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Discussion and decision
1      Introduction
In RAN #94 e-meeting, a new Rel-18 work item on further NR coverage enhancements was approved [1] and updated in RAN #96 [2]. The objective of the work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. Detailed objectives are listed as follows:

	· Specify following PRACH coverage enhancements (RAN1, RAN2)

· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different 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.
·  Study and if necessary specify following power domain enhancements

· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)

· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)

·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)


This contribution provides RAN2 related impacts based on RAN1 agreements.
2      Discussion
2.1     RRC impact
In Rel-17, the repetition of Msg3 is supported. Network use the threshold rsrp-ThresholdMsg3-r17 to control UEs for determining whether to request Msg3 repetition. If the related RSRP is lower than the value of rsrp-ThresholdMsg3-r17, UE could request Msg3 repetition. 
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

    ...,

    [[

    rach-ConfigCommonIAB-r16            SetupRelease { RACH-ConfigCommon }                                      OPTIONAL,   -- Need M

    useInterlacePUCCH-PUSCH-r16         ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R

    msgA-ConfigCommon-r16               SetupRelease { MsgA-ConfigCommon-r16 }                                  OPTIONAL    -- Cond SpCellOnly2

    ]],

    [[

    enableRA-PrioritizationForSlicing-r17 BOOLEAN                                                    OPTIONAL, -- Cond RA-PrioSliceAI

    additionalRACH-ConfigList-r17       SetupRelease { AdditionalRACH-ConfigList-r17 }               OPTIONAL, -- Cond SpCellOnly2

    rsrp-ThresholdMsg3-r17              RSRP-Range                                                   OPTIONAL, -- Need R
    numberOfMsg3-RepetitionsList-r17    SEQUENCE (SIZE (4)) OF NumberOfMsg3-Repetitions-r17                  OPTIONAL,  -- Cond Msg3Rep

    mcs-Msg3-Repetitions-r17            SEQUENCE (SIZE (8)) OF INTEGER (0..31)                               OPTIONAL   -- Cond Msg3Rep

    ]]

}

According to TS 38.213, the number of repetitions is instructed in the 2 MSBs of the MCS field in the RAR UL grant or in the DCI format 0_0, the details are shown as follows:
If the UE requests repetitions for the PUSCH transmission [11, TS 38.321], the UE transmits the PUSCH over [image: image2.png]


 slots, where [image: image4.png]


 is indicated by the 2 MSBs of the MCS field in the RAR UL grant or in the DCI format 0_0 from a set of four values provided by numberOfMsg3Repetitions or from {1, 2, 3, 4} if numberOfMsg3Repetitions is not provided. 
However, Msg1 repetition is different from Msg3 repetition in Rel-18. Because  NW has no chance to indicate the repetition times for Msg1. Based on the RAN1 agreements, one or multiple values for the number of multiple PRACH transmissions are supported and at least SSB-RSRP thresholds are used to determine the number of PRACH transmissions. The agreements are shown as follows:

	Agreement

For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.

· FFS: details
Agreement

Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.
Agreement

· For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt.

· Note: whether to support multiple numbers of PRACH transmissions is separately discussed.


Therefore, more threshold values are needed for Msg1 repetition. RAN2 needs to introduce three RSRP thresholds to control UEs for determining whether to select Msg1 repetition {2,4,8} times.
Proposal 1: RAN2 introduces three RSRP thresholds to control UEs for determining whether to select Msg1 repetition {2,4,8} times. 
2.2     MAC impact
For random access preamble transmission, the power ramping mechanism is used to increase the transmission power step by step among multiple RACH attempts. However, the multiple PRACH transmissions in one RACH attempt is not applied in one RACH attempt based on RAN1 agreement.
	Agreement

For multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt.


The formulation of power calculation has no consensus in RAN1. We notice that eMTC PRACH coverage enhancement has specified the power control of multiple transmission. The steps are shown as follows:
Step 1: Calculate the total receive target power.

PREAMBLE_RECEIVED_TARGET_POWER=preambleInitialReceivedTargetPower+DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep

Step 2: Calculate the target receive power for one single transmission.

PREAMBLE_RECEIVED_TARGET_POWER=PREAMBLE_RECEIVED_TARGET_POWER - 10 * log10(numRepetitionPerPreambleAttempt)

Step 3: Calculate the transmission power for one single transmission.

P_PRACH = min {P_CMAX, PREAMBLE_RECEIVED_TARGET_POWER + PL_c} [dBm]

We think RAN2 could discuss the calculation of power for PRACH transmissions above and use it as a starting point.
Proposal 2: RAN2 discusses the calculation of power for PRACH transmissions above and use it as a starting point. 
2.3     Others
There are two WAs in RAN1#112 meeting related to the partitioning of RACH resources for multiple PRACH transmissions. Although there is no conclusion in this issue, RAN2 could discuss whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 in advance.
Proposal 3: RAN2 discusses whether Rel-17 framework for RACH resource partitioning can be reused for Rel-18. 
3      Conclusions
In this contribution, we have the following observations and proposals: 

Proposal 1: RAN2 introduces three RSRP thresholds to control UEs for determining whether to select Msg1 repetition {2,4,8} times. 
Proposal 2: RAN2 discuss the calculation of power for PRACH transmissions above and use it as a starting point. 
Proposal 3: RAN2 discusses whether Rel-17 framework for RACH resource partitioning can be reused for Rel-18.  
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