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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In last RAN4 meeting, good progress was been achieved on both BWP switch delay and interruption during ad-hoc session [1]. The agreements are summarized below.
	· BWP switching delay
· Option 2 is agreed provided that PDCCH carrying DCI is 3 OFDM symbols.
[image: ] 
· Type 2 BWP switching delay is unchanged
· Delay for BWP switching of scenario 4 and others shall follow the delay of scenario 1/2/3. Interruptions requirement for scenario1/2/3/4 and BB parameter change case is FFS.
· Wait for RAN2 decision on whether different RRC delays are defined for RRC processing time with and without BWP switching

· Interruption due to BWP switching
· interruption requirement for NR activated serving cells of inter-band NR–CA (for both EN-DC and SA)
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	NR Slot length (ms)
	Interruption length (slot)

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5


 
· Agreement: BWP switching involving only SCS changing is allowed to cause interruption to all the serving CCs



In this paper, we discuss the remaining issues for both BWP switch delay and interruption.
2	Discussion
BWP switch delay for Type 1 UE
The BWP switch delay for Type 2 UE was captured in CR [2], as also provided in Table 1 with the following agreements considered jointly.
· The delay is the same for DCI-based and Timer-based BWP switch. 
· The delay is also the same for all scenarios, e.g., involving RF re-tuning, SCS and/or baseband parameter changes. 
· The delay includes the time for receiving PDCCH symbols carrying BWP switch request as well as the time waiting for the slot boundary.
[bookmark: _Ref525747048]Table 1: BWP switch delay for Type 2 UE
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	NR Slot length (ms)
	BWP switch delay Y (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	TBD
	[3]

	1
	0.5
	TBD
	[5]

	2
	0.25
	TBD
	[9]

	3
	0.125
	TBD
	[17]

	Note 1: Depends on UE capability.
Note 2: If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



One remaining issue for Type 1 UE. If we consider the previous agreed delay value in [4] together with above 3 agreements, the final delay requirement of Type 1 UE can be calculated in Table 2. In general, the final delay ranges from 750us to 1000us. 
[bookmark: _Ref525747491]Table 2: BWP switch delay for Type 1 UE
	
	(A)
3 OFDM symbol for control channel (us)
	(B)
Type 2 delay (us)
	(A+ B)
Delay + control symbols (us)
	(C)
Slot duration (us)
	Ceil((A+B)/C)
Rounded to # of slots (slot)

	15KHz SCS
	72*3 = 216
	600
	816
	1000
	1

	30KHz SCS
	36*3 = 108
	
	708
	500
	2

	60KHz SCS
	18*3 = 54
	
	654
	250
	3

	120KHz SCS
	9*3 = 27
	
	627
	125
	6



As we mentioned in our previous paper [3], Type 1 delay is too short for UE to really re-tune its RF. Therefore, extending the Type 1 delay can be considered as one option. On the other hand, one possible way to achieve Type 1 delay is that UE never re-tunes its RF. In other words, UE will always open up the widest bandwidth in the carrier, no matter which BWP is activated. Since it was agreed in previous meeting that UE is allow not to change its RF bandwidth for different BWP configurations, we think it is also fine to keep the original Type 1 switch delay.
[bookmark: _Ref525818130]Proposal 1: RAN4 to decide whether to extend Type 1 switch delay or to keep it unchanged.

Interruption for intra-band case
Interruption duration for inter-band case was agreed in previous meeting, while the conclusion could not be reached for intra-band case. No consensus was achieved whether UE needs additional time for AGC tuning. 
From the discussion in previous meeting, we see companies have the same view that AGC needs to be re-adjusted for the new BWP. But the issue is that whether this AGC re-adjustment should be considered in the interruption requirement or even in the delay requirement. 
[bookmark: _Ref525818142]Observation 1: From the discussion in RAN4#88 meeting, companies have the same view that AGC needs to be re-adjusted for the new BWP. But the issue is that whether this AGC re-adjustment should be considered in the interruption requirement or even in the delay requirement.

In our understanding, this additional AGC fine tuning does not need to be considered in the BWP switch delay and interruption, but it can be counted in UE’s CSI (CQI/PMI/RI) reporting. Because:
· UE can pre-adjust its AGC setting to an expected level.  
For BWP switching, the same serving is transmitting DL signals to UE before and after the switching. The propagation loss is not going to change significantly during the switching delay (up to 3ms). The only factor that may lead to different Rx gain is the number PRBs to be used. Since UE knows exactly the numbers of PRBs in both the previous BWP and the new BWP, UE can pre-adjust its AGC setting to an expected level. This level may not be optimal for high-level modulation and/or high-rank MIMO transmission, but should be sufficient to receive PDCCH, PDSCH with low MCS, and CSI-RS for CQI reporting.
· gNB may still need UE to suggest precoder
It is risky to directly schedule UE in the new BWP based on the CSI reported in previous BWP, because the precoder in previous BWP may not be suitable for the new BWP. Therefore, we expect that gNB will try to use some relatively robust transmission settings (e.g., low MCS, low rank, precoder-cycling) for the PDSCH right after BWP switch. After UE reports CSI to network, network can start to schedule UE with more aggressive rank and MCS.
· How AGC is converged can be reflected in the CQI reporting
AGC gain adjustment is based on received signal power. Therefore, all DL signals could be candidates for UE to adjust AGC, e.g., PDCCH and its DMRS, TRS, SSB CSI-RS. If the AGC gain is not converged yet, UE will experience low SNR at its baseband. In this case, the CQI reported by UE will also be degraded. In other words, how AGC is converged can be reflected in the CQI reporting and could be completely transparent to gNB.
Based on above discussion, we think there is no difference between inter-band and intra-band requirements. 
[bookmark: _Ref521233219]Proposal 2: Same interruption requirement is applied to both inter-band and intra-band cases.

Interruption for BWP switch with MIMO layer change
In RAN4-ah1807 meeting, there was an agreement addressing the interruption for BWP switching involving only baseband parameter change during the ad-hoc session [5].
	BWP switching involving only baseband parameter change will not cause interruptions.


In general, we can interpret the so-called baseband parameters are those IEs specified in BWP-DownlinkDedicated and BWP-UplinkDedicated in TS38.331. 
As we know, the number of MIMO layers is a special parameter which involve both baseband and RF. Interruption should be allowed for BWP switching involving changing parameters related to number of MIMO layers. In current TS38.331, there are at least 2 MIMO layer related parameters which are configured in BWP-DownlinkDedicated and BWP-UplinkDedicated. 
In DownlinkDedicated, the maxNrofCodeWordsScheduledByDCI is related to MIMO layers (A copy of relevant RRC signaling is provided in the Appendix). If the value is 1, then UE needs to support up to 4 MIMO layers in the BWP. If the value is 2, then UE needs to support up to 8 MIMO layers in the BWP. Supporting more MIMO layers definitely requires more Rx antennas. Therefore this change involve not only baseband, but also RF. As a consequence, interruption is needed.
In BWP-UplinkDedicated, the nrofSRS-Ports is related to the number of Tx antennas used for UL (A copy of relevant RRC signaling is provided in the Appendix). If this field is changed, then interruption is also expected.
[bookmark: _Ref525818137]Proposal 3: Interruption should be allowed for BWP switching involving changing parameters related to number of MIMO layers, e.g., maxNrofCodeWordsScheduledByDCI and nrofSRS-Ports.
3	Conclusions
In the contribution, we provide our view on the remaining issue BWP switching delay and interruption requirements. We have the following proposals:
Observation 1: From the discussion in RAN4#88 meeting, companies have the same view that AGC needs to be re-adjusted for the new BWP. But the issue is that whether this AGC re-adjustment should be considered in the interruption requirement or even in the delay requirement.
Proposal 1: RAN4 to decide whether to extend Type 1 switch delay or to keep it unchanged.
Proposal 2: Same interruption requirement is applied to both inter-band and intra-band cases.
Proposal 3: Interruption should be allowed for BWP switching involving changing parameters related to number of MIMO layers, e.g., maxNrofCodeWordsScheduledByDCI and nrofSRS-Ports.
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5	Appendix
BWP-DownlinkDedicated ::=           SEQUENCE {
    pdcch-Config                        SetupRelease { PDCCH-Config }                                           OPTIONAL,   -- Need M
    pdsch-Config                        SetupRelease { PDSCH-Config }                                           OPTIONAL,   -- Need M
    sps-Config                          SetupRelease { SPS-Config }                                             OPTIONAL,   -- Need M
    radioLinkMonitoringConfig           SetupRelease { RadioLinkMonitoringConfig }                              OPTIONAL,   -- Need M
    ...
}

PDSCH-Config ::=                        SEQUENCE {
    dataScramblingIdentityPDSCH             INTEGER (0..1023)                                                       OPTIONAL,   -- Need S
    dmrs-DownlinkForPDSCH-MappingTypeA      SetupRelease { DMRS-DownlinkConfig }                                    OPTIONAL,   -- Need M
    dmrs-DownlinkForPDSCH-MappingTypeB      SetupRelease { DMRS-DownlinkConfig }                                    OPTIONAL,   -- Need M

    tci-StatesToAddModList                  SEQUENCE (SIZE(1..maxNrofTCI-States)) OF TCI-State                      OPTIONAL,   -- Need N
    tci-StatesToReleaseList                 SEQUENCE (SIZE(1..maxNrofTCI-States)) OF TCI-StateId                    OPTIONAL,   -- Need N
    vrb-ToPRB-Interleaver                   ENUMERATED {n2, n4}                                                     OPTIONAL,   -- Need S
    resourceAllocation                      ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch},
    pdsch-TimeDomainAllocationList          SetupRelease { PDSCH-TimeDomainResourceAllocationList }                 OPTIONAL,   -- Need M
    pdsch-AggregationFactor                 ENUMERATED { n2, n4, n8 }                                               OPTIONAL,   -- Need S
    rateMatchPatternToAddModList            SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern       OPTIONAL,   -- Need N
    rateMatchPatternToReleaseList           SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId     OPTIONAL,   -- Need N
    rateMatchPatternGroup1                  RateMatchPatternGroup       OPTIONAL,   -- Need R
    rateMatchPatternGroup2                  RateMatchPatternGroup       OPTIONAL,   -- Need R

    rbg-Size                                ENUMERATED {config1, config2},
    mcs-Table                               ENUMERATED {qam256, qam64LowSE}                                 OPTIONAL,   -- Need S
    maxNrofCodeWordsScheduledByDCI          ENUMERATED {n1, n2}                                                     OPTIONAL,   -- Need R

    prb-BundlingType                        CHOICE {
        staticBundling                          SEQUENCE {
            bundleSize                              ENUMERATED { n4, wideband }                                     OPTIONAL        -- Need S
        },
        dynamicBundling                     SEQUENCE {
            bundleSizeSet1                          ENUMERATED { n4, wideband, n2-wideband, n4-wideband }           OPTIONAL,   -- Need S
            bundleSizeSet2                          ENUMERATED { n4, wideband }                                     OPTIONAL        -- Need S
        }
    },
    zp-CSI-RS-ResourceToAddModList                  SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-Resources)) OF ZP-CSI-RS-Resource       OPTIONAL, -- Need N
    zp-CSI-RS-ResourceToReleaseList                 SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-Resources)) OF ZP-CSI-RS-ResourceId     OPTIONAL, -- Need N
    aperiodic-ZP-CSI-RS-ResourceSetsToAddModList    SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-ResourceSets)) OF ZP-CSI-RS-ResourceSet OPTIONAL, -- Need N
    aperiodic-ZP-CSI-RS-ResourceSetsToReleaseList   SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-ResourceSets)) OF ZP-CSI-RS-ResourceSetId   OPTIONAL,
                                                                                                                                        -- NeedN
    sp-ZP-CSI-RS-ResourceSetsToAddModList   SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-ResourceSets)) OF ZP-CSI-RS-ResourceSet         OPTIONAL,   -- Need N
    sp-ZP-CSI-RS-ResourceSetsToReleaseList  SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-ResourceSets)) OF ZP-CSI-RS-ResourceSetId       OPTIONAL,   -- Need N
    p-ZP-CSI-RS-ResourceSet                 SetupRelease { ZP-CSI-RS-ResourceSet }                                              OPTIONAL,   -- Need M
    ...
}
RateMatchPatternGroup ::=               SEQUENCE (SIZE (1..maxNrofRateMatchPatternsPerGroup)) OF CHOICE {
    cellLevel                               RateMatchPatternId,
    bwpLevel                                RateMatchPatternId
}


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
    ...
}

SRS-Config ::=                          SEQUENCE {
    srs-ResourceSetToReleaseList            SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSetId            OPTIONAL,   -- Need N
    srs-ResourceSetToAddModList             SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSet              OPTIONAL,   -- Need N

    srs-ResourceToReleaseList               SEQUENCE (SIZE(1..maxNrofSRS-Resources)) OF SRS-ResourceId                  OPTIONAL,   -- Need N
    srs-ResourceToAddModList                SEQUENCE (SIZE(1..maxNrofSRS-Resources)) OF SRS-Resource                    OPTIONAL,   -- Need N

    tpc-Accumulation                        ENUMERATED {disabled}                                                       OPTIONAL,   -- Need S
    ...
}

SRS-ResourceSet ::=                     SEQUENCE {
    srs-ResourceSetId                       SRS-ResourceSetId,
    srs-ResourceIdList                      SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId        OPTIONAL,   -- Cond Setup

    resourceType                            CHOICE {
        aperiodic                               SEQUENCE {
            aperiodicSRS-ResourceTrigger            INTEGER (1..maxNrofSRS-TriggerStates-1),
            csi-RS                                  NZP-CSI-RS-ResourceId                                           OPTIONAL,   -- Cond NonCodebook
            slotOffset                              INTEGER (1..32)                                                 OPTIONAL,   -- Need S
            ...,
            [[
            aperiodicSRS-ResourceTriggerList-v1530      SEQUENCE (SIZE(1..maxNrofSRS-TriggerStates-2))
                                                            OF INTEGER (1..maxNrofSRS-TriggerStates-1)      OPTIONAL        -- Need M
            ]]
        },
        semi-persistent                         SEQUENCE {
            associatedCSI-RS                        NZP-CSI-RS-ResourceId                                           OPTIONAL, -- Cond NonCodebook
            ...
        },
        periodic                                SEQUENCE {
            associatedCSI-RS                        NZP-CSI-RS-ResourceId                                           OPTIONAL, -- Cond NonCodebook
            ...
        }
    },
    usage                                   ENUMERATED {beamManagement, codebook, nonCodebook, antennaSwitching},
    alpha                                   Alpha                                                                   OPTIONAL, -- Need S
    p0                                      INTEGER (-202..24)                                                      OPTIONAL, -- Cond Setup
    pathlossReferenceRS                     CHOICE {
        ssb-Index                               SSB-Index,
        csi-RS-Index                            NZP-CSI-RS-ResourceId
    }                                                                                                               OPTIONAL, -- Need M
    srs-PowerControlAdjustmentStates        ENUMERATED { sameAsFci2, separateClosedLoop}                            OPTIONAL, -- Need S
    ...
}

SRS-ResourceSetId ::=                   INTEGER (0..maxNrofSRS-ResourceSets-1)

SRS-Resource ::=                        SEQUENCE {
    srs-ResourceId                          SRS-ResourceId,
    nrofSRS-Ports                           ENUMERATED {port1, ports2, ports4},
    ptrs-PortIndex                          ENUMERATED {n0, n1 }                                                    OPTIONAL,   -- Need R
    transmissionComb                        CHOICE {
        n2                                      SEQUENCE {
            combOffset-n2                           INTEGER (0..1),
            cyclicShift-n2                          INTEGER (0..7)
        },
        n4                                      SEQUENCE {
            combOffset-n4                           INTEGER (0..3),
            cyclicShift-n4                          INTEGER (0..11)
        }
    },
    resourceMapping                         SEQUENCE {
        startPosition                           INTEGER (0..5),
        nrofSymbols                             ENUMERATED {n1, n2, n4},
        repetitionFactor                        ENUMERATED {n1, n2, n4}
    },
    freqDomainPosition                      INTEGER (0..67),
    freqDomainShift                         INTEGER (0..268),
    freqHopping                             SEQUENCE {
        c-SRS                                   INTEGER (0..63),
        b-SRS                                   INTEGER (0..3),
        b-hop                                   INTEGER (0..3)
    },
    groupOrSequenceHopping                  ENUMERATED { neither, groupHopping, sequenceHopping },
    resourceType                            CHOICE {
        aperiodic                               SEQUENCE {
            ...
        },
        semi-persistent                         SEQUENCE {
            periodicityAndOffset-sp                     SRS-PeriodicityAndOffset,
            ...
        },
        periodic                                SEQUENCE {
            periodicityAndOffset-p                      SRS-PeriodicityAndOffset,
            ...
        }
    },
    sequenceId                              INTEGER (0..1023),
    spatialRelationInfo                     SRS-SpatialRelationInfo                                         OPTIONAL,   -- Need R
    ...
}
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