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Background
Power reductions due to the insertion loss from the ∆TRxSRS of up to 6/7.5 dB can significantly degrade quality of CSI at the gNB, as these losses appear to be differences in the UE antenna element peformance to the gNB. This implies unbalanced antenna measurements for DL CSI estimation and can lead to degraded DL MIMO performance.
In this contribution we revisit the specification of the Pcmax for SRS usage set to antenna switching for UEs with up to 4 RX connectors, and the allowed ∆TRxSRS in particular. 
In [1] the following agreement on SRS switching and TxD was captured
· In GTW, the following were agreed
· SRS antenna switching which was targeted for DL CSI would not use UL antenna virtualization, i.e. UL TxD
· SRS antenna switching functionality cannot be excluded for UE supporting TxD.
with the following targets
· Introduce PC1.5 to spec
· Explicit introduce TxD for SRS antenna switching IL, but how to harmonize with the current SRS conditions are FFS, and the exact IL values are FFS
· At least following PC2 UE architectures with TxD but without antenna virtualization for all antenna ports are to be analyzed in #100e
· 23PA+23PA
· 26PA+23PA
· 26PA+26PA
· At least 1T2R, 1T4R, 2T4R and 1T4R/2T4R srs-TxSwitch are to be analyzed in #100e
· A big CR will be used to capture the agreement in #100e together with other TxD issues.
In this contribution we propose specification of the configured power for SRS transmission occasions with antenna switching for UEs supporting
· TxD capability [txDiversity-r16]
· PC1.5
· ULFPTx modes 0, 1 and 2
according to the following principles
· the UE should not virtualize the SRS, but instead transmit on each 'receive’ chain
· the routing loss captured by the ∆TRxSRS is indepent of the power class with one exception for the 23PA+26PA implementation and transmissions on one SRS port.

