRC message RRCConnectionReconfigurationComplete as specified in TS 36.331 [10];

3> if reconfigurationWithSync was included in spCellConfig of an SCG:

4> initiate the random access procedure on the SpCell, as specified in TS 38.321 [3]; 

3> else:

4>  the procedure ends;

NOTE:
The order the UE sends the RRCConnectionReconfigurationComplete message and performs the Random Access procedure towards the SCG is left to UE implementation.

2> else (RRCReconfiguration was received via SRB3):

3> submit the RRCReconfigurationComplete message via SRB3 to lower layers for transmission using the new configuration;

NOTE:
For EN-DC, in the case of SRB1, the random access is triggered by RRC layer itself as there is not necessarily other UL transmission. In the case of SRB3, the random access is triggered by the MAC layer due to arrival of RRCReconfigurationComplete.

1 > else:
2>if reconfigurationWithSync was included in spCellConfig of an MCG, 
 3> set the content of RRCReconfigurationComplete as follows:
     4> if the UE has radio link failure or handover failure information available in VarRLF-Report and if the RPLMN is included in plmn-IdentityList stored in VarRLF-Report:


5>include rlf-InfoAvailable;
2> submit the RRCReconfigurationComplete message via SRB1 to lower layers for transmission using the new configuration;

1>  if reconfigurationWithSync was included in spCellConfig of an MCG or SCG, and when MAC of an NR cell group successfully completes a random access procedure triggered above;

2>  stop timer T304 for that cell group;

2>  apply the parts of the CQI reporting configuration, the scheduling request configuration and the sounding RS configuration that do not require the UE to know the SFN of the respective target SpCell, if any;

2>  apply the parts of the measurement and the radio resource configuration that require the UE to know the SFN of the respective target SpCell (e.g. measurement gaps, periodic CQI reporting, scheduling request configuration, sounding RS configuration), if any, upon acquiring the SFN of that target SpCell;

2>  if the reconfigurationWithSync was included in spCellConfig of an MCG:

3> if the active downlink BWP, which is indicated by the firstActiveDownlinkBWP-Id for the target SpCell of the MCG, has a common search space configured or if the conditions defined in FFS_Spec [X], section FFS_Section are satisfied:

4> acquire the SIB1 of the target SpCell of the MCG, as specified in 5.2.2.3.1;
2>  the procedure ends.

NOTE:
The UE is only required to acquire broadcasted SIB1 if the UE can acquire it without disrupting unicast data reception, i.e. the broadcast and unicast beams are quasi co-located.

----------------------------<Not modified part is Omitted>---------------------------------------------

5.3.5.8.3
T304 expiry (Reconfiguration with sync Failure)

he UE shall:
1> if T304 of a master cell group expires:

2>
store the following handover failure information in VarRLF-Report by setting its fields as follows:

3>
clear the information included in VarRLF-Report, if any;

3>
set the plmn-IdentityList to include the list of EPLMNs stored by the UE (i.e. includes the RPLMN);
3> set the measurement results as follows:

4> for each MeasOjectNR for which a measId is configured and measurement results are available;



5> include an entry in measResultsPerMOList;



5> if there is a measId configured with the MeasObjectNR and a reportConfig which hasrsType set to ssb:



   6> set ssbFrequency to the value indicated by ssbFrequency as included in the MeasObjectNR;



5> if there is a measId configured with the MeasObjectNR and a reportConfig which hasrsType set to csi-rs:



   6> set refFreqCSI-RS to the value indicated by refFreqCSI-RS as included in the associated measurement object;



5> if a serving cell is associated with the MeasObjectNR:



   6> set measResultServingCellto include the available quantities of the concerned cell and in accordance with the performance requirements in [FFS_Ref];



5> set the measResultNeighCellList to include the best measured cells, ordered such that the best cell is listed first, and based on measurements collected up to the moment the UE detected the failure, and set its fields as follows;



   6> ordering the cells with sorting as follows:



