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[bookmark: _Ref20905128]Introduction
[bookmark: _Ref178064866]It has been agreed in RAN2#106 that LTE RLF information should serve as baseline for 5G NR RLF information.
In RAN2#107, RAN2 received an LS from RAN3, asking RAN2 to analyse and confirm the solutions for RACH Optimization and Mobility Robustness Optimisation features during the normative work [1]; 
	1. Overall Description:
RAN3 discussed the RACH Optimization and Mobility Robustness Optimisation features for the NG RAN and agreed, as described in TR 37.816, the information that should be signalled by a UE to the NG RAN as part of the RACH Report, RLF Report and Successful Handover Report.
RAN3 agreed that the information in the above reports should also apply to the SN node for MR-DC case.
2. Actions:
To RAN2:
ACTION: RAN3 respectfully asks RAN2 to analyse and confirm the solutions during the normative work.



[bookmark: _Hlk23516874]During the meeting it was agreed to report available measurement information of SSB/CSI-RS beams and SSB/CSI-RS beams of serving cell as part of the RLF report;
Agreements:
[bookmark: _Hlk20905445]1	Agree reporting of available measurement information of SSB/CSI-RS beams and SSB/CSI-RS beams of serving cell, as part of RLF report. Also include 1 bit indication per SSB/CSI-RS beams reporting whether it is configured to RLM purpose.


Further issues of RLF report was discussed in the email discussion [107#45][NR/SON] RACH and Mobility Robustness optimisation checking (CATT) and in RAN2#107bis, the following was agreed.
For RLF report:
2-1	Reuse the following RLF report parameters inherited from LTE for NR RLF report:
- The CGI of the last cell that served the UE (in case of RLF) or the target of the handover (in case of handover failure).
- The CGI of the cell towards which the UE wants to initiate re-establishment attempt.
- The CGI of the cell that served the UE at the last handover initialization.
- Time elapsed since the last handover initialization until the RRC connection failure.
- An indication whether the RRC connection failure was due to RLF or handover failure.
- C-RNTI allocated for the UE in the last serving cell.
- RLF trigger of the last RLF that was detected.
- Time elapsed from the RRC connection failure till RLF Report signalling.
2-2	Add a new cause “BeamFailure RecoveryFailure” for RLF branch which in parallel with “t310-Expiry”, “randomAccessProblem” and “rlc-MaxNumRetx” and no BFR specific records are needed in RLF report.
2-3 RAN2 confirm the beam level measurement associated to SSB/CSI-RS of both serving cell and neighbour cells can be included in RLF report.
2-4	Only support SSB/CSI-RS based measurements records and no more measurements will be collected in RLF report based on other RS types.
2-5	RAN2 confirm that at least the available uncompensated barometric pressure measurement, UE speeds and UE orientation can be reported as sensor information.
[bookmark: _Hlk23515332]2-6 Working assumption: the UE speed state info (i.e., just flag) if available is included in RLF report. The feasibility and the details depending the email discussion on mobility history. 
2-7	LTE RLF can be reported in NR. How to support this is FFS.
2-8	Support available Bluetooth and WLAN measurements report in RLF report.

In this contribution, we discuss remaining open issues for the RLF report. In the Appendix, a TP is given. The TP also captures the inclusion of LTE RLF reporting in NR.
Discussion
RRM measurements
In LTE, the RLF information included in the RLF report contains RRM measurement results such as RSRP, and if available RSRQ, both from the last serving cell and from the best measured neighbouring cells [3].
3>	set the measResultLastServCell to include the RSRP and RSRQ, if available, of the source PCell based on measurements collected up to the moment the UE detected handover failure and in accordance with the following;
[Parts not relevant for the discussion left out]
3>	set the measResultNeighCells to include the best measured cells, other than the source PCell, ordered such that the best cell is listed first, and based on measurements collected up to the moment the UE detected handover failure, and set its fields as follows;


Excerpt from 3GPP TS 36.331
For NR, also SINR reporting will be supported on top of RSRP and RSRQ. Since different measurement objects are used for configuring measurements on different frequencies, this means that the settings for what to measure may also differ between the frequencies. While RSRP measurements will always be available for the serving cell, there is no quantity there is guaranteed to be measured for the neighbouring cells. This will make comparison of the measurements for different frequencies difficult and in some cases even impossible. Therefore, we propose to include the best measured cells per frequency in the RLF report. In addition, the reference signal type measured, i.e. CSI-RS or SS, can also be different for different frequencies, and different neighboring cells might be best depending on whether CSI-RS or SS is considered. It is therefore proposed to also separate the measurements also per RS-type in the RLF report.
[bookmark: _Toc23764983][bookmark: _Toc23765218]It is not always possible to compare neighbour cell measurements on different frequencies due to different measurement quantities.
[bookmark: _Toc23764984][bookmark: _Toc23765219]Different neighbouring cells might be best depending on which RS type that is considered in the comparison.
[bookmark: _Toc23765269]Include the best measured cells per frequency and RS type in the RLF report.
Another uncertainty that comes with the different measurement quantities supported in NR is how to determine and sort the best measured cells. While a sorting quantity is available in case of event-based reporting, it is not clear which quantity should be used to determine and sort the best neighbor measurements in the RLF report. Here we propose to use a priority order, where RSRP is used as sorting quantity if available, while and RSRQ is used as sorting quantity in case RSRP measurements are not available, and SINR is used as sorting criteria in case RSRP and RSRQ measurements are not available.
[bookmark: _Toc23764985][bookmark: _Toc23765220]It is not clear which quantity should be used to determine and sort the neighbour measurements in the RLF report.
[bookmark: _Toc23765270]Select the measurement quantity to determine and order the best neighboring cells by depending on availability according to the following priority: RSRP, RSRQ, SINR.
The RLF report could then include only the measurements of the sorting quantity, or measurements on a selection of all available RRM measurement quantities.
Speed State Definition
As seen in Chapter 1, the UE speed state information is part of the information agreed to be included in the RLF report. The feasibility of this was agreed to be further discussed.
When a UE reports an RLF, it is important for the network to understand whether the UE was travelling with a high or a low speed in order to best perform updates to prevent from RLFs to happen repeatedly. However, after experiencing a radio link failure, it may not be straightforward how the speed should be acquired, as the UE is no longer connected to the network.
In the Work Item Description on SON/MDT support for NR , approved in 3GPP RAN#84, specification of UE history information is listed as one of the objectives. LTE mobility history information should be taken as baseline.
· Specification of mobility history information stored by UE for RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED UEs, taking LTE mobility history information as a baseline (see TR 38.840) [RAN2, RAN3 may be needed depending on RAN2 progress]


