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1	Introduction
RACH optimization was one of the SON functions studied and standardized in Rel-16. 
In this paper we discuss the potential solution to deliver 2-step (and 4-step) RA-Type feedback information.
[bookmark: _Ref178064866]2	Discussion
2.1 Signalling of UE 2-step RA report
The RA-Report is used for optimisation of RACH access procedures in a cell. This report is for the purpose of conveying feedback from a UE that has performed successful RACH access procedure in different or the same cell. The RACH access report is standardized in RAN2 as RA-ReportList-r16 field in the RRC: UEInformationResponse message supporting up to 8 number of successful 4-step RAs that is stored by the UE for the past. Similar to 4-step RA type, the 2-step RA type can also be included in the RA-Report.
[bookmark: _GoBack]In general, RA-Report-16 includes cell identifier, global cell identity, physical cell identity, frequency ARFCN, RA purpose and frequency related information performed in 4-step RA procedure :
RA-ReportList-r16 ::= SEQUENCE (SIZE (1..maxRAReport-r16)) OF RA-Report-r16

RA-Report-r16 ::=                    SEQUENCE {
    cellId-r16                           CHOICE {
        cellGlobalId-r16                     CGI-Info-Logging-r16,
        pci-arfcn-r16                        SEQUENCE {
            physCellId-r16                       PhysCellId,
            carrierFreq-r16                      ARFCN-ValueNR
        }
    },
    ra-InformationCommon-r16             RA-InformationCommon-r16,
    raPurpose-r16                        ENUMERATED {accessRelated, beamFailureRecovery, reconfigurationWithSync, ulUnSynchronized,
                                                    schedulingRequestFailure, noPUCCHResourceAvailable, requestForOtherSI,
                                                    spare9, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1}
}

RA-InformationCommon-r16 ::=         SEQUENCE {
    absoluteFrequencyPointA-r16          ARFCN-ValueNR,
    locationAndBandwidth-r16             INTEGER (0..37949),
    subcarrierSpacing-r16                SubcarrierSpacing,
    msg1-FrequencyStart-r16              INTEGER (0..maxNrofPhysicalResourceBlocks-1)     OPTIONAL,
    msg1-FrequencyStartCFRA-r16          INTEGER (0..maxNrofPhysicalResourceBlocks-1)     OPTIONAL,
    msg1-SubcarrierSpacing-r16           SubcarrierSpacing                                OPTIONAL,
    msg1-SubcarrierSpacingCFRA-r16       SubcarrierSpacing                                OPTIONAL,
    msg1-FDM-r16                         ENUMERATED {one, two, four, eight}               OPTIONAL,
    msg1-FDMCFRA-r16                     ENUMERATED {one, two, four, eight}               OPTIONAL,
    perRAInfoList-r16                    PerRAInfoList-r16
}

The RA-Report should consist of 1) common BWP configuration parameters which are common for all the RA procedures performed in the BWP, and 2) parameters reported per RA attempt. The common cell configuration parameters as well as per RA attempt parameters are relevant for both 4-step RA and 2-step RA types. However, a UE should be able to report information only related to either 2-step, 4-step or both RA types procedures depending on cell configurations e.g. the RA-Report for a UE that has already performed successful 2-step RA procedure may contain parameters that would be relevant for 4-step RA as well. 
A UE should be able to report feedback information only related to 2-step RA procedures and should therefore be able to include both parameters that are specific to 2-step RA and parameters that are relevant for both 2-step RA and 4-step RA.
Detail information on each RA attempt for 2-step RA type are agreed to be included in RA-Report e.g. the selected beam, the frequency parameters Contention detection etc are useful information to be logged with time stamp in the feedback information by the UE e.g. information related to GPS time and Coordinated Universal Time (UTC).
timeInfo                            SEQUENCE {
        timeInfoUTC                         INTEGER (0..549755813887),
        dayLightSavingTime                  BIT STRING (SIZE (2))                   OPTIONAL,   
        leapSeconds                         INTEGER (-127..128)                     OPTIONAL,   
        localTimeOffset                     INTEGER (-63..64)                       OPTIONAL
}   
This information can be correlated with other data collected at similar locations and time which would aid the network to optimize random access procedures i.e. the UE behaviour compared with the current network configuration over time.
Proposal 1 Include a timestamp associated with each RA attempt in the reported feedback information (This is equally applicable for 2-step RA and 4-step RA).
The RA-Report is only transmitted to the network with performing a successful RA procedure. In some cases, although a UE performs a successful PRACH, pre-defined number of RA attempt failure can be declared by a UE i.e. in the MAC subPDU in the Random Access Response (MSGB), either a fallbackRAR or a Backoff Indicator (BI) is indicated after 2-step RA attempt failure.

