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1. Introduction

This contribution suggests way-forwards on RA Report optimization.
In RAN2#112e, RAN2 made the following agreements:
Confirm that the information included in Rel-16 RA report which also applied to 2-step RA at least contains:


Cell ID of the cell in which the RA is performed 


RA purpose


Frequency information of the BWP where RA is performed


Frequency information of RA resources


Number of preambles sent on an SSB


Beam index


Contention detection per RA attempt


Beam quality indication. FFS on the details.

At least following RACH frequency related information should be included in RACH report for optimization of 2-step RACH:


msgA-FrequencyStart-r17


msgA-FrequencyStartCFRA-r17


msgA-SubcarrierSpacing-r17


msgA-SubcarrierSpacingCFRA-r17


msgA-FDM-r17


msgA-FDMCFRA-r17

In RAN2#113b-e, RAN2 made the following agreements:
1
The RA report includes an explicit indication per RA attempt that enables the network to know that the fallback from 2-step RA to 4-step RA was performed by the UE.

2
RAN2 already agreed “UE includes the measured RSRP of DL pathloss reference obtained just ‎before performing RACH ‎procedure in 2step RA report. FFS how to reduce the report ‎overhead.‎”

In RAN2#114e, RAN2 made the following agreements:
1
If a RA procedure switching from 2-step RA to 4-step RA occurs, one RA report entry is used to convey RA information for 2-step RA and 4-step RA attempts. 

2 
To introduce 2-step RACH related information in RACH report:


enhance the legacy field ra-InformationCommon to include 2-step RA related information. FFS the detailed information.

2.
Discussion
The 2-Step Random Access (2SRA) has been specified in Rel-16. The operation of 2SRA is given by the following figure.
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Figure 1
2-Step RA operation
With 2SRA, RAN2 has specified RA selection rule, switching to 4SRA (4-Step Random Access) and fallback option. If DL RSRP > msgA-RSRP-Threshold, UE selects 2SRA, when both 2SRA and 4SRA have been configured. When 2SRA only has been configured, UE selects 2SRA. If the number of MSGA retransmission has reached msgA-TransMax, UE switches from 2SRA to 4SRA. If UE receives ‘fallbackRAR’ in MSGB, UE has to initiate MSG3 transmission. 
2.1
2SRA Related Information
The following is the ASN.1 extract for current RA Report:

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                         OPTIONAL,
    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,

    ...

}

The content of a RA procedure is included into a RA-Report entry. Each entry has the following fields:

· cellId-r16

· ra-InformationCommon-r16
· raPurpose-r16
Since 2SRA-related info will be included into the RA-Report entry, RAN2 needs to first discuss how to set the 2SRA-related info with the 4SRA-related info. According to the RAN2#114e agreement, when 2SRA is switched to 4RA during RA procedure, the 4SRA-related info is included in the same RA-Report entry logging the info of previous 2SRA. Furthermore, the following info of 2SRA and 4SRA may be included in the legacy field ra-InformationCommon.
	RACH frequency related information of 4SRA
	RACH frequency related information of 2SRA

	msg1-FrequencyStart-r16            

msg1-FrequencyStartCFRA-r16          

msg1-SubcarrierSpacing-r16          

msg1-SubcarrierSpacingCFRA-r16       

msg1-FDM-r16                         

msg1-FDMCFRA-r16
	msgA-FrequencyStart-r17

msgA-FrequencyStartCFRA-r17

msgA-SubcarrierSpacing-r17

msgA-SubcarrierSpacingCFRA-r17

msgA-FDM-r17

msgA-FDMCFRA-r17


In the case of switching to 4SRA, a new explicit indicator may be needed to indicate if it’s the switched 4SRA or not. There would be separate options on how to indicate it:
1)  Option 1: Info related to 2SRA (failed) and 4SRA is included in separate PerRAInfo 

A switching indicator can be added into the perRAInfo related to 2SRA. Alternatively, info related to last successfully completed 4SRA only can be included with an indicator for switching.
Also used to indicate one of the switching types, e.g. reaching to magA-TransMax, or due to the RA resource selection procedure

2)  Option 2: type indicator for each IE perRASSBInfo or IE PerRAAttemptInfo 

A switching indicator can be introduced for each RASSBInfo or PerRAAttemptInfo. For instance, 

2SRA-r17  ENUMERATED {true} OPTIONAL;  or 

RAType  ENUMERATED {2S, 4S}

Based on the previous agreements, RAN2 discusses the following indicators:
Proposal 1: In the case of switching from 2SRA to 4SRA, a new explicit indicator is introduced to indicate if it’s the switched 4SRA or not. How to indicate it is studied, e.g. 

