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1 Introduction
The enhancement of R16 new features enabled by data collection, e.g. 2-step RA, mobility enhancements, is one objective of the WI Enhancement of data collection for SON/MDT in NR. 
In last RAN#88 E-meeting, the discussion on SON considerations for 2-step RA was initiated, and it was agreed to introduce new logged content for 2-step RA in RA report, RLF report, and CEF report [1]. Due to the time was limited, the detailed content for 2-step RA was not addressed in RAN2. On the other hand, RAN3 discussed the potential reported information for 2-step RA, achieved the initial consensus and sent the LS to RAN2 [2].
This contribution will discuss the information in the LS, as well as some further information that UE needs to report for 2-step RA.
2 Discussion 
2.1 2-step RA related report information from RAN3’s LS

In last RAN3#109E meeting, RAN3 discussed the RACH optimisation feature for two-step RA, and found that some information is needed to optimise the network parameters related to two-step RAs. 
Following is the information that all companies agree to include into the RACH report for two-step RA at least

-
Information included in Rel-16 RA report which also applied to 2-step RA e.g. CBRA VS CFRA, SSB where the RACH access is performed.

-
Information that can distinguish 2-step RA from 4-step RA in the granularity of per-RA attempt.

-
Whether the DL beam quality associated to each random access attempt is above or below the msgA-RSRP-ThresholdSSB-r16.

-
For each 2-step RA attempt, whether it is fallen back to 4-step RA following indication from the network.

For whether the DL beam quality is above or below the msgA-RSRP-Threshold-r16, all companies agree that this information should be included, but view is split on the granularity, i.e. whether it should be per-RA-procedure or per-RA-attempt. 
For the report information about 2-step RA, many contributions for last RAN2 meeting had similar proposal, as summarized in [3], where the information related to RAN3 LS has been highlighted:

Based on the contributions from CATT, Nokia, Qualcomm, ZTE and Oppo, the following parameters needs to be investigated as a potential 2 step RA related report content.

RA type i.e., 2 step RA or 4 step RA

2-step RA specific resources

Fallback from 2-step RA to 4-step RA

Payload size or size of msgA

Number of msg-A transmission per SSB/CSI-RS

Number of msg-3 transmission per SSB/CSI-RS

measured RSRP at which a UE selects 2-step or 4-step RACH in order to optimize PUSCH occasions

Therefore, RAN2 could confirm the content for 2-step RA from RAN3’s LS
As for the granularity of whether the DL beam quality is above or below the msgA-RSRP-Threshold-r16, following is the description of random access resource selection for 2-step RA type in section 5.1.2a of TS38.321[4]:

5.1.2a
Random Access Resource selection for 2-step RA type

If the selected RA_TYPE is set to 2-stepRA, the MAC entity shall:
1>
if the contention-free 2-step RA type Resources associated with SSBs have been explicitly provided in rach-ConfigDedicated and at least one SSB with SS-RSRP above msgA-RSRP-ThresholdSSB amongst the associated SSBs is available:

2>
select an SSB with SS-RSRP above msgA-RSRP-ThresholdSSB amongst the associated SSBs;

2>
set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB.

1>
else (i.e. for the contention-based Random Access Preamble selection):

2>
if at least one of the SSBs with SS-RSRP above msgA-RSRP-ThresholdSSB is available:
3>
select an SSB with SS-RSRP above msgA-RSRP-ThresholdSSB.

2>
else:

3>
select any SSB.
It is observed that whenever UE selects beam, it compares the DL beam quality with the threshold msgA-RSRP-ThresholdSSB, rather than msgA-RSRP-Threshold-r16, which is used for the selection between 2-step RA type and 4-step RA type when both 2-step and 4-step RA type Random Access Resources are configured in the UL BWP. 

In Rel-16 RA report, the indication of the DL beam quality is in the granularity of per-RA-attempt [5]:
PerRAAttemptInfoList-r16 ::=         SEQUENCE (SIZE (1..200)) OF PerRAAttemptInfo-r16

PerRAAttemptInfo-r16 ::=             SEQUENCE {

    contentionDetected-r16               BOOLEAN                OPTIONAL,

    dlRSRPAboveThreshold-r16             BOOLEAN                OPTIONAL,

    ...

