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1 Introduction
In Rel-15, the overheating issue was addressed for the EN-DC, SA and later drop. In overheating assistance information, UE can indicates the preference on reduced configuration corresponding to the maximum number of downlink/uplink MIMO layers of each serving cell. However, SRS antenna switching is relevant to the MIMO layers. It is not clear which SRS Tx port switching pattern should be used if reduced MIMO layers are configured. In this paper, we would like to discuss the reduced SRS antenna switching.
2 Discussion
In Rel-15, the SRS antenna switching capability, reduced downlink/uplink maximum MIMO layers indication in overheating assistance information and downlink/uplink maximum MIMO layers configuration are specified as below [1].
SRS antenna switching capability

BandParameters-v1540 ::=            SEQUENCE {

    srs-CarrierSwitch                   CHOICE {

        nr                                  SEQUENCE {

            srs-SwitchingTimesListNR            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeNR

        },

        eutra                               SEQUENCE {

            srs-SwitchingTimesListEUTRA         SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeEUTRA

        }

    }                                                                           OPTIONAL,

    srs-TxSwitch-v1540              SEQUENCE {

        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},

        txSwitchImpactToRx              INTEGER (1..32)                         OPTIONAL,

        txSwitchWithAnotherBand         INTEGER (1..32)                         OPTIONAL
    }                                                                           OPTIONAL
}

Overheating assistance information

OverheatingAssistance ::=           SEQUENCE {

    reducedMaxCCs                       SEQUENCE {

        reducedCCsDL                        INTEGER (0..31),

        reducedCCsUL                        INTEGER (0..31)

    } OPTIONAL,

    reducedMaxBW-FR1                    SEQUENCE {

        reducedBW-FR1-DL                    ReducedAggregatedBandwidth,

        reducedBW-FR1-UL                    ReducedAggregatedBandwidth

    } OPTIONAL,

    reducedMaxBW-FR2                    SEQUENCE {

        reducedBW-FR2-DL                    ReducedAggregatedBandwidth,

        reducedBW-FR2-UL                    ReducedAggregatedBandwidth

    } OPTIONAL,

    reducedMaxMIMO-LayersFR1            SEQUENCE {

        reducedMIMO-LayersFR1-DL            MIMO-LayersDL,

        reducedMIMO-LayersFR1-UL            MIMO-LayersUL

    } OPTIONAL,

    reducedMaxMIMO-LayersFR2            SEQUENCE {

        reducedMIMO-LayersFR2-DL            MIMO-LayersDL,

        reducedMIMO-LayersFR2-UL            MIMO-LayersUL

    } OPTIONAL
}
…

MIMO-LayersDL ::=   ENUMERATED {twoLayers, fourLayers, eightLayers}

MIMO-LayersUL ::=   ENUMERATED {oneLayer, twoLayers, fourLayers}

MIMO layers configuration

PDSCH-ServingCellConfig information element

-- ASN1START

-- TAG-PDSCH-SERVINGCELLCONFIG-START

PDSCH-ServingCellConfig ::=             SEQUENCE {

    codeBlockGroupTransmission              SetupRelease { PDSCH-CodeBlockGroupTransmission }       OPTIONAL,   -- Need M

    xOverhead                               ENUMERATED { xOh6, xOh12, xOh18 }                       OPTIONAL,   -- Need S

    nrofHARQ-ProcessesForPDSCH              ENUMERATED {n2, n4, n6, n10, n12, n16}                  OPTIONAL,   -- Need S

    pucch-Cell                              ServCellIndex                                           OPTIONAL,   -- Cond SCellAddOnly

    ...,

    [[

    maxMIMO-Layers                          INTEGER (1..8)                                          OPTIONAL,  -- Need M

    processingType2Enabled                  BOOLEAN                                                 OPTIONAL   -- Need M

    ]]

}

PUSCH-ServingCellConfig information element

-- ASN1START

-- TAG-PUSCH-SERVINGCELLCONFIG-START

PUSCH-ServingCellConfig ::=             SEQUENCE {

    codeBlockGroupTransmission              SetupRelease { PUSCH-CodeBlockGroupTransmission }       OPTIONAL,   -- Need M

    rateMatching                            ENUMERATED {limitedBufferRM}                            OPTIONAL,   -- Need S

    xOverhead                               ENUMERATED {xoh6, xoh12, xoh18}                         OPTIONAL,   -- Need S

    ...,

    [[

    maxMIMO-Layers                          INTEGER (1..4)                                          OPTIONAL,   -- Need M

    processingType2Enabled                  BOOLEAN                                                 OPTIONAL    -- Need M

    ]]

}

PUSCH-CodeBlockGroupTransmission ::=    SEQUENCE {

    maxCodeBlockGroupsPerTransportBlock     ENUMERATED {n2, n4, n6, n8},

    ...

}

The motivation to indicate the reduced maximum MIMO layers is that the UE can switch off some RF chains to reduce the power consumption. For example, if the 4 DL MIMO layers is being used, the UE expecting to reduce the DL MIMO layers to 2 layers sends UE assistance information, and the network can re-configure the maximum DL MIMO layers to 2 layers. In this case, the UE can switch off 2 DL RF chains to save power.
The mechanism above works well only considering MIMO layers, however, the SRS antenna switching capability is also tightly relevant to RF chains. For example, in the UE capability information message, 4 is reported for maximum DL MIMO layers and 2T4R is indicated, the MIMO layers can be reduced via UE assistance information, but the SRS antenna switching capability may still be high. Although the maximum DL MIMO layers are reduced to 2, the UE cannot switch off 2 DL RF chains in order to implement 2T4R SRS antenna switching. As the consequence, power saving cannot be achieved. Besides, even if the UE forces to switch off 2 DL RF chains, it is not clear whether the fallback SRS Tx port switching pattern is 2T2R or 1T2R, which would lead to misalignment between the UE and the network.
Moreover, in the SI of Rel-16 UE Power Saving, MIMO layer adaptation was discussed as well. In the RAN2#106 meeting, “In addition to per cell MIMO layer configuration (already supported in Rel-15), another MIMO layer can be configured to the initial/default BWP.  FFS if we allow configuration per BWP” was agreed. The SRS resources for SRS antenna switching are configured per BWP, if only MIMO layers are reduced in a certain BWP without reduced SRS antenna switching, reducing MIMO layers seems unavailing for power saving.
Observation 1: In the UE side, for UE overheating and UE power saving, only the MIMO layers can be reduced but the SRS antenna switching capability may still be high, the UE cannot switch off some RF chains and the power consumption cannot be saved.
Form the network perspective, the SRS resources are precious. When the network configures the reduced maximum MIMO layers, the network would prefer to configure the reduced SRS antenna switching to save the SRS resources. It is beneficial for the efficiency of resources usage.
Observation 2: In the network side, the SRS resources can be saved if the network configures reduced SRS antenna switching along with the reduced maximum MIMO layers.
To address the issue discussed above, the straightforward way is to report the fallback SRS antenna switching capability corresponding to the reduced maximum MIMO layers. Two potential ways are imaged:
· Solution 1: Indicating the reduced SRS antenna switching in the UE capability information message. If the UE indicates the reduced MIMO layers in the UE assistance information message, this may trigger to use the reduced SRS antenna switching accordingly. This solution is more suitable for the power saving case, the network is able to configure the different MIMO layers and SRS resources for SRS antenna switching in different BWP based on the UE capability in the beginning.
· Solution 2: Indicating the reduced SRS antenna switching along with reporting the reduced MIMO layers in the UE assistance information message. Considering the signalling overhead, the reduced SRS antenna switching capability only for the current configured band combination is reported.
Proposal 1: Indicating the reduced SRS antenna switching corresponding to the reduced maximum MIMO layers should be supported.
Proposal 2: RAN2 down selects the above two solutions if the Proposal 1 is agreed.

Two relevant CRs corresponding the Solution 1 and Solution 2 are provided in [2] and [3] respectively.

3 Conclusion

In this paper we discuss the reduced SRS antenna switching, and have the following observation and proposals:
Observation 1: In the UE side, for UE overheating and UE power saving, only the MIMO layers can be reduced but the SRS antenna switching capability may still be high, the UE cannot switch off some RF chains and the power consumption cannot be saved.
Observation 2: In the network side, the SRS resources can be saved if the network configures reduced SRS antenna switching along with the reduced maximum MIMO layers.
Proposal 1: Indicating the reduced SRS antenna switching corresponding to the reduced maximum MIMO layers should be supported.

Proposal 2: RAN2 down selects the above two solutions if the Proposal 1 is agreed.
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