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1 Introduction
In the RAN#81 meeting, a new SID to study RAN-centric data collection and utilization for LTE and NR has been approved [1]. One of the objectives is related to RACH optimization, as illustrated as follows:


RACH optimization was introduced as one of three SON features within the Rel.9 work item. The UE supporting the RACH information report could provide such information within a UE Information Response message. In this paper, we will provide our views on the RACH optimization for NR.  
2 Discussion
2.1 RACH optimization procedure in LTE
A LTE UE could signal whether or not it supports RACH information report with a flag within the UE EUTRA Capability section of a UE Capability Information message. When an eNB needs, it could request a UE within its coverage to provide such information by sending a flag within the UE Information Request message—setting rach-ReportReq to true [2]. Subsequently, upon reception of the polling request, the UE provides the RACH report within a UE Information Response message. Specifically, the UE needs to set the IE numberOfPreamblesSent to indicate the number of preambles sent by MAC for the last successfully completed random access procedure. In addition, if contention resolution was not successful for at least one of the transmitted preambles for the last successfully completed random access procedure, the UE needs to set the IE contentionDetected to true. With the RACH configuration information optionally exchanged between neighbouring eNBs during the X2 Setup procedure or in the eNB Configuration update message, RACH configuration including PRACH configuration index, division of PRACH preambles between group A, group B and the group applied for CFRA, PRACH back-off timer, PRACH transmission power control parameters, etc., could be optimised. 

From the description shown above, we could find that the RACH optimization mechanism for the LTE could be reused for the NR.  
Observation 1: RACH optimization mechanism in LTE could be reused for the NR.
2.2 Enhancement for the RACH information report for NR
Because of the new features introduced in NR, the RACH report in NR has to be enhanced. Firstly, In the NR, RACH could be triggered in new scenarios, such as on-demand SI request, BFR, RRC_INACTIVE transition, etc. In addition, in NR, preambles and/or time-frequency resources are divided per SSB, such that network could know which downlink beam UE would like to access during RACH procedure. Moreover, two uplink channels, NUL and SUL, are probably available to the UE for the RACH.  

In our opinion, the aforementioned features added to the NR should be taken into account when designing RACH information report for the NR. Specifically, we think it is necessary to include more information in the RACH information report, compared with the LTE.
Observation 2: It is necessary to include more information in the RACH information report for the NR to deal with new features.
For example, the number of UEs under the coverage of the different SSBs may be imbalanced. If the PRACH resources are allocated equally for all SSBs, UEs under the coverage of some SSBs will need to try many times of RACH before accessing to the network finally, while some of the PRACH resources allocated to the SSB where few UEs in the coverage are highly probably left unused for long time. The scenario is illustrated in the figure 1. As a result, it is of necessity to include SSB related information including SSB index and number of preambles sent for each tried SSB in the RACH information report. 

Proposal 1: RAN3 agree to include SSB related information consisting of SSB index and number of preambles sent for each tried SSB in the RACH information report.                                                                                                                   
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Figure 1: UE distribution may be imbalanced under the coverage of different SSBs
In addition, the geometric distribution of the UEs on the NUL and SUL are likely to be different. UEs using the NUL are more likely to be close to the gNB, while the UEs using the SUL are more likely to be far from the gNB. As a result, at least CP length of the preambles applied and therefore preamble format configuration could be different. So the configuration of the two group of UEs might need to be optimized independently.   Moreover, while the positions of UEs using the SUL may be concentrated on some specific positions such as the shadow of a tall building, the UEs using the NUL may scattered around the gNB. As a result, at least preambles and RACH occasion opportunity allocations should be made differently on the SUL and NUL. Therefore, with the purpose of optimization of RACH configuration on UL and SUL, it is proposed RAN3 to include information of UL carrier (SUL and/or NUL) applied for RACH procedure and the number of preambles sent on each tried carrier in the RACH information report.   
Proposal 2: RAN3 agree to include information of UL carrier (SUL and/or NUL) applied for RACH procedure and the number of preambles sent on each tried carrier in the RACH information report.   
Also, bearing in mind that radio signal is vulnerable to blocking effect, which implies that beam failure may often occurs at a specific position where, for instance, a tall building is located between the UE and the base station, which is illustrated in the figure 2 below. In this sort of cases, it is better if the gNB could reserve more dedicated preambles for UEs around this specific position for the purpose of BFR procedure. With the information of timestamp of the occurrence of the BFR event, the optimization might be performed.
Proposal 3: RAN3 agree to include the information of the timestamp of the occurrence of the BFR event in the RACH information report.
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                            Figure 2: BFR is expected when UEs moves to a specific position due to signal blocking
3 Conclusions
In this contribution, following observations and proposals are made:
Observation 1: RACH optimization mechanism in LTE could be reused for the NR.
Observation 2: It is necessary to include more information in the RACH information report for the NR to deal with new features.
Proposal 1: RAN3 agree to include SSB related information consisting of SSB index and number of preambles sent for each tried SSB in the RACH information report.         

Proposal 2: RAN3 agree to include information of UL carrier (SUL and/or NUL) applied for RACH procedure and the number of preambles sent on each tried carrier in the RACH information report.      

Proposal 3: RAN3 agree to include the information of the timestamp of the occurrence of the BFR event in the RACH information report.
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  Study the use cases and benefits of RAN centric Data utilization, e.g. SON features including mobility optimization (cell and beam based), RACH optimization, load sharing/balancing related optimization, coverage and capacity optimisation, Minimization of Drive testing (MDT), URLLC optimisation, LTE-V2X (i.e., PC5 and uu), etc., applicable to different scenarios in NG-RAN, MR-DC connected to 5GC and EPC and LTE and take NR new features, e.g., beam, network slice, BWP, duplication etc. into account [RAN3, RAN2].
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