   
7> based on SS/PBCH block if SS/PBCH block measurement results are available available and otherwise based on CSI-RS,



   
7> using RSRP if RSRP measurement results are available, otherwise using RSRQ if RSRQ measurement results are available, otherwise usingSINR,



   6> for each neighbour cell included: 




7> include the optional fields that are available.
3>
if detailed location information is available, set the content of the locationInfo as follows:

4>
include the locationCoordinates;

4>
include the horizontalVelocity, if available;

3>
set the failedPCellId to the global cell identity, if available, and otherwise to the physical cell identity and carrier frequency of the target PCell of the failed handover;

3>
include previousPCellId and set it to the global cell identity of the PCell where the last RRCReconfiguration message including reconfigurationWithSync was received;

3>
set the timeConnFailure to the elapsed time since reception of the last RRCReconfiguration message including the reconfigurationWithSync;

3>
set the connectionFailureType to 'hof';

3>
set the c-RNTI to the C-RNTI used in the source PCell;

2> initiate the connection re-establishment procedure as specified in 5.3.7, upon which the RRCreconfiguration procedure ends;
1>
if T304 of a secondary cell group expires:

2>  release dedicated preambles provided in rach-ConfigDedicated; 

2>
initiate the SCG failure information procedure as specified in subclause 5.7.3 to report SCG reconfiguration with sync failure, upon which the RRC reconfiguration procedure ends;

The UE may discard the handover failure information, i.e. release the UE variable VarRLF-Report, 48 hours after the failure is detected, upon power off or upon detach.

----------------------------<Not modified part is Omitted>---------------------------------------------

5.3.7.3
Actions following cell selection while T311 is running

Upon selecting a suitable NR cell, the UE shall:

1>
stop timer T311;

1>
start timer T301;

1>
initiate transmission of the RRCReestablishmentRequest message in accordance with 5.3.7.4
NOTE:
This procedure applies also if the UE returns to the source PCell.

Upon selecting an inter-RAT cell, the UE shall:

1>
if the selected cell is a EUTRA cell, and if the UE supports Radio Link Failure Report for Inter-RAT MRO, include selectedEUTRA-CellId in the VarRLF-Report and set it to the physical cell identity and carrier frequency of the selected EUTRA cell;

1> perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'RRC connection failure';

----------------------------<Not modified part is Omitted>---------------------------------------------

5.3.7.4
Actions related to transmission of RRCReestablishmentRequest message

if the procedure was initiated due to radio link failure or handover failure, the UE shall:

1>
set the reestablishmentCellId in the VarRLF-Report to the global cell identity of the selected cell;

The UE shall set the contents of RRCReestablishmentRequest message as follows:

1>
set the ue-Identity as follows:

2>
set the c-RNTI to the C-RNTI used in the source PCell (reconfiguration with sync or mobility from NR failure) or used in the PCell in which the trigger for the re-establishment occurred (other cases);

2>
set the physCellId to the physical cell identity of the source PCell (reconfiguration with sync or mobility from NR failure) or of the PCell in which the trigger for the re-establishment occurred (other cases);

2>
set the shortMAC-I to the X least significant bits of the MAC-I calculated:

3>
over the ASN.1 encoded as per section 8 (i.e., a multiple of 8 bits) VarShortMAC-Input;

3>
with the KRRCint key and integrity protection algorithm that was used in the source PCell (reconfiguration with sync or mobility from NR failure) or of the PCell in which the trigger for the re-establishment occurred (other cases); and

3>
with all input bits for COUNT, BEARER and DIRECTION set to binary ones;

Editor’s Note: 1>
set the reestablishmentCause as follows:

 2>
 if the re-establishment procedure was initiated due to reconfiguration failure as specified in 5.3.5.8.2:

3>
set the reestablishmentCause to the value reconfigurationFailure;

2>
else if the re-establishment procedure was initiated due to reconfiguration with sync failure as specified in 5.3.5.8.3 (intra-NR handover failure) or 5.4.3.5 (inter-RAT mobility from NR failure):

3>
set the reestablishmentCause to the value handoverFailure;

2>
else:

3>
set the reestablishmentCause to the value otherFailure;

1> restore the RRC configuration and security context from the stored UE AS context;
1>
restore the PDCP state and re-establish PDCP for SRB1;

1>
re-establish RLC for SRB1;

1>
resume SRB1;

1>
The UE shall submit the RRCReestablishmentRequest message to lower layers for transmission.

