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Introduction

After last RAN2#105bis meeting, the following agreements was reached for differentiating DL and UL availability after RLF occurrence. 

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 will further discuss the potential enhancement for the above purpose. 

Discussion

It was discussed that the NR RLF Report and NR CEF Report may be enhanced to differentiate DL and UL availability after RLF occurrence. The RLF report only represents the situation at the moment when the RLF occurred, it’s a kind of one-shot report, hence, hasn’t too much help for the detection of coverage hole, especially when the coverage hole is relatively larger. While the primary task of MDT is used to monitor and detect coverage problems in the network, the logged MDT is performed by the idle mode UEs with wide distribution and sufficient number in the network, which can be used to monitor and detect the downlink coverage hole more detailed (e.g. an smaller LoggingInterval is configured). Therefore, for our understanding, the DL availability information can be represented by RSRP/RSRQ measurement on downlink RS (i.e. SSB), and this can be achieved by logged MDT of current UE or other UEs. Hence, no enhancement is needed for indicating the DL availability.
Observation 1: The DL availability information can be represented by RSRP/RSRQ measurement on downlink RS (i.e. SSB), this can be achieved by logged MDT of current UE or other UEs.

Proposal 1: No enhancement is needed to indicate the DL availability.

For the UL availability information, we think it can be derived from RACH information (e.g. the numberOfPreamblesSent, contentionDetected and maxTxPowerReached), and the UL availability issue can be identified in case the number of preambles sent is quite large but the DL radio condition is good and no contention is detected. 
In LTE, the RACH information has already been included in the CEF report, but it doesn’t included in the RLF report.
Observation 2: The UL availability information can be derived from RACH information, and the UL availability issue can be identified in case the number of preambles sent is quite large but the DL radio condition is good and no contention is detected.

Observation 3: In LTE, the RACH information has already been included in the CEF report, but not in the RLF report.

When RLF occurred, the UE may trigger a RRC Connection Reestablishment procedure subsequently, the RACH information can be obtained during the RRC Connection Reestablishment procedure, and it is very close to the time of RLF occurrence. As discussed above, the RACH information is beneficial to recognize the UL availability issue, so it shall be included also in RLF report, if available, to help recognizing UL availability issue at the moment of RLF occurrence.
Proposal 2: RACH information, if available, shall be included in both RLF report and CEF report.

In LTE, the RACH preamble is transmitted on cell level, however, in NR, it is transmitted on beam level. The UE can transmit the RACH preamble on different beam for each attempt during RACH procedure. From network perspective, it is beneficial to obtain the beam level attempt information (e.g. each attempted beam index, numberOfPreamblesSent for each attempted beam) to do RACH optimization on specific beams.

Observation 4: Unlike LTE, in NR, UE can attempt preamble transmission on multiple beams during RACH procedure. From network perspective, it is beneficial to obtain the beam level attempt information to do RACH optimization on specific beams.  

Proposal 3: Beam information (e.g. attempted beam index) can be indicated as part of RACH information.

In LTE, as shown in the following figure, when there are multiple CEFs (CEF1, 2, 3) occurred in a coverage hole, the subsequent CEF will overwrite the previous CEF (CEF2 overwrites CEF1, CEF3 overwrites CEF2), finally, only the latest CEF (CEF3) is logged, and reported when the UE is successfully accessed to the network.

Observation 5: If only the latest CEF can be logged, then the CEF occurred in the center of coverage hole will be overwrited by the CEF occurred at the edge of the coverage hole.

In order to record the whole picture of coverage hole as much as possible, it is better to enable the UE to store multiple CEF instances until the stored CEF report (may include multiple CEF instances) have been delivered to network. 
Proposal 4: UE is required to store multiple CEF instances until the stored CEF report (may include multiple CEF instances) have been delivered to network.

Proposal 5: Each CEF instance may include:
Failure cell Id;

Time elapse information; 

Measurement results of serving cell and neighbour cells;

RACH attempt info (e.g. number of preamble sent, contention detection indicator, maximum Tx power reached, attempted beam index);

Location information if available
Conclusion and proposals

RAN2 is kindly asked to discuss and adopt the following proposals:

Observation 1: The DL availability information can be represented by RSRP/RSRQ measurement on downlink RS (i.e. SSB), this can be achieved by logged MDT of current UE or other UEs.

Proposal 1: No enhancement is needed to indicate the DL availability.

Observation 2: The UL availability information can be derived from RACH information, and the UL availability issue can be identified in case the number of preambles sent is quite large but the DL radio condition is good and no contention is detected.

Observation 3: In LTE, the RACH information has already been included in the CEF report, but not in the RLF report.

Proposal 2: RACH information, if available, shall be included in both RLF report and CEF report.

Observation 4: Unlike LTE, in NR, UE can attempt preamble transmission on multiple beams during RACH procedure. From network perspective, it is beneficial to obtain the beam level attempt information to do RACH optimization on specific beams.  

Proposal 3: Beam information (e.g. attempted beam index) can be indicated as part of RACH information.

Observation 5: If only the latest CEF can be logged, then the CEF occurred in the center of coverage hole will be overwrited by the CEF occurred at the edge of the coverage hole.

Proposal 4: UE is required to store multiple CEF instances until the stored CEF report (may include multiple CEF instances) have been delivered to network.

Proposal 5: Each CEF instance may include:
Failure cell Id;

Time elapse information; 

Measurement results of serving cell and neighbour cells;

RACH attempt info (e.g. number of preamble sent, contention detection indicator, maximum Tx power reached, attempted beam index);

Location information if available
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