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1. Introduction 
In this paper, we discuss RACH optimization enhancements based on the scope identified last RAN3 meeting
· RACH optimization for feature or feature combinations involving RACH partitioning (SDT, RedCap, Coverage Enhancement, network slicing, …)
· RACH report retrieval
· SN RACH report in MR-DC
2. Discussion 
In Rel-17, RACH optimization is supported by UE reported information made available at the NG RAN node and by PRACH parameters exchange between NG RAN nodes.
Feature combination specific RACH configurations
In Rel-17, 3GPP introduce RACH resource partitioning based on feature combinations. The network can associate a set of RACH resources with feature(s) applicable to a RA procedure: Network Slicing, RedCap, SDT, and NR coverage enhancement. 
Observation 1: 3GPP introduced feature combination specific RACH configurations in Rel-17, which enables the network to associate a set of RACH resources with feature(s) applicable to a RA procedure: Network Slicing, RedCap, SDT, and NR coverage enhancement.
A set of RACH resources associated with a feature is only valid for random access procedures applicable to at least that feature; and a set of RACH resources associated with several features is only valid for random access procedures having at least all of these features. 
The UE selects the set(s) of applicable RACH resources, after uplink carrier (i.e., NUL or SUL) and BWP selection and before selecting the RA type
The following is from TS 38.331, which highlights the feature or feature-combination specific RACH configurations in addition to the already existing rach-ConfigCommon and msgA-ConfigCommon
-- ASN1START
-- TAG-BWP-UPLINKCOMMON-START

BWP-UplinkCommon ::=                SEQUENCE {
…
    rach-ConfigCommon                   SetupRelease { RACH-ConfigCommon }                  OPTIONAL,   -- Need M
    msgA-ConfigCommon-r16               SetupRelease { MsgA-ConfigCommon-r16 }              OPTIONAL    -- Cond SpCellOnly2
    [[
    additionalRACH-ConfigList-r17       SetupRelease { AdditionalRACH-ConfigList-r17 }       OPTIONAL, -- Cond SpCellOnly2
 
   ]]
}

AdditionalRACH-ConfigList-r17 ::=       SEQUENCE (SIZE(1..maxAdditionalRACH-r17)) OF AdditionalRACH-Config-r17

AdditionalRACH-Config-r17 ::=       SEQUENCE {
    rach-ConfigCommon-r17               RACH-ConfigCommon                                     OPTIONAL,  -- Need R
    msgA-ConfigCommon-r17               MsgA-ConfigCommon-r16                                 OPTIONAL,  -- Need R
    ...
}

maxAdditionalRACH-r17                    INTEGER ::= 256      -- Maximum number of additional RACH configurations

additionalRACH-ConfigList
List of feature or feature combination-specific RACH configurations, i.e., the RACH configurations configured in addition to the one configured by rach-ConfigCommon and by msgA-ConfigCommon. The network associates all possible preambles of an additional RACH configuration to a feature or feature combination.
Observation 2: There can be up to 256 additional RACH configurations (feature or feature-combination specific RACH configurations) which can be configured in BWP-UplinkCommon, but only a maximum of 16 PRACH configurations (per UL and SUL) can indicated over F1/Xn
Proposal 1: Exchange the additional RACH configurations (feature and feature-combination specific RACH configurations) over Xn and F1

In Rel-17, the contents of the RA Report from UE comprise of the following:
· Contention detection indication per RACH attempt
· Indexes of the SSBs and number of RACH preambles sent on each tried SSB listed in chronological order of attempts
· Indication whether the selected SSB is above or below the rsrp-ThresholdSSB threshold per RACH attempt
· TAC of the cell in which the UE performs the RA procedure
· Frequency location related information of the RA resources used by the UE
· For 2-step RA, the following information can be additionally included:
· The measured RSRP of DL pathloss reference obtained just before performing RACH procedure (per RA procedure)
· Indication that fallback from 2-step RA to 4-step RA was performed by the UE, as per RACH attempt
· Indication of RA switching point (as defined by the field msgA-TransMax in TS 38.331)
· The payload size available in the UE buffer at the time of initiating the 2-step RA procedure, without considering the padding (per RA procedure)
· MSGA PUSCH resources for 2-step RACH can be included in case the UE uses random access resources configured with CFRA
Considering the introduction of feature-combination specific RACH resources, it is proposed to study potential optimizations in RA report in Rel-18 e.g., UE can indicate the feature combination of the RA resource used in RA report.
Proposal 2: RAN3 should study whether any enhancements to RA report are needed to optimize feature combination specific RACH resources e.g., UE can indicate the feature combination of the RA resource used in RA report.

