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Introduction
[bookmark: _Ref178064866]In RAN2 #105bis in Xi’an, identification of UL and DL cause of RLF was discussed, and the following was agreed;
Agreements:
1: 	Agree the use case that NR RLF Report can indicate the information to differentiate DL and UL availability after RLF occurrence. Solution is FFS.
2: 	For NR CEF Report is enhanced with further information elements expressing the number of failed connection setup attempts after RLF at least including the number and available location information.

In this contribution, we discuss how downlink and uplink causes for the radio link failure can be identified in different cases.
Discussion
[bookmark: _Ref7169409]Brief introduction on RLF triggering points and reporting mechanism
Like in LTE, the UE declares RLF in NR when one of following conditions are met:
1) Expiry of the radio link monitoring related timer T310;
2) Expiry of the measurement reporting associated timer T312 (not receiving the handover command from the network within this timer’s duration despite sending the measurement report when T310 was running);
3) Upon reaching the maximum number of RLC retransmissions;
4) Upon receiving random access problem indication from the MAC entity;
Upon radio link failure due to one of the above-mentioned causes, the UE logs/stores the RLF report. The content of the RLF report is extensively discussed in [1]. UE indicates availability of the RLF report upon successful re-establishment procedure or once it comes back to the connected mode (in case of failure in re-establishment procedure). The existing mechanism to obtain an RLF report in the LTE system is the UE Information procedure in RRC as specified in section 5.6.5 of RRC specification 36.331. The UE may receive an UEInformationRequest containing a flag called rlf-ReportReq set to ‘true’. Upon that the UE sets the content of the information to be included in the RLF report, to be later transmitted to the network in the UEInformationResponse message, as shown below:


Figure 1 UE Information procedure
 
Radio Link Failure in NR
It has been assumed that the RLF procedure and reporting in NR will be built on the LTE solution. The different RLF failure conditions described in section 2.1 can therefore be used to identify the cause for the RLF in NR. In the following, we consider the different failure conditions and how the network can learn whether the RLF cause was due to uplink or downlink problems in the different cases. Note that although T312 is not yet agreed in NR, it is expected to be available in future releases and is therefore considered as well in the below.
Expiry of the radio link monitoring related timer T310
The timer T310 is started for a UE connected to a cell when out-of-sync is detected for a specified number of times and is stopped again if the UE retrieves sync for a specified number of times, or when the UE receives a handover command. Upon expiry of T310 the UE declares RLF and reports expiry of T310 as the cause. If the network has sent a handover command the network can understand that the command did not reach the UE, and that the problem causing the RLF occurred due to a bad downlink.
[bookmark: _Toc7515088][bookmark: _Toc7515132][bookmark: _Toc7515408][bookmark: _Toc7520408][bookmark: _Toc7706433][bookmark: _Toc7708365][bookmark: _Toc7708373][bookmark: _Toc11932012][bookmark: _Toc11940723][bookmark: _Toc12527043][bookmark: _Toc12527207][bookmark: _Toc16597822][bookmark: _Toc16665814][bookmark: _Toc16700287]Upon radio link failure with cause T310 expiry, the network can deduce that the radio link failure cause was related to downlink.
Expiry of the measurement reporting associated timer T312
The timer T312, if supported, is started for a UE connected where T310 is already running (i.e. UE has detected out-of-sync) and where a measurement report triggering event is fulfilled and the measurement reporting procedure is initiated. The timer is stopped again if the UE retrieves sync for a specified number of times, or when the UE receives a handover command. Upon expiry of T312 the UE declares RLF and reports expiry of T312 as the cause. 
If the network has received a measurement report and sent a handover command the network can understand that the command did not reach the UE, and that the problem causing the RLF occurred due to a bad downlink. (Note that in case of a bad uplink the network would not receive a measurement report from the UE, but RLF would instead be declared due to that the maximum number of retransmissions reached.) 
[bookmark: _Toc7515089][bookmark: _Toc7515133][bookmark: _Toc7515409][bookmark: _Toc7520409][bookmark: _Toc7706434][bookmark: _Toc7708366][bookmark: _Toc7708374][bookmark: _Toc11932013][bookmark: _Toc11940724][bookmark: _Toc12527044][bookmark: _Toc12527208][bookmark: _Toc16597823][bookmark: _Toc16665815][bookmark: _Toc16700288]Upon radio link failure with cause T312 expiry, the network can deduce that the radio link failure cause was related to downlink.

