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Introduction
To optimize the allocation of RACH resources to NG RAN nodes, two main features are supported: 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 particular, for the latter, the RACH optimization solution currently outlined in TR 37.816 [1] states that “For CU-DU architecture, gNB-DU should be allowed to report its RACH configuration per cell to the gNB-CU, and the gNB-CU should be allowed to signal the RACH configuration per served cell to neighbouring NG RAN nodes. This allows NG-RAN nodes to identify whether RACH configurations of neighbouring cells are optimized or whether changes are needed in order to achieve a better RACH coordination between neighbouring cells”.
This contribution discusses solutions to detect and resolve conflicts between the RACH configuration of neighboring cells in NR. 
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RACH configuration conflicts
Similar to LTE, a RACH configuration for an NG RAN cell consists of a set of time-frequency resources as well as a set of RACH preambles that can be generated starting from a specific root sequence. Ideally, neighbouring cells should be allocated with orthogonal RACH resources, with orthogonality realized in time, frequency, code domain or spatial domain (or a combination thereof). Namely, in NR a conflict between neighbour cells RACH resources can be avoided if:
· The RACH resources do not overlap in time
· The RACH resources do not overlap in frequency
· The RACH preambles used by neighbour cells do not overlap
· The beams on which the RACH resources are made available do not overlap in space and time.
To understand the last bullet it is important to note that RACH access in NR is done on a per beam basis and that beam signals “sweep” in the spatial domain. Hence, two neighbour cell beams could share the same time/frequency resources and RACH preambles, but if the beam do not overlap when they “sweep” in time and space, they will not be subject to RACH configuration conflicts.
Observation 1: In NR, RACH configurations of neighbour cells/beams are free from conflict if 
· The RACH resources do not overlap in time
· The RACH resources do not overlap in frequency
· The RACH preambles used by neighbour cells do not overlap
· The beams on which the RACH resources are made available do not overlap in space and time

With the above in mind it can be appreciated that the occurrence of a RACH configuration conflict in NR is more unlikely than in LTE. However, this is still a possible event that needs to be addressed by the RACH optimisation solution. A scenario in which neighbouring cells suffer from an overlap in RACH resources could lead to failure or delay of the UE random access procedure. Hereafter we refer to this case as a RACH configuration conflict. 
Observation 2: In NR, due to the beam distribution in space and time, it is more difficult to incur in RACH configuration conflict than in LTE. 

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. 
Detecting RACH configuration conflict at gNB-CU
Assuming that a gNB-DUs 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 can determine whether a cell served by a neighbouring gNB is likely to incur in a RACH configuration conflict. The latter can be achieved by comparing RACH configurations and determining if they incur in 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 that the two cells in question are neighbours. Cell relation information, such as a list of neighbouring cells, can be derived from UE RRM measurement report based, for instance, of reference signal received power (RSRP) measurements of neighbouring cells monitored by the UE. 
It is worth noticing that detection of RACH configuration conflict by means of received cell measurements from the UE is subject to errors due to UL/DL coverage discrepancies. 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. 
Still, the above information is not enough to determine if the cells are in RACH configuration conflict. The missing information is whether the neighbouring beams of the cells in question overlap in time and space. Cell beams “sweep”. If Beam 1 of Cell-A is neighbouring Beam 2 of Cell-B, and if these beams have overlapping RACH configurations, it may occur that at any given time t the presence of Beam A and that of Beam B do not overlap. This is shown in Figure 1. The figure shows that while two beams, Beam 1 (for SSB1) and Beam 2 (for SSB2), are neighbours these beams signals may not overlap in time and space due to beam sweeping. In fact, at t0, for example, the signals of Beam 1 and Beam 2 cover different areas and do not overlap. Reception of RACH happens in a similarly beamformed way. Hence the two beams could have the same RACH configuration and not be subject to RACH configuration conflict.
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Figure 1: Showing that neighbouring beams may not overlap in space and time due to beam sweeping. 
Observation 3: RACH Configuration Conflict may be detected at gNB-CU by comparing cell’s RACH configuration and by determining cell’s neighbourhood, but it may be subject to errors due to UL/DL coverage imbalance and lack of beams overlap from a time/space point of view 
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. 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