Based on this, it is expected that a UE experiencing RLF will have mobility history information available. This information can be used by the UE to estimate the speed state it was in when experiencing the RLF. One way to estimate the speed state would be to rely on IMU sensor data, which is proposed to be included in the mobility history information. Another option would be to base the speed state estimation on the visited cell list information which is available in the mobility history information.
For NR, the UE mobility state is determined if the mobility state related parameters (TCRmax, NCR_H, NCR_M and TCRmaxHyst) are broadcasted in system information for the serving cell, as described in TS 38.304. This information will be available for a UE that has declared RLF if re-establishment fails and the UE goes to idle. Based on the mobility history and the mobility state related parameters the UE can classify itself as low/medium/high speed UE. Once the UE is connecting to the network again and the RLF report is sent, the mobility state can be included in the report. An example is given in Figure 1. Here the UE is moving through cell A, cell B, cell C, logging the visited cells in the mobility history information. In cell D, the UE experiences an RLF and goes to idle mode. In idle mode the UE will retrieve the mobility state related parameters from the system information, and based on the mobility history information on previous visited cells (Cell A, Cell B, Cell C and Cell D), the UE will be able to determine its speed state. When the UE establishes a connection to the network, the speed state will then be included in the RLF report transferred to the network.
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time
RLF report in connection setup complete message.

[bookmark: _Ref23512069]Figure 1. Example of UE experiencing RLF and reporting RLF in connection setup complete message. RACH failure information
[bookmark: _Toc23515375][bookmark: _Toc23764986][bookmark: _Toc23765221]After RLF, the UE can retrieve the information needed to determine the speed state during idle mode.
[bookmark: _Toc23765271][bookmark: _Hlk23758483]The UE speed state information if available is included in RLF report.
RACH failure information
In RAN2#106, it was agreed that RACH failure information should be included in the RLF report;
Agreements:
1	RACH failure information, if available, shall be included in both RLF report and CEF report.
2	Attempted SSB index can be indicated as part of RACH failure information.


In RAN2#107bis, the following was agreed with regards to the RACH report;
Agreements
1-1	One indicator is needed to differentiate the uplink carrier type, e.g.NUL/SUL for one RACH procedure. RAN2 can further discuss which of the following option is more desirable to capture the requirement through implicit method. NUL/SUL RACH carrier related info is included in the RACH report to implicitly indicate the uplink carrier type.
1-2	‘Contention detection indication’ is included in the RACH report. ‘Contention detection indication’ is per RACH attempt granularity.
1-3 ‘Indexes of the SSBs and number of RACH preambles sent on each tried SSB listed in chronological order of attempts’ is included in the RACH report.
1-4 ‘The frequency (NR ARFCN) of tried SSBs’ is not included in the RACH report.
[bookmark: _Hlk23253587]1-5	RAN2 confirm ‘Indication whether the selected SSB is above or below the rsrp-ThresholdSSB threshold’ is included in the RACH report and this indication is per RACH attempt granularity.
1-6	RAN2 confirm ‘Elapsed time from the last measurement prior to the beam selection time’ is not included in the RACH report.
[bookmark: _Hlk23151804]1-7	All RACH scenarios are applicable for RACH report.

[bookmark: _Toc20397934][bookmark: _Toc20397969][bookmark: _Toc20402325][bookmark: _Toc20402347][bookmark: _Toc20903700][bookmark: _Toc20905632][bookmark: _Toc21019946][bookmark: _Toc23256731][bookmark: _Toc23515376][bookmark: _Toc23764987][bookmark: _Toc23765222]The list the Indexes of the SSBs and number of RACH preambles sent on each tried SSB listed in chronological order of attempts is included in the RACH report.
[bookmark: _Toc20903701][bookmark: _Toc20905633][bookmark: _Toc21019947][bookmark: _Toc23764988][bookmark: _Toc23256732][bookmark: _Toc23515377][bookmark: _Toc23765223]An indication on whether the selected SSB is above or below the rsrp-ThresholdSSB threshold is included in the RACH report.
This means that the information on SSB indexes, number of preambles sent on each tried SSB, and the order in which they were tried, as well as information on whether the selected SSB is above or below the rsrp-ThresholdSSB threshold will be collected and stored by the UEs in order to transmit to the gNB upon successful Random Access. However, if the random access fails and an RLF occur, the collected information could also be used for improving the Random-Access procedure, and in addition also to avoid future RLFs.  Therefore, the same information should be included in the RLF report for RLFs with random access problem as cause.
In the following, we discuss how chronological order of the beam index according to the selected beams can be beneficial for the network to enhance the performance of RACH procedure and understand the reasons of an RLF and actions needed to decrease the risk for RLF in section 2.3.1. In section 2.3.2 we discuss how information on the SSB RSRP measurement relation to the threshold rsrp-ThresholdSSB can be used by the network to understand the cause of an RLF. In 2.3.3 we discuss how the desired information can easily be made available to the network with small implementation efforts.
[bookmark: _Ref20902222]Chronological order of beam information in the RLF report
According to the TS 38.321, beam switching may happen at each RACH attempt (i.e., beam selection phase). In other words, if a given transmission is not responded (i.e. UE does not receive a RAR within configured time window) or a contention has been detected, there are two alternatives:
· Select the same beam, mapped to the same RACH resource(s), perform power ramping and retransmit a preamble;
· Select a different beam, mapped to the same RACH resource(s), and retransmit a preamble (with no power ramping);
Note that when UE switches the beam it does not increase the transmission power level. An excerpt from TS 38.321 is shown in Figure 2. 