In other words, a MAC PDU consists of one or more MAC subPDUs and optionally padding. Each MAC subPDU consists a MAC subheader with Backoff Indicator only, with fallbackRAR, or with successRAR, see Figure 1.
[bookmark: _Ref61276837]Figure 1 Example of a MSGB MAC PDU with MAC SDU(s)
Note that the Backoff Indicator field identifies the overload condition in the cell. Hence, if a backoff was applied, this may indicate that the RA attempt failure may have been due to overloaded RA (transmission or processing) resources which this could be analysed per cell over time.
Observation 1 Indication of an applied backoff after a failed RA attempt may indicate that the RA attempt failure may have been due to overloaded RA (transmission or processing) resources, which is useful information for the analysis for a cell.


Figure 2 BI MAC subheader in MAC subPDU (MSGB)


Figure 3 FallbackRAR MAC subheader in MAC subPDU (MSGB)


Figure 4 SuccessRAR MAC subheader in MAC subPDU (MSGB)
In light of above, we propose:
Proposal 2 Include an indication of whether backoff was applied after the RA attempt in the feedback information (This is equally applicable for 2-step RA and 4-step RA).
Some configuration parameters can be logged by a UE to optimize the 2-step RA performance itself e.g. msgA-TransMax16. 
    msgA-TransMax-r16        ENUMERATED {n1, n2, n4, n6, n8, n10, n20, n50, n100, n200}   OPTIONAL,

Optimizing this parameter increases the successful rate of the 2-step RA by setting the proper MsgA preamble transmissions before switching to 4-step RA. This information aids the network to find the coverage issues.
Proposal 3 The feedback information is enhanced to include msgA-TransMax16 in the feedback information (This is equally applicable for 2-step RA and 4-step RA).
Some configuration parameters can be logged by a UE in the feedback information to optimize the network performance rather than the 2-step RA performance. The parameter configurations i.e. scheduling request, UL Un-synchronized, etc might cause 2-step RA failure. Hence, the RA purpose (raPurpose-r16) would be a good indication that the 2-step RA configurations are not causing the RA failures.
raPurpose-r16                        ENUMERATED {accessRelated, beamFailureRecovery, reconfigurationWithSync, ulUnSynchronized,schedulingRequestFailure, noPUCCHResourceAvailable, requestForOtherSI,spare9, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1}

The RA purpose for the failed 2-step RA type procedure is complemented by a set of other parameters that would aid a detailed analysis of the reported 2-step RA procedures in gNB for identification of potential suboptimal configurations and identification of suitable optimizations.
In addition, the raPurpose for 2-step RA failure is not reported to the network in RLF report. Therefore, we propose RA purpose (raPurpose-r16) shall be logged in the feedback information.

Proposal 4 [bookmark: _Hlk61377976]The feedback information is enhanced to include RA purpose (raPurpose-r16) specifically for the failed RA procedure for 2-step RA type (This is equally applicable for 2-step RA and 4-step RA).

Proposal 5 Send an LS to RAN2 asking to investigate the possibility of reporting the above parameters in the 2-step RA report information.

2.2 Signalling of UE 2-step RA report in DC scenario
The RA-Reports can be collected not only for multiple cells in mobility scenarios but also for dual connectivity (DC) scenarios. New secondary node (SN) related 2-step RA type additions in RA-ReportList-r16 should also be exchanged in RRC format in DC scenarios. The master node (MN) can either read the container or forward it transparently to SN. Note that this information is UE specific. The MN fetches the report from the UE and transfers it to SN (with request of SN) via XnAP: ACCESS AND MOBILITY INDICATION procedure in RACH Report List. The mechanism to fetch the SN related RA-Reports is addressed in [1]. The conclusion here is similar, and therefore we propose to add the S-NG-RAN node UE XnAP ID IE in the RACH Report List IE of the ACCESS AND MOBILITY INDICATION message.
Proposal 6 The SN related 2-step RA feedback information should be transferred explicitly via RACH Report List specified by XnAP UE IDs. 
Conclusion
Based on the discussion in the previous section we propose to agree to the following:
1. A UE should be able to report feedback information only related to 2-step RA procedures that is specific to 2-step RA and parameters that are relevant for both 2-step RA and 4-step RA without reporting any parameters that are specific to 4-setp RA type.
1. Indication of an applied backoff after a failed RA attempt may indicate that the RA attempt failure may have been due to overloaded RA (transmission or processing) resources, which is useful information for the analysis for a cell.
1. Include a timestamp associated with each RA attempt in the reported feedback information (This is equally applicable for 2-step RA and 4-step RA).
1. Include an indication of whether backoff was applied after the RA attempt in the feedback information (This is equally applicable for 2-step RA and 4-step RA).
1. The feedback information is enhanced to include msgA-TransMax16 in the feedback information (This is equally applicable for 2-step RA and 4-step RA).
1. The feedback information is enhanced to include RA purpose (raPurpose-r16) specifically for the failed RA procedure for 2-step RA type (This is equally applicable for 2-step RA and 4-step RA).
1. Send an LS to RAN2 asking to investigate the possibility of reporting the above parameters in the 2-step RA report information.
The SN related 2-step RA feedback information should be transferred explicitly via RACH Report List specified by XnAP UE IDs.
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