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In rel-15, the topic of UE capability reporting of antenna switching and the associated switching interruption impact, was debated with some interest in RAN2 with the concern that reporting fallback configurations with different switching impact config, could result in increased UE capability. As a result, it is agreed that the UE is not allowed to report fallback configurations if the configuration differ in switching capabilities[2], and the NW is expected to use the configuration the UE has reported in it’s capability. This also restricts the NW to use value provided and not allow the possibility of using a down-graded configuration. 
In Rel-16, RAN1 has discussed on the possibility of the NW using a down-graded SRS configuration for antenna switching based on the UE reported capability. The corresponding content is provided in LS R2-2000014[1].
In this paper we propose a capability signaling method that allows the UE to report down-graded values, but does not increase the signaling size that is associated with providing different switching impacts.
Discussion
Current signalling
In rel-15, the UE is expected to report the capability for antenna switching using the below for band in a band-combination:
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                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                            OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                            OPTIONAL
    }                                                                              OPTIONAL
}

The supportedSRS-TxPortSwitch for SRS is to be interpreted as follows:
t1r4 means that the UE has one Tx chain, but can use 4 Rx antenna ports, to sound the SRS that is created by the single Tx chain. Similarly, t2r2 implies that the UE has two Tx chains, and can use 2 Rx antenna ports to sound the SRS. Because the UE has two Tx chains, the SRS symbols can be generated in parallel and both the symbols can be transmitted in parallel using the two antenna ports. If we compare this to t1r4, the UE can only generate one symbol at a time and then has to “route” this to one of the Rx antenna ports, and this “routing” or switching can result in an interruption in Tx/Rx across other carriers. 
And this interruption is signalled by the UE using the IEs txSwitchImpactToRx  and txSwitchWithAnotherBand
Short-comings from Rel-15 signalling
Downgraded configuration

Another impact from this signalling is that if the UE reports a particular supportedSRS-TxPortSwitch config, the NW is restricted to use only this configuration.
As an example, if the UE reports the capability as t1r4 the NW has to configure the UE with the configuration with one SRS resource set with four SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of each resource is associated with a different UE antenna port. This requires the NW to allocate resources for four symbols.
Even if NW wants to save some time-domain resources by using only two symbols (at the risk of reduced DL channel characterization), Rel-15 prevents the NW to configure the UE with such a configuration (of t1r2) even when the UE is a capable of using only two of the four Rx antenna ports to transmit the SRS.
In essence, there is no fallback (or down-graded) antenna switching configuration possible in Rel-15. 
Observation#1: In Rel-15, due to the capability signalling constraint, the NW can only configure the SRS for antenna switching using the capability the UE has provided, and cannot use the lower configuration that are possible from the configuration reported in UE capability.
Impact from switching for down-graded configuration
Using the earlier example of t1r4, using capability signalling (txSwitchImpactToRx  and txSwitchWithAnotherBand) if the UE has provided the impact from switching when transferring the SRS symbol from the Tx baseband to one of the 4 Rx antenna ports, this switching impact does not change if the UE is restricted to use only two of the 4 Rx antenna ports. 
In some cases, there might not be any switching involved. For example, for a UE capable of t2r4, there could be no switching if the NW configuration is t2r2. 
Observation 2: No new switching impact needs to be reported by the UE for downgraded configurations, either the original switching impact remains, or none.
Rel-16 configuration from RAN1
We have listed below the new configurations from Rel-16 that RAN1 intends to introduce.
	Agreement:
Regarding TEI “Enable gNB to configure downgrading configuration of SRS for antenna switching”
· Rel-16 UE capability design for SRS antenna switching in conjunction with the existing Rel-15 UE capability should allow UE to indicate support of one of the following combinations 
· {t1r1, t1r2}      
· {t1r1, t1r2, t1r4}
· {t1r1, t1r2, t2r2, t2r4}
· {t1r1, t2r2}
· {t1r1, t2r2, t4r4}
· {t1r1, t1r2, t2r2, t1r4, t2r4}
· Note: Detailed signaling design is up to RAN2
· The TP in R1-1913445 is endorsed in principle
· Note: RAN1 spec can be further updated depending on the final RAN2 signalling design



If we compare this to the Rel-15 values (below), we can see that the new Rel-16 values are actually a list of down-gradable configuration from the Rel-15 values, where the Rel-15 value is highlighted in the corresponding color that matches with the Rel-16 entries and the allowable down-graded configurations of this are highlighted in green.