[bookmark: _Toc534933427]5.1.3	Random Access Preamble transmission
The MAC entity shall, for each Random Access Preamble:
1>	if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
1>	if the notification of suspending power ramping counter has not been received from lower layers; and
1>	if SSB or CSI-RS selected is not changed from the selection in the last Random Access Preamble transmission:
2>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1.


Figure 2. Excerpt from TS 38.321; Power ramping happens only if UE does not switch the beam.
Generally, the degree of freedom for the UE in selecting different beams, and the power ramping dependency on the beam selection may cause a wide range of performance for the RACH procedure, and in particular change the preamble transmission power level so that different beams may be tried with different power level. As is shown in Figure 3, switching between different beams at consecutive RACH attempts may change the power level significantly. Figure 3-a indicates that when UE performs the RACH attempts constantly over the same beam it ramps up with preamble transmission power while Figure 3-b highlights that UE may stay at the same power level by switching the beams over consecutive RACH attempts. Therefore, analysis of the UE’s provided RACH information related to the RLF without knowing the chronological order of attempted beams, and the associated power level, would not be efficient to enhance the RACH performance. In addition, different UEs (from different UE vendors) may have different beam selection policies causing more complexity in finding the optimal configuration of RACH resources. 
[image: ]
Figure 3. Impact of beam switching on power level of preamble transmission. (a) A UE quickly ramps up the power by consecutive RACH attempts over the same beam. (b) A UE stays at the initial preamble transmission power level by consecutive beam switching.
[bookmark: _Toc16698477][bookmark: _Toc20397935][bookmark: _Toc20397970][bookmark: _Toc20402326][bookmark: _Toc20402348][bookmark: _Toc20903702][bookmark: _Toc20905634][bookmark: _Toc21019948][bookmark: _Toc23256733][bookmark: _Toc23515378][bookmark: _Toc23764989][bookmark: _Toc23765224]In the NR RACH procedure, a UE can either ramp up with power by selecting the same beam, or switch to a different beam and transmit the preamble without ramping up the power. Therefore, power ramping happens only if the UE does not switch the beam.
[bookmark: _Toc16698478][bookmark: _Toc20397936][bookmark: _Toc20397971][bookmark: _Toc20402327][bookmark: _Toc20402349][bookmark: _Toc20903703][bookmark: _Toc20905635][bookmark: _Toc21019949][bookmark: _Toc23256734][bookmark: _Toc23515379][bookmark: _Toc23764990][bookmark: _Toc23765225]The degree of freedom for the UE in beam switching and the power ramping dependency on the beam switching procedure may provide a wide range of performance for the RACH procedure. 
With the beam level information in a chronological order included in the RLF report for RLFs with random access problem as cause, multifaceted benefits will be brought to the network. This would help in configuring optimal beams (removing sub-optimal beams that cased extra delay) as well as tuning the RACH initial power transmission level. We explain these use cases with an example in the following. As shown in Figure 4(a), we assume that the UE has been configured with 3 beams with dedicated RACH resources, and performs the RACH in an order of beams {1,1,2,2,3,1}. The UE may fall back to CBRA procedure when using beam 3 due to contention. 
[image: ]
Figure 4. (a) Example of RACH attempts including CBRA and CFRA; (b) Potential solutions by changing configured beams (removing beam #2 and #3) and adjusting initial power level  
The UE starts with beam #1 and sets the initial preamble transmission power level P0. Since it does not receive the RAR, it ramps up the power and tries the same beam at power level P1. Not receiving the RAR, at the third attempt the UE switches to beam #2 with the same power level i.e., P1, (note that when the UE switches the beam it does not ramp up the power level, while RACH retransmission at the same beam would lead to power ramping). 
By including the chronological order of the beam information in the RLF report for RLFs with random access problem as cause, the network can eliminate beams with unsuccessful RACH attempts and possibly replace them with a better sub-set of beams. In the given example, the network can realize that beam #2 and beam #3 are not good enough and cause extra delay in the RACH procedure. For the next RACH procedure the network can avoid configuring them. Hence the UE will be indirectly redirected to try the same beam (e.g., beam #1 in this example) and succeed in a shorter period of time by increasing the power level. This is shown in Figure 4-b-i. In addition, the network can realize that increasing the initial RACH transmission power (e.g., setting initial transmission power to P1 instead of P0) when configuring beam #1 would help the UE to succeed with RACH procedure with a shorter delay and number of attempts (see Figure 4-b-ii), which in turn can reduce the number of RLFs caused by random access problems. Moreover, network may count the power level used for each tried SSB, which gives an indication about the uplink-downlink disparity in a given SSB direction.. This accordingly can be used to configure the beam suitability threshold in a more optimized way. Overall such optimizations may reduce the uplink interreference by eliminating unsuccessful RACH attempts (e.g., eliminating attempt #3 to attempt #5).
Note that for such analysis a binary vector of contention detection (one flag for each RACH attempt, as shown in Figure 4-a) is required. So, the network can deduce the un-successful RACH attempt was due to the failure in MSG1/MSG2 (coverage issue) or a potential congestion issue (detectable by MSG3 and MSG4). In general, contention detection vector can be more meaningful when combined with chronological order of RACH attempts as network may have better perception on contention occurrence over time.
[bookmark: _Toc16698479][bookmark: _Toc20397937][bookmark: _Toc20397972][bookmark: _Toc20402328][bookmark: _Toc20402350][bookmark: _Toc20903704][bookmark: _Toc20905636][bookmark: _Toc21019950][bookmark: _Toc23256735][bookmark: _Toc23515380][bookmark: _Toc23764991][bookmark: _Toc23765226][bookmark: _Hlk14788221]Knowing the chronological order of the RACH attempts, network can enhance the performance of RACH procedure in terms of RACH delay and uplink interference via a more proper beam configuration and adjustment of initial preamble transmission power.
[bookmark: _Toc21019951][bookmark: _Toc23256736][bookmark: _Toc23515381][bookmark: _Toc23764992][bookmark: _Toc23765227][bookmark: _Toc20905637]When the RLF is caused due to RACH issues, the chronological order of RACH attempts is included, the network will get to know the max Tx power with which UE have tried in different beams which was still not sufficient to perform successful RACH. 
[bookmark: _Ref20398108][bookmark: _Toc23765272]RAN2 to agree to capture the RACH attempts over different beams in chronological order in the RLF report.
[bookmark: _Ref20902213]Indication on relation to the threshold rsrp-ThresholdSSB
In case of a radio link failure, and understanding of whether the RSRP of the the selected SSB is above or below the rsrp-ThresholdSSB will help the network in understanding the reason for the failure and be able to reduce the number of failures. Even though the RLF report will also contain RRM measurements it is not for sure that the network is still aware of what value the rsrp-ThresholdSSB was set to at the time of RLF. Therefore, information on whether the selected SSB is above or below the rsrp-ThresholdSSB should be included in the RLF report.
[bookmark: _Toc20903705][bookmark: _Toc20905638][bookmark: _Toc21019952][bookmark: _Toc23256737][bookmark: _Toc23515382][bookmark: _Toc23764993][bookmark: _Toc23765228]Knowing whether the selected SSB is above or below the rsrp-ThresholdSSB threshold can help the network in understanding the reason for the failure prevent future failures by using a more proper beam configuration.
[bookmark: _Toc23765273]RAN2 to agree to capture whether the selected SSB is above or below the rsrp-ThresholdSSB threshold in the RLF report.
[bookmark: _Ref20903636]Including the RACH information report in the RLF report
In RACH optimization, the gNB will poll the UE for the RACH information report. With the purpose of analyzing radio link failures however, such polling will not be possible since the UE is no longer connected to the gNB. Instead, we suggest to add the RACH information report to the RLF report in case a random access problem was causing the radio link failure. 
In our understanding, it is also beneficial to include the entire RACH information report as part of the RLF report if the RLF failure cause is a random access problem. This is simpler from the UE implementation perspective as the UEs need to implement only one variable associated to the RACH information report which will be sent to the network both when the RACH procedure succeeds or when the RLF happens (by including the RACH information report within the RLF report). This also is more useful to the network as the network can learn about the cause for the RACH issues in depth.
[bookmark: _Toc23765274]The RACH information report is included in the RLF report.
Conclusion
[bookmark: _Hlk12539337]In the above we have made the following observations:
Observation 1	It is not always possible to compare neighbour cell measurements on different frequencies due to different measurement quantities.
Observation 2	Different neighbouring cells might be best depending on which RS type that is considered in the comparison.
Observation 3	It is not clear which quantity should be used to determine and sort the neighbour measurements in the RLF report.
Observation 4	After RLF, the UE can retrieve the information needed to determine the speed state during idle mode.
Observation 5	The list the Indexes of the SSBs and number of RACH preambles sent on each tried SSB listed in chronological order of attempts is included in the RACH report.
Observation 6	An indication on whether the selected SSB is above or below the rsrp-ThresholdSSB threshold is included in the RACH report.
Observation 7	In the NR RACH procedure, a UE can either ramp up with power by selecting the same beam, or switch to a different beam and transmit the preamble without ramping up the power. Therefore, power ramping happens only if the UE does not switch the beam.
Observation 8	The degree of freedom for the UE in beam switching and the power ramping dependency on the beam switching procedure may provide a wide range of performance for the RACH procedure.
Observation 9	Knowing the chronological order of the RACH attempts, network can enhance the performance of RACH procedure in terms of RACH delay and uplink interference via a more proper beam configuration and adjustment of initial preamble transmission power.
Observation 10	When the RLF is caused due to RACH issues, the chronological order of RACH attempts is included, the network will get to know the max Tx power with which UE have tried in different beams which was still not sufficient to perform successful RACH.
Observation 11	Knowing whether the selected SSB is above or below the rsrp-ThresholdSSB threshold can help the network in understanding the reason for the failure prevent future failures by using a more proper beam configuration.

