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Introduction
RAN3 has agreed that PRACH configuration conflict detection should be supported as a SON function in Rel-16, which aims at optimization of PRACH configurations in adjacent cells in a way to avoid or reduce the probability that Msg1 is received by two or more cells. To support the feature, RAN3 asks RAN1 the following questions [1]:
· In LTE, only frequency resource and preamble sequence generation (Root Sequence Index) information is coordinated between two neighbour nodes. RAN3 would like to know whether the same principle should apply for PRACH configuration information exchange for NR. RAN3 would like to have guidance from RAN1 and RAN2 on the list of PRACH configuration parameters to be exchanged on network interfaces for PRACH configuration conflict detection.
In this contribution, we discuss the responses to RAN3’s questions.
Discussion
The PRACH configuration conflict would take place when two or more adjacent cells are expecting to receive an Msg1 with the same PRACH sequence/format at the same PRACH resources.
The failure scenario that Msg1 is received by two or more cells would take place only when there is a PRACH configuration conflict, which results in two or more adjacent cells are expecting to receive Msg1 with the same PRACH preamble sequence/format at the same RACH occasions. Thus, the determination of whether there is a PRACH configuration conflict requires the exchanges of the RACH configurations related to PRACH preamble sequence and format, the allocation of the RACH occasions in time-domain and in frequency-domain.
RACH configurations related to the PRACH preamble sequence and format
PRACH preambles are Zadoff-Chu sequences. There are 64 preambles defined in each time-frequency PRACH occasion. The PRACH preamble sequences and formats are configured with the following higher-layer parameters:
· prach-ConfigurationIndex (e.g., in RACH-ConfigGeneric) 
· prach-RootSequenceIndex  (e.g., in RACH-ConfigCommon)
· restrictedSetConfig  (e.g., in RACH-ConfigCommon)
· zeroCorrelationZoneConfig (e.g., in RACH-ConfigGeneric)
· msg1-SubcarrierSpacing (e.g., in RACH-ConfigCommon)
· rootSequenceIndex-BFR(e.g., BeamFailureRecoveryConfig)

RACH configurations related to the allocation of RACH occasions in time-domain
The allocation of RACH occasions in time-domain is related the PRACH configuration index as well as the carrier frequency band (FR1 or FR2) for the FDD or TDD modes, and the PRACH subcarrier spacing, which are configured with the following higher-layer parameters:
· prach-ConfigurationIndex (e.g., in RACH-ConfigGeneric)
· freqBandIndicatorNR (e.g., in FrequencyInfoUL)
· msg1-SubcarrierSpacing  (e.g., in RACH-ConfigCommon)

RACH configurations related to the allocation of RACH occasions in frequency-domain
The allocation of RACH occasions in frequency-domain is related to a number of parameters associated with the reference point of the carrier frequency, the starting point of the UL transmission BWP, the starting point of the PRACH in frequency domain, the subcarrier spacing for the RACH transmission, the number of RACH occasions in frequency domain, which are configured with the following higher-layer parameters:
· absoluteFrequencyPointA (e.g., in FrequencyInfoUL) 
· scs-SpecificCarrierList (e.g., in FrequencyInfoUL) 
· frequencyShift7p5khz (e.g., in FrequencyInfoUL) 
· msg1-FDM (e.g., in RACH-ConfigGeneric)
· msg1-FrequencyStart (e.g., in RACH-ConfigGeneric)
· msg1-SubcarrierSpacing  (e.g., in  RACH-ConfigCommon)
· locationAndBandwidth (e.g., in UL BWP)

Conclusion
In this contribution, we discussed the responses to RAN3 LS. Based on the discussion, we propose the following response to RAN3’s questions in the LS.

Proposal 1: Provide the following responses to RAN3’s LS:

In NR, in addition to the coordination of PRACH resource allocation in frequency-domain and in preamble sequence generation (Root Sequence Index) information, the coordination of the PRACH resource allocation in time-domain among adjacent cells is also required for the detection of PRACH configuration conflict. PRACH resources may be configured for supporting multiple purposes, such as the initial access, Beam Failure Recovery, etc. The information of the configured PRACH resources, regardless of the purpose of the PRACH resources, need to be exchanged among adjacent cells for PRACH configuration conflict detection.
The following is a list of high-layer parameters related to the configuration of the PRACH resources:
· prach-ConfigurationIndex (e.g., in RACH-ConfigGeneric) 
· prach-RootSequenceIndex  (e.g., in RACH-ConfigCommon)
· restrictedSetConfig  (e.g., in RACH-ConfigCommon)
· zeroCorrelationZoneConfig (e.g., in RACH-ConfigGeneric)
· freqBandIndicatorNR (e.g., in FrequencyInfoUL)
· absoluteFrequencyPointA (e.g., in FrequencyInfoUL) 
· locationAndBandwidth (e.g., in UL BWP)
· scs-SpecificCarrierList (e.g., in FrequencyInfoUL) 
· frequencyShift7p5khz (e.g., in FrequencyInfoUL) 
· msg1-FDM (e.g., in RACH-ConfigGeneric)
· msg1-FrequencyStart (e.g., in RACH-ConfigGeneric)
· msg1-SubcarrierSpacing  (e.g., in  RACH-ConfigCommon)
· rootSequenceIndex-BFR(e.g., BeamFailureRecoveryConfig)
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Appendix
[bookmark: _Toc12718284]–	FrequencyInfoUL
The IE FrequencyInfoUL provides basic parameters of an uplink carrier and transmission thereon.
FrequencyInfoUL information element
-- ASN1START
-- TAG-FREQUENCYINFOUL-START

FrequencyInfoUL ::=                 SEQUENCE {
    frequencyBandList                   MultiFrequencyBandListNR                                OPTIONAL,   -- Cond FDD-OrSUL
    absoluteFrequencyPointA             ARFCN-ValueNR                                           OPTIONAL,   -- Cond FDD-OrSUL
    scs-SpecificCarrierList             SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier,
    additionalSpectrumEmission          AdditionalSpectrumEmission                              OPTIONAL,   -- Need S
    p-Max                               P-Max                                                   OPTIONAL,   -- Need S
    frequencyShift7p5khz                ENUMERATED {true}                                       OPTIONAL,   -- Cond FDD-TDD-OrSUL-Optional
    ...
}

-- TAG-FREQUENCYINFOUL-STOP
-- ASN1STOP

[bookmark: _Toc12718356][bookmark: _Toc12718358]RACH-ConfigCommon
The IE RACH-ConfigCommon is used to specify the cell specific random-access parameters.
RACH-ConfigCommon information element
-- ASN1START
-- TAG-RACH-CONFIGCOMMON-START

RACH-ConfigCommon ::=               SEQUENCE {
    rach-ConfigGeneric                  RACH-ConfigGeneric,
    totalNumberOfRA-Preambles           INTEGER (1..63)                                                     OPTIONAL,   -- Need S
    ssb-perRACH-OccasionAndCB-PreamblesPerSSB   CHOICE {
        oneEighth                                   ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64},
        oneFourth                                   ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64},
        oneHalf                                     ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64},
        one                                         ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64},
        two                                         ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32},
        four                                        INTEGER (1..16),
        eight                                       INTEGER (1..8),
        sixteen                                     INTEGER (1..4)
    }                                                                                                       OPTIONAL,   -- Need M

    groupBconfigured                    SEQUENCE {
        ra-Msg3SizeGroupA                   ENUMERATED {b56, b144, b208, b256, b282, b480, b640,
                                                        b800, b1000, b72, spare6, spare5,spare4, spare3, spare2, spare1},
        messagePowerOffsetGroupB            ENUMERATED { minusinfinity, dB0, dB5, dB8, dB10, dB12, dB15, dB18},
        numberOfRA-PreamblesGroupA          INTEGER (1..64)
    }                                                                                                       OPTIONAL,   -- Need R
    ra-ContentionResolutionTimer            ENUMERATED { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64},
    rsrp-ThresholdSSB                       RSRP-Range                                                      OPTIONAL,   -- Need R
    rsrp-ThresholdSSB-SUL                   RSRP-Range                                                      OPTIONAL,   -- Cond SUL
    prach-RootSequenceIndex                 CHOICE {
        l839                                    INTEGER (0..837),
        l139                                    INTEGER (0..137)
    },
    msg1-SubcarrierSpacing                  SubcarrierSpacing                                               OPTIONAL,   -- Cond L139
    restrictedSetConfig                     ENUMERATED {unrestrictedSet, restrictedSetTypeA, restrictedSetTypeB},
    msg3-transformPrecoder                  ENUMERATED {enabled}                                            OPTIONAL,   -- Need R
    ...
}

[bookmark: _Toc12718357]–	RACH-ConfigDedicated
The IE RACH-ConfigDedicated is used to specify the dedicated random access parameters.
RACH-ConfigDedicated information element
-- ASN1START
-- TAG-RACH-CONFIGDEDICATED-START


[bookmark: _Hlk515480822]RACH-ConfigDedicated ::=        SEQUENCE {
    cfra                            CFRA                                                                    OPTIONAL, -- Need S
    ra-Prioritization               RA-Prioritization                                                       OPTIONAL, -- Need N
    ...
}

CFRA ::=                    SEQUENCE {
    occasions                       SEQUENCE {
        rach-ConfigGeneric              RACH-ConfigGeneric,
        ssb-perRACH-Occasion            ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}
                                                                                                            OPTIONAL  -- Cond SSB-CFRA
    }                                                                                                       OPTIONAL, -- Need S
    resources                       CHOICE {
        ssb                             SEQUENCE {
            ssb-ResourceList                SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,
            ra-ssb-OccasionMaskIndex        INTEGER (0..15)
        },
        csirs                           SEQUENCE {
            csirs-ResourceList              SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,
            rsrp-ThresholdCSI-RS            RSRP-Range
        }
    },
    ...,
    [[
    totalNumberOfRA-Preambles-v1530 INTEGER (1..63)                                                         OPTIONAL -- Cond Occasions
    ]]
}

CFRA-SSB-Resource ::=           SEQUENCE {
    ssb                             SSB-Index,
    ra-PreambleIndex                INTEGER (0..63),
    ...
}

CFRA-CSIRS-Resource ::=         SEQUENCE {
    csi-RS                          CSI-RS-Index,
    ra-OccasionList                 SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1),
    ra-PreambleIndex                INTEGER (0..63),
    ...
}

-- TAG-RACH-CONFIGDEDICATED-STOP
-- ASN1STOP
– RACH--ConfigGeneric
The IE RACH-ConfigGeneric is used to specify the random-access parameters both for regular random access as well as for beam failure recovery.
RACH-ConfigGeneric information element
RACH-ConfigGeneric ::=              SEQUENCE {
    prach-ConfigurationIndex            INTEGER (0..255),
    msg1-FDM                            ENUMERATED {one, two, four, eight},
    msg1-FrequencyStart                 INTEGER (0..maxNrofPhysicalResourceBlocks-1),
    zeroCorrelationZoneConfig           INTEGER(0..15),
    preambleReceivedTargetPower         INTEGER (-202..-60),
    preambleTransMax                    ENUMERATED {n3, n4, n5, n6, n7, n8, n10, n20, n50, n100, n200},
    powerRampingStep                    ENUMERATED {dB0, dB2, dB4, dB6},
    ra-ResponseWindow                   ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80},
    ...
}

[bookmark: _Toc12718236]–	BWP-UplinkCommon
The IE BWP-UplinkCommon is used to configure the common parameters of an uplink BWP. They are "cell specific" and the network ensures the necessary alignment with corresponding parameters of other UEs. The common parameters of the initial bandwidth part of the PCell are also provided via system information. For all other serving cells, the network provides the common parameters via dedicated signalling.
BWP-UplinkCommon information element
-- ASN1START
-- TAG-BWP-UPLINKCOMMON-START

BWP-UplinkCommon ::=                SEQUENCE {
    genericParameters                   BWP,
    rach-ConfigCommon                   SetupRelease { RACH-ConfigCommon }                                      OPTIONAL,   -- Need M
    pusch-ConfigCommon                  SetupRelease { PUSCH-ConfigCommon }                                     OPTIONAL,   -- Need M
    pucch-ConfigCommon                  SetupRelease { PUCCH-ConfigCommon }                                     OPTIONAL,   -- Need M
    ...
}

-- TAG-BWP-UPLINKCOMMON-STOP
-- ASN1STOP

[bookmark: _Toc12718237]–	BWP-UplinkDedicated
The IE BWP-UplinkDedicated is used to configure the dedicated (UE specific) parameters of an uplink BWP.
BWP-UplinkDedicated information element
-- ASN1START
-- TAG-BWP-UPLINKDEDICATED-START

BWP-UplinkDedicated ::=             SEQUENCE {
    pucch-Config                        SetupRelease { PUCCH-Config }                                   OPTIONAL,   -- Need M
    pusch-Config                        SetupRelease { PUSCH-Config }                                   OPTIONAL,   -- Need M
    configuredGrantConfig               SetupRelease { ConfiguredGrantConfig }                          OPTIONAL,   -- Need M
    srs-Config                          SetupRelease { SRS-Config }                                     OPTIONAL,   -- Need M
    beamFailureRecoveryConfig           SetupRelease { BeamFailureRecoveryConfig }                      OPTIONAL,   -- Cond SpCellOnly
    ...
}

-- TAG-BWP-UPLINKDEDICATED-STOP
-- ASN1STOP

–	BeamFailureRecoveryConfig
The IE BeamFailureRecoveryConfig is used to configure the UE with RACH resources and candidate beams for beam failure recovery in case of beam failure detection. See also TS 38.321 [3], clause 5.1.1.
BeamFailureRecoveryConfig information element
-- ASN1START
-- TAG-BEAMFAILURERECOVERYCONFIG-START

BeamFailureRecoveryConfig ::=       SEQUENCE {
    rootSequenceIndex-BFR               INTEGER (0..137)                                                          OPTIONAL, -- Need M
    rach-ConfigBFR                      RACH-ConfigGeneric                                                        OPTIONAL, -- Need M
    rsrp-ThresholdSSB                   RSRP-Range                                                                OPTIONAL, -- Need M
    candidateBeamRSList                 SEQUENCE (SIZE(1..maxNrofCandidateBeams)) OF PRACH-ResourceDedicatedBFR   OPTIONAL, -- Need M
    ssb-perRACH-Occasion                ENUMERATED {oneEighth, oneFourth, oneHalf, one, two,
                                                       four, eight, sixteen}                                      OPTIONAL, -- Need M
    ra-ssb-OccasionMaskIndex            INTEGER (0..15)                                                           OPTIONAL, -- Need M
    recoverySearchSpaceId               SearchSpaceId                                                             OPTIONAL, -- Need R
    ra-Prioritization                   RA-Prioritization                                                         OPTIONAL, -- Need R
    beamFailureRecoveryTimer            ENUMERATED {ms10, ms20, ms40, ms60, ms80, ms100, ms150, ms200}            OPTIONAL, -- Need M
    ...,
    [[
    msg1-SubcarrierSpacing-v1530        SubcarrierSpacing                                                         OPTIONAL  -- Need M
    ]]
}

PRACH-ResourceDedicatedBFR ::=      CHOICE {
    ssb                                 BFR-SSB-Resource,
    csi-RS                              BFR-CSIRS-Resource
}

BFR-SSB-Resource ::=                SEQUENCE {
    ssb                                 SSB-Index,
    ra-PreambleIndex                    INTEGER (0..63),
    ...
}

BFR-CSIRS-Resource ::=              SEQUENCE {
    csi-RS                              NZP-CSI-RS-ResourceId,
    ra-OccasionList                     SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1)   OPTIONAL,   -- Need R
    ra-PreambleIndex                    INTEGER (0..63)                                                                 OPTIONAL,   -- Need R
    ...
}

-- TAG-BEAMFAILURERECOVERYCONFIG-STOP
-- ASN1STOP


