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[bookmark: OLE_LINK71][bookmark: OLE_LINK72]Based on the agreements made in RAN2#108 “RAN2 assumes that SSB and CSI-RS based 2-step CFRA can be supported. We assume that if there are RAN1 impact then CSI-RS configuration will not be supported.”, the intention of this contribution is to share some considerations on the configuration of CFRA resource for 2-step RACH.
Resource configuration for 2-step CFRA
For 2-step CFRA, preamble resource and PUSCH resource will be configured using dedicated signalling. And the configuration of preamble and PUSCH resource will be discussed separately in this section.
Configuration of contention-free Preamble resource in 2-step CFRA
In 4-step RACH, to provide more flexibility on NW configuration, the preamble resource for CFRA can be reserved from either the preamble resource pool for CBRA (i.e. share the RACH-ConfigGeneric with CBRA) or reserved from a separate preamble resource pool (i.e. have a separate RACH-ConfigGeneric for CFRA resource, with which the NW can provide a more frequent ROs to reduce the interruption time). 
Based on the similar consideration, we think the preamble resource for 2-step CFRA can be reserved from either the preamble resource pool for 2-step CBRA, or reserved from a separate preamble resource pool.
Observation 1: The preamble for 2-step CFRA can be reserved from either the preamble resource pool for 2-step CBRA (i.e. share the RO configuration of 2-step CBRA), or reserved from a separate preamble resource pool (i.e. have separate RO configuration).
To enable the configuration of separate preamble resource pool, a different configuration of RACH-ConfigGenericTwoStepRA-r16 shall be allowed (i.e. different from the one used for 2-step CBRA) , and if the RACH-ConfigGenericTwoStepRA-r16 is absent for 2-step CFRA, then the configuration for 2-step CBRA will be reused.
Proposal 1: Separate configuration of RACH-ConfigGenericTwoStepRA-r16 should be allowed for 2-step CFRA. And if the IE is absent for 2-step CFRA, then the configuration for 2-step CBRA will be reused for 2-step CFRA (i.e. 2-step CFRA will share the RO with 2-step CBRA).

In 4-step CBRA, both SSB based CFRA and CSI-RS based CBRA are supported.
· For SSB based CFRA, 
· a RO mask index is configured, which is common for all SSB
· for each SSB, one preamble index is configured.
---------------------------- ASN.1 for SSB based 4-step CFRA ---------------------
        ssb                             SEQUENCE {
            ssb-ResourceList  SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,
            ra-ssb-OccasionMaskIndex        INTEGER (0..15)
        },
/*omitted*
CFRA-SSB-Resource ::=           SEQUENCE {
    ssb                             SSB-Index,
    ra-PreambleIndex                INTEGER (0..63),
    ...
}
---------------------------- ASN.1 for SSB based 4-step CFRA ---------------------
· For CSI-RS based CFRA, 
· A rsrp-ThresholdCSI-RS is configured, which is common for all CSI-RS
· for each CSI-RS, one preamble index and a list of RO are configured.
---------------------------- ASN.1 for CSI-RS based 4-step CFRA ---------------------
        csirs           SEQUENCE {
            csirs-ResourceList   SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,
            rsrp-ThresholdCSI-RS     RSRP-Range
        }
/*omitted*/
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),
    ...
}
Since 2-step RACH consist of preamble transmission and PUSCH transmission, and the preamble transmission is almost the same as the 4-step RACH, we think the structure for the configuration of mapping between SSB/CSI-RS and preamble used in 4-step CFRA can be reused for 2-step RACH. 
Proposal 2: The method for the configuration of contention-free preamble for each SSB/CSI-RS in 4-step CBRA will be reused for 2-step CFRA:
· For SSB based 2-step CFRA, 
· a RO mask index is configured, which is common for all SSB
· for each SSB, one preamble index is configured.
· For CSI-RS based 2-step CFRA, 
· A rsrp-ThresholdCSI-RS is configured, which is common for all CSI-RS
· for each CSI-RS, one preamble index and a list of RO are configured.

Configuration of the associated PUSCH resource in 2-step CFRA
In 2-step CFRA, besides the configuration of contention-free preamble, the configuration of associated PUSCH resource for MsgA transmission shall be considered as well. Based on the agreements made in RAN2#108 “The PUSCH resource for 2-step CFRA associated with the dedicated preamble will be configured to the UE via dedicated signalling (i.e. will not be included in SIB1). ”, the PUSCH resource for 2-step CFRA shall be configured in dedicated signaling. To minimize the impact on RAN1, we think the same IE used for the configuration for MsgA PUSCH resources for 2-step CBRA can be reused for the configuration of MsgA PUSCH resource for 2-step CFRA.
Proposal 3: The IEs used for the configuration of MsgA PUSCH resources pool for 2-step CBRA shall be reused for the configuration of MsgA PUSCH resource pool for 2-step CFRA, including:
· MsgA-PUSCH-Resource-r16	
· msgA-TransformPrecoder-r16
· msgA-DataScramblingIndex-r16
· msgA-DeltaPreamble-r16

For the 2-step CFRA, once the PUSCH resource pool is configured, we need to determine the PUSCH resource unit for the preamble reserved for each SSB/CSI-RS. To determine the PUSCH resource unit for each preamble, the following two alternatives can be considered:
Alternative 1: Reuse the mapping rule defined for 4-step CBRA.to determine the mapping between each preamble and the PUSCH resource unit  
In this alternative, the mapping rule between preamble and PUSCH resource unit defined in 38.213 for 4-step CBRA will be reused. With the mapping rule, each preamble reserved for CFRA will be mapped to a PUSCH resource unit. To enable this alternative, the number of preambles reserved for 2-step CFRA should be provided, and all the preambles reserved for 2-step CFRA will be considered in the mapping between preamble and PUSCH resource unit , even though some of these preambles will not be reserved for the concerned UE. To indicate the preambles reserved for 2-step CFRA, the following parameters shall be introduced:
· 

msgA-PreambleStartIndex: If N SSBs are associated with a RACH occasion, where N > = 1, for the n-th SSB (i=0, …, N-1) the preambles start from preamble index  + msgA-PreambleStartIndex are reserved for contention-free 2-step random access, where  is provided by totalNumberOfRA-Preambles or msgA-TotalNumberOfRA-Preambles-r16; For N < 1, the preambles start from preamble index msgA-PreambleStartIndex are reserved for 2-step CFRA.
· msgA-TotalNumberOfCFRA-Preambles: Indicates the total number of preambles used for contention-free 2-step random access associated with each SSB in one RO.
One example is as follows to show how it works:
[image: ]
In the example above, the msgA-PreambleStartIndex will be set to 16, and the msgA-TotalNumberOfCFRA-Preambles will be set to 4. With these two parameters, the preambles 16 - 19 and preambles 41 - 44 will be considered as reserved for 2-step CFRA, and these preambles reserved will be mapped to the PUSCH resource unit provided by MsgA-PUSCH-Resource-r16 in CFRA signaling. With the mapping between preamble and PUSCH resource unit, once a preamble is reserved for one SSB or CSI-RS, the PUSCH resource unit mapped to the preamble will be reserved as well.

Alternative 2: Explicitly configure the PUSCH resource unit index for each SSB/CSI-RS
In this alternative, a PUSCH resource unit index will be explicitly allocated for each SSB/CSI-RS, where the PUSCH resource unit index is numbered based on the same order defined in 38.213 for the mapping between PUSCH resource unit and preamble (i.e. first, in increasing order of frequency resource indexes ; second, in increasing order of DMRS indexes within a PUSCH occasion; third, in increasing order of time resource indexes; fourth, in increasing order of indexes for PUSCH slots). To enable this alternative, a new IE msgA-PRUIndex will be introduced and some description will be introduced in 38.213 to specify the meaning of msgA-PRUIndex.

Although the alternative 2 can provide more flexibility, the alternative 2 may lead to some impact on RAN1 specs as well. To minimize the impact on RAN1, we have slight preference on the alternative 1.
Proposal 4: For each SSB/CSI-RS, the UE should determine the PUSCH resource unit reserved for contention-free MsgA transmission based on the preamble configured for this SSB/CSI-RS, where the same mapping rule defined in 38.213 (i.e. the mapping rule for 2-step CBRA between preambles and PUSCH resource) will be reused to derive the PUSCH resource unit from the preamble . To enable the mapping operation, the following two parameters shall be introduced:
· 

msgA-PreambleStartIndex: If N SSBs are associated with a RACH occasion, where N > = 1, for the n-th SSB (i=0, …, N-1) the preamble start from preamble index  + msgA-PreambleStartIndex is reserved for contention-free 2-step random access, where  is provided by totalNumberOfRA-Preambles or msgA-TotalNumberOfRA-Preambles-r16; For N < 1, the preamble start from preamble index msgA-PreambleStartIndex is reserved for 2-step CFRA.
· msgA-TotalNumberOfCFRA-Preambles: Indicates the total number of preambles used for contention-free 2-step random access associated with each SSB in one RO.
One example is given in the annex to show the impact on ASN.1.
Conclusions
Based on the discussion above, the following observations are shared: 
Configuration of contention-free Preamble resource in 2-step CFRA
Observation 1: The preamble for 2-step CFRA can be reserved from either the preamble resource pool for 2-step CBRA (i.e. share the RO configuration of 2-step CBRA), or reserved from a separate preamble resource pool (i.e. have separate RO configuration).
Proposal 1: Separate configuration of RACH-ConfigGenericTwoStepRA-r16 should be allowed for 2-step CFRA. And if the IE is absent for 2-step CFRA, then the configuration for 2-step CBRA will be reused for 2-step CFRA (i.e. 2-step CFRA will share the RO with 2-step CBRA).
Proposal 2: The method for the configuration of contention-free preamble for each SSB/CSI-RS in 4-step CBRA will be reused for 2-step CFRA:
· For SSB based 2-step CFRA, 
· a RO mask index is configured, which is common for all SSB
· for each SSB, one preamble index is configured.
· For CSI-RS based 2-step CFRA, 
· A rsrp-ThresholdCSI-RS is configured, which is common for all CSI-RS
· for each CSI-RS, one preamble index and a list of RO are configured.

Configuration of contention-free PUSCH resource in 2-step CFRA
Proposal 3: The IEs used for the configuration of MsgA PUSCH resources pool for 2-step CBRA shall be reused for the configuration of MsgA PUSCH resource pool for 2-step CFRA, including:
· MsgA-PUSCH-Resource-r16	
· msgA-TransformPrecoder-r16
· msgA-DataScramblingIndex-r16
· msgA-DeltaPreamble-r16
Proposal 4: For each SSB/CSI-RS, the UE should determine the PUSCH resource unit reserved for contention-free MsgA transmission based on the preamble configured for this SSB/CSI-RS, where the same mapping rule defined in 38.213 (i.e. the mapping rule for 2-step CBRA between preambles and PUSCH resource) will be reused to derive the PUSCH resource unit from the preamble . To enable the mapping operation, the following two parameters shall be introduced:
· 

msgA-PreambleStartIndex: If N SSBs are associated with a RACH occasion, where N > = 1, for the n-th SSB (i=0, …, N-1) the preamble start from preamble index  + msgA-PreambleStartIndex is reserved for contention-free 2-step random access, where  is provided by totalNumberOfRA-Preambles or msgA-TotalNumberOfRA-Preambles-r16; For N < 1, the preamble start from preamble index msgA-PreambleStartIndex is reserved for 2-step CFRA.
· msgA-TotalNumberOfCFRA-Preambles: Indicates the total number of preambles used for contention-free 2-step random access associated with each SSB in one RO.
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Example of ASN.1
–	RACH-ConfigDedicated
The IE RACH-ConfigDedicated is used to specify the dedicated random access parameters.
RACH-ConfigDedicated information element
-- ASN1START
-- TAG-RACH-CONFIGDEDICATED-START


RACH-ConfigDedicated ::=        SEQUENCE {
    cfra                            CFRA                  OPTIONAL, -- Need S
    ra-Prioritization               RA-Prioritization            OPTIONAL, -- Need N
..., 
[[
ra-PrioritizationTwoStep-r16	RA-Prioritization	  OPTIONAL, -- Need N
cfra-TwoStep-r16                CFRA-r16              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 INTEGER (1..63)              OPTIONAL -- Cond Occasions
    ]]
}

CFRA-r16 ::=                        SEQUENCE {
     occasionsTwoStepRA-r16             SEQUENCE {
        rach-ConfigGenericTwoStep-r16       RACH-ConfigGenericTwoStepRA-r16,
        ssb-perRACH-OccasionTwoStep-r16     ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}
}                                            OPTIONAL, -- Need S
msgA-PreambleStartIndex               	INTEGER (0..63),
msgA-TotalNumberOfCFRA 				INTEGER (1..63), 
msgA-CFRA-PUSCH-r16					MsgA-CFRA-PUSCH-r16,		
    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
        }
    },
    ...
}

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),
    ...
}

MsgA-CFRA-PUSCH-r16 ::= 		SEQUENCE {
msgA-PUSCH-Resource-r16	 	MsgA-PUSCH-Resource-r16	,
msgA-TransformPrecoder-r16	ENUMERATED {enabled}		OPTIONAL, -- Need S
msgA-DataScramblingIndex-r16	INTEGER (0..1023)		OPTIONAL, -- Need S
msgA-DeltaPreamble-r16		INTEGER (-1..6)				OPTIONAL, -- Need S
}

-- TAG-RACH-CONFIGDEDICATED-STOP
-- ASN1STOP
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