[bookmark: _Hlk54348724]Configured maximum power for SRS
The SRS antenna switching for the purpose of DL CSI acquisistion should give an indication of the antenna strength. A UE indicating TxD and implemented with two half-power PAs should therefore not virtualize the antennas, which would add further power ambiguity if only one of the said PAs is switched to the receiver (R) antenna connectors. The switching should yield an accurate relative difference between the antenna connectors (the antenna gains not considered).
The configured maximum output power for SRS transmissions is also given by the standard expression
The UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }
where
∆TRxSRS is applied during SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’ when 
a)	UE transmits SRS on the second SRS resource in every configured SRS resource set when the SRS-TxSwitch capability is indicated as 't1r2'
b)	UE transmits SRS on the second, third and fourth SRS resources of the total 4 SRS resources from all configured SRS resource set(s) consisting of one SRS port when the SRS-TxSwitch capability is indicated as 't1r4' or, 't1r4-t2r4'
c)	UE transmits SRS from the second SRS port pair on the second SRS resource in every configured SRS resource set consisting of two SRS ports when the SRS-TxSwitch capability is indicated as ' t2r4' or ' t1r4-t2r4', or
d)	UE transmits SRS to a DL-only carrier
The value of ∆TRxSRS is 4.5dB for n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 3 in the band, or when the device is capable of power class 2 in the band and ΔPPowerClass = 3 dB.  The value of ∆TRxSRS is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 2 and 1.5 in the band and ΔPPowerClass = 0 dB.
For other SRS transmissions ∆TRxSRS is zero;
First a few observations on the existing specification. The 3/4.5 dB value of ∆TRxSRS accounts for additional antenna routing loss for RX antennas, presumably assumed to be the same per RX connector, but also depends on the power class. 
∆TRxSRS should be maximum allowance due to routing loss for the RX antennas and not depend on the power class. Now, the current 6/7.5 dB maximum allowance for PC2 already covers implementations based on e.g. TxD but would not be relevant for switching in a band supported by a single full-power PA supporting PC2. The power-class dependence of ∆TRxSRS only further increases the ambiguity in the power levels of the SRS transmissions from each antenna connector. 
Observation 1: the current requirement of the Pcmax requirement for SRS antenna switching allows a blanket relaxation ∆TRxSRS = 6 dB for any PC2 implementation.
Ideally, the SRS switching should be carried out with one full-power PA, Alternatively, for vitualization, a half-power PA is switched across all antenna ports including the TX port, which implies a 3 dB reduction of the maximum power of all SRS transmissions (case of two TX chains), e.g. for transmission of all SRS resources for 1T4R. 
Proposal 1: the ∆TRxSRS is a maximum allowance due to additional routing loss for RX antennas, the same value for all power classes (but can be band dependent)
Assuming that a TxD capable UE is equipped with two half-power PAs, then
A. For one-port SRS
For TxD: add 3 dB reduction for the “first port”, since the UE cannot virtualize Tx chains when transmitting SRS during SRS switching without destroying its value for determining CSI for downlink MIMO.  Therefore, a TxD UE should be assumed to transmit the SRS port on the “T” port with one half-power PA as well as on the ‘R’ port 
A UE configured for UL full power Mode 1 should also use the updated value of ∆TRxSRS independent of the power class with 3 dB reduction added for the “first” port, since Mode 1 is designed to support (although not require) half-power PAs for 2 Tx.  
A UE configured for UL full power Mode 2 should again use the updated value of ∆TRxSRS with 3 dB reduction added for the “first” port unless the UE supports one or more full power TPMIs (or TPMI groups).  Mode 2 without the full power TPMIs is designed to support (although not require) half power PAs for 2Tx.  
B. For two-port SRS
No changes are needed, since there is always one half-power per T/R-connector and SRS port.  In the case of for full power PAs, the power should be split across SRS ports, and again there is no change needed.
For PC1.5, the allowance would be the same as for UEs indicating TxD or a UE indicating full power Mode 1.
The 3 dB additional reduction of the SRS maximum power for switching with a half-power PA should be accounted for by setting ΔPPowerClass = 3 dB for TxD and ULFPTx capable UEs except Mode 2 supporting full-power TPMI. This means the the upper limit PCMAX_H,f,c is reduced by 3 dB and the lower PCMAX_L,f,c by 3 + ∆TRxSRS dB, thus specifying an output-power requirement not based on that the SRS port is virtualized with antenna switching.
Proposal 2: for 2 Tx UEs indicating txDiversity-r16 (TxD) and ULFPTx except when configured for Mode 0 and Mode 2 supporting full-power TPMI, ΔPPowerClass = 3 dB for single-port SRS transmissions with usage set to ‘antennaSwitching’
The problem of the blanket relaxation is illustrated next. As observed above, the current RAN4 specifications allow a fixed  ∆TRxSRS = 6 or 7.5 dB in UEs supporting 1T4R and 2T4R+1T4R for PC2. This seems excessive, since likely UE implementations would exhibit a lesser value of of the actual routing loss as compared to the maximum allowance ∆TRxSRS. ULFPTx UEs supporting Mode 0 or Mode 2 with a full-power TPMI should have Tx chains with different power capabilities.  In such cases, so 2T4R UEs may support different power offsets depending on the number of SRS ports configured.  This is illustrated in the simplified figures below for power class 2, where a 3 dB insertion loss is modeled as following a switch. In the left hand side figure, when the 2T4R UE is configured with 1T4R operation, a Tx chain on the secondary antenna with a 23 dBm Tx chain will then transmit at most 20 dBm.  On the other hand, the primary antenna on the 26 dBm Tx chain can deliver the full 26 dBm on the T connectors.  Therefore a ∆TRxSRS = 6 dB is needed for this 1T4R configuration in the 2T4R UE.  For 2T4R, both PAs should transmit at 23 dBm, and so ∆TRxSRS = 3 dB is needed for this two port case.  In the right hand side figure, the 2T4R is again configured with 1T4R, but the 26 dBm PA is is switched among all 4 Rx antennas. The 26 dBm PA needed has a 3 dB loss on all secondary antennas, and so only a ∆TRxSRS = 3 dB is needed for this 1T4R setup.  



   
Figure 1: Implementation alternatives for 1T4R transmission

Therefore, instead of a blanket 6 dB allowance for PC2 we propose the following
Proposal 3: for 2 Tx UEs indicating ULFPTx Mode 2 supporting full-power TPMI (23PA + 26PA), introduce UE capabilities identifying if 1T4R or 2T4R-1T4R UEs are sounding the antenna connectors with different input power for single-port SRS transmissions e.g. by using ΔPPowerClass. 
If for a 23PA + 26PA a connector is sounded with the 23 dBm PA, then ΔPPowerClass = 3 dB for that connector.
The downgrading capabilities for 1T2R, 1T4R and 2T4R should also be included in the specification of the configured power for SRS antenna switching, from 38.331:
    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-v1610 ::=         SEQUENCE {
    srs-TxSwitch-v1610               SEQUENCE {
        supportedSRS-TxPortSwitch-v1610  ENUMERATED {t1r1-t1r2, t1r1-t1r2-t1r4, t1r1-t1r2-t2r2-t2r4, t1r1-t1r2-t2r2-t1r4-t2r4,
                                                         t1r1-t2r2, t1r1-t2r2-t4r4}
    }                                                                              OPTIONAL
}