----------------------------<Not modified part is Omitted>---------------------------------------------

5.3.7.5
Reception of the RRCReestablishment by the UE

The UE shall:

1>
stop timer T301;

1>
consider the current cell to be the PCell;

1> perform the cell group configuration procedure in accordance with the received masterCellGroup and as specified in 5.3.5.5;

1>
perform the radio bearer configuration procedure in accordance with the received radioBearerConfig and as specified in 5.3.5.6;

Editor’s Note: FFS Which parts of the mastercellGroup and radioBearerConfig IEs are applicable to the re-establishment case

1>
store the nextHopChainingCount value indicated in the RRCReestablishment message;
1>
update the KgNB key based on the current KgNB or the NH, using the stored nextHopChainingCount value, as specified in TS 33.501 [11];

1>
derive the KRRCenc key, the KRRCint, the KUPint key and the KUPenc key associated with the previously configured ciphering algorithm, as specified in TS 33.501 [11];

1>
derive the KRRCint key and the KUPint key associated with the previously configured integrity protection algorithm, as specified in TS 33.501 [11];

1>
request lower layers to verify the integrity protection of the RRCReestablishment message, using the previously configured algorithm and the KRRCint key;

1>
if the integrity protection check of the RRCReestablishment message fails:

2>
perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'other', upon which the procedure ends;

1>
configure lower layers to activate integrity protection using the previously configured algorithm and the KRRCint key immediately, i.e., integrity protection shall be applied to all subsequent messages received and sent by the UE, including the message used to indicate the successful completion of the procedure;

1>
configure lower layers to apply ciphering using the previously configured algorithm, the KRRCenc key and the KUPenc key immediately, i.e., ciphering shall be applied to all subsequent messages received and sent by the UE, including the message used to indicate the successful completion of the procedure;
1> set the content of RRCConnectionReestablishmentComplete message as follows:
2>  if the UE has radio link failure or handover failure information available in VarRLF-Report and if the RPLMN is included in plmn-IdentityList stored in VarRLF-Report:

3> include the rlf-InfoAvailable;
1>
submit the RRCReestablishmentComplete message to lower layers for transmission;

1>
the procedure ends;

----------------------------<Not modified part is Omitted>---------------------------------------------

5.3.10.3
Detection of radio link failure
The UE shall:
1>
upon T310 expiry in PCell; or

1>
upon random access problem indication from MCG MAC while T311 is not running; or

1>
upon indication from MCG RLC that the maximum number of retransmissions has been reached:

Editor’s Note: FFS whether maximum ARQ retransmission is only criteria for RLC failure.

2>
consider radio link failure to be detected for the MCG i.e. RLF;

2>
store the following radio link failure information in the VarRLF-Report by setting its fields as follows:

3>
clear the information included in VarRLF-Report, if any;

3>
set the plmn-IdentityList to include the list of EPLMNs stored by the UE (i.e. includes the RPLMN);

3> set the measurement results as follows:

4> for each MeasOjectNR for which a measId is configured and measurement results are available;



5> include an entry in measResultsPerMOList;



5> if there is a measId configured with the MeasObjectNR and a reportConfig which hasrsType set to ssb:



   6> set ssbFrequency to the value indicated by ssbFrequency as included in the MeasObjectNR;



5> if there is a measId configured with the MeasObjectNR and a reportConfig which hasrsType set to csi-rs:



   6> set refFreqCSI-RS to the value indicated by refFreqCSI-RS as included in the associated measurement object;



5> if a serving cell is associated with the MeasObjectNR:



   6> set measResultServingCellto include the available quantities of the concerned cell and in accordance with the performance requirements in [FFS_Ref];



5> set the measResultNeighCellList to include the best measured cells, ordered such that the best cell is listed first, and based on measurements collected up to the moment the UE detected the failure, and set its fields as follows;



   6> ordering the cells with sorting as follows:



   
7> based on SS/PBCH block if SS/PBCH block measurement results are available available and otherwise based on CSI-RS,



   
7> using RSRP if RSRP measurement results are available, otherwise using RSRQ if RSRQ measurement results are available, otherwise usingSINR,



   6> for each neighbour cell included: 




7> include the optional fields that are available.
3>
if detailed location information is available, set the content of the locationInfo as follows:

4>
include the locationCoordinates;

4>
include the horizontalVelocity, if available;

3>
set the failedPCellId to the global cell identity, if available, and otherwise to the physical cell identity and carrier frequency of the PCell where radio link failure is detected;
3>
set the tac-FailedPCell to the tracking area code, if available, of the PCell where radio link failure is detected;
3>
if an RRCReconfiguration message including the reconfigurationWithSync was received before the connection failure:

4>
if the last RRCReconfiguration message including the reconfigurationWithSync concerned an intra NR handover:

5>
include the previousPCellId and set it to the global cell identity of the PCell where the last RRCReconfiguration message including reconfigurationWithSync was received;

5>
set the timeConnFailure to the elapsed time since reception of the last RRCReconfiguration message including the reconfigurationWithSync;
4>
if the last RRCReconfiguration message including the reconfigurationWithSync concerned a handover to NR from EUTRA and if the UE supports Radio Link Failure Report for Inter-RAT MRO:

5>
include the previousEUTRA-CellId and set it to the physical cell identity, the carrier frequency and the global cell identity, if available, of the EUTRA Cell in which the last RRCReconfiguration message including reconfigurationWithSync was received;

5>
set the timeConnFailure to the elapsed time since reception of the last RRCReconfiguration message including the reconfigurationWithSync;

3>
set the connectionFailureType to rlf;

3>
set the c-RNTI to the C-RNTI used in the PCell;

3>
set the rlf-Cause to the trigger for detecting radio link failure;

Editor’s Note: FFS Whether indications related to beam failure recovery may affect the declaration of RLF.

Editor’s Note: FFS: How to handle RLC failure in CA duplication for MCG DRB and SRB. 

Editor’s Note: FFS: RLF related measurement reports e.g. VarRLF-Report is supported in NR. 

2>
if AS security has not been activated:

3>
perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'other';

2>
else:

3>
initiate the connection re-establishment procedure as specified in 5.3.7.

The UE shall:

1>
upon T310 expiry in PSCell; or

1>
upon random access problem indication from SCG MAC; or

1>
upon indication from SCG RLC that the maximum number of retransmissions has been reached:

2>
consider radio link failure to be detected for the SCG i.e. SCG-RLF;

Editor’s Note: FFS: How to handle RLC failure in CA duplication for SCG DRB and SRB. 

2>
initiate the SCG failure information procedure as specified in 5.7.3 to report SCG radio link failure.

The UE may discard the radio link failure information, i.e. release the UE variable VarRLF-Report, 48 hours after the radio link failure is detected, upon power off or upon detach.

----------------------------<Not modified part is Omitted>---------------------------------------------

5.7.4
UE Information

5.7.4.1
General
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Figure 5.7.4.1-1: UE information procedure

The UE information procedure is used by NR to request the UE to report information.