RA Report Retrieval
Currently there is no RA report availability indication over Uu and gNB-CU retrieves the RA report only based on its implementation. There are also some RACH causes e.g., beam failure recovery failure, no UL synchronization which are not aware of the gNB-CU. Hence gNB-CU might fail to retrieve the RA report in time e.g., the maximum of 8 RA report entries might already got occupied or would have to depend on network signaling (Xn) to retrieve the RA reports from neighbor nodes and then filter the appropriate reports.
This issue was discussed in Rel-16/Rel-17 as well and was deprioritized to Rel-18. We therefore propose to specify support for gNB-DU to send a RACH indication to gNB-CU over F1AP.
Observation 3: In Rel-17, gNB does not know the availability of RACH Report in the UE nor has a clear view of the number of entries a UE has logged in the RACH Report (max 8 entries allowed). Hence gNB doesn’t know when to retrieve RACH Report from UE 
 
Observation 4: UE-based solution (UE indicating a RACH report availability indication to the network in RRC Complete messages) has drawbacks because this can be only sent during handover, reestablishment, connection setup or resume and not during any RACH procedure.
 
Proposal 3: gNB-DU indicates to gNB-CU about the availability of RACH reports when the occurrence of the RACH procedure is not known to the gNB-CU e.g., when RACH is triggered due to beam failure recovery, no PUCCH resource available, UL synchronization issue etc.

Also, another issue was brought up last meeting that RA Report collected for the SN cells are not visible/known by the MN. Hence MN may not fetch the RACH reports pertinent to the SN unless it is notified of their existence and hence some Xn enhancements are needed for timely RA report retrieval of SN RA Reports.

Observation 5: RA Report collected for the SN cells are not visible/known by the MN. Hence MN may not fetch the RACH reports pertinent to the SN unless it is notified of their existence
 
Proposal 4: SN indicates the availability of the RA reports to the MN, MN can fetch the RA report and transfer it to the SN via Access and Mobility Indication procedure

SN RA Report in MR-DC
Observation 6: In Rel-17, UE reports the SN RACH report to the MN, and then MN sends the SN RACH report to SN in case of NR-DC

An LS was sent by RAN2 last meeting enquiring whether SN RA Reports should be extended to other MR-DC scenarios and we propose to do that in Rel-18.
 
Proposal 5: Support MN forwarding of SN RACH report to SN in EN-DC, NE-DC and (NG) EN-DC as well
 
Observation 7: In order to forward the SN RACH report, MN has to understand which node to forward the SN RA report
 
Observation 8: In EN-DC or (NG) EN-DC, the LTE node as MN will not be able to decode the received SN RACH report in NR format
 
Observation 9: In NE-DC, the NR node as MN will not be able to decode the received SN RACH report in LTE format
 
Proposal 6: UE should report the PSCell identity outside the RA report to avoid MN to interpret the RA reports from another RAT. LS RAN2 to provide the support.

3. Conclusion
Feature combination specific RACH configurations
 
Observation 1: 3GPP introduced feature combination specific RACH configurations in Rel-17, which enables the network to associate a set of RACH resources with feature(s) applicable to a RA procedure: Network Slicing, RedCap, SDT, and NR coverage enhancement.
Observation 2: There can be up to 256 additional RACH configurations (feature or feature-combination specific RACH configurations) which can be configured in BWP-UplinkCommon, but only a maximum of 16 PRACH configurations (per UL and SUL) can indicated over F1/Xn
Proposal 1: Exchange the additional RACH configurations (feature and feature-combination specific RACH configurations) over Xn and F1

Proposal 2: RAN3 should study whether any enhancements to RA report are needed to optimize feature combination specific RACH resources e.g., UE can indicate the feature combination of the RA resource used in RA report.
RACH report retrieval
 
Observation 3: In Rel-17, gNB does not know the availability of RACH Report in the UE nor has a clear view of the number of entries a UE has logged in the RACH Report (max 8 entries allowed). Hence gNB doesn’t know when to retrieve RACH Report from UE 
 
Observation 4: UE-based solution (UE indicating a RACH report availability indication to the network in RRC Complete messages) has drawbacks because this can be only sent during handover, reestablishment, connection setup or resume and not during any RACH procedure.
 
Proposal 3: gNB-DU indicates to gNB-CU about the availability of RACH reports when the occurrence of the RACH procedure is not known to the gNB-CU e.g., when RACH is triggered due to beam failure recovery, no PUCCH resource available, UL synchronization issue etc.
 
Observation 5: RA Report collected for the SN cells are not visible/known by the MN. Hence MN may not fetch the RACH reports pertinent to the SN unless it is notified of their existence
 
Proposal 4: SN indicates the availability of the RA reports to the MN, MN can fetch the RA report and transfer it to the SN via Access and Mobility Indication procedure
 
 
SN RA report in MR-DC
 
Observation 6: In Rel-17, UE reports the SN RACH report to the MN, and then MN sends the SN RACH report to SN in case of NR-DC
 
Proposal 5: Support MN forwarding of SN RACH report to SN in EN-DC, NE-DC and (NG) EN-DC as well
 
Observation 7: In order to forward the SN RACH report, MN has to understand which node to forward the SN RA report
 
Observation 8: In EN-DC or (NG) EN-DC, the LTE node as MN will not be able to decode the received SN RACH report in NR format
 
Observation 9: In NE-DC, the NR node as MN will not be able to decode the received SN RACH report in LTE format
 
Proposal 6: UE should report the PSCell identity outside the RA report to avoid MN to interpret the RA reports from another RAT. LS RAN2 to provide the support.
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