Observation 4: Detection of RACH configuration conflict at the gNB-DU may provide reliable results based on detected RACH requests from UEs.
Resolution of RACH configuration conflicts
Upon detecting a RACH configuration conflict (either at the gNB-CU or after signalling from gNB-DU), a number of options are available on how to resolve the conflict:
Option-1: The gNB-CU could instruct the gNB-DU to resolve the RACH configuration conflict for a served cell without any further assistance information
While being the leanest and simplest approach and leaving the maximum flexibility at the gNB-DU, without further assistance information the gNB-DU may choose a new configuration that either does not fully resolve the conflict or it may create a RACH configuration conflict with another neighbouring cell served by a neighbouring eNB.

Option-2: The gNB-CU could instruct the gNB-DU to resolve the RACH configuration conflict for a served cell with additional assistance information, such as information related to RACH configuration of the neighbouring cell that creates the RACH configuration conflict and information related to RACH configuration of other neighbouring cells that should be avoided when resolving the conflict.
Option 2a keeps all the advantages of option-1 (lean and flexible approach) while ensuring that the gNB-DU has enough information to change the RACH configuration and avoid any RACH configuration conflict with neighbouring cells.
Option 2b shifts some of the RACH optimization at the gNB-CU, and as such is less lean. In addition, the gNB-CU may not have enough information to properly choose a range of RACH parameters that can fulfil the user plane requirements of the cell. Thus, the gNB-DU would be limited to choose among a suboptimal subset of RACH configurations. In the worst case, the gNB-CU could actually determine a too narrow range of parameters that would implicitly correspond to a single RACH configuration.   

Option-3: The gNB-CU could resolve the RACH configuration conflict and inform the gNB-DU of the new configuration to apply to the cell that experienced the conflict
This approach is the least lean and may lead to an undesired RACH configuration for the served cell since the gNB-CU is not aware of the RACH resources that are sufficient to the gNB-DU implementation and of the need for user plane resources at the gNB-DU. As an example of the above limitations, it is up to the gNB-DU implementation how much RACH resource allocation is needed to ensure correct detection of RACH access. As a different example, resource partitioning policies at the gNB-DU may pose limitations on the amount of UP resources employed as RACH resources. 
In Option 3, a negotiation mechanism may be needed between the gNB-CU and the gNB-DU so that the gNB-DU could, for instance, reject a RACH configuration suggested by the gNB-CU if this is not feasible in light of gNB-DU implementation and policies. This negotiation mechanism poses the risk of slow or no convergence and it would delay optimisation of RACH, potentially causing access failures.
From the evaluation above it can be seen that Option 2 provides the best solution because it involves the gNB-CU in the identification of RACH configurations that should be avoided by a gNB-DU trying to resolve a RACH configuration conflict and at the same time it allows for the gNB-DU to optimally select the RACH configuration that best suites its implementation and policies.
Observation 5: A solution for RACH configuration conflict resolution that allows the gNB-CU to identify the configurations to avoid and the gNB-DU to select the RACH configuration that best fits its implementation is the optimal solution.
Potential Solution
From the above sections it can be appreciated that the best solution for RACH configuration conflict detection and resolution detection and resolution is one where:
· The gNB-DU detects potential cases of RACH configuration conflicts by monitoring reception of Msg1 followed by absence of Msg3
· The gNB-DU signals the gNB-CU of a possible RACH configuration conflict involving e.g. Cell A
· The gNB-CU verifies that other cells in Cell A neighbourhood have an overlapping RACH configuration with Cell A and signals to gNB-DU the RACH configurations to avoid when choosing a new configuration for Cell A
· gNB-DU selects a new RACH configuration taking the limitations from the gNB-CU into account
· gNB-DU signals gNB-CU of the newly adopted RACH configuration in gNB-DU configuration Update
The above is shown in figure 3.
gNB-DU 1
serving Cell1 
gNB-DU 2
serving Cell2 
UE
Cell 1 and Cell 2 are in RACH configuration conflict
1. Msg1 RACH Request for Cell 2
gNB-DU 1 detects Msg1 and responds with Msg 2
2. Msg2 RACH Response (scrambled with Cell 2 PCI)
UE cannot decode Msg2 and does not reply with Msg3
Failure to receive Msg3 prompts gNB-DU 1 to signal gNB-CU of the possible occurrence of RACH configuration conflict
gNB-CU
3. Indication of RACH configuration conflict
gNB-CU verifies that Cell 1 and Cell 2 are in conflicts. gNB-CU sends to gNB-DU 1 RACH configurations to avoid when selecting a new RACH configuration for Cell 1
4. Indication of RACH configurations to avoid when reselecting a RACH configuration for Cell 1
gNB-DU 1 selects a new RACH configuration for Cell 1, avoiding configurations signaled by gNB-CU, and signals the update back to gNB-CU in gNB-DU Configuration Update
5. gNB-DU configuration Update (New RACH Configuration for Cell1)