}

dlRSRPAboveThreshold

This field is used to indicate whether the DL beam (SSB) quality associated to the random access attempt was above or below the threshold (rsrp-ThresholdSSB in beamFailureRecoveryConfig in UL BWP configuration of UL BWP selected for random access procedure initiated for beam failure recovery; Otherwise, rsrp-ThresholdSSB in rach-ConfigCommon in UL BWP configuration of UL BWP selected for random access procedure.
Therefore, the granularity of whether the DL beam quality is above or below the msgA-RSRP-ThresholdSSB is per-RA-attempt.
Proposal 1: RAN2 confirms the content for 2-step RA from RAN3’s LS, and the reporting granularity of whether the DL beam quality is above or below the msgA-RSRP-ThresholdSSB is per-RA-attempt.
2.2 Other 2-step RA specific information 
In Rel-16, two types of random access procedure are supported: 4-step RA type with MSG1 and 2-step RA type with MSGA. Both types of RA procedure support contention-based random access (CBRA) and contention-free random access (CFRA). The UE selects the type of random access at initiation of the random access procedure based on network configuration:

-
when CFRA resources are not configured, an RSRP threshold is used by the UE to select between 2-step RA type and 4-step RA type;

-
when CFRA resources for 4-step RA type are configured, UE performs random access with 4-step RA type;

-
when CFRA resources for 2-step RA type are configured, UE performs random access with 2-step RA type.
The MSGA of the 2-step RA type includes a preamble on PRACH and a payload on PUSCH. After MSGA transmission, the UE monitors for a response from the network within a configured window. For CFRA, upon receiving the network response, the UE ends the random access procedure. For CBRA, if contention resolution is successful upon receiving the network response, the UE ends the random access procedure; while if fallback indication is received in MSGB, the UE performs MSG3 transmission and monitors contention resolution. If contention resolution is not successful after MSG3 (re)transmission(s), the UE goes back to MSGA transmission.
In Rel-16 SON/MDT, following information for 4-setp RA is included in the RACH report [5]:

RA-Report-r16 ::=                    SEQUENCE {

    cellId-r16                           CGI-Info-Logging-r16,

    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

}

PerRAInfoList-r16 ::= SEQUENCE (SIZE (1..200)) OF PerRAInfo-r16

PerRAInfo-r16 ::=                    CHOICE {

    perRASSBInfoList-r16                 PerRASSBInfo-r16,

    perRACSI-RSInfoList-r16              PerRACSI-RSInfo-r16

}

PerRASSBInfo-r16 ::=                 SEQUENCE {

    ssb-Index-r16                        SSB-Index,

    numberOfPreamblesSentOnSSB-r16       INTEGER (1..200),

    perRAAttemptInfoList-r16             PerRAAttemptInfoList-r16

}

PerRACSI-RSInfo-r16 ::=              SEQUENCE {

    csi-RS-Index-r16                     CSI-RS-Index,

    numberOfPreamblesSentOnCSI-RS-r16    INTEGER (1..200)

}

PerRAAttemptInfoList-r16 ::=         SEQUENCE (SIZE (1..200)) OF PerRAAttemptInfo-r16

PerRAAttemptInfo-r16 ::=             SEQUENCE {

    contentionDetected-r16               BOOLEAN                OPTIONAL,

    dlRSRPAboveThreshold-r16             BOOLEAN                OPTIONAL,

    ...

}

For 2-step RA, similar information, such as locationAndBandwidth, subcarrierSpacing, msgA-SubcarrierSpacing, msgA-RO-FrequencyStart, msgA-RO-FDM, should also be reported to fix the frequency location of msgA. Also, the raPurpose should also be reported.
Proposal 2: Include the 2-step RA frequency related information such as locationAndBandwidth, subcarrierSpacing, msgA-SubcarrierSpacing, msgA-RO-FrequencyStart, msgA-RO-FDM, as well as raPurpose in the RA-Report.
Similarly, 2-step RA related SSB/CSI-RS index, the number of msgAs sent on the SSB/CSI-RS, as well as whether the contention is detected should also report to the network.

Proposal 3: Include the SSB/CSI-RS related information such as beam index, number of msgAs sent on the SSB/CSI-RS, as well as whether the contention is detected in the RA-Report.
One difference between 2-step RA and 4-step RA is that PUSCH resource is assigned for the transmission of msgA payload, and the allocation of the PUSCH resource could also influence the transmission success/failure of msgA. So, the reporting of PUSCH resource information for the 2-step RA is useful for the gNB to optimize the resource allocation for msgA transmission.

Proposal 4: Include the PUSCH resource allocated for msgA in the RA-Report.
2.3 2-step and 4-step RA related information
The network could configure UE to initiate 2-step RA (including 2-step CBRA or 2-step CFRA) or 4-step RA, or both. Moreover, network could configure whether UE is allowed to fallback to 4-step RA after transmitting a number of msgA but not completed. Therefore, UE may initiate or fallback to 4-step RA due to following reasons:

1) Network only configures UE to initiate 4-step RA (Also, network could configure UE to only initiate 2-step RA).
2) UE initiates 4-step RA due to its RSRP measurement is lower than the configured threshold for RA type selection.
3) UE is configured to fallback to 4-step CBRA when the random access procedure with 2-step RA type is not completed after a number of MSGA transmissions.
Therefore, to distinguish above different cases for triggering 4-step RA and 2-step RA, UE could report the RA type configured by the network, e.g. 2-step RA, 4-step RA, or even 2-step CBRA, 2-step CFRA, 4-step CBRA, 4-step CFRA. Also, UE reports the detailed RA type each time UE initiates, which has been covered by the LS from RAN3.
Proposal 5: Include the configuration of RA types by network, e.g. 2-step RA, 4-step RA, or even 2-step CBRA, 2-step CFRA, 4-step CBRA, 4-step CFRA, in the RA-Report. 
Furthermore, the reason of 4-step RA, such as RSRP measurement is lower than the configured RSRP threshold for 2-step RA selection, or UE has transmitted N times MSGA but 2-step RA is not completed, could also report to the gNB, so that network could optimize the RSRP threshold for RA type selection (e.g. low RSRP threshold leads to lots of 2-step RA attempts but failed) and the number of msgA transmitted before fallback to 4-step RA (e.g. high number of allowable msgA transmissions before fallback results in too many 2-step RA failures and long time before random access success). 
Proposal 6: For the scenario that both 2-step RA and 4-step RA are configured, include the reason of 4-step RA in the RA-Report, e.g. RSRP measurement is lower than the RSRP threshold for 2-step RA, or UE has transmitted N times MSGA but 2-step RA is not completed or fallback from 2-step RA.
Similar to numberOfPreamblesSent of 4-step RA, the number of MSGA transmissions that UE has tried could also reported so that network side has the information that how many times UE has tried the 2-step RA. This information could help network to optimize the number that UE could transmit msgA before switching to 4-step RA. 
Proposal 7: Include the number of MSGA transmissions that UE has tried in the RA-Report.
Since the RO could be shared between 2-step RA and 4-step RA, the indication of whether the used RO is shared could help network to optimize the assignment of RO between 2-step RA and 4-step RA. For instance, if the random access collision always happened for 2-step RA that use shared RO, but the 4-step RA that shares the RO always succeed, the network could assign more shared RO for 2-step RA to reduce the collision happen in 2-step RA.
Proposal 8: Include the indication whether the RO is shared in the RA-Report.
For 2-step RA, after the transmission of mgsA, UE waits for the response msgB from the gNB. MSGB may consist of response(s) for contention resolution, fallback indication(s), and backoff indication. For CBRA, if contention resolution is successful upon receiving the network response, the UE ends the random access procedure; while if fallback indication is received in MSGB, the UE performs MSG3 transmission and monitors contention resolution. If contention resolution is not successful after MSG3 (re)transmission(s), the UE goes back to MSGA transmission. Therefore, the response from the gNB is also helpful for gNB to understand the UE’s procedure of 2-step RA, and could also be reported to the network.

Proposal 9: Include the response information after msgA transmission, i.e. contention resolution/ fallback indication / backoff indication in the RA-Report.
3 Conclusions
In this contribution, we address the potential 2-step RA related report information and made following proposals:

Proposal 1: RAN2 confirms the content for 2-step RA from RAN3’s LS, and the reporting granularity of whether the DL beam quality is above or below the msgA-RSRP-Threshold-r16 is per-RA-procedure.
Proposal 2: Include the 2-step RA frequency related information such as locationAndBandwidth, subcarrierSpacing, msgA-SubcarrierSpacing, msgA-RO-FrequencyStart, msgA-RO-FDM, as well as raPurpose in the RA-Report.
Proposal 3: Include the SSB/CSI-RS related information such as beam index, number of msgAs sent on the SSB/CSI-RS, as well as whether the contention is detected in the RA-Report.

Proposal 4: Include the PUSCH resource allocated for msgA in the RA-Report.
Proposal 5: Include the configuration of RA types by network, e.g. 2-step RA, 4-step RA, or even 2-step CBRA, 2-step CFRA, 4-step CBRA, 4-step CFRA, in the RA-Report. 
Proposal 6: For the scenario that both 2-step RA and 4-step RA are configured, include the reason of 4-step RA in the RA-Report, e.g. RSRP measurement is lower than the RSRP threshold for 2-step RA, or UE has transmitted N times MSGA but 2-step RA is not completed or fallback from 2-step RA.
Proposal 7: Include the number of MSGA transmissions that UE has tried in the RA-Report.
Proposal 8: Include the indication whether the RO is shared in the RA-Report.
Proposal 9: Include the response information after msgA transmission, i.e. contention resolution/ fallback indication / backoff indication in the RA-Report.
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