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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, we focus on Rel-18 coverage enhancement, and remaining details of PRACH repetitions are discussed. Especially, we note that the time offset configuration in RO grouping may have an ambiguities and suggest a solution.
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.


2. Discussion
2.1. RO grouping with time offset
The resource selection can be performed in a unified way between CFRA and CBRA. According to the current specification, CFRA has the information of PRACH mask. This comes from the similar motivation of time offset, i.e., reducing the contention probability and making easy implementation or switching to a sleep mode. In our view, we have to determine whether a mask is used or time offset is used or both. In one approach, either a mask or a time offset is used. This can be applied even for a serving cell where a time offset is not supported.
According to previous agreement in RAN1-114, we had a long agreement to introduce a time offset. We observe that this does not mention CFRA or CBRA, and we believe that this time offset parameter can be applied for both CFRA and CBRA. Thus, we propose to clarify what RAN1 agreed in the previous meeting.
	Agreement
For a given number of N multiple PRACH transmissions, all the RO groups within a time period X are determined as follows:
· Firstly, the starting RO of the first RO group is determined, then its remaining ROs are determined. Next, the starting RO of other RO groups and its remaining ROs are determined sequentially. 
· the starting RO is determined as follows (down select only one of the Alt.):
· Alt.1 (w/o density control)
· the starting RO of the first RO group is the first valid RO within the time period X.
· the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.
· Alt.2 (w/ density control)
· If a time offset is configured, then
· the starting RO of the first RO group for each  is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
· the starting RO of the n-th RO group for each  is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same .
· If time offset is not configured, then Alt.1 Applies.
· It is not expected to have overlapping RO between any two RO groups for the given number of N multiple PRACH transmissions.
· the remaining N-1 ROs are the next N-1 ROs after the starting RO with increasing order of time resource indexes and associated with the same SSB(s) as the starting RO, and (down select only one of the Alt.) 
· Alt. 1 (the starting RB of ROs within a RO group is the same) the N-1 ROs are with the same starting RB as the starting RO.
· Alt. 2 (the starting RB of ROs within a RO group can be different) the N-1 ROs are with the lowest frequency resource index in corresponding time instance.
· Alt. 3 (the starting RB of within a RO group can be different and a frequency offset is configured) the N-1 ROs are determined based on a configured frequency offset.
· Alt. 4 (the starting RB of ROs within a RO group can be different), the N-1 ROs are with the same relative frequency resource index among the multiple frequency multiplexing ROs associated with the same SSB in corresponding time instances.


A UE can perform both CBRA and CFRA, and has to derive an RO grid for a single transmission and at least a repetition factor. This is because some CFRA does not support PRACH repetition and CBRA may have more than one transmissions. If a UE is in coverage edge, then the UE may need to derive at least two RO grids, where the RO grid means that the accessible RO are different according to the chosen repetition factor. In other words, one RO grid for legacy operation, and the other RO grid for RO group grid for possible repetitions.
If time offset can be configured only in CBRA, then the UE should derive at least two RO group grid, where one RO group grid is for CFRA and the other RO group grid with time offset is for CBRA. For better description, we provide Figure 1 to see that the UE requires to maintain multiple starting ROs. 
Suppose that a UE can be triggered CFRA by higher layers. The UE would select a first available RO group in the next mapping cycle. Figure 1 shows that the UE can access to RO group A if time offset is not applicable. However, if the UE can be triggered CBRA, then, with time offset, RO group B would be used. Therefore we think that the UE need to derive multiple ROs even though a single repetition factor is chosen by received RSRP.


[bookmark: _Ref158896379]Figure 1: RO group A and B with time offset
We also note that the preamble group for each repetition factor does not re-purpose to other repetition factor even though the RO is not used. This means that the preamble for CFRA in RO group A is reserved while UE performs CBRA in RO group B.
Furthermore, if gNB can align the RO group with CBRA and CFRA, then it is also helpful to NES operation, where cell DRX become more convenient.
[bookmark: _Ref163018629]Proposal 1: Clarify that the time offset in RO grouping can be configured for both CBRA and CFRA.
[bookmark: _Ref158888129][bookmark: _Ref159251963]Proposal 2: The set of RO groups should be common for both CBRA and CFRA.
On top of time offset issue, mask index can be discussed though it was closed in the last meeting. The mask index can be used for RO load balancing using a limited number of reserved preamble index for CFRA purposes. In our understanding, the gNB can estimate the load for potential random access and the PRACH mask index and time offset should be interpreted per repetition factor. The discussion about interpreting mask index took place in the last 116 meeting, but the conclusion was not made and left to RAN2. If time offset and mask index can be configured simultaneously, it should have priorities of indexing. This issue can also be discussed in RAN2 decision.
Thus, we suggest to consider explicitly state supporting the time offset in the relevant section of TS 38.213, where our companion contribution [2] has the text proposal. Also, we also observe that the change should be made in RRC parameter. This argument is in scope of RAN2 but we address our view.
According to the current IE, there is a one rach-ConfigDedicated, where an RACH-ConfigDedicated IE includes cfra, where ra-ssb-OccasionMaskIndex is included. We propose that the TimeOffsetBetweenStartingRO should be available for each repetition factor and its value may be different from the corresponding CBRA counterpart. This is for easier control towards collision probability and potential latency. We would suggest to include time offset in cfra IE, as a possible implemtation.
[bookmark: _Ref163018646]Observation 1: RACH-ConfigDedicated includes msg1-RepetitionTimeOffsetROGroup for each repetition number. i.e., 
	38.331 CR 4516, section 6.3.2
-------------- omitted ----------------------
CFRA ::=                    SEQUENCE {
    occasions                       SEQUENCE {
        rach-ConfigGeneric              RACH-ConfigGeneric,
        ssb-perRACH-Occasion            ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}
                                                                                                            OPTIONAL  -- Cond Mandatory
    }                                                                                                       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
    ]],
    [[
    msg1-RepetitionNum-r18          ENUMERATED {n2, n4, n8, spare1}                                               OPTIONAL -- Cond 4StepCFRArep
msg1-RepetitionTimeOffsetROGroup-r18  ENUMERATED {n4, n8, n16, spare1}                             OPTIONAL  -- Cond Msg1Rep3    ]]
}
-------------- omitted ----------------------



3. Conclusion
We address our view about supporting multiple PRACH transmissions.
Proposal 1: Clarify that the time offset in RO grouping can be configured for both CBRA and CFRA.
Proposal 2: The set of RO groups should be common for both CBRA and CFRA.
Observation 1: RACH-ConfigDedicated includes msg1-RepetitionTimeOffsetROGroup for each repetition number. i.e.,
	38.331 CR 4516, section 6.3.2
*** Unchanged parts are omitted ***
CFRA ::=                    SEQUENCE {
    occasions                       SEQUENCE {
        rach-ConfigGeneric              RACH-ConfigGeneric,
        ssb-perRACH-Occasion            ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}
                                                                                                            OPTIONAL  -- Cond Mandatory
    }                                                                                                       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
    ]],
    [[
    msg1-RepetitionNum-r18          ENUMERATED {n2, n4, n8, spare1}                                               OPTIONAL -- Cond 4StepCFRArep
msg1-RepetitionTimeOffsetROGroup-r18  ENUMERATED {n4, n8, n16, spare1}                             OPTIONAL  -- Cond Msg1Rep3    ]]
}
*** Unchanged parts are omitted ***
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