Rel-15 signaling:

t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4

	Rel -15
	Rel-16

	t1r2
	{t1r1, t1r2}          

	t1r4,
	{t1r1, t1r2, t1r4}


	t2r4,
	{t1r1, t1r2, t2r2, t2r4}


	t2r2,
	{t1r1, t2r2}


	t4r4
	{t1r1, t2r2, t4r4}


	t1r4-t2r4,
	{t1r1, t1r2, t2r2, t1r4, t2r4}




Observation#3: RAN1 reported SRS antenna switching values for Rel-16 are a list of down-gradable values from the ones reported in Rel-15
Potential Solution
Based on the above observations, we propose that the Rel-16 signaling should be based on Rel-15 signaling where only the down-gradables that the UE supports, are listed in Rel-16 extensions and if the UE reports these, the NW can configure the down-gradable configurations. 
Also, based on our observation earlier that the impacts from switching for the down-graded configurations could be the same as Rel-15 or there could be no impact, we want to add a Boolean field in Rel-16 which informs the network to assume the same switching impact from Rel-15 signaling, or to assume there is no impact.
Proposal 1: that the Rel-16 signaling should be based on Rel-15 signaling where only the down-gradables that the UE supports, are listed in Rel-16 extensions and if the UE reports these, the NW can configure the down-gradable configurations.
Proposal 2: Use the below text proposal (either of the alternatives) as the solution.

Text proposal
We have listed below two ways for signalling this.
Alternative 1
With this signalling, it might not a clean way to add further down-grades.
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                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                            OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                            OPTIONAL
    }                                                                              OPTIONAL
}

BandParameters-r16 ::=            SEQUENCE {
    srs-TxSwitch-r16                    SEQUENCE {
        downGradedSRS-TxPortSwitch-r16       ENUMERATED {supported}					 OPTIONAL,
        txSwitchImpacted-r16                ENUMERATED {sameSwitchingImpact}			 OPTIONAL
    }                                                                              OPTIONAL
}


Alternative 2
With this signalling, it might be possible to add more switching configuration (if needed).
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                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                            OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                            OPTIONAL
    }                                                                              OPTIONAL
}

BandParameters-r16 ::=            SEQUENCE {
    srs-TxSwitch-r16                    SEQUENCE {
        supportedSRS-TxPortSwitch-r16       ENUMERATED {t1r1-t1r2, t1r1-t1r2-t1r4, t1r1-t1r2-t2r2-t2r4, t1r1-t2r2, t1r1-t2r2-t4r4, t1r1-t1r2-t2r2-t1r4-t2r4}											 OPTIONAL,
        txSwitchImpacted-r16                ENUMERATED {sameSwitchingImpact}			 OPTIONAL
    }                                                                              OPTIONAL
}














38.306:
	SRS-TxSwitch
Defines whether UE supports SRS for DL CSI acquisition as defined in clause 6.2.1.2 of TS 38.214 [12]. The capability signalling comprises of the following parameters:
-	supportedSRS-TxPortSwitch indicates SRS Tx port switching pattern supported by the UE. The indicated UE antenna switching capability of ′xTyR′ corresponds to a UE, capable of SRS transmission on ′x′ antenna ports over total of ′y′ antennas, where ′y′ corresponds to all or subset of UE receive antennas, where 2T4R is two pairs of antennas;
If the UE supports supportedSRS-TxPortSwitch-r16, the UE shall report the values for this as below, based on what is reported in supportedSRS-TxPortSwitch
	supportedSRS-TxPortSwitch
	supportedSRS-TxPortSwitch-r16

	t1r2
	t1r1-t1r2

	t1r4
	t1r1-t1r2-t1r4

	t2r4
	t1r1-t1r2-t2r2-t2r4

	t2r2
	t1r1-t2r2

	t4r4
	t1r1-t2r2-t4r4

	t1r4-t2r4
	t1r1-t1r2-t2r2-t1r4-t2r4



-	txSwitchImpactToRx indicates the entry number of the first-listed band with UL in the band combination that affects this DL;
-	txSwitchWithAnotherBand indicates the entry number of the first-listed band with UL in the band combination that switches together with this UL.
For txSwitchImpactToRx and txSwitchWithAnotherBand, value 1 means first entry, value 2 means second entry and so on. All DL and UL that switch together indicate the same entry number.
The UE is restricted not to include fallback band combinations for the purpose of indicating different SRS antenna switching capabilities.
	BC
	Yes
	No
	No



Conclusion
Observation#1: In Rel-15, due to the capability signalling constraint, the NW can only configure the SRS for antenna switching using the capability the UE has provided, and cannot use the lower configuration that are possible from the configuration reported in UE capability.
Observation 2: No new switching impact needs to be reported by the UE for downgraded configurations, either the original switching impact remains, or none.
Observation#3: RAN1 reported SRS antenna switching values for Rel-16 are a list of down-gradable values from the ones reported in Rel-15
Proposal 1: that the Rel-16 signaling should be based on Rel-15 signaling where only the down-gradables that the UE supports, are listed in Rel-16 extensions and if the UE reports these, the NW can configure the down-gradable configurations.
Proposal 2: Use the below text proposal (either of the alternatives) as the solution.
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