Reaching the maximum number of RLC retransmissions
RLF can also be declared upon reaching the maximum number of RLC retransmissions. The RLF cause is then set to maximum number of RLC retransmissions and the network can understand that the failure was due to bad uplink.
[bookmark: _Toc7515090][bookmark: _Toc7515134][bookmark: _Toc7515410][bookmark: _Toc7520410][bookmark: _Toc7706435][bookmark: _Toc7708367][bookmark: _Toc7708375][bookmark: _Toc11932014][bookmark: _Toc11940725][bookmark: _Toc12527045][bookmark: _Toc12527209][bookmark: _Toc16597824][bookmark: _Toc16665816][bookmark: _Toc16700289][bookmark: _Hlk7514276]Upon radio link failure with cause RLC maximum number of transmissions, the network can deduce that the radio link failure cause was related to uplink.
Receiving random access problem indication from the MAC entity
When the handover command has reached the UE, a random-access procedure is started. The random-access procedure consists of the following steps:
1. Random Access procedure initialization
2. Random Access Resource selection
3. Random Access Preamble transmission
4. Random Access Response reception
5. Contention Resolution
6. Completion of the Random-Access procedure
[bookmark: _Hlk7187124]In step 1, parameters are configured and carrier selected. In step 2, the UE listens to and selects an CSI-RS or SSB in order to select a random-access preamble to be used the following steps. In the following step 3, the UE transmits the preamble and in step 4 the random access response is received by the UE. In step 5, contention resolution is performed and in step 6 the random access procedure is completed.
The random-access problem indication triggering an RLF can be indicated from the MAC entity upon reaching the maximum number of preamble transmissions either in step 4 if the random access response is not received, or in step 5 if the contention resolution in not successful. An RLF will then be declared with the cause set to random access problem. However, since the random access procedure relies both on uplink and downlink, it will not be possible for the network to understand whether the failure occurred due to uplink or downlink problems.
[bookmark: _Toc7706436][bookmark: _Toc7708368][bookmark: _Toc7708376][bookmark: _Toc11932015][bookmark: _Toc11940726][bookmark: _Toc12527046][bookmark: _Toc12527210][bookmark: _Toc16597825][bookmark: _Toc16665817][bookmark: _Toc16700290]Upon radio link failure with cause random access problem, the network will not be able to deduce whether the radio link failure cause was related to uplink or downlink. 
[bookmark: _Toc7515092]Based on the above, it can be concluded that more information related to the reason for the random access problem is needed in order to deduce whether the radio link failure cause was related to uplink or downlink.
In step 2 of the random-access procedure, a downlink issue could result in the UE not finding an SSB with SS-RSRP above the threshold rsrp-ThresholdSSB in the SSB case, or not finding a CSI-RS with CSI-RS-RSRP above the threshold rsrp-ThresholdCSI-RS in the CSI-RS case. According to the current specification [2], this would lead to the UE selecting any SSB or CSI-RS. Such non-optimal selection could eventually lead to an RLF in step 4 of the random access procedure.
An uplink issue could on the other hand lead to the Random Access Preamble transmitted in step 3 not reaching the target gNB, which would also eventually result in a RLF in step 4 of the random access procedure. If it would be possible for the gNB to understand whether the RLF was originating from a problem occurring in step 2 or a later step, the gNB would be able to deduce whether the radio link failure cause was related to uplink or downlink.
[bookmark: _Toc12527047][bookmark: _Toc12527211][bookmark: _Toc16597826][bookmark: _Toc16665818][bookmark: _Toc16700291]Upon radio link failure with cause random access problem, the network will be able to deduce whether the radio link failure cause was related to uplink or downlink if it can understand which step of the random access procedure the problem was originating from. 
In the study on RAN-centric data collection and utilization for LTE and NR, it was agreed that the UE RLF report will include information on RRM measurements per beam on a serving cell (where RLF is detected) and on target cell (in case of handover failure) also see [3]. Part of this information is related to RACH, such as the beam identity where RACH access was attempted during handover and the number of RACH attempts for each RACH access attempt. However, even with this information, it will be unknown to the gNB whether the UE could find an SSB or CSI-RS above the corresponding RSRP threshold or not, and a problem originating from step 2 cannot be identified.
In order for the gNB to be able to deduce whether the UE could find an SSB or CSI-RS above the corresponding RSRP threshold or not, as well as where the issue occurred, the UE would need to inform the gNB about the index(es), frequenc(ies) and signal strength(s) of the selected SSB(s) or CSI-RS(s), and the relation to the RSRP threshold. 
In [3], the RACH information report is specified to include the following information:


-	Indexes of the SSBs and number of RACH preambles sent on each tried SSB listed in chronological order of attempts
-	The frequency (NR ARFCN) of tried SSBs
-	The beam quality of each tried SSB (i.e. beam level measurement during RACH attempts such as BRSRP, BRSRQ, BSINR)
-	Indication whether the selected SSB is above or below the rsrp-ThresholdSSB threshold
-	Elapsed time from the last measurement prior to the beam selection time
-	Number of RACH preambles sent on SUL
-	Number of RACH preambles sent on NUL
-	Total number of fallbacks between Contention Based RACH Access (CBRA) and Contention Free RACH Access (CFRA)Contention detection indication

The report hence includes the information needed for the network to be able to deduce whether the problem causing the RLF was originating from step 2 of an SSB based random access procedure, and additional information that can be useful in the failure analysis.
[bookmark: _Toc12527048][bookmark: _Toc12527212][bookmark: _Toc16597827][bookmark: _Toc16665819][bookmark: _Toc16700293]The information needed for the network to be able to deduce whether the problem causing the RLF was originating from step 2 of an SSB based random access procedure is available in the RACH information 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. 
[bookmark: _Toc11932016][bookmark: _Toc11940727][bookmark: _Toc12527050][bookmark: _Toc12527214][bookmark: _Ref16597565][bookmark: _Toc16597850][bookmark: _Toc16665822][bookmark: _Toc16700285][bookmark: _Toc16751831]RAN2 to agree on the beam level measurements (e.g., BRSRP, BRSRQ, BSINR) to be part of RACH information report, as already specified in 37.816.
[bookmark: _Toc16751832]The RACH information report is also included in the RLF report, as already specified in 37.816.
The RACH information report specified in [3] includes the information needed in case the random access problem has originated from an SSB based random access. However, the corresponding information for CSI-RS is currently not available in the RACH information report. This could however be added in order to be able to investigate also issues with the CSI-RS based random access. With this addition, the solution presented in Proposal 1 will allow for the network to deduce whether the problem causing the RLF was originating from step 2 also in the case of an CSI-RS based random access procedure.
[bookmark: _Toc16597829][bookmark: _Toc16665821][bookmark: _Toc16700294]The information needed for the network to be able to deduce whether the problem causing the RLF was originating from step 2 of a CSI-RS based random access procedure could be added to the RACH information report.
[bookmark: _Toc16597851][bookmark: _Toc16665823][bookmark: _Toc16700286][bookmark: _Toc16751833]Investigate the possibility to include CSI-RS based random access related information corresponding to the SSB based random access related information in the RACH information report.
[bookmark: _Toc16597852]Conclusion
In this contribution, we have made the following observations:
Observation 1	Upon radio link failure with cause T310 expiry, the network can deduce that the radio link failure cause was related to downlink.
Observation 2	Upon radio link failure with cause T312 expiry, the network can deduce that the radio link failure cause was related to downlink.
Observation 3	Upon radio link failure with cause RLC maximum number of transmissions, the network can deduce that the radio link failure cause was related to uplink.
Observation 4	Upon radio link failure with cause random access problem, the network will not be able to deduce whether the radio link failure cause was related to uplink or downlink.
Observation 5	Upon radio link failure with cause random access problem, the network will be able to deduce whether the radio link failure cause was related to uplink or downlink if it can understand which step of the random access procedure the problem was originating from.
Observation 6	The information needed for the network to be able to deduce whether the problem causing the RLF was originating from step 2 of an SSB based random access procedure is available in the RACH information report.
Observation 7	The information needed for the network to be able to deduce whether the problem causing the RLF was originating from step 2 of a CSI-RS based random access procedure could be added to the RACH information report.

We propose the following:
Proposal 1	RAN2 to agree on the beam level measurements (e.g., BRSRP, BRSRQ, BSINR) to be part of RACH information report, as already specified in 37.816.
Proposal 2	The RACH information report is also included in the RLF report, as already specified in 37.816.
Proposal 3	Investigate the possibility to include CSI-RS based random access related information corresponding to the SSB based random access related information in the RACH information report.
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