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[bookmark: _Ref20905128]Introduction
[bookmark: _Ref178064866]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.



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).
In this contribution, we discuss remaining open issues for the RLF report.
Discussion
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.


[bookmark: _Hlk20902049]For the RACH report, it has been agreed in TR 37.816 [2], to list the Indexes of the SSBs and number of RACH preambles sent on each tried SSB listed in chronological order of attempts. It has also been agreed to include the beam quality of each tried SSB (i.e., beam level measurement during RACH attempts such as BRSRP, BRSRQ, BSINR), and an indication of whether the selected SSB is above or below the rsrp-ThresholdSSB threshold. 
The contents of the RACH information report comprise of the following (further check by RAN2 is needed):
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
Free RACH Access (CFRA) Contention detection indication
n Free RACH Access (CFRA) Contention detection indication


Figure 1. Excerpt from TR 37.816; content of the RACH report.
[bookmark: _Toc20397934][bookmark: _Toc20397969][bookmark: _Toc20402325][bookmark: _Toc20402347][bookmark: _Toc20903700][bookmark: _Toc20905632][bookmark: _Toc21019946]The list the Indexes of the SSBs and number of RACH preambles sent on each tried SSB listed in chronological order of attempts in the RACH information report is captured in TR 37.816.
[bookmark: _Toc20903701][bookmark: _Toc20905633][bookmark: _Toc21019947]The beam quality of each tried SSB (i.e., beam level measurement during RACH attempts such as BRSRP, BRSRQ, BSINR), and an indication whether the selected SSB is above or below the rsrp-ThresholdSSB threshold are part of the capture RACH information report in TR 37.816.
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 2.1.1. In section 2.1.2 we discuss how information on the beam quality of each tried can be used by the network to understand the cause of an RLF. In 2.1.3 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]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]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: _Hlk14788221][bookmark: _Toc21019950]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: _Toc20905637][bookmark: _Toc21019951]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. 
1. [bookmark: _Ref20398108][bookmark: _Toc21019953]RAN2 to agree to capture the RACH attempts over different beams in chronological order in the RLF report.
[bookmark: _Ref20902213]SSB beam quality and indication on relation to rsrp-ThresholdSSB
[bookmark: _Hlk20903583]Although it has been agreed in 37.816 that the beam quality of each tried SSB (i.e., beam level measurement during RACH attempts such as BRSRP, BRSRQ, BSINR), and an indication of whether the selected SSB is above or below the rsrp-ThresholdSSB threshold should be included in the RACH information report, in the email discussion [107#45][NR/SON] RACH and Mobility Robustness optimisation checking (CATT), most companies seem to agree that only one of them is needed. In our understanding, including the beam quality of each of the tried SSB is enough as the network can deduct from this information as to whether the SSB quality was above the rsrp-ThresholdSSB or not. In case of a radio link failure, information on the beam quality of each SSB tried during the random access attempts will help the network in understanding the reason for the failure and be able to reduce the number of failures.
[bookmark: _Toc20903705][bookmark: _Toc20905638][bookmark: _Toc21019952]Knowing beam quality of each SSB tried during the random access attempts, network can enhance the performance of RACH procedure in terms of RACH delay and uplink interference via a more proper beam configuration.
1. [bookmark: _Toc21019954]RAN2 to agree to capture the beam quality of each tried SSB (i.e., beam level measurement during RACH attempts such as BRSRP, BRSRQ, BSINR) 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 is more useful to the network as the network can learn about the cause for the RACH issues in depth.
[bookmark: _Toc21019955]The RACH information report is included in the RLF report.
Conclusion
[bookmark: _Hlk12539337]In the above we have made the following observations:
Observation 1	The list the Indexes of the SSBs and number of RACH preambles sent on each tried SSB listed in chronological order of attempts in the RACH information report is captured in TR 37.816.
Observation 2	The beam quality of each tried SSB (i.e., beam level measurement during RACH attempts such as BRSRP, BRSRQ, BSINR), and an indication whether the selected SSB is above or below the rsrp-ThresholdSSB threshold are part of the capture RACH information report in TR 37.816.
Observation 3	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 4	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 5	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 6	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 7	Knowing beam quality of each SSB tried during the random access attempts, network can enhance the performance of RACH procedure in terms of RACH delay and uplink interference via a more proper beam configuration.

Based on this we propose the following:
Proposal 1	RAN2 to agree to capture the RACH attempts over different beams in chronological order in the RLF report.
Proposal 2	RAN2 to agree to capture the beam quality of each tried SSB (i.e., beam level measurement during RACH attempts such as BRSRP, BRSRQ, BSINR) in the RLF report.
Proposal 3	The RACH information report is included in the RLF report.

[bookmark: _In-sequence_SDU_delivery]References
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