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1	Introduction
RAN3 #106 agreed the following: 

RACH configuration conflict detection and resolution function is located at the gNB-DU; details on assistance info exchanged between CU and DU are FFS

gNB-DU needs to know the PRACH configuration of some or all cells neighbors to a cell subject to RACH configuration conflict, in order to effectively chose a new PRACH configuration for the cell in conflict

Signaling of UE RACH Reports to the gNB-DU is needed

The objective of this paper is to address the above FFS, namely, to discuss what kind of assistance information is needed to be exchanged and which network entities it will involve.  
2	Discussion
In NR, triggering of a RACH Report is fundamentally different from LTE and a higher number of possible triggering conditions of a RACH Report exist. Therefore, it is natural to expect that the number of RACH Reports as well as the amount of RACH information that the network will need to handle will be much higher. In addition, since a UE is allowed to store up to 8 RACH procedures in the log it is possible that a RACH report contains RACH related information pertaining not only to the gNB-DU where RACH was attempted, but also to other gNB-DUs under the same or different gNB-CU. Thus, a UE RACH Report may contain information on RACH attempts that happened at the current cell where the UE resides or older information that happened at other (neighboring) cells that previously served the UE or cells on which the UE camped while in Idle mode. 
It was agreed in RAN3 #106 that RACH configuration conflict detection and resolution is located at the gNB-DU. Even though a gNB-DU can benefit from receiving a RACH Report on accesses on its own cells, full RACH Report information on cells of other gNB-DUs may not be useful to a receiving gNB-DU especially when there is no active UE context while at the same time this may considerably increase the amount of communication overhead. Sending aggregated RACH information may be a good compromise between required accuracy in the RACH information and the amount of overhead of the RACH conflict detection assistance information. 
Observation 1: Even though RACH report information at the gNB-DU is useful, mere forwarding of RACH reports from gNB-CU to gNB-DU may not always contain useful information unless they involve cells hosted by the receiving gNB-DU.
For this reason, we introduce the metric of RACH failure rate to characterize RACH performance on cells managed by a gNB-DU. We define the metric to be the ratio of failed RACH accesses per SSB Index (per cell) to the overall number of RACH accesses (both successful and unsuccessful) per SSB Index (per cell). 
Observation 2: RACH failure rate information involving neighboring gNB-DUs, sent from gNB-CU to gNB-DU provides statistical information on the outcome of RACH accesses on cells not managed by the receiving gNB-DU.  
In order to calculate the RACH failure rate both information on failed RACH attempts (that can be obtained through the UE RACH Reports) as well as successful RACH information (available internally at a gNB-DU) is needed. Calculation of the RACH failure rate can be done at:
a. gNB-CU: In this case, the gNB-DU must forward RACH Success Information to gNB-CU. gNB-CU receiving UE RACH Reports can calculate the ratio of failed RACH attempts per SSB Index per cell to the overall number of RACH attempts per SSB Index per cell. 
b. gNB-DU: In this case, the gNB-CU must forward UE RACH reports that it has received related to RACH attempts on its cells to gNB-DU. gNB-DU can calculate the RACH Failure Rate with the received information.

In a well-configured system, it is reasonable to assume that RACH successes should be much more frequent than RACH Failures. Thus, option b) creates less communication overhead. Also, option b) complies with the general agreement that UE RACH Reports must be forwarded from gNB-CU to gNB-DU. For this reason, we prefer option b).
Proposal 1: RACH failure rate is calculated at gNB-DU, based on UE RACH Reports sent from the gNB-CU to the gNB-DU.
2.1 RACH information over the Xn Interface
Two types of RACH information can be communicated through the Xn interface. In particular, since a UE RACH Report received at a gNB-CU may contain information on RACH accesses involving also cells of other (neighboring) gNBs, UE RACH Reports can be forwarded to the neighboring gNBs through the Xn interface. The cell information in the RACH Report can be used to identify the cell where RACH failed as well as the gNB owning the cell. The RACH Report can be just forwarded to the neighboring gNB or alternatively it may be filtered to isolate only RACH information that pertains to cells of the recipient gNB. Preprocessing of the UE RACH Reports (to filter out information that does not involve the cells of the receiving gNB) can help to reduce the communication overhead. 
Proposal 2: An NG-RAN node may forward (filtered or unfiltered) UE RACH Reports to a neighbouring NG-RAN node if the UE RACH Reports involve RACH accesses on the cells of the neighbour. 
Additionally, RACH failure rate information can be communicated between two neighbouring NG-RAN nodes to indicate the failure rate per SSB Index per cell at the cells of the sending NG-RAN node. In this way, the recipient NG-RAN node becomes aware of the RACH performance at the cells of the first NG-RAN node which enables neighbouring NG-RAN nodes to optimize their RACH Configurations and resolve potential conflicts. This information can be reported separately for NUL and SUL carriers.
Proposal 3: An NG-RAN node may forward the calculated RACH failure rate per SSB Index per cell to its neighbours, e.g. separately per NUL and SUL carriers.
RACH failure rate received by an NG-RAN node may be forwarded to its managed gNB-DUs, helping the latter to resolve RACH configuration conflicts with neighbouring cells. 
2.2 RACH information over the F1 interface
In order to enable location of the RACH configuration conflict detection and resolution function at the gNB-DU, RACH assistance information must also be sent from the gNB-CU to the gNB-DU. We identify the following options:  
1. Send UE RACH Reports from gNB-CU to gNB-DU: An unprocessed UE RACH report is sent from gNB-CU to gNB-DU. The UE RACH Report may contain RACH information on RACH accesses at cells not managed by gNB-DU. It is up to the gNB-DU to discard such information.     
2. Send a processed (filtered) UE RACH Reports from gNB-CU to gNB-DU: The gNB-CU processes (filters) UE RACH Reports, to contain only RACH accesses on the cells of the receiving gNB-DU and forwards only this relevant information to the gNB-DU. Such information may correspond to an active UE context.
3. Send a UE RACH Report from gNB-CU to gNB-DU (filtered or unfiltered) together with RACH Failure Rate corresponding to accesses in cells not managed by the receiving gNB-DU: The gNB-CU can send a UE RACH Report to a gNB-DU that includes at least one RACH access on the cells of the gNB-DU. The gNB-CU may filter the UE RACH report to include only accesses on cells of the gNB-DU. Alternatively, the gNB-CU may forward unfiltered the RACH Report to the gNB-DU and let the latter filter out unnecessary information. In addition to “raw” RACH information provided by the UE RACH Reports the gNB-CU may further append RACH Failure Rate information on RACH accesses that have taken place at cells of other gNB-DUs (hosted either by itself or by other gNB-CUs) which it has received through the Xn Interface. 
[bookmark: _GoBack]We propose the following:
Proposal 4: If the UE RACH Report contains (only) RACH information on cells of a gNB-DU under the gNB-CU, the UE RACH report is forwarded to gNB-DU. 
Proposal 5: If the UE RACH Report contains mixed RACH information both on cells of the gNB-DU and on other cells of other gNB-DUs (of the same or neighbouring gNB-CU), the UE RACH report may be filtered at the gNB-CU and the filtered UE RACH report (with the relevant RACH information) is forwarded to gNB-DU. 
Proposal 6: The gNB-CU may forward to a gNB-DU additional RACH Assistance information by sending the RACH failure rate for cells managed by other gNB-DUs (under the same or different gNB-CUs).When gNB-DU calculates the RACH failure rate over its cells it forwards this information to its gNB-CU through the F1 interface. 
Proposal 7: The calculated RACH failure rate is sent from gNB-DU to gNB-CU. 
3	Conclusion

Observation 1: Even though RACH report information at the gNB-DU is useful, mere forwarding of RACH reports from gNB-CU to gNB-DU may not always contain useful information unless they involve cells hosted by the receiving gNB-DU.
Observation 2: RACH failure rate information involving neighboring gNB-DUs, sent from gNB-CU to gNB-DU provides statistical information on the outcome of RACH accesses on cells not managed by the receiving gNB-DU.  
Proposal 1: RACH failure rate is calculated at gNB-DU, based on UE RACH Reports sent from the gNB-CU to the gNB-DU.
Proposal 2: An NG-RAN node may forward (filtered or unfiltered) UE RACH Reports to a neighbouring NG-RAN node if the UE RACH Reports involve RACH accesses on the cells of the neighbour. 
Proposal 3: An NG-RAN node may forward the calculated RACH failure rate per SSB Index per cell to its neighbours, e.g. separately per NUL and SUL carriers.
Proposal 4: If the UE RACH Report contains (only) RACH information on cells of a gNB-DU under the gNB-CU, the UE RACH report is forwarded to gNB-DU. 
Proposal 5: If the UE RACH Report contains mixed RACH information both on cells of the gNB-DU and on other cells of other gNB-DUs (of the same or neighbouring gNB-CU), the UE RACH report may be filtered at the gNB-CU and the filtered UE RACH report (with the relevant RACH information) is forwarded to gNB-DU. 
Proposal 6: The gNB-CU may forward to a gNB-DU additional RACH Assistance information by sending the RACH failure rate for cells managed by other gNB-DUs (under the same or different gNB-CUs).When gNB-DU calculates the RACH failure rate over its cells it forwards this information to its gNB-CU through the F1 interface. 
Proposal 7: The calculated RACH failure rate is sent from gNB-DU to gNB-CU. 
Corresponding TPs to F1AP and XnAP have been submitted to this meeting in [1] and [2].
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