1)  Option 1: Info related to 2SRA (failed) and 4SRA is included in separate PerRAInfo 

2)  Option 2: type indicator for each IE perRASSBInfo or IE PerRAAttemptInfo 

Further Indicators can be considered. In RAN2#113b-e, RAN2 agreed to have a fallback indicator:
1
The RA report includes an explicit indication per RA attempt that enables the network to know that the fallback from 2-step RA to 4-step RA was performed by the UE.

Thus, RAN2 needs to discuss how to indicate it in stage-3 level, e.g, in the PerRAAttemptInfo, perRAInfo or RA-InformationCommon.

Proposal 2: RAN2 to discuss if the new fallback indicator is introduced in the PerRAAttemptInfo, perRAInfo or RA-InformationCommon.

In specific cases, MSGA PUSCH may not be transmitted. Hence, an indicator can be introduced to indicate whether MsgA PUSCH was transmitted or not during this RA attempt.
Proposal 3: An indicator can be introduced to indicate whether MsgA PUSCH was transmitted or not during this RA attempt.
2.2 UE Power Limits in MR-DC

In Release 16, the gNB does not know whether the UE with MR-DC had encountered the transmit power issues or not. This knowledge will help the gNB manage transmit power of the UE for a UE with dynamic power sharing capability (e.g., use different power limits or make use of TDM patterns for MR-DC) if power limiting has occurred. If the UE had not reached the power limit in MR-DC, a larger power step size (or more preambles) can be helpful in reducing the RA delay. Knowing whether the UE experienced power limitation during MR-DC random access can be used by the SON to adjust transmit power related RA parameters for MR-DC (e.g., max LTE power, max NR power, max total MR-DC power, step size, and preambleReceivedTargetPower).
If the UE does not inform the network about its power limiting situation, the network would not know the impact of such power limits on the UE itself. More specifically, the network indicates to the UE the power limits on LTE, NR, and MR-DC (e.g., EN-DC). However, as of R16, the network does not know if the UE experienced any power limiting or not during its MR-DC operations. If SON knows if the UE had experienced any power limiting or not, it can adjust parameters such as (i) power limits, (ii) power step size, (iii) number of preambles, (iv) preambleReceivedTargetPower, and (v) use of TDM patterns instead of dynamic power sharing. We have two examples below to explain how the SON can use the UE-reported information on MR-DC power limiting.
Example 1- Rare Power Limiting. If the UEs do not report any power limiting issues, the SON knows that dynamic power sharing (i.e., concurrent transmissions on more than one technology) is operating well and that it is a good idea to continue using dynamic power sharing. To further enhance the RA performance (e.g., to reduce the RA delay), the SON can try to increase the power step and/or preambleReceivedTargetPower to reduce the access delay so that RA procedure is successful sooner if the RSSI is still reasonable.
Example 2- Frequency Power Limiting. If numerous UEs are reporting frequent power limiting, the SON can dictate the use of TDM patterns instead of dynamic power sharing to enhance the overall RA performance.
Observation 1: In Release 16, the network (e.g., gNB) does not know whether the UE with MR-DC had encountered any transmit power limit issues or not.
Proposal 4: The UE indicates whether the UE could not transmit a PRACH due to the power limitation arising from the power allocation related to MR-DC (e.g., EN-DC, NE-DC, or NR-DC). The UE indicates whether the UE had to reduce its PRACH transmission power due to the power limitation arising from the power allocation related to MR-DC.
3. Conclusion

It is suggested that 
Proposal 1: In the case of switching from 2SRA to 4SRA, a new explicit indicator is introduced to indicate if it’s the switched 4SRA or not. How to indicate it is studied, e.g. 

1)  Option 1: Info related to 2SRA (failed) and 4SRA is included in separate PerRAInfo 

2)  Option 2: type indicator for each IE perRASSBInfo or IE PerRAAttemptInfo 

Proposal 2: RAN2 to discuss if the new fallback indicator is introduced in the PerRAAttemptInfo, perRAInfo or RA-InformationCommon.

Proposal 3: An indicator can be introduced to indicate whether MsgA PUSCH was transmitted or not during this RA attempt.
Proposal 4: The UE indicates whether the UE could not transmit a PRACH due to the power limitation arising from the power allocation related to MR-DC (e.g., EN-DC, NE-DC, or NR-DC). The UE indicates whether the UE had to reduce its PRACH transmission power due to the power limitation arising from the power allocation related to MR-DC.
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