5.7.4.2
Initiation

NR initiates the procedure by sending the UEInformationRequest message. NR should initiate this procedure only after successful security activation.
5.7.4.3
Reception of the UEInformationRequest message

Upon receiving the UEInformationRequest message, the UE shall, only after successful security activation:

1>
if rlf-ReportReq is set to true and the UE has radio link failure information or handover failure information available in VarRLF-Report and if the RPLMN is included in plmn-IdentityList stored in VarRLF-Report:

2>
set timeSinceFailure in VarRLF-Report to the time that elapsed since the last radio link or handover failure in NR;

2>
set the rlf-Report in the UEInformationResponse message to the value of rlf-Report in VarRLF-Report;

2>
discard the rlf-Report from VarRLF-Report upon successful delivery of the UEInformationResponse message confirmed by lower layers;

2>
submit the UEInformationResponse message to lower layers for transmission via SRB1;

----------------------------<Not modified part is Omitted>---------------------------------------------

6
Protocol data units, formats and parameters (tabular & ASN.1)

----------------------------<Not modified part is Omitted>---------------------------------------------

6.2
RRC messages

6.2.1
General message structure

----------------------------<Not modified part is Omitted>---------------------------------------------

–
DL-DCCH-Message
The DL-DCCH-Message class is the set of RRC messages that may be sent from the network to the UE on the downlink DCCH logical channel.

-- ASN1START

-- TAG-DL-DCCH-MESSAGE-START

DL-DCCH-Message ::= SEQUENCE {


message










DL-DCCH-MessageType

}

DL-DCCH-MessageType ::= CHOICE {


c1





CHOICE {



rrcReconfiguration






RRCReconfiguration,



rrcResume








RRCResume,



rrcRelease








RRCRelease,



rrcReestablishment






RRCReestablishment,



securityModeCommand






SecurityModeCommand,



dlInformationTransfer





DLInformationTransfer,



ueCapabilityEnquiry






UECapabilityEnquiry,



ueInformationRequest




UEInformationRequest, 


spare8 NULL, spare7 NULL,



spare6 NULL, spare5 NULL, spare4 NULL,



spare3 NULL, spare2 NULL, spare1 NULL

},


messageClassExtension
SEQUENCE {}

}

-- TAG-DL-DCCH-MESSAGE-STOP

-- ASN1STOP

----------------------------<Not modified part is Omitted>---------------------------------------------

–
UL-DCCH-Message
The UL-DCCH-Message class is the set of RRC messages that may be sent from the UE to the network on the uplink DCCH logical channel.

-- ASN1START

-- TAG-UL-DCCH-MESSAGE-START

UL-DCCH-Message ::= SEQUENCE {


message










UL-DCCH-MessageType

}

UL-DCCH-MessageType ::= CHOICE {


c1





CHOICE {



measurementReport






MeasurementReport,



rrcReconfigurationComplete




RRCReconfigurationComplete,



rrcSetupComplete






RRCSetupComplete,



rrcReestablishmentComplete




RRCReestablishmentComplete,



rrcResumeComplete






RRCResumeComplete,



securityModeComplete





SecurityModeComplete,



securityModeFailure





SecurityModeFailure,



ulInformationTransfer





ULInformationTransfer, 



locationMeasurementIndication



LocationMeasurementIndication,



ueCapabilityInformation




UECapabilityInformation,



ueInformationResponse





UEInformationResponse,





spare5 NULL, spare4 NULL, spare3 NULL,



spare2 NULL, spare1 NULL

},


messageClassExtension
SEQUENCE {}

}

-- TAG-UL-DCCH-MESSAGE-STOP

-- ASN1STOP

----------------------------<Not modified part is Omitted>---------------------------------------------

6.2.2
Message definitions
----------------------------<Not modified part is Omitted>---------------------------------------------

–
UEInformationRequest
The UEInformationRequest is the command used by NR to retrieve information from the UE. 

