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1	Introduction
TR 37.816 describes the following elements for RACH optimization solution:
· UE provides RACH related information report to the NG RAN node (UE RACH Report)
· NG-RAN nodes exchange PRACH configuration for normal UL carrier and SUL carrier
· gNB-DU should be allowed to report its RACH configuration per cell to the gNB-CU
The TR also outlines the content of the RACH report.
In this paper we look into different RACH failure cases and scenarios for RACH, and identify additional elements required for a working RACH optimization solution.
2	Discussion
RACH optimization targets to minimize the occasions where RACH attempts fail while also keeping UE transmission power for RACH at a lowest possible level. The benefits are to minimize RACH procedure delays (e.g. for initial access or beam failure recovery), while at the same time keeping lowest possible UE battery consumption and lowest possible created interference level on the PUSCH channel. To be able to address RACH optimization we have identified the following RACH failure cases: 

1. Msg1 not being received due to general UL-UL interference
2. Msg1 not being received due to power setting
3. Msg1 not being received since UE selected wrong uplink beam
4. Msg1 being received with wrong signature due to large propagation delay, leading to Msg2 not being received by the UE
5. Msg1 being received by two or more cells due to RACH conflict (same PRACH resource including Root Sequence Index in adjacent cells), leading to Msg2 not being received by the UE
6. Msg2 not being received due to general DL inter-cell interference (colliding DL beams)

In addition to these cases, a cell may detect false preambles leading to sending out Msg2 for which there will be no listening UE and hence no corresponding Msg3 received by the cell.

It could be noted that cases 1 and 6 above may require handling by overall interference management and hence do not necessarily lead to change of the RACH parameters. Also, case 2 (power setting) may or may not be linked with the overall interference power received on the PUSCH channel. 

TR 37.816 provides a list of RACH parameters that can be optimized (RACH configuration (resource unit allocation), preamble split, back-off parameter value, transmission power). Another important aspect in RACH optimization is the Root Sequence Index of the RACH preamble. The parameters are provided to idle mode and RRC inactive UEs by broadcast, and to RRC connected mode UEs by dedicated signalling. However, because the RACH parameters always originate at the DU (which sends them to the CU in an RRC container for forwarding to the UE), it seems logical to first explore the means for the DU to identify the RACH failure cause and determine the needed corrective action.


Scenarios involving Random Access triggered by idle mode UEs is primarily Initial Access from RRC Idle mode. Also, as an option the UE in RRC Idle or Inactive may request Other System Information through a Random Access Procedure. When a UE is moved to RRC Inactive by the network it can transition to RRC Connected by performing a Random Access procedure. 

In RRC connected mode, a UE can be configured to declare beam failure if the number of beam failure instances from the physical layer exceed a certain threshold. If this happens, the UE reports beam failure recovery (BFR) by initiating a Random Access procedure on the PCell. Random Access procedure can be triggered when the L1 is not synchronized, in which case an uplink transmission can only take place on PRACH channel. Even though for primary TAG the UE uses PCell as timing reference, for secondary TAG a UE can use any of the activated SCells as a reference. The Random Access procedure is also triggered when UL synchronization is lost and DL or UL data arrives. A UE can receive with dedicated RRC signalling uplink PUCCH resources on which it can send a scheduling request (SR). If no uplink resources are configured, then the UE performs a Random Access procedure to obtain uplink scheduling grant. Random Access procedure is also triggered when synchronization is lost during the SR procedure. The UE regains synchronization with the network by performing RACH. 

During handover, an RRC connected mode UE can perform either contention-based Random Access Procedure (CBRA) or contention-free Random Access Procedure (CFRA) during synchronous reconfiguration. The DU that controls the target cell receives information relative to the incoming handover from the CU in an RRC container and provides parameters for RACH access.

Also, Random Access is used for RRC Connection Re-establishment for example when UE reports Radio Link Failure (RLF). A UE declares a Radio Link Failure (RLF) when any of the following is true: a) RACH failed, b) RLC failed or c) Physical Layer problems are detected. After an RLF, the UE stays in RRC Connected and initiates an RRC Re-establishment procedure. The UE will enter RRC Idle if no cell is found (based on measured SSB and CSI-RS reference signals) for a given time after an RLF is reported. 

To summarize, in NR, the Random Access procedure can be triggered by a number of events [TS 38.300]:

a) Initial access from RRC_IDLE
b) RRC Connection Re-establishment procedure
c) DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised"
d) UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available
e) SR failure
f) Request by RRC upon synchronous reconfiguration (e.g. handover)
g) Transition from RRC_INACTIVE
h) To establish time alignment for a secondary TAG
i) Request for Other SI 
j) Beam failure recovery
RACH trigger types can be categorized into 2 categories, RACH procedures while the UE is in RRC Idle or RRC Inactive states (cases a), e), g) and i) above) and RACH while the UE is in RRC Connected (cases b), c), d), f), h), and j) above).