Based on this we propose the following:
Proposal 1	Include the best measured cells per frequency and RS type in the RLF report.
Proposal 2	Select the measurement quantity to determine and order the best neighboring cells by depending on availability according to the following priority: RSRP, RSRQ, SINR.
Proposal 3	The UE speed state information if available is included in RLF report.
Proposal 4	RAN2 to agree to capture the RACH attempts over different beams in chronological order in the RLF report.
Proposal 5	RAN2 to agree to capture whether the selected SSB is above or below the rsrp-ThresholdSSB threshold in the RLF report.
Proposal 6	The RACH information report is included in the RLF report.
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Appendix A – Text Proposal for 38.331
Note. This text proposal is based on the running CR of 38.331, version available Nov 5th.
[bookmark: _Toc20425722]***** Start of change *****
[bookmark: _Toc20425719]5.3.5.8	Reconfiguration failure
*Unaffected subsections are excluded
5.3.5.8.3	T304 expiry (Reconfiguration with sync Failure)
The UE shall:
1>	if T304 of the MCG expires:
2>	release dedicated preambles provided in rach-ConfigDedicated if configured;
2>	revert back to the UE configuration used in the source PCell;
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 measResultLastServCell to include the RSRP, RSRQ and the available SINR, of the source PCell based on the available SSB and CSI-RS measurements collected up to the moment the UE detected handover failure;
3>	set the ssbRLMConfigBitmap and/or csi-rsRLMConfigBitmap in measResultLastServCell to include the radio link monitoring configuration of the source PCell;
3>	For each of the configured frequencies in which measurements are available;
      4> For each of the RS Type related measurements available on the considered frequency;
5> set the measResultNeighCells to include the best measured cells, other than the source PCell, ordered such that the best cell with highest RSRP is listed first if RSRP measurement results are available, otherwise the cell with highest RSRQ is listed first if RSRQ measurement results are available, otherwise the cell with highest SINR is listed first(FFS-1: Whether the cells across frequencies are compared with each other? FFS2: Which measurement quantitiy is used for the sorting? FFS3: Which RS (SSB or CSI-RS) is to be used for the sorting or do the UE create one sorted list for SSB and the other for CSI-RS?), and based on the available SSB and CSI-RS measurements collected up to the moment the UE detected handover failure, and set its fields as follows;
64>	if the UE was configured to perform measurements for one or more NR frequencies, include the measResultListNR;
64>	if the UE was configured to perform measurement reporting for one or more neighbouring EUTRA frequencies, include the measResultListEUTRA;
64>	for each neighbour cell included, include the optional fields that are available;
NOTE 2:	The measured quantities are filtered by the L3 filter as configured in the mobility measurement configuration. The measurements are based on the time domain measurement resource restriction, if configured. Blacklisted cells are not required to be reported.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]3>	if detailed location information is available, set the content of the LocationInfo as follows:
4> if available, set the commonIEsLocationInfo to include the detailed location information;
4>	if available, set the wlan-LocationInfo to include the WLAN measurement results, in order of decreasing RSSI for WLAN APs;
4>	if available, set the bt-LocationInfo to include the Bluetooth measurement results, in order of decreasing RSSI for Bluetooth bacons;
4>	if available, set the sensor-LocationInfo to include the sensor measurement results;
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;
3> set the speedState to the speed state of the UE at the time of the failure
2>	initiate the connection re-establishment procedure as specified in subclause 5.3.7.
NOTE 1:	In the context above, "the UE configuration" includes state variables and parameters of each radio bearer.
1>	else if T304 of a secondary cell group expires:
2>	release dedicated preambles provided in rach-ConfigDedicated, if configured;
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;
1>	else if T304 expires when RRCReconfiguration is received via other RAT (HO to NR failure):
2>	reset MAC;
2>	perform the actions defined for this failure case as defined in the specifications applicable for the other RAT.
***** End of change *****

