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Introduction
In current specification, the gNB can only configure SRS resources used for antenna switching strictly based to the UE capability reporting. 
· For each UE capable of SRS antenna switching with xT=yR  the gNB has to configure  SRS resources with x SRS ports, but is not allowed to configure SRS resources with less than x Tx ports. 
· 1T=1R(‘t1r1’)
· 2T=2R(‘t2r2’)
· 4T=4R(‘t4r4’)
· For each UE capable of SRS antenna switching with xTyR(‘txty’, x<y), the gNB has to configure   SRS resources each with x ports for one SRS resource set, but is not allowed to configure SRS resources with less than x Tx ports or less than   Resources. 
· 1T2R (‘t1r2’)
· 2T4R (‘t2r4’)
· 1T4R(‘t1r4’)
This design of Rel-15 forbids the implementation flexibility of gNB to configure SRS resources with downgrading configuration to reduce the potential high overhead of SRS resources. It also forbids the implementation flexibility of gNB to configure SRS resources with downgrading configuration to facilitate high UE power efficiency.  
One solution to resolve this issue is to support new UE capability reporting that supports downgrading SRS configuration so that the gNB is able to configure SRS resources accordingly based on each particular requirement to save uplink resource or/and save UE power.  
Motivation
Current specification supports SRS resources for antenna switching, which are used for DL CSI acquisition. The configuration of SRS resources for antenna switching strictly depends on the indicated UE capability supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't2r4' for 2T4R, 't1r4' for 1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r1' for 1T=1R, 't2r2' for 2T=2R, or 't4r4' for 4T=4R) as follows
	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
    }


For each UE capability reporting, the gNB has to configure SRS resources strictly with specified number of ports and specified number of SRS resources, which are determined by the UE capability.  
For example, for 2T4R (‘t2r4’), the specification for SRS resource configuration is:
	6.2.1.2	UE sounding procedure for DL CSI acquisition
…
-  For 2T4R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or


For a UE with PA architecture shown in Fig.1, which is able to support 1T2R (‘t1r2’) and 2T4R (‘t2r4’), it is natural to report the support of 2T4R (‘t2r4’).Then the gNB would have to always configure one or two sets of two SRS resources and each SRS resource with two SRS ports. The gNB can’t configure the UE to perform 1T2R to save SRS resources by current specification.  
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Figure 1: A SA UE with 2 Tx antennas

In another example, for a UE supporting 4T4R (‘t4r4’), the specification for SRS resource configuration is:
	6.2.1.2	UE sounding procedure for DL CSI acquisition in 38.214
…
· For 1T=1R, or 2T=2R, or 4T=4R, up to two SRS resource sets each with one SRS resource, where the number of SRS ports for each resource is equal to 1, 2, or 4.


If the UE reports to support 4T4R (‘t4r4’), the gNB would have to always configure two SRS resources each with four SRS ports. Similar to above example, though the UE also supports SRS transmission of 1T1R and 2T2R and the gNB may have implementation requirement to configure 1T1R and 2T2R to save uplink resource, the configuration is not allowed by the current specification. 
In a summary, a UE reporting to support xTyR or xT=yR may be able to support configurations of SRS resource(s) with less than x ports and/or less SRS resources, and the gNB may also have implementation requirement to configure less SRS resources and/or less SRS ports for high uplink resource efficiency. But the current specification does not allow this type of configuration. 
Meanwhile, from the perspective of UE power consumption, UE can also benefit from the downgrading configurations of less SRS resources and/or SRS resources with less SRS ports.
Solution
In order to address the above-mentioned issue, Rel-16 should allow gNB to configure less SRS resources or SRS resources with less ports for SRS Tx port switching than the UE capability reporting. A straightforward method is introducing some new UE capabilities, similar to 1T4R/2T4R in Rel-15. Thus we have the following proposal:
Proposal 1: For the UE sounding procedure for DL CSI acquisition, Rel-16 supports the following UE capabilities in additional to Rel-15 UE capabilities
· t1r1-t1r2  
· t1r1-t1r2-t1r4
· t1r1-t1r2-t2r4
· t1r1-t2r2
· t1r1-t2r2-t4r4

For Proposal 1, some modifications marked in RED are needed for TS 38.214:
------------------------------------------------------ TS 38.214 ---------------------------------------------------------------
6.2.1.2	UE sounding procedure for DL CSI acquisition
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with one of the following configurations depending on the indicated UE capability supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't1r1-t1r2' for 1T=1R/1t2r, 't2r4' for 2T4R, 't1r4' for 1T4R, 't1r1-t1r2-t1r4' for 1T=1R/1T2R/1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r1-t1r2-t2r4' for 1T=1R/1T2R/2T4R, 't1r1' for 1T=1R, 't2r2' for 2T=2R, 't1r1-t2r2' for 1T=1R/2T=2R, or 't4r4' for 4T=4R, 't1r1-t2r2-t4r4' for 1T=1R/2T=2R/4T=4R):

-	For 1T2R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set, or
-	For 2T4R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or
-	For 1T4R, zero or one SRS resource set configured with higher layer parameter resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent' 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, and
[bookmark: _Hlk493885834]-	For 1T4R, zero or two SRS resource sets each configured with higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic' and with a total of four SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource in given two sets is associated with a different UE antenna port. The two sets are each configured with two SRS resources, or one set is configured with one SRS resource and the other set is configured with three SRS resources. The UE shall expect that the two sets are both configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-PowerControlAdjustmentStates in SRS-ResourceSet. The UE shall expect that the value(s) of the higher layer parameter aperiodicSRS-ResourceTrigger in each SRS-ResourceSet are the same, and the value of the higher layer parameter slotOffset in each SRS-ResourceSet is different. Or, 
-	For 1T=1R, or 2T=2R, or 4T=4R, up to two SRS resource sets each with one SRS resource, where the number of SRS ports for each resource is equal to 1, 2, or 4.
The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set.
If the indicated UE capability is 't1r4-t2r4', the The UE shall expect to be configured with the same number of SRS ports, either one or two, for all SRS resources in the SRS resource set(s).