In CU/DU split architectures, the DU and the CU have different views of the network which could influence their ability to resolve RACH failures. However, in all cases above, the DU can internally detect whether RACH procedure is for a UE in Initial Access or for UE in RRC Connected either directly through the UE messages or from the RRC messages originating from the CU. During RACH for initial access, the DU with an (INITIAL) UL RRC MESSAGE TRANSFER transferring the layer 3 message to CU indicates to the latter lower layer information pertaining to the RACH procedure. This message contains a DU to CU RRC Information IE with CellGroupConfig IE. CellGroupConfig IE may include a field ReconfigurationWithSync when reconfiguration with sync is indicated. CellGroupConfig IE indicates to the CU a group of cells with L1 defined parameters (e.g., MCS of RNTI, maximum transmit power to be used by UE in the cell group across all serving cells in FR1 or corresponding maximum transmit power used by the UE across all serving cells in FR1 across all cell groups, transmission power control parameters, etc.)  and MAC defined parameters (e.g., DRX, BSR, SR, TAG, PHR configurations).

In addition, the CellGroupConfig IE is included during RACH in RRC Connected state in the RRC Information IE contained in UE CONTEXT SETUP RESPONSE message from DU to CU when CU changes the DU serving the UE, e.g., during handover. CU receiving the RRC Information IE should either do RRC Reconfiguration (make modifications to existing RRC Connection to perform reconfiguration with sync and to modify cell groups) or an RRC Connection Resume. 

From the above, provided that the RACH Report is made available in the DU, we observe that the DU can resolve failure cases 2 and 3 without further CU assistance. 
 
Observation 1: DU can resolve RACH failure cases 2 and 3 based on the availability of the RACH Report.

Failure case 4 can be detected by the DU based on statistical analysis of missing Msg3 reception and analysis of both the UE RLF Report and the RACH Report, in which case the DU can deduce that RACH systematically fails for UEs located far out in the cell (the UE RLF Report includes RSRP measurements). The corrective action may be update of the Ncs (cyclic shift number) parameter. 

Observation 2: DU can resolve RACH failure case 4 based on statistical analysis of missing Msg3 reception and the availability of the UE RLF Report and the RACH Report in the DU.

Failure case 5 may require statistical analysis of missing Msg3 reception as well as availability of the RACH configuration of neighbour cells in the DU. The content of the RACH report will depend on network implementation aspect, i.e. whether the cells suffering from the colliding RACH configuration send out Msg2 at the same time. 

Observation 3: DU can resolve RACH failure case 5 based on statistical analysis of missing Msg3 reception and availability of the RACH configuration of neighbour cells in the DU.

Based on these observations it seems beneficial to provide UE RLF Report, RACH Report and RACH Configuration of neighbouring cells to the DU.

Proposal 1: The CU forwards the UE RLF Report to the DU.
Proposal 2: The CU forwards the RACH Report to the DU.
Proposal 3: The CU forwards the RACH Configuration of neighbouring cells to the DU.

With this information available in the DU, we assume the following process could be typically used for RACH optimization:

1. The DU first solves problems linked to general UL and/or DL inter-cell interference (failure cases 1 and 6). Main information sources for the DU would be the existence of a high number of HARQ retransmissions in some parts of the cell, and RACH attempts with cause BFR. In this step, possibly the DU might also benefit from receiving UE RLF reports from the CU. 
2. After issues linked to general interference have been handled, RACH optimization takes place for RACH failure cases 2, 3, 4 and 5. The DU may decide to change the beam on which RACH is performed and/or update the transmission power. The DU may also update its back-off parameter value. A high number of received Msg1 without corresponding Msg3 may be an indication of failure case 5, requiring the DU to change the RACH Root Sequence Index.


3	Conclusion
We have made the following observations and proposals:
Observation 1: DU can resolve RACH failure cases 2 and 3 based on the availability of the RACH Report.
Observation 2: DU can resolve RACH failure case 4 based on statistical analysis of missing Msg3 reception and the availability of the UE RLF Report and the RACH Report in the DU.
Observation 3: DU can resolve RACH failure case 5 based on statistical analysis of missing Msg3 reception and availability of the RACH configuration of neighbour cells in the DU.

Proposal 1: The CU forwards the UE RLF Report to the DU.
Proposal 2: The CU forwards the RACH Report to the DU.
Proposal 3: The CU forwards the RACH Configuration of neighbouring cells to the DU.