***** Start of change *****
5.3.7	RRC connection re-establishment
5.3.7.1	General
*Unaffected parts are omitted 
5.3.7.2	Initiation
*Unaffected parts are omitted 
5.3.7.3	Actions following cell selection while T311 is running
Upon selecting a suitable NR cell, the UE shall:
1>	ensure having valid and up to date essential system information as specified in clause 5.2.2.2;
1>	stop timer T311;
1>	start timer T301;
1>	if T390 is running:
2>	stop timer T390 for all access categories;
2>	perform the actions as specified in 5.3.14.4;
1>	apply the default L1 parameter values as specified in corresponding physical layer specifications except for the parameters for which values are provided in SIB1;
1>	apply the default MAC Cell Group configuration as specified in 9.2.2;
1>	apply the CCCH configuration as specified in 9.1.1.2;
1>	apply the timeAlignmentTimerCommon included in SIB1;
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 an E-UTRA 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 UTRA cell;
1> perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'RRC connection failure'.
***** End of change *****


***** Start of change *****
[bookmark: _Toc20425751]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 neither T300, T301, T304, T311 nor T319 are running; or
1>	upon indication from MCG RLC that the maximum number of retransmissions has been reached:
2>	if the indication is from MCG RLC and CA duplication is configured and activated, and for the corresponding logical channel allowedServingCells only includes SCell(s):
3>	initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
2>	else:
3>	consider radio link failure to be detected for the MCG i.e. RLF;
3>	store the following radio link failure information in the VarRLF-Report by setting its fields as follows:
4>	clear the information included in VarRLF-Report, if any;
4>	set the plmn-IdentityList to include the list of EPLMNs stored by the UE (i.e. includes the RPLMN);
4>	set the measResultLastServCell to include the RSRP, RSRQ and the available SINR, of the source PCell based on the available SSB and CSI-RS measurements collected up to the moment the UE detected radio link failure;
4>	set the ssbRLMConfigBitmap and/or csi-rsRLMConfigBitmap in measResultLastServCell to include the radio link monitoring configuration of the source PCell;
4> 	For each of the configured frequencies in which measurements are available;
5> For each of the RS Type related measurements available on the considered frequency;
6> set the measResultNeighCells to include the best measured cells, other than the source PCell, ordered such that the best cell with highest RSRP is listed first if RSRP measurement results are available, otherwise the cell with highest RSRQ is listed first if RSRQ measurement results are available, otherwise the cell with highest SINR is listed first(FFS-1: Whether the cells across frequencies are compared with each other? FFS2: Which measurement quantitiy is used for the sorting? FFS3: Which RS (SSB or CSI-RS) is to be used for the sorting or do the UE create one sorted list for SSB and the other for CSI-RS?), and based on measurements collected up to the moment the UE detected radio link failure, and set its fields as follows;
75>	if the UE was configured to perform measurements for one or more NR frequencies, include the measResultListNR;
75>	if the UE was configured to perform measurement reporting for one or more neighbouring EUTRA frequencies, include the measResultListEUTRA;
75>	for each neighbour cell included, include the optional fields that are available;
NOTE 1:	The measured quantities are filtered by the L3 filter as configured in the mobility measurement configuration. The measurements are based on the time domain measurement resource restriction, if configured. Blacklisted cells are not required to be reported.
4>	if detailed location information is available, set the content of locationInfo as follows:
5 > if available, set the commonIEsLocationInfo to include the detailed location information;
5>	if available, set the wlan-LocationInfo in locationInfo to include the WLAN measurement results, in order of decreasing RSSI for WLAN APs;
5>	if available, set the bt-LocationInfo in locationInfo to include the Bluetooth measurement results, in order of decreasing RSSI for Bluetooth bacons;
5>	if available, set the sensor-LocationInfo in locationInfo to include the sensor measurement results;
4>	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;
4>	set the tac-FailedPCell to the tracking area code, if available, of the PCell where radio link failure is detected;
4>	if an RRCReconfiguration message including the reconfigurationWithSync was received before the connection failure:
5>	if the last RRCReconfiguration message including the reconfigurationWithSync concerned an intra NR handover:
6>	include the previousPCellId and set it to the global cell identity of the PCell where the last RRCReconfiguration message including reconfigurationWithSync was received;
6>	set the timeConnFailure to the elapsed time since reception of the last RRCReconfiguration message including the reconfigurationWithSync;
5>	if the last RRCReconfiguration message including the reconfigurationWithSync concerned a handover to NR from E-UTRA and if the UE supports Radio Link Failure Report for Inter-RAT MRO:
6>	include the previousEUTRA-CellId and set it to the physical cell identity, the carrier frequency and the global cell identity, if available, of the E-UTRA Cell in which the last RRCReconfiguration message including reconfigurationWithSync was received;
6>	set the timeConnFailure to the elapsed time since reception of the last RRCReconfiguration message including the reconfigurationWithSync ;

