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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk41034805][bookmark: OLE_LINK3]In this contribution, we will discuss the RACH delay owing to that some configurations supported by SMTC cannot be covered by the configuration of measurement gap and put forward the specific solution.
2. Discussion
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]In R15, some configurations supported by SMTC cannot be covered by the configuration of measurement gap. According to the specification, the measurement gap supports configuration of repetition period {ms20, ms40, ms80, ms160} and measurement gap length {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6}. While SMTC supports configuration of periodicity {sf5, sf10, sf20, sf40, sf80, sf160} and duration {sf1, sf2, sf3, sf4, sf5}. More specifically, the configurations of SMTC not covered by the configurations of measurement gap include:

[bookmark: _Hlk41029326]periodicityAndOffset                    CHOICE {
        sf5                                 INTEGER (0..4),
        sf10                                    INTEGER (0..9),     
    },
    duration                                ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
An example is shown in figure 1 with the case of SMTC configuration with periodicity=5ms and duration=1ms. Since the value of SMTC periodicity is small, a corresponding value of measurement gap is needed. However even with the shortest periodicity of the measurement gap repetition period 20ms and the largest value of the measurement gap length 6ms, the SMTC configuration cannot be covered. Therefore some SMTC window durations are out of the measurement gap durations.


Figure 1: example of SMTC and measurement gap configuration
[bookmark: _Hlk41031717][bookmark: _Hlk41040876][bookmark: _Hlk41031784]However, there will be something wrong if the measurement gap configuration doesn’t cover the SMTC configuration. During the measurement gap, it is up to UE implementation whether to send the PRACH preamble, and UE can send the Msg3 message and monitor the Msg2/Msg4 messages once the preamble is sent. But according to the specification on SMTC, there may be some scheduling restrictions in some cases, i.e. some or all symbols during the SMTC window are not used for the transmission or reception of the serving cell and are used for the measurement of the serving cell and neighbor cells. Therefore during the SMTC window not covered by the measurement gap, the RACH delay may exist. 

As we can know from the current specifications[1,2] and the specific content listed in Annex A and B, in R16 some of the SMTC configurations cannot still be covered by any of the possible measurement gap configurations. The measurement gap supports configuration of repetition period {ms20, ms40, ms80, ms160} and length {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6}. While SMTC supports configuration of periodicity {ms5, ms10, ms20, ms40, ms80, ms160, ms320, ms640, ms1280} and duration {sf1, sf2, sf3, sf4, sf5}. The example above still proves this problem.
Observation 1: Some of the SMTC configurations cannot be covered by any of the possible measurement gap configurations.
[bookmark: _Hlk41038155]Observation 2: During SMTC window not covered by the measurement gap, the RACH delay may exist.
[bookmark: _Hlk41037367]From our perspectives, given that the RACH has the priority, this issue should be solved to avoid the RACH delay during the SMTC window not covered by the measurement gap.
More specifically, the configuration range of measurement gap should be extended fully to cover the configuration of SMTC as described in vivo’s tdoc [3], so the RACH procedure during the SMTC window is same as it during the measurement gap.
Proposal: Introduce the new measurement gap configuration to cover the SMTC configuration absolutely.
3. Conclusion
In this contribution, we discuss the RACH delay owing to that some configurations supported by SMTC cannot be covered by the configuration of measurement gap, and have the following observations and proposal:
Observation 1: Some of the SMTC configurations cannot be covered by any of the possible measurement gap configurations.
Observation 2: During SMTC window not covered by the measurement gap, the RACH delay may exist.
Proposal: Introduce the new measurement gap configuration to cover the SMTC configuration absolutely.
4. [bookmark: _Hlk40963449]References
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Annex A
–	MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/release of measurement gaps.
MeasGapConfig information element
-- ASN1START
-- TAG-MEASGAPCONFIG-START

MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }                                              OPTIONAL    -- Need M
    ]]

}

GapConfig ::=                       SEQUENCE {
    gapOffset                           INTEGER (0..159),
    mgl                                 ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
    mgrp                                ENUMERATED {ms20, ms40, ms80, ms160},
    mgta                                ENUMERATED {ms0, ms0dot25, ms0dot5},
    ...,
    [[
    refServCellIndicator                ENUMERATED {pCell, pSCell, mcg-FR2}                                         OPTIONAL   -- Cond NEDCorNRDC
    ]],
    [[
    refFR2ServCellAsyncCA-r16       ServCellIndex                                                           OPTIONAL   -- Cond AsyncCA
    ]]

}

-- TAG-MEASGAPCONFIG-STOP
-- ASN1STOP

–	SSB-MTC
The IE SSB-MTC is used to configure measurement timing configurations, i.e., timing occasions at which the UE measures SSBs.
SSB-MTC information element
-- ASN1START
-- TAG-SSB-MTC-START

SSB-MTC ::=                             SEQUENCE {
    periodicityAndOffset                    CHOICE {
        sf5                                 INTEGER (0..4),
        sf10                                    INTEGER (0..9),
        sf20                                    INTEGER (0..19),
        sf40                                    INTEGER (0..39),
        sf80                                    INTEGER (0..79),
        sf160                                   INTEGER (0..159)
    },
    duration                                ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
}

SSB-MTC2 ::=                        SEQUENCE {
    pci-List                            SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId                   OPTIONAL,   -- Need M
    periodicity                         ENUMERATED {sf5, sf10, sf20, sf40, sf80, spare3, spare2, spare1}
}

SSB-MTC2-LP-r16 ::=                 SEQUENCE {
    pci-List                            SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId                   OPTIONAL,   -- Need R
    periodicity                         ENUMERATED {sf10, sf20, sf40, sf80, sf160, spare3, spare2, spare1}
}

SSB-MTC3-r16 ::=                    SEQUENCE {
        ssb-MTC-Periodicity-r16         ENUMERATED {ms5, ms10, ms20, ms40, ms80, ms160, ms320, ms640, ms1280},
        ssb-MTC-Timingoffset-r16        INTEGER (0..127),
        ssb-MTC-Duration-r16            ENUMERATED {sf1, sf2, sf3, sf4, sf5},
        ssb-MTC-pci-List-r16            SEQUENCE (SIZE (0..63)) OF PhysCellId,
        ssb-ToMeasure-r16               SetupRelease { SSB-ToMeasure }                                          OPTIONAL   -- Need M
    }


-- TAG-SSB-MTC-STOP
-- ASN1STOP

Annex B

9.2.5.3.2              Scheduling availability of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH on FR1
For UE which do not support simultaneousRxDataSSB-DiffNumerology [14] the following restrictions apply due to SS-RSRP/RSRQ/SINR measurement
-	If deriveSSB_IndexFromCell is enabled the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. If the high layer signalling of smtc2 is configured(in TS 38.331 [2]), the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.
-	If deriveSSB_IndexFromCell is not enabled the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on all symbols within SMTC window duration. If the high layer signalling of smtc2 is configured(in TS 38.331 [2]), the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.
When intra-band carrier aggregation is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band on the symbols that fully or partially overlap with the aforementioned restricted symbols. 

9.2.5.3.3              Scheduling availability of UE performing measurements on FR2
The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell
	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration (The signaling deriveSSB_IndexFromCell is always enabled for FR2). If the high layer signalling of smtc2 is configured(in TS 38.331 [2]), the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.
The following scheduling restriction applies to SS-RSRQ measurement on an FR2 intra-frequency cell
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB to be measured/RSSI symbols and 1 data symbol after each consecutive SSB to be measured/RSSI symbols within SMTC window duration (The signaling deriveSSB_IndexFromCellc is always enabled for FR2). If the high layer signalling of smtc2 is configured(in TS 38.331 [2]), the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.
When intra-band carrier aggregation is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band on the symbols that fully or partially overlap with aforementioned restricted symbols. 
If following conditions are met:
-	The UE has been notified about system information update through paging,
-	The gap between the UE’s reception of PDCCH that UE monitors in the Type 2-PDCCH CSS set that notifies system information update, and the PDCCH that UE monitors in the Type0-PDCCH CSS set, is greater than 2
For the SSB and CORESET for RMSI scheduling multiplexing patterns 3, the UE is expected to receive the PDCCH that the UE monitors in the Type0-PDCCH CSS set, and the corresponding PDSCH, on SSB symbols to be measured; and 
For the SSB and CORESET for RMSI scheduling multiplexing patterns 2, the UE is expected to receive PDSCH that corresponds to the PDCCH that the UE monitors in the Type0-PDCCH CSS set, on SSB symbols to be measured.
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