In view of the above, we propose the following changes [2], the capability used for 23PA + 26PA implementations tentatively denoted [srs-TxSwitchPwr]:

∆TRxSRS is applied during SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’ when 
a)	UE transmits SRS on the second SRS resource in every configured SRS resource set when the SRS-TxSwitch capability is indicated as 't1r2', ‘t1r1-t1r2’, ‘t1r1-t1r2-t1r4’ or ‘t1r1-t1r2-t2r2-t1r4-t2r4’ with all the configured SRS resources in the SRS resource set(s) consisting of one SRS port; or
b)	UE transmits SRS on the second, third and fourth SRS resources of the total 4 SRS resources from all configured SRS resource set(s) consisting of one SRS port when the SRS-TxSwitch capability is indicated as 't1r4' or, 't1r4-t2r4', ‘t1r1-t1r2-t1r4’ or ‘t1r1-t1r2-t2r2-t1r4-t2r4’ with all the configured SRS resources in the SRS resource set(s) consisting of one SRS port; or
c)	UE transmits SRS from the second SRS port pair on the second SRS resource in every configured SRS resource set consisting of two SRS ports when the SRS-TxSwitch capability is indicated as ' t2r4' or ' t1r4-t2r4', ‘t1r1-t1r2-t2r2-t2r4’ or ‘t1r1-t1r2-t2r2-t1r4-t2r4’ with all the configured SRS resources in the SRS resource set(s) consisting of two SRS ports; or
d)	UE transmits SRS to a DL-only carrier
For a UE indicating [txDiversity-r16] or a UE supporting ul-FullPwrMode1-r16 or indicating support of power class 1.5, ΔPPowerClass = 3 dB during SRS transmission occasions with configured SRS resources in the SRS resource set(s) consisting of one SRS port. 
For a UE supporting ul-FullPwrMode2-TPMIGroup-r16, ΔPPowerClass = 3 dB as indicated by [srs-TxSwitchPwr] during SRS transmission occasions with configured SRS resources in the SRS resource set(s) consisting of one SRS port.
The value of ∆TRxSRS is 4.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79. when the device is capable of power class 3 or power class 5 in the band, or when the device is capable of power class 2 in the band and ΔPPowerClass = 3 dB.  The value of ∆TRxSRS is 7.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 2 and 1.5 in the band and ΔPPowerClass = 0 dB.
For other SRS transmissions ∆TRxSRS is zero;

[bookmark: _Ref78985406]UE behaviour 
Specifying in 38.214 that the UE should not virtualize the SRS with usage set to antenna switching is not stratightforward. The condition ΔPPowerClass = 3 dB for TxD in the specification of the configured maximum power in 38.101-1 at least specify an output power requirement not based on antenna virtualization. 
Proposal
For the configured maximum output power with antenna switching, we observe that
Observation 1: the current requirement of the Pcmax requirement for SRS antenna switching allows a blanket relaxation ∆TRxSRS = 6 dB for any PC2 implementation.
and propose that
Proposal 1: the ∆TRxSRS is a maximum allowance due to additional routing loss for RX antennas, the same value for all power classes (but can be band dependent)
Proposal 2: for 2 Tx UEs indicating txDiversity-r16 (TxD) and ULFPTx except when configured for Mode 0 and Mode 2 supporting full-power TPMI, ΔPPowerClass = 3 dB for single-port SRS transmissions with usage set to ‘antennaSwitching’
with one exception
Proposal 3: for 2 Tx UEs indicating ULFPTx Mode 2 supporting full-power TPMI (23PA + 26PA), introduce UE capabilities identifying if 1T4R or 2T4R-1T4R UEs are sounding the antenna connectors with different input power for single-port SRS transmissions e.g. by using ΔPPowerClass. 
If not ensuring, the above provisions are at least impeding UE implementations virtualizing the SRS ports with switching. An accompanying CR is provided in [2].
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