Figure 3: Proposed solution for RACH configuration conflict detection and resolution

Proposal: It is proposed to adopt a solution for RACH configuration conflict detection and resolution based on the following steps:
· The gNB-DU detects potential cases of RACH configuration conflicts by monitoring reception of Msg1 followed by absence of Msg3
· The gNB-DU signals the gNB-CU of a possible RACH configuration conflict involving e.g. Cell A
· The gNB-CU verifies that other cells in Cell A neighbourhood have an overlapping RACH configuration with Cell A and signals to gNB-DU the RACH configurations to avoid when choosing a new configuration for Cell A
· gNB-DU selects a new RACH configuration taking the limitations from the gNB-CU into account
· gNB-DU signals gNB-CU of the newly adopted RACH configuration in gNB-DU configuration Update

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 Observations:
Observation 1: In NR, RACH configurations of neighbour cells/beams are free from conflict if 
· The RACH resources do not overlap in time
· The RACH resources do not overlap in frequency
· The RACH preambles used by neighbour cells do not overlap
· The beams on which the RACH resources are made available do not overlap in space and time
Observation 2: In NR, due to the beam distribution in space and time, it is more difficult to incur in RACH configuration conflict thank in LTE.
Observation 3: RACH Configuration Conflict may be detected at gNB-CU by comparing cell’s RACH configuration and by determining cell’s neighbourhood, but it may be subject to errors due to UL/DL coverage imbalance and lack of beams overlap from a time/space point of view 
Observation 4: Detection of RACH configuration conflict at the gNB-DU may provide reliable results based on detected RACH requests from UEs.
[bookmark: _GoBack]Observation 5: a solution for RACH configuration conflict resolution that allows the gNB-CU to identify the configuration to avoid and the gNB-DU to select the RACH configuration that best fits its implementation is the optimal solution
On the basis of the Observations above the following is proposed
Proposal: It is proposed to adopt a solution for RACH configuration conflict detection and resolution based on the following steps:
· The gNB-DU detects potential cases of RACH configuration conflicts by monitoring reception of Msg1 followed by absence of Msg3
· The gNB-DU signals the gNB-CU of a possible RACH configuration conflict involving e.g. Cell A
· The gNB-CU verifies that other cells in Cell A neighbourhood have an overlapping RACH configuration with Cell A and signals to gNB-DU the RACH configurations to avoid when choosing a new configuration for Cell A
· gNB-DU selects a new RACH configuration taking the limitations from the gNB-CU into account
· gNB-DU signals gNB-CU of the newly adopted RACH configuration in gNB-DU configuration Update
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