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: NR to UE

UEInformationRequest message
-- ASN1START

UEInformationRequest

::=



SEQUENCE {


rrc-TransactionIdentifier

RRC-TransactionIdentifier,


criticalExtensions



CHOICE {



c1







CHOICE {




ueInformationRequest-NR



UEInformationRequest-NR-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

UEInformationRequest-NR-IEs ::=

SEQUENCE {


rlf-ReportReq-NR




BOOLEAN,


nonCriticalExtension



SEQUENCE {}

OPTIONAL

}

-- ASN1STOP

–
UEInformationResponse
The UEInformationResponse message is used by the UE to transfer the information requested by the NR.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to NR

UEInformationResponse message
-- ASN1START

UEInformationResponse-NR
::=


SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1







CHOICE {




ueInformationResponse-NR



UEInformationResponse-NR-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture



SEQUENCE {}


}

}

UEInformationResponse-NR-IEs ::=

SEQUENCE {


rlf-Report-NR






RLF-Report-NR


OPTIONAL,


nonCriticalExtension




SEQUENCE {}



OPTIONAL

}

RLF-Report-NR ::= 




SEQUENCE {


measResultPerMOList





MeasResultList2NR,

...,


locationInfo






LocationInfo

OPTIONAL,


failedPCellId






CHOICE {


cellGlobalId






CellGlobalIdNR,


pci-arfcn







SEQUENCE {



physCellId






PhysCellId,



carrierFreq






ARFCN-ValueNR




}



}















OPTIONAL,


reestablishmentCellId




CellGlobalIdNR



OPTIONAL,


timeConnFailure






INTEGER (0..1023)



OPTIONAL,


connectionFailureType




ENUMERATED {rlf, hof}


OPTIONAL,


previousPCellId






CellGlobalIdNR



OPTIONAL

,


basicFields






SEQUENCE {



c-RNTI







C-RNTI,



rlf-Cause






ENUMERATED {













t310-Expiry-th0, t310-Expiry-th1,












randomAccessProblem, rlc-MaxNumRetx},



timeSinceFailure




TimeSinceFailure



}















OPTIONAL,


previousEUTRA-CellId


SEQUENCE {




carrierFreq




ARFCN-ValueEUTRA,




physCellId




CHOICE {





fdd







PhysCellIdEUTRA-FDD,





tdd







PhysCellIdEUTRA-TDD




},




cellGlobalId



CellGlobalIdEUTRA


OPTIONAL



}















OPTIONAL,



selectedEUTRA-CellId


SEQUENCE {




carrierFreq





ARFCN-ValueUTRA,




physCellId





CHOICE {





fdd







PhysCellIdEUTRA-FDD,





tdd







PhysCellIdEUTRA-TDD




}



}















OPTIONAL


]],

[[
failedPCellId-v1250



SEQUENCE {




tac-FailedPCell-r12


TrackingAreaCode






}















OPTIONAL,


measResultLastServCell-v1250
RSRQ-Range-v1250



OPTIONAL,


lastServCellRSRQ-Type-r12

RSRQ-Type-r12




OPTIONAL,


measResultListEUTRA-v1250

MeasResultList2EUTRA-v1250

OPTIONAL

]],

}

TimeSinceFailure-NR ::=



INTEGER (0..172800)

-- ASN1STOP

----------------------------<Not modified part is Omitted>---------------------------------------------

7.4
UE variables

NOTE: 
To facilitate the specification of the UE behavioural requirements, UE variables are represented using ASN.1. Unless explicitly specified otherwise, it is however up to UE implementation how to store the variables. The optionality of the IEs in ASN.1 is used only to indicate that the values may not always be available.
----------------------------<Not modified part is Omitted>---------------------------------------------

–
VarRLF-Report
The UE variable VarRLF-Report includes the radio link failure information or handover failure information.

VarRLF-Report UE variable

-- ASN1START

VarRLF-Report-NR ::=



SEQUENCE {


rlf-Report-NR






RLF-Report-NR,


plmn-Identity-NR





PLMN-Identity

}

-- ASN1STOP

–
End of NR-UE-Variables
-- ASN1START
END

-- ASN1STOP
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