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1	Discussion
RACH optimization has been one of the use cases of RAN centric data collection study [1]. Optimizing RACH involves two parts, namely optimizing the contents of the RACH report and the communication of parameters (between different gNBs or between a gNB-CU and a gNB-DU) [1]. 
Cell coverage typically is smaller in UL than in DL since the transmission power of the UEs is smaller than that of the gNB. To address this, a UE can be configured with 2 ULs for 1 DL of the same cell, corresponding to the NUL and the SUL carriers. For random access in a SUL configured cell, network can signal the carrier in which the UE should transmit (NUL or SUL). If this is not signalled by the network the UE decides to transmit RACH on SUL based on the broadcast parameter rsrp-ThresholdSSB-SUL; the UE selects the SUL carrier if the RSRP signal of the downlink pathloss reference is smaller than the parameter and uses the NUL otherwise.
If UE is configured to log RACH information it includes the following information in its RACH report, as was approved in the study [1]:
· 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
In this contribution, our focus is on the elements of the RACH report that need to be exchanged between two gNBs over the Xn interface.
2 	RACH parameter exchange between two gNBs
In this section, we present some useful RACH report information to be exchanged between communicating gNBs.
In [1] it was agreed to include in the RACH report the indexes of the SSBs and the number of preambles sent on each tried SSB. This information despite useful, does not capture the outcome of each attempted transmission. More information could be captured in the RACH report if a UE also stores in chronological order a list of preambles for which no Random Access Response (RAR) is received along with the corresponding details of the failed RACH transmission. This enables a gNB to determine the reasons of the failed RACH and potentially optimize its RACH parameters and resources it assigns to a given user.  For example, in beam-based operation for mobility a target cell can provide dedicated RACH resources on multiple beams or SS-blocks for the incoming UE. The UE may send a preamble to several Random Access Resources before receiving a RAR from the network. Similarly, several Random Access Resources can be also configured for the UE for Beam Failure Recovery (BFR) Procedure. When the UE receives a RAR, the target cell is only aware on which Random Access Resource the UE made a successful attempt, but it does not know if the UE made other (unsuccessful) attempts. It would be beneficial for the target cell to differentiate among the following cases:
· UE tried RACH on a Random Access Resource in the first attempt and got connected
· UE first tried RACH on some other Random Access Resource(s) and failed before it attempted RACH on a different Resource and successfully completed its RACH procedure
· UE attempted RACH only on a subset of allocated resources and some resources were never used by the incoming UEs for example due to their location or serving beam in the serving cell

Observation 1: The cell on which RACH failed has no means to know the details of the failed RACH unless the UE performs successful RACH to it in a subsequent transmission attempt and reports to the cell failed RACH information.
Observation 2: The cell on which RACH failed could benefit by knowing failed RACH information (e.g., in case of mobility or BFR procedures).
However, there are some cases when a UE attempts RACH and fails on one cell and next time it performs RACH successfully it is connected on a different cell. In such cases the former cell is completely unaware of the failed RACH information. Hence, it can be the duty of the latter cell to communicate this information to the cell where RACH failed after it receives it from the UE.
Proposal 1: After a failed RACH procedure, the cell where RACH succeeded forwards the list of failed preambles together with the Random Access Resource attempted, the power used, RA-RNTI, if it was CBRA or CFRA to the cell to which the failed RACH was performed. 
This scenario may also occur during handover where the RACH failed at the target cell and the UE successfully attempted RACH at a different, recovery, cell.  As shown in Figure 1, a handover is triggered between the UE and the source cell, but the handover fails at the target cell. The UE finally manages to synchronize with a recovery cell. Since the handover command contains a list of dedicated and common Random Access resources that the UE can use for the target cell access, the target cell could benefit by knowing this information. So, the recovery cell can forward to the target cell the list of failed RACH preambles. Target cell can optimize its decision about the dedicated/common RA resource allocation when responding to the HO requests from serving cells. Based on the serving beam information about the incoming UE, the target cell can avoid allocating resources that are attempted, but mostly fail. 
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Proposal 2: In case the failed RACH procedure was performed during a Handover, the recovery cell forwards the list of failed preambles to the target cell.
In certain cases, the RACH report logged at a gNB can be useful to a subsequent gNB the UE connects to as it gathers information on the RACH procedure outcomes.  For the same reasons discussed for the NUL carrier case, a cell could benefit by knowing why its RACH failed also on the SUL carriers.
Proposal 3: A cell that receives a UE RACH report with failed RACH information on SUL carrier forwards the report to the original serving cell where RACH failed.
RACH report information may be useful to be communicated between gNBs, but may also increase the communication overhead. It is therefore possible that a gNB further collects statistical information on RACH performance. The information may involve RACH statistical information on a) cells controlled by other gNBs and b) cells controlled by itself. In this way, a gNB can collect global statistical information about RACH access in a cell controlled by others or by itself, without receiving a detailed RACH report. The benefits of such would be the aggregation of information in the statistics with less data being actually communicated among gNBs. As an example of case a), a gNB may collect resource utilization information such as how many of the neighboring cells users are given a certain resource, how many transmissions take place on a given resource and which proportion of those is successful. This can be useful in order to avoid reusing resources that seem to have high utilization by its neighbors and to avoid interference. As an example of case b), a gNB may collect RACH preamble statistical information on the preambles being used by different UEs in cells it is controlling. For example, it may collect information on the number of transmissions that take place using a given preamble or preamble type (long/short), which proportion of those is successful and how many UEs are given a RACH preamble or type of preamble. This information could be obtained for example if a neighboring cell collects failed RACH statistics information of users that even though attempted RACH access to the first gNB and failed they finally succeeded at the neighboring cell.
Proposal 4: A gNB may collect from a neighboring gNB statistical information on the usage of preambles and RACH resources of the cells the neighbor is controlling. 
Proposal 5: A gNB may collect from a neighboring gNB statistical information on the usage of preambles and RACH resources of the cells that it is controlling itself. The latter information may comprise RACH accesses to the gNB that failed until RACH was successful at the neighbor. 
A gNB may further collect information on the proportion of UEs using SUL at a given gNB. This information implicitly gives the proportion also of the non-SUL users. Since typically SUL users are users with low signal strength, located farther away from the base station, such information may indicate to a neighbour gNB which proportion of UEs will likely interfere with nearby transmission. 
Proposal 6: A gNB communicates to other gNBs statistical information pertaining to the proportion of its UEs using SUL. 
3	Conclusion
Observation 1: The cell on which RACH failed has no means to know the details of the failed RACH unless the UE performs successful RACH to it in a subsequent transmission attempt and reports to the cell failed RACH information.
Observation 2: The cell on which RACH failed could benefit by knowing failed RACH information (e.g., in case of mobility or BFR procedures).
Proposal 1: After a failed RACH procedure, the cell where RACH succeeded forwards the list of failed preambles together with the Random Access Resource attempted, the power used, RA-RNTI, if it was CBRA or CFRA to the cell to which the failed RACH was performed. 
Proposal 2: In case the failed RACH procedure was performed during a Handover, the recovery cell forwards the list of failed preambles to the target cell.
Proposal 3: A cell that receives a UE RACH report with failed RACH information on SUL carrier forwards the report to the original serving cell where RACH failed.
Proposal 4: A gNB may collect from a neighboring gNB statistical information on the usage of preambles and RACH resources of the cells the neighbor is controlling. 
Proposal 5: A gNB may collect from a neighboring gNB statistical information on the usage of preambles and RACH resources of the cells that it is controlling itself. The latter information may comprise RACH accesses to the gNB that failed until RACH was successful at the neighbor. 
Proposal 6: A gNB communicates to other gNBs statistical information pertaining to the proportion of its UEs using SUL. 
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