4>	set the connectionFailureType to rlf;
4>	set the c-RNTI to the C-RNTI used in the PCell;
3> set the speedState to the speed state of the UE at the time of the failure

[bookmark: _Hlk23857113]4>	set the rlf-Cause to the trigger for detecting radio link failure;
4> if the trigger for detecting radio link failure is a random access problem
5> include the RACH-Report and set it to include the RACH report information from the random access attempts causing the radio link failure.
3>	if AS security has not been activated:
4>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'other';-
3>	else if AS security has been activated but SRB2 and at least one DRB have not been setup:
4>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'RRC connection failure';
3>	else:
4>	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>	if the indication is from SCG RLC and CA duplication is configured and activated; and for the corresponding logical channel allowedServingCells only includes SCell(s):
3>	initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
2>	else:
3>	consider radio link failure to be detected for the SCG, i.e. SCG RLF;
3>	initiate the SCG failure information procedure as specified in 5.7.3 to report SCG radio link failure.
***** End of change *****

***** Start of change *****
[bookmark: _Toc20425869]6.2	RRC messages
[bookmark: _Toc20425870]6.2.1	General message structure
*Unaffected parts are omitted 
[bookmark: _Toc20425880]6.2.2	Message definitions
*Unaffected IEs are omitted 
[bookmark: _Toc525856766][bookmark: OLE_LINK2][bookmark: OLE_LINK3]–	UEInformationResponse
The UEInformationResponse message is used by the UE to transfer the information requested by the Network.
Signalling radio bearer: SRB1 or SRB2 (when logged measurement information is included)
RLC-SAP: AM
Logical channel: DCCH
Direction: UE to Network
· [bookmark: _Hlk23315107]UEInformationResponse message
-- ASN1START
-- TAG-UEINFORMATIONRESPONSE-START

UEInformationResponse-r16	::=			SEQUENCE {
	rrc-TransactionIdentifier			RRC-TransactionIdentifier,
	criticalExtensions					CHOICE {
		ueInformationResponse-r16				UEInformationResponse-r16-IEs,
		criticalExtensionsFuture				SEQUENCE {}
	}
}

UEInformationResponse-r16-IEs ::=		SEQUENCE {
	logMeasReport-r16					LogMeasReport-r16				OPTIONAL,
	rach-Report-r16							SEQUENCE RACH-Report-r16					OPTIONAL,{
		absoluteFrequencyPointA-r16				ARFCN-ValueNR,
perRACHSSBInfoList-r16                         PerRACHSSBInfoList-r16
		
	}																OPTIONAL,
	rlf-Report-r16						RLF-Report-r16					OPTIONAL,
	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

[bookmark: _Hlk23857254]RACH-Report-r16	::=						SEQUENCE {
	absoluteFrequencyPointA-r16				ARFCN-ValueNR,
	perRACHSSBInfoList-r16                         PerRACHSSBInfoList-r16
	
}

PerRACHSSBInfoList-r16 :: = SEQUENCE (SIZE (1..50)) OF PerRACHSSBInfo-r16
PerRACHAttemptInfoList-r16 ::=		SEQUENCE (SIZE (1..200)) OF PerRACHAttemptInfo-r16

PerRACHAttemptInfo-r16 ::=				SEQUENCE {
	
	contentionDetected-r16			BOOLEAN,
	ssbRSRPQualityIndicator-r16		BOOLEAN,
	...
}
PerRACHSSBInfo-r16 ::= SEQUENCE {

     NumberOfPreamblesSentOnSSB-r16      INTEGER(0..100),
     ssb-Index-r16                           SSB-Index,
     PerRACHAttemptInfoList-r16 
}



LogMeasReport-r16 ::=				SEQUENCE {
	absoluteTimeStamp-r16				AbsoluteTimeInfo-r16,
	traceReference-r16					TraceReference-r16,
	traceRecordingSessionRef-r16		OCTET STRING (SIZE (2)),
	tce-Id-r16							OCTET STRING (SIZE (1)),
	logMeasInfoList-r16					LogMeasInfoList-r16,
	logMeasAvailable-r16				ENUMERATED {true}				OPTIONAL,
	logMeasAvailableBT-r16				ENUMERATED {true}				OPTIONAL,
	logMeasAvailableWLAN-r16			ENUMERATED {true}				OPTIONAL,
	...
}

LogMeasInfoList-r16 ::=		SEQUENCE (SIZE (1..maxLogMeasReport-r16)) OF LogMeasInfo-r16

LogMeasInfo-r16 ::=		SEQUENCE {
	locationInfo-r16					LocationInfo-r16			OPTIONAL, MeasResultListNR
	relativeTimeStamp-r16				INTEGER (0..7200),
	servCellIdentity-r16				CGI-Info,
	measResultServingCell-r16			MeasResultNR-r16,
	measResultNeighCells-r16			SEQUENCE {
		measResultNeighCellListNR			MeasResultNeighCellListNR		OPTIONAL,
		measResultNeighCellListEUTRA		MeasResultNeighCellListEUTRA	OPTIONAL,
	}
	logMeasResultListBT-r16				LogMeasResultListBT-r16		OPTIONAL,
	logMeasResultListWLAN-r16			LogMeasResultListWLAN-r16		OPTIONAL,
	logMeasResultListSensor-r16         LogMeasResultListSensor-r16		OPTIONAL
}

MeasResultNR-r16 ::=                        SEQUENCE {
	physCellId                              PhysCellId				OPTIONAL,
	resultsSSB-Cell                         MeasQuantityResults		OPTIONAL,
	resultsSSB		                        SEQUENCE{
			ssb-Best-Index                          SSB-Index,
			ssb-Best-Results                        MeasQuantityResults		OPTIONAL,
			number-of-good-ssb					INTEGER (1..maxNrofSSBs)	OPTIONAL,
}			OPTIONAL,
	...
}

[bookmark: _Hlk23316213]RLF-Report-r16 ::=					SEQUENCE{
	measResultLastServCell-r16				MeasResultRLFNR-r16,
	measResultNeighCells-r16				SEQUENCE {
[bookmark: _Hlk23856825]		measResultListNR-r16				MeasResultList2NR-r16				OPTIONAL,
		measResultListEUTRA-r16				MeasResultList2EUTRA-r16			OPTIONAL
	}																			OPTIONAL,

	c-RNTI-r16						RNTI-Value,

[bookmark: _Hlk16500598]	previousPCellId-r16					CGI_Info				OPTIONAL,
[bookmark: _Hlk16496433]	failedPCellId-r16					CHOICE {
		cellGlobalId-r16					CGI_Info,
		pci-arfcn-r16						SEQUENCE {
			physCellId-r16						PhysCellId,
			carrierFreq-r16						ARFCN-ValueNR
		}
	}																OPTIONAL,
	reestablishmentCellId-r16		CGI-Info						OPTIONAL,

	timeConnFailure-r16			INTEGER (0..1023)					OPTIONAL,
	timeSinceFailure-r16			TimeSinceFailure-r16

	connectionFailureType-r16		ENUMERATED {rlf, hof}			OPTIONAL,
	rlf-Cause-r16					ENUMERATED {
[bookmark: _Hlk23857153]										t310-Expiry, randomAccessProblem,
										rlc-MaxNumRetx, beamFailureRecoveryFailure},

	locationInfo-r16				LocationInfo-r16					OPTIONAL,

	speedState-r16					ENUMERATED {high, medium, normal}	OPTIONAL,
 	rach-Report-r16					RACH-Report-r16						OPTIONAL,

	previousEUTRA-CellId-r16			SEQUENCE {
			carrierFreq-r16					ARFCN-ValueEUTRA,
			physCellId-r16					PhysCellIdEUTRA,
			cellGlobalId-r161				CellGlobalIdUTRA				OPTIONAL 
		}																	OPTIONAL,
	selectedEUTRA-CellId-r16			SEQUENCE {
			carrierFreq-r16					ARFCN-ValueEUTRA,
			physCellId-r16					INTEGER (0..503)				
		}																OPTIONAL,
}

MeasResultList2NR-r16 ::=				SEQUENCE(SIZE (1..maxFreq)) OF MeasResult2NR-r16
MeasResultList2EUTRA-r16 ::=				SEQUENCE(SIZE (1..maxFreq)) OF MeasResult2EUTRA-r16

MeasResult2NR-r16 ::=                        SEQUENCE {
carrierFreq-r16						ARFCN-ValueNR,
measResultListSSB-r16                  MeasResultListSSB-NR-r16			OPTIONAL,
measResultListCSI-RS-r16                  MeasResultListCSI-RS-NR-r16	OPTIONAL
}

MeasResultListSSB-NR-r16 ::=                    SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultSSB-NR-r16

MeasResultSSB-NR-r16 ::=                        SEQUENCE {
    physCellId                              PhysCellId,
    measResult                              SEQUENCE {
        cellResults                             SEQUENCE{
            resultsSSB-Cell                         MeasQuantityResults                                                 
        },
        rsIndexResults                          SEQUENCE{
            resultsSSB-Indexes                      ResultsPerSSB-IndexList                                             
        }  OPTIONAL                                                                                                             
    },
    ...,
}

MeasResultListCSI-RS-NR-r16 ::=                    SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultCSI-RS-NR-r16


MeasResultCSI-RS-NR-r16 ::=                        SEQUENCE {
    physCellId                              PhysCellId,                                                                
    measResult                              SEQUENCE {
        cellResults                             SEQUENCE{
            resultsCSI-RS-Cell                      MeasQuantityResults                                                 
        },
        rsIndexResults                          SEQUENCE{
            resultsCSI-RS-Indexes                      ResultsPerSSB-IndexList                                             
        }                                                                                                               OPTIONAL
    },
    ...,
}



MeasResult2EUTRA-r16 ::=				SEQUENCE {
	carrierFreq-r16						ARFCN-ValueEUTRA,
	measResultList-r16					MeasResultListEUTRA
}


MeasResultRLFNR-r16 ::=                        SEQUENCE {
    physCellId-r16                              PhysCellId                                                                  OPTIONAL,
    measResult-r16                              SEQUENCE {
        cellResults-r16                             SEQUENCE{
            resultsSSB-Cell-r16                         MeasQuantityResults                                                 OPTIONAL,
            resultsCSI-RS-Cell-r16                      MeasQuantityResults                                                 OPTIONAL
        },
        rsIndexResults-r16                          SEQUENCE{
            resultsSSB-Indexes-r16                      ResultsPerSSB-IndexList                                             OPTIONAL,
		    ssbRLMConfigBitmap-r16                      BIT STRING (SIZE (64))													OPTIONAL,
            resultsCSI-RS-Indexes-r16                   ResultsPerCSI-RS-IndexList                                          OPTIONAL
		    csi-rsRLMConfigBitmap-r16                   BIT STRING (SIZE (96))													OPTIONAL,
        }                                                                                                               OPTIONAL
    }
}


-- TAG-UEINFORMATIONRESPONSE-STOP
-- ASN1STOP

	UEInformationResponse field descriptions

	· absoluteTimeStamp
· Indicates the absolute time when the logged measurement configuration logging is provided, as indicated by E-UTRAN within absoluteTimeInfo.

	· connectionFailureType
· This field is used to indicate whether the connection failure is due to radio link failure or handover failure.

	· contentionDetected
· This field is used to indicate that contention was detected for the transmitted preamble in the given RACH attempt. 

	· c-RNTI
· This field indicates the C-RNTI used in the PCell upon detecting radio link failure or the C-RNTI used in the source PCell upon handover failure.

	· failedCellId
· This field is used to indicate the cell in which connection establishment failed.

	· failedPCellId
· This field is used to indicate the PCell in which RLF is detected or the target PCell of the failed handover. The UE sets the ARFCN according to the band used for transmission/ reception when the failure occurred.

	· logMeasResultListBT
· This field refers to the Bluetooth measurement results.

	· logMeasResultListWLAN
· This field refers to the WLAN measurement results.

	· measResultLastServCell
· This field refers to the last measurement results taken in the PCell, where radio link failure or handover failure happened.

	· measResultListEUTRA
· This field refers to the last measurement results taken in the neighboring EUTRA Cells, when the radio link failure or handover failure happened.

	· measResultServCell
· This field refers to the log measurement results taken in the Serving cell.

	· 

	· perRACHAttempInfoList
· This field detailed information about the RACH attempt in the chronological order of the RACH attempts.

	· perRACHSSBInfoList 
· This field detailed information about the information of SSB/PBCH block on which the random acess performed in the chronological order. 

	· NumberOfPreamblesSentOnSSB
· This field is used to indicate the total number of RACH preambles that were transmitted on the corresponding SSB/PBCH blcok.

	· previousPCellId
· This field is used to indicate the source PCell of the last handover (source PCell when the last RRCReconfiguration message including reconfigurationWithSync was received).

	· previousEUTRA-CellId
· This field is used to indicate the source EUTRA cell of the last successful handover to E-UTRAN, when RLF occurred at the target PCell. The UE sets the ARFCN according to the band used for transmission/ reception on the concerned cell.

	· reestablishmentCellId
· This field is used to indicate the cell in which the re-establishment attempt was made after connection failure.

	· relativeTimeStamp
· Indicates the time of logging measurement results, measured relative to the absoluteTimeStamp. Value in seconds.

	· rlf-Cause
· This field is used to indicate the cause of the last radio link failure that was detected. In case of handover failure information reporting (i.e., the connectionFailureType is set to 'hof'), the UE is allowed to set this field to any value.

	· selectedEUTRA-CellId
· This field is used to indicate the EUTRA cell that the UE selects after RLF is detected, while T311 is running. The UE sets the ARFCN according to the band selected for transmission/ reception on the concerned cell.

	· speedState
· This field is used to indicate the speed state of the UE when experiencing the failure. If speed scale parameters in connected mode not available, the UE can retrieve the information needed to determine the speed state during idle mode after an RLF.

	· ssb-Index
· This field is used to indicate the SS/PBCH index of the SS/PBCH block corresponding to the random access attempt.

	· ssbRSRPQualityIndicator
· This field is used to indicate the SS/PBCH RSRP of the SS/PBCH block corresponding to the random access attempt is above rsrp-ThresholdSSB or not.

	· tce-Id
· Parameter Trace Collection Entity Id: See TS xx.xxx [xx].

	· timeConnFailure
· This field is used to indicate the time elapsed since the last HO initialization until connection failure. Actual value = field value * 100ms. The maximum value 1023 means 102.3s or longer.

	· timeSinceFailure
· This field is used to indicate the time that elapsed since the connection (establishment) failure. Value in seconds. The maximum value 172800 means 172800s or longer.

	· timeStamp
· Includes time stamps for the waypoints that describe planned locations for the UE.

	· traceRecordingSessionRef
· Parameter Trace Recording Session Reference: See TS xx.xxx [xx].



* end of change*
[bookmark: _Toc20425929]6.3.2	Radio resource control information elements
* start of change*
[bookmark: _Toc20426042]–	PhysCellIdEUTRA
The PhysCellId identifies the physical cell identity (PCI).
PhysCellIdEUTRA information element
-- ASN1START
-- TAG-PHYSCELLIDEUTRA-START

PhysCellId ::=                      INTEGER (0..503)

-- TAG-PHYSCELLIDEUTRA-STOP
-- ASN1STOP

* end of change*

3GPP
image1.emf
B1

B1

B1

B2

B2 B3

P

0

P

1

P

2

#1 #2 #3 #4 #5 #6

B1

B2

B1

B2

B3

B2

P

0

P

1

P

2

#1 #2 #3 #4 #5 #6

P

3

P

2

(a)

(b)


image2.emf
B1

B1 B2

B2 B3

B1

P

0

P

1

P

2

0 0 0 0 1 0

#1 #2 #3 #4 #5 #6

ContentionDetected vector

B1

B1

B1

P

0

P

1

P

2

#1 #2 #3

B1

P

0

P

1

P

2

#1

Potential optimizations

(i) Removing beam #2 and #3;  (ii) Adjusting the initial power level

(a) (b)