If the indicated UE capability is 't1r2', 't2r4', 't1r4', 't1r4-t2r4' For 1T2R, 1T4T or 2T4R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same slot. If the indicated UE capability is 't1r1', or 't2r2', or 't4r4' For 1T=1R, 2T=2R or 4T4R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same symbol.

-----------------------------------------------------------   END    -----------------------------------------------------------------

Proposal 1 also has some impacts on TS 38.331, which is out of RAN1 scope. However, in order to provide the whole picture of impacts on all related specifications, we show the corresponding modifications (marked in RED) for TS 38.331. Please note that the following modifications are only for information purpose as an example and do not intend to influence RAN2 design.
--------------------------------------------------------- TS 38.331 ----------------------------------------------------------------
srs-TxSwitch                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r1-t1r2, t1r4, t1r1-t1r2-t1r4, t2r4, t1r4-t2r4, t1r1-t1r2-t2r4, t1r1, t2r2, t1r1-t2r2, t4r4, t1r1-t2r2-t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                         OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                         OPTIONAL
}
--------------------------------------------------  END    ----------------------------------------------------

Furthermore, it shall be noted that whether or not to configure a “downgrading” mode of antenna switching is totally up to gNB implementation.
One potential issue regarding a “downgrading” mode of antenna switching is whether the maximum transmit power (equivalently the power classes) will be changed accordingly or not. Further discussion or clarification is needed on this issue. 
Conclusion
In this contribution, we discuss the motivation of downgrading SRS antenna switching from xTyR to aTbR (a<=x, b<=y). We propose to introduce some new UE capabilities and the corresponding specification modifications are marked in RED as follows
Proposal 1: For the UE sounding procedure for DL CSI acquisition, Rel-16 supports the following UE capabilities in additional to Rel-15 UE capabilities
· t1r1-t1r2  
· t1r1-t1r2-t1r4
· t1r1-t1r2-t2r4
· t1r1-t2r2
· t1r1-t2r2-t4r4

------------------------------------------------------ TS 38.214 ---------------------------------------------------------------
6.2.1.2	UE sounding procedure for DL CSI acquisition
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with one of the following configurations depending on the indicated UE capability supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't1r1-t1r2' for 1T=1R/1t2r, 't2r4' for 2T4R, 't1r4' for 1T4R, 't1r1-t1r2-t1r4' for 1T=1R/1T2R/1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r1-t1r2-t2r4' for 1T=1R/1T2R/2T4R, 't1r1' for 1T=1R, 't2r2' for 2T=2R, 't1r1-t2r2' for 1T=1R/2T=2R, or 't4r4' for 4T=4R, 't1r1-t2r2-t4r4' for 1T=1R/2T=2R/4T=4R):

-	For 1T2R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set, or
-	For 2T4R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or
-	For 1T4R, zero or one SRS resource set configured with higher layer parameter resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent' 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, and
-	For 1T4R, zero or two SRS resource sets each configured with higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic' and with a total of four SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource in given two sets is associated with a different UE antenna port. The two sets are each configured with two SRS resources, or one set is configured with one SRS resource and the other set is configured with three SRS resources. The UE shall expect that the two sets are both configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-PowerControlAdjustmentStates in SRS-ResourceSet. The UE shall expect that the value(s) of the higher layer parameter aperiodicSRS-ResourceTrigger in each SRS-ResourceSet are the same, and the value of the higher layer parameter slotOffset in each SRS-ResourceSet is different. Or, 
-	For 1T=1R, or 2T=2R, or 4T=4R, up to two SRS resource sets each with one SRS resource, where the number of SRS ports for each resource is equal to 1, 2, or 4.
The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set.
If the indicated UE capability is 't1r4-t2r4', the The UE shall expect to be configured with the same number of SRS ports, either one or two, for all SRS resources in the SRS resource set(s).

If the indicated UE capability is 't1r2', 't2r4', 't1r4', 't1r4-t2r4' For 1T2R, 1T4T or 2T4R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same slot. If the indicated UE capability is 't1r1', or 't2r2', or 't4r4' For 1T=1R, 2T=2R or 4T4R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same symbol.

-----------------------------------------------------------   END    -----------------------------------------------------------------

The modifications for TS 38.331 is only for information purpose as an example and do not intend to influence RAN2 design.
--------------------------------------------------------- TS 38.331 ----------------------------------------------------------------
srs-TxSwitch                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r1-t1r2, t1r4, t1r1-t1r2-t1r4, t2r4, t1r4-t2r4, t1r1-t1r2-t2r4, t1r1, t2r2, t1r1-t2r2, t4r4, t1r1-t2r2-t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                         OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                         OPTIONAL
}
--------------------------------------------------  END    ----------------------------------------------------
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