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1. Introduction
In [1], large transmit power relaxations are allowed when transmitting SRS from receive-only antenna ports, and the allowed relaxations may be even greater in the case of 8RX antennas. Since only the maximum relaxation values are specified, the actual relaxation values are unknown to the gNB.  Concerns have been expressed over the impact of these possibly large and unknown relaxation values on channel estimation and on the impact on downlink channel throughput.
An additional issue raised in [2] is that there is some ambiguity as to the behavior of the UE when these relaxations are allowed and whether these power relaxations apply only when the UE is transmitting SRS  symbols at maximum power or whether these power relaxations persist at all power levels.  In this contribution, we consider this issue in more detail.
2. Impact of SRS Power Relaxations on Power Control Behavior
From [1], the UE is allowed to specify its maximum configured power PCMAX,f,c in the range
[bookmark: _Hlk131695070]PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c .
The relaxations ΔTRxSRS are included in the definition of the lower bound Pcmax as in the following:
PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
In this equation, the allowed power relaxations can be divided into two types:
Type 1:  MPRc, ∆MPRc, A-MPRc, P-MPRc, ΔPPowerClass
[bookmark: _Hlk130388728]Type 2:  ΔTIB,c, ∆TC,c, ∆TRxSRS
Type 1 maximum power relaxations are taken by the UE in order meet emissions, regulatory, or other requirements.  The UE knows both the values of these relaxations and the conditions under which they are taken.  It is also possible that the UE takes power relaxations less than the maximum value allowed.  For this reason, let , , and  denote the actual power relaxations taken by the UE.
Type 2 power relaxations are not applied by the UE but are the result of implementation losses.  These power relaxations exist at all output power levels unless compensated by the UE.  Additionally, it is likely that the actual implementation losses are less than the maximum allowed.  For this reason, let , , and  denote the actual implementation losses for the j-th SRS port.  Unless the device is calibrated so that these actual implementation losses are known, it will not be possible for the UE to accurately compensate these power relaxations at power levels below PCMAX,f,c.
The power control equation for SRS from [3] is given by
If a UE transmits SRS based on a configuration by SRS-ResourceSet on active UL BWP  of carrier  of serving cell  using SRS power control adjustment state with index , the UE determines the SRS transmission power  in SRS transmission occasion  (for SRS resource set )
[image: ] [dBm] .
[bookmark: _Hlk131765516]It should be noted that in this equation PCMAX,f,c(i) is not a function of the SRS resource set  and so there is an expectation here SRS ports within the same SRS resource set have the same value of PCMAX,f,c(i).
We now consider the behavior of the output power versus  when the power relaxations ∆TRxSRS are compensated and when they are not. As above, let  denote the actual implementation loss for the j-th SRS port.  To compensate for these losses, the PA power must be increased by  relative to its power control setting for each SRS port as indicated in Figure 1. 
[image: ]
Figure 1:  Compensation of  implementation losses
In Figure 2, the SRS output power is shown as a function of the power control setting   both when the implementation loss  is compensated and when it is not.  From this figure, it can be observed that if the implementation loss is not compensated, the SRS output power is shifted down by , and furthermore, the maximum configured power is reduced to PCMAX,f,c(i) –.
Observation 1:	Unless the UE is calibrated such that it knows the value  and compensates for this loss as in Figure 1, the SRS output power will lag the power control setting  by  .  Furthermore, the maximum output power will be reduced to PCMAX,f,c(i) –.
It can be noted that since PCMAX,f,c(i) was already reduced by ∆TRxSRS (assuming the maximum configured power is equal to its lower bound) the reduction of  PCMAX,f,c(i) by  without compensation has the effect of doubling the relaxation in maximum configured power to .
Observation 2:	Unless the SRS implementation loss  is compensated by the UE, the total reduction in maximum configured power will be .
In Figure 3, the SRS output power is shown for SRS ports j and k as a function of the power control setting  for the case that the SRS power relaxations are compensated by the UE.  In this figure, PCMAX,f,c,j(i) and PCMAX,f,c,k(i) denote the maximum configured power for SRS ports j and k, respectively, and  and  denote the actual SRS power relaxations.  From Figure 3, it can be observed that there is no difference in the output power for the two SRS ports unless the power control setting is greater than PCMAX,f,c,j(i).  In this region, the output power for the k-th SRS port exceeds the power for the j-th port by the difference . It can also be noted that the difference in maximum power for the two SRS ports is given by .
[image: ]
Figure 2:  SRS output power vs. power control with and without compensation of 
[image: ]
Figure 3:  Power difference between SRS ports vs. power control with compensation of  
[bookmark: _Hlk131981454]In Figure 4, the SRS output power is shