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Introduction
To optimize the allocation of RACH resources to NG RAN nodes, two main features are supported so far: the RACH report provided by the UE to a NG RAN node upon a successful RACH attempt; and the exchange of PRACH configuration information between NG RAN nodes. 
In RAN3 WG #106 we have discussed the possibility of addressing PRACH configuration conflict in NR [2] and compared it to the same issue in LTE networks. Although the probability of RACH configuration conflict is less than in LTE systems, a RACH conflict detection and resolution mechanism is still required. In this paper, we focus on potential solutions to detect and resolve the PRACH configuration conflicts in NR. 
During RAN3#106 the following agreements and solution criteria were captured:

“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

a. There are a number of ways a gNB-CU-CP can provide the PRACH configuration information in point 2) to the DU

1. gNB-DU signals gNB-CU-CP of a potential PRACH Configuration Conflict detection for a given cell. The gNB-CU-CP signals back to the gNB-DU a list of PRACH Configurations for cells neighbouring the cell in conflict
2. gNB-CU-CP signals to gNB-DU at F1 interface setup and F1 gNB-CU Configuration Update a list of PRACH Configurations relative to cells neighbouring gNB-DU’s cells
3. A combination of 1) and 2): gNB-CU-CP signals at F1 interface setup to gNB-DU “filtered” PRACH Configurations for some of the cells neighbouring the gNB-DU’s cell. If this information is not sufficient to resolve the RACH configuration conflict, gNB-DU signals to the gNB-CU-CP of a potential PRACH Configuration Conflict detection for a given cell. The gNB-CU signals back to the gNB-DU a list of PRACH Configurations for cells neighbouring the cell in conflict.”

This contribution discusses solutions to detect and resolve conflicts between the RACH configuration of neighbouring cells in NR. 
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Detection of RACH configuration conflict 
Within a RAN split architecture, in principle both gNB-CU and gNB-DU could detect a RACH configuration conflict occurring between a served cell and a neighbouring cell served by another gNB. In the following we discuss pros and cons of each solution. However, during RAN3-106 the following was agreed:
“RACH configuration conflict detection and resolution function is located at the gNB-DU; details on assistance info exchanged between CU and DU are FFS”

Conclusion 1: 	The gNB-DU is in charge of detection and resolution of possible RACH configuration conflicts. 
Assuming that a gNB-DU can report its RACH configuration per cell to the gNB-CU, and that the gNB-CU can signal the RACH configuration per served cell to neighboring NG RAN nodes, a gNB-CU could guess whether a cell served by a neighbouring gNB is likely to incur a RACH configuration conflict. The latter can be achieved by comparing RACH configurations and determining if they incur a RACH resource overlap from a time/frequency point of view and if the root sequence in use generates the same RACH preambles. 
This information alone, however, is not enough to declare a RACH configuration conflict. In fact, the gNB-CU should first verify whether the two cells in question are neighbours. Cell relation information, such as a list of neighbouring cells, can be derived from UE RRM measurements, for instance. However, due to the UL/DL coverage discrepancy, detection of RACH configuration conflict by means of received cell measurements from the UE is subject to errors. Namely, a UE could detect and report PCI measurements from two cells, but the same UE may be able to perform RACH access only on one of them, due to limited UL coverage.  Hence a RACH conflict can be detected among these neighbouring cells while in practice no RACH conflict happens for the UEs.
In addition, as opposed to LTE, beam relation information among the neighbouring cells is required to deduce whether two cells with the same RACH resources are conflicting or not. Even having beam relation information, it might not be straightforward for gNB-CU to deduce whether a real RACH conflict occurs as spatially neighbouring beams may not interfere due to different beam sweeping patterns in time domain. As exemplified in Figure 1, although SSB 1 of Cell-A is neighbouring SSB 1 of Cell-B, RACH attempts do not collide even with the same RACH configurations, as the presence of SSB1 of cell A and Cell B do not overlap at any time t (in this example SSB1 of Cell A is active at time t2 while the SSB1 of Cell B is active at time t0).  
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Figure 1: Showing that spatially neighbouring beams may not overlap time due to beam sweeping. 
1. [bookmark: _Toc11853835][bookmark: _Toc11934773]RACH Configuration conflict detection at gNB-CU by comparing cell’s RACH configuration and by determining cell’s neighbourhood, is subject to errors due to UL/DL coverage imbalance and lack of information about beams overlap from a time/space point of view. This may result in false-positive conflict detections.

The above observation plays an important role when discussing what assistance information the gNB-CU should send towards the gNB-DU to allow the gNB-DU to resolve the RACH Configuration Conflict.  


Conclusion 2: gNB-DU needs to know the PRACH configuration of some or all cells neighbouring a cell subject to RACH configuration conflict, in order to effectively chose a new PRACH configuration for the cell in conflict

If the assistance information (i.e. PRACH Configuration of neighbour cells) that a gNB-CU needs to send to the gNB-DU is selected independently by the gNB-CU, the only reliable option would be for the gNB-CU to signal a high number of neighbour PRACH Configurations. That is due to the uncertainty at the gNB-CU to determine which cell is in RACH configuration conflict.

Observation 2: If the gNB-CU has to decide independently about the PRACH configurations of neighbour cells to send to a gNB-DU, it is very likely that a high number of such configurations would be signalled to the gNB-DU.
 
The above observation makes it clear that without a smart selection of the assistance information signaled from gNB-CU to gNB-DU there might be issues of overload at the gNB-DU. For this reason, the following solution approach is proposed.
Detecting RACH configuration conflict at gNB-DU
A gNB-DU may independently detect a potential RACH configuration conflict at one of its served cells by means of RACH failed attempts, as illustrated in Figure 2. In particular, if Cell 1 of gNB-DU 1 is in RACH configuration conflict with a neighboring Cell 2, the gNB-DU 1 could be able to receive RACH preamble transmissions intended for Cell 2. The gNB-DU 1 would then react transmitting a RACH response msg-2 to the UE, scrambled with the Cell 1 PCI and including the UL grant for the UE RACH msg-3. However, the UE would not be able to decode such message (since it is expecting a RACH msg-2 scrambled with the PCI of Cell 2) and would therefore not respond with a RACH msg-3 in the resources indicated by gNB-DU 1. By collecting information of failed RACH attempts wherein gNB-DU 1 fails to receive a RACH msg-3, gNB-DU 1 could infer a possible RACH configuration conflict with a neighboring cell and inform the gNB-CU.     
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Figure 2: gNB-DU can infer the occurrence of RACH configuration Conflicts from failure to receive Msg3 during RACH procedures.
1. A gNB-DU may detect RACH configuration conflict based on statistics gathered from detected RACH requests from UEs (e.g., statistics of received MSG1 with absence of MSG3).
It is also plausible to assume that cases of RACH configuration conflict may occur due to receiving, but not successfully decoding, RACH access messages aimed for different cells. In Figure 2 this would be the case of Cell1 receiving but not decoding Msg1. In this case gNB-DU1 will not generate MSg2, hence detection based on absence of Msg3 is not feasible. However, such spurious MSg1 reception allows the gNB-DU1 to deduce that there is a high level of RACH collision on its RACH resources (which can be deduced from RACH Reports) and this may prompt the gNB-DU to request further assistance information from the gNB-CU for the cell in potential conflict. A solution that embraces the principles above is shown below.
Resolution of RACH configuration conflicts
Upon detecting a RACH configuration conflict, several options may be available to resolve [2]. In the following, we take into account discussions at the last RAN3 meeting and we provide solutions based on the gNB-DU as entity to resolve the RACH conflict.
RACH Conflict Resolution Including an Initial Assistance Information
One approach that was acknowledged as feasible at the last RAN3 meeting consists of a gNB-CU providing an initial limited set of the neighbouring cells’ PRACH configurations to the gNB-DU filtered according to the neighbouring relation information. It is essential that we limit the number of neighbor cells’ PRACH configurations in order to ensure that the gNB-DU is not overloaded. A potential maximum number of PRACH configurations the gNB-CU can send to the gNB-DU could be equal to 16.
Hence, a gNB-DU would be able to deduce potentially colliding PRACH configurations between its served cells and the assistance information signalled by the gNB-CU. 
Further, either autonomously or based on the assistance information received from the gNB-CU, the gNB-DU can initiate collecting statistics regarding missing MSG3 in RACH procedure, or increased cases of Msg1 RACH collision. 
Resolution of RACH configuration conflicts would be triggered as a result of cross-checking by gNB-DU on statistics regarding missing MSG3 or MSG1 collisions. 
If the gNB-DU observes poor performance of RACH procedure due to RACH configuration conflict, it can initiate resolution internally based on the information provided by the gNB-CU, or request the gNB-CU for additional information.  Namely, the gNB-DU can request to the gNB-CU additional neighbour cell information for cells neighbouring the served cell the gNB-DU believes to be in conflict.
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Figure 3: Proposed solution for RACH configuration conflict detection and resolution with an initial assistance information from gNB-CU.
Below are the steps of the solution:
· The gNB-CU signals a filtered and limited set of PRACH configuration of the neighboring cells for the gNB-CU, e.g. up to 16 PRACH Configurations
· The gNB-DU detects potential cases of RACH configuration conflicts via provided assistance information and in case starts monitoring reception of Msg1 followed by absence of Msg3, or increased levels of RACH collisions, to ensure the presence of RACH conflict.
· The gNB-DU tries to resolve the RACH conflict internally based on assistance information signalled by the gNB-CU. 
· If resolving the RACH conflict is not ensured by means of using initial assistance information, gNB-DU signals the gNB-CU of a possible RACH configuration conflict involving a served cell, e.g. Cell A, requesting for additional assistance information.
· The gNB-CU verifies that other cells in Cell A neighborhood have an overlapping RACH configuration with Cell A and signals to gNB-DU the RACH configurations of those cells.
· gNB-DU selects a new PRACH configuration taking the limitations from the gNB-CU into account.
· gNB-DU signals gNB-CU the newly adopted RACH configuration in gNB-DU configuration Update.
In summary, RACH conflict resolution should be performed by gNB-DU while assisted by gNB-CU via assistance information. Note that assistance information may include the PRACH configuration of the neighboring cells. However, the neighboring cells in NR may be up to thousands of cells. Such number of neighbouring cells would cause a massive amount of data to be exchanged among the nodes owning neighboring cells. This may cause starvation of both memory and computational resources to decode the messages carrying the PRACH configuration IEs. Hence filtering PRACH configuration based on the neighboring relations is strictly required to avoid unnecessary cost imposed by the RACH optimization solution.
1. Assistance information from gNB-CU including PRACH configuration information needs to be filtered and limited due to the need to reduce amount of data signaled towards a gNB-DU.
Therefore,
It is proposed to perform RACH configuration conflict resolution at gNB-DU, by providing a limited and filtered set of assistance information from gNB-CU, if required, and allowing the gNB-DU to request for further assistance information, if needed
Conclusion
In this paper the problem of RACH configuration conflict detection and resolution has been discussed and a solution has been identified. The paper provided the following Conclusions and Observations:
Conclusion 1: 	The gNB-DU is in charge of detection of RACH configuration conflict. 

1. RACH Configuration conflict detection at gNB-CU by comparing cell’s RACH configuration and by determining cell’s neighbourhood, is subject to errors due to UL/DL coverage imbalance and lack of beams overlap from a time/space point of view. This may result in unnecessary conflict detections.


Conclusion 2: 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


1. If the gNB-CU has to decide independently about the PRACH configurations of neighbour cells to send to a gNB-DU, it is very likely that a high number of such configurations would be signalled to the gNB-DU.

1. Assistance information from gNB-CU including PRACH configuration information needs to be filtered and limited due to the need to reduce amount of data signaled towards a gNB-DU.

On the basis of the Observations above the following is proposed
It is proposed to perform RACH configuration conflict resolution at gNB-DU, by providing a limited and filtered set of assistance information from gNB-CU, if required, and allowing the gNB-DU to request for further assistance information, if needed
A CR mirroring the proposal above is provided in R3-200961.
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