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1. Introduction
In this document we discuss the UE capability on SRS antenna switching. We noticed that the current UE capability signalling does not provide enough information for it to be useful. We review the same capability defined for LTE in TS36.331 and suggest a similar signalling for NR and for MR-DC.
2. Discussion
The current capability for SRS antenna switching in TS 38.331 is as follows: 

FeatureSetUplink ::=




SEQUENCE {


[…]



srs-TxSwitch





SRS-TxSwitch







OPTIONAL,


[…]

}

SRS-TxSwitch ::=
SEQUENCE {


supportedSRS-TxPortSwitch


ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, tr-equal},


txSwitchImpactToRx




ENUMERATED {true}









OPTIONAL
}

This signalling implies, effectively, that per band in band combination, the UE signals the following capabilities:

1) What switching capability the UE supports (e.g. 1T2R, 1T4R, …)

2) Whether the switching impacts the UE receiver.

We would like to note that the capability txSwitchImpactToRx is ‘per band’ in current signalling. In general, performing Tx antenna switching in a TDD band will not affect the downlink, since transmission and reception in these bands are TDM – so the usefulness of this field is a bit doubtful.
It should be further noted that keeping the current signalling would have the following negative impacts:

1) The field txSwitchImpactToRx is unusable, and does not provide information about whether a DL band is interrupted by switching UL. This is critical for TDD-FDD CA (or EN-DC).

2) There is no information about whether multiple bands switch the uplink together. Due to lack of this signalling, the eNB has to assume that all uplink CCs switch together (similar to LTE pre Rel-13), which will hinder the application of e.g. fast SRS sounding in NR bands with <15kHz numerology (since the LTE band switches together, the NR band cannot switch in the middle of a subframe)

Observation 1: Current signalling has the following limitations:


- eNB has to assume that switching UL in a band may interrupt DL of any other band.


- eNB has to assume that switching UL in a band switches the UL in all other bands.

RAN2 received another update on RAN1 feature list [6]. The following entry is included with the additional details on the component 2 and 3:
	2-55
	SRS Tx switch
	1. Support SRS Tx port switch, 
2. Report whether the uplink TX switching impact to downlink receiving in a band,

3. Report whether the UL Tx is switched together with UL Tx in another band 
	2-53
	Yes
	SRS Tx Switch is not supported
	Type 3
	N.A.
	N.A.
	
	Component-2 is agreed with conditioned to RAN4’s decision.

Component-2 is per band pair per band combination

Note that Component-3 is per band pair per band combination

Note that the band pair in Component-2 and Component-3 can be an LTE band and an NR band
	RAN1/4
	Mandatory with capability signaling

Component-1 is a list of TRx  pairs, candidates are {“Not supported”, “1T2R”, “1T4R”, “2T4R”, “1T4R/2T4R”, “1T=1R”, “2T=2R”, “4T=4R”}

Component-2: Candidate value set:, {yes, no},

Note: “R” refers to a subset/set of receive antennas for PDSCH; “T” refers to the SRS antennas used for DL CSI acquisition

Component-3: Candidate value set:, {yes, no},


Similar to LTE signalling, the sentence “impact to downlink receiving in a band” means whether switching an antenna in a band B1 creates a glitch in band B2 (due to the tx antenna of B1 and rx antenna of B2 going through the same switch). This signalling was deemed necessary in LTE, especially for cases with FDD-TDD CA where the UE supports antenna switching in TDD bands but this switching disrupts the receiver in the FDD band(s). For further background on this discussion in RAN1, the reader is referred to R1-1712769, R1-1715264 and R1-1715335 [1][2][3].

The conclusion for LTE was as follows (which is implemented in RAN2 CR R2-1714036 [4]):
 SHAPE  \* MERGEFORMAT 



The first bullet corresponds to the “component-3” and the second bullet corresponds to the “component-2” in the above entry in RAN1’s feature list. It should also be noted that it is stated “Note that the band pair in Component-2 and Component-3 can be an LTE band and an NR band”, which means that it is applicable to both NR standalone and MR-DC.
Proposal 1:
For SRS antenna switching in NR CA and MR-DC, follow same mechanism as LTE as follows:

For each band combination, signal which bands support Tx antenna selection (e.g. as indicated by the presence of field srs-TxSwitch in NR). For each of the bands that support Tx antenna selection:

· For each uplink band, signal all the bands in the band combination for which UL switches together (thus same port has to be enforced)

· For each uplink band, signal all the bands in the band combination for which DL switches together (thus introducing a ‘glitch’ in the DL reception)

Now we review the current LTE UE capability signalling as agreed in R2-1714036 [4] using the following example; 4 carrier CA band combination where band #2 is DL-only and band#4 is SUL. In this example, it is assumed that;
· UL of band#1 and band#3 switch together with DL of band#1 and band#3.

· UL of band#4 switches together with DL of band#2.
The above grouping of UL and DL is indicated by the colours in figure-1 below.
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Figure-1: Grouping of UL and DL that switch together

In the UE capability, the following parameters are signaled per band per band combination.
BandParameters-v1380 ::= 
SEQUENCE {


txAntennaSwitchDL-r13


INTEGER (1..32)




OPTIONAL,


txAntennaSwitchUL-r13


INTEGER (1..32)




OPTIONAL

}

txAntennaSwitchUL:
indicates the entry number of the first-listed band with UL in the band combination that switches together with this UL
txAntennaSwitchDL:
indicates the entry number of the first-listed band with UL in the band combination that affects this DL.

The following figure-2 shows how the example depicted in figure-1 is represented by the UE capability signaling. It can be seen that the entry number of the band within the band combination (i.e. band list) is used to form the grouping of bands that switch together.
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Figure-2: Grouping of UL and DL in UE capability signaling

Since the UE capability is very much RF specific, it seems sensible to add these parameters at the same level as BandParameters in BandCombination in TS38.331. This can be done by creating extension list of band combinations, where each band entry within a band combination corresponds to the band as signaled in BandCombination.
Proposal 2:
To agree on the UE capability structure for SRS antenna switching for MR-DC and NR CA according to the text proposal below
-- ASN1START

-- TAG-UE-MRDC-CAPABILITY-START

UE-MRDC-Capability ::=              SEQUENCE {

    measAndMobParametersMRDC            MeasAndMobParametersMRDC            OPTIONAL,

    phy-ParametersMRDC-v1530            Phy-ParametersMRDC                  OPTIONAL,

    rf-ParametersMRDC                   RF-ParametersMRDC,

    generalParametersMRDC               GeneralParametersMRDC-XDD-Diff      OPTIONAL,

    fdd-Add-UE-MRDC-Capabilities        UE-MRDC-CapabilityAddXDD-Mode       OPTIONAL,

    tdd-Add-UE-MRDC-Capabilities        UE-MRDC-CapabilityAddXDD-Mode       OPTIONAL,

    fr1-Add-UE-MRDC-Capabilities        UE-MRDC-CapabilityAddFRX-Mode       OPTIONAL,

    fr2-Add-UE-MRDC-Capabilities        UE-MRDC-CapabilityAddFRX-Mode       OPTIONAL,

    featureSetCombinations              SEQUENCE (SIZE (1..maxFeatureSetCombinations)) OF FeatureSetCombination         OPTIONAL,

    pdcp-ParametersMRDC-v1530           PDCP-ParametersMRDC                 OPTIONAL,

    lateNonCriticalExtension            OCTET STRING                        OPTIONAL,

    nonCriticalExtension                UE-MRDC-Capability15vxy                         OPTIONAL
}

UE-MRDC-CapabilityAddXDD-Mode ::=   SEQUENCE {

    measAndMobParametersMRDC-XDD-Diff       MeasAndMobParametersMRDC-XDD-Diff   OPTIONAL,

    generalParametersMRDC-XDD-Diff          GeneralParametersMRDC-XDD-Diff      OPTIONAL
}

UE-MRDC-CapabilityAddFRX-Mode ::=   SEQUENCE {

    measAndMobParametersMRDC-FRX-Diff       MeasAndMobParametersMRDC-FRX-Diff

}

GeneralParametersMRDC-XDD-Diff ::= SEQUENCE {

    splitSRB-WithOneUL-Path             ENUMERATED {supported}              OPTIONAL,

    splitDRB-withUL-Both-MCG-SCG        ENUMERATED {supported}              OPTIONAL,

    srb3                                ENUMERATED {supported}              OPTIONAL,

    v2x-EUTRA-v1530                     ENUMERATED {supported}              OPTIONAL,

    ...

}

UE-MRDC-Capability-15xy
::=

SEQUENCE

{


rf-ParametersMRDC-ext

RF-Parameters-ext

OPTIONAL,


nonCriticalExtension


SEQUENCE {}


OPTIONAL

}
-- TAG-UE-MRDC-CAPABILITY-STOP

-- ASN1STOP

-- ASN1START

-- TAG-UE-NR-CAPABILITY-START

UE-NR-Capability ::=            SEQUENCE {

    accessStratumRelease            AccessStratumRelease,

    pdcp-Parameters                 PDCP-Parameters,

    rlc-Parameters                  RLC-Parameters                      OPTIONAL,

    mac-Parameters                  MAC-Parameters                      OPTIONAL,

    phy-Parameters                  Phy-Parameters,

    rf-Parameters                   RF-Parameters,

    measAndMobParameters            MeasAndMobParameters                OPTIONAL,

    fdd-Add-UE-NR-Capabilities      UE-NR-CapabilityAddXDD-Mode         OPTIONAL,

    tdd-Add-UE-NR-Capabilities      UE-NR-CapabilityAddXDD-Mode         OPTIONAL,

    fr1-Add-UE-NR-Capabilities      UE-NR-CapabilityAddFRX-Mode         OPTIONAL,

    fr2-Add-UE-NR-Capabilities      UE-NR-CapabilityAddFRX-Mode         OPTIONAL,

    featureSets                     FeatureSets                         OPTIONAL,

    featureSetCombinations          SEQUENCE (SIZE (1..maxFeatureSetCombinations)) OF FeatureSetCombination         OPTIONAL,

    lateNonCriticalExtension        OCTET STRING                        OPTIONAL,

    nonCriticalExtension            UE-NR-Capability-1530               OPTIONAL
}

UE-NR-Capability-1530 ::=               SEQUENCE {

    fdd-Add-UE-NR-Capabilities-1530         UE-NR-CapabilityAddXDD-Mode-1530        OPTIONAL,

    tdd-Add-UE-NR-Capabilities-1530         UE-NR-CapabilityAddXDD-Mode-1530        OPTIONAL,

    voiceOverMCG-Bearer                     ENUMERATED {supported}                  OPTIONAL,

    interRAT-Parameters                     InterRAT-Parameters                     OPTIONAL,

    inactiveState                           ENUMERATED {supported}                  OPTIONAL,

    delayBudgetReporting                    ENUMERATED {supported}                  OPTIONAL,

    nonCriticalExtension                    UE-NR-Capability-15xy                             OPTIONAL
}

UE-NR-CapabilityAddXDD-Mode ::=         SEQUENCE {

    phy-ParametersXDD-Diff                  Phy-ParametersXDD-Diff                  OPTIONAL,

    mac-ParametersXDD-Diff                  MAC-ParametersXDD-Diff                  OPTIONAL,

    measAndMobParametersXDD-Diff            MeasAndMobParametersXDD-Diff            OPTIONAL
}

UE-NR-CapabilityAddXDD-Mode-1530 ::=    SEQUENCE {

    eutra-ParametersXDD-Diff                EUTRA-ParametersXDD-Diff

}

UE-NR-CapabilityAddFRX-Mode ::=
SEQUENCE {

    phy-ParametersFRX-Diff              Phy-ParametersFRX-Diff                      OPTIONAL,

    measAndMobParametersFRX-Diff        MeasAndMobParametersFRX-Diff                OPTIONAL
}

UE-NR-Capability-15xy
::=
SEQUENCE
{


rf-Parameters-ext


RF-Parameters-ext

OPTIONAL,


nonCriticalExtension


SEQUENCE {}


OPTIONAL

}
-- TAG-UE-NR-CAPABILITY-STOP

-- ASN1STOP
-- ASN1START

-- TAG-RF-PARAMETERS-START

RF-Parameters ::=                   SEQUENCE {

    supportedBandListNR                 SEQUENCE (SIZE (1..maxBands)) OF BandNR,

    supportedBandCombinationList        BandCombinationList                         OPTIONAL,

    appliedFreqBandListFilter           FreqBandList                                OPTIONAL,

    ...

}

BandNR ::=                          SEQUENCE {

    bandNR                              FreqBandIndicatorNR,

    modifiedMPR-Behaviour               BIT STRING (SIZE (8))                       OPTIONAL,

    mimo-ParametersPerBand              MIMO-ParametersPerBand                      OPTIONAL,

    extendedCP                          ENUMERATED {supported}                      OPTIONAL,

    multipleTCI                         ENUMERATED {supported}                      OPTIONAL,

    bwp-WithoutRestriction              ENUMERATED {supported}                      OPTIONAL,

    bwp-SameNumerology                  ENUMERATED {upto2, upto4}                   OPTIONAL,

    bwp-DiffNumerology                  ENUMERATED {upto4}                          OPTIONAL,

    crossCarrierScheduling-SameSCS      ENUMERATED {supported}                      OPTIONAL,

    pdsch-256QAM-FR2                    ENUMERATED {supported}                      OPTIONAL,

    pusch-256QAM                        ENUMERATED {supported}                      OPTIONAL,

    ue-PowerClass                       ENUMERATED {pc1, pc2, pc3, pc4}             OPTIONAL,

    rateMatchingLTE-CRS                 ENUMERATED {supported}                      OPTIONAL,

    channelBWs-DL-v1530                 CHOICE {

        fr1                                 SEQUENCE {

            scs-15kHz                           BIT STRING (SIZE (10))              OPTIONAL,

            scs-30kHz                           BIT STRING (SIZE (10))              OPTIONAL,

            scs-60kHz                           BIT STRING (SIZE (10))              OPTIONAL
        },

        fr2                                 SEQUENCE {

            scs-60kHz                           BIT STRING (SIZE (3))               OPTIONAL,

            scs-120kHz                          BIT STRING (SIZE (3))               OPTIONAL
        }

    }                                                                               OPTIONAL,

    channelBWs-UL-v1530                 CHOICE {

        fr1                                 SEQUENCE {

            scs-15kHz                           BIT STRING (SIZE (10))              OPTIONAL,

            scs-30kHz                           BIT STRING (SIZE (10))              OPTIONAL,

            scs-60kHz                           BIT STRING (SIZE (10))              OPTIONAL
        },

        fr2                                 SEQUENCE {

            scs-60kHz                           BIT STRING (SIZE (3))               OPTIONAL,

            scs-120kHz                          BIT STRING (SIZE (3))               OPTIONAL
        }

    }                                                                               OPTIONAL,

    ...,

    [[

    maxUplinkDutyCycle              ENUMERATED {n60, n70, n80, n90, n100}           OPTIONAL
    ]]

}

RF-Parameters-ext ::= SEQUENCE {


supportedBandCombinationList
-ext

BandCombinationList-ext




OPTIONAL
}
-- TAG-RF-PARAMETERS-STOP

-- ASN1STOP

-- ASN1START

-- TAG-BANDCOMBINATIONLIST-START

BandCombinationList ::=             SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination

BandCombination ::=                 SEQUENCE {

    bandList                            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,

    featureSetCombination               FeatureSetCombinationId,

    ca-ParametersEUTRA                  CA-ParametersEUTRA                      OPTIONAL,

    ca-ParametersNR                     CA-ParametersNR                         OPTIONAL,

    mrdc-Parameters                     MRDC-Parameters                         OPTIONAL,

    supportedBandwidthCombinationSet    BIT STRING (SIZE (1..32))               OPTIONAL,

    powerClass-v1530                    ENUMERATED {pc2}                        OPTIONAL
}

BandParameters ::=                      CHOICE {

    eutra                               SEQUENCE {

        bandEUTRA                           FreqBandIndicatorEUTRA,

        ca-BandwidthClassDL-EUTRA           CA-BandwidthClassEUTRA              OPTIONAL,

        ca-BandwidthClassUL-EUTRA           CA-BandwidthClassEUTRA              OPTIONAL
    },

    nr                                  SEQUENCE {

        bandNR                              FreqBandIndicatorNR,

        ca-BandwidthClassDL-NR              CA-BandwidthClassNR                 OPTIONAL,

        ca-BandwidthClassUL-NR              CA-BandwidthClassNR                 OPTIONAL
    }

}

BandCombinationList-ext
::=

SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-ext

BandCombination-ext
::=


SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters-ext

BandParameters-ext
::=

SEQUENCE {


txAntennaSwitchDL


INTEGER (1..32)




OPTIONAL,


txAntennaSwitchUL


INTEGER (1..32)




OPTIONAL

}
-- TAG-BANDCOMBINATIONLIST-STOP

-- ASN1STOP

Proposal 3:
To agree on the following UE capability parameter description in TS38.306.
	txAntennaSwitchUL

Indicates the entry number of the first-listed band with UL in the band combination that switches together with this UL in case of SRS antenna port switching.

	txAntennaSwitchDL

Indicates the entry number of the first-listed band with UL in the band combination that affects this DL in case of SRS antenna port switching.


3. Conclusion
In this document, we discussed the UE capability on SRS antenna switching. We reviewed the same capability defined for LTE in TS36.331 and suggest a similar signalling for NR and for MR-DC.
Proposal 1:
For SRS antenna switching in NR CA and MR-DC, follow same mechanism as LTE as follows:

For each band combination, signal which bands support Tx antenna selection (e.g. as indicated by the presence of field srs-TxSwitch in NR). For each of the bands that support Tx antenna selection:

· For each uplink band, signal all the bands in the band combination for which UL switches together (thus same port has to be enforced)

· For each uplink band, signal all the bands in the band combination for which DL switches together (thus introducing a ‘glitch’ in the DL reception)

Proposal 2:
To agree on the UE capability structure for SRS antenna switching for MR-DC and NR CA according to the text proposal provided in this document
Proposal 3:
To agree on the following UE capability parameter description in TS38.306.

	txAntennaSwitchUL

Indicates the entry number of the first-listed band with UL in the band combination that switches together with this UL in case of SRS antenna port switching.

	txAntennaSwitchDL

Indicates the entry number of the first-listed band with UL in the band combination that affects this DL in case of SRS antenna port switching.
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RAN1 (to: RAN2, RAN4; CC: RAN3)
For each band combination, signal which bands support Tx antenna selection. For each of the bands that support Tx antenna selection:


For each uplink band, signal all the bands for which UL switches together (thus same port has to be enforced)


For each uplink band, signal all the bands for which DL switches together (thus introducing a ‘glitch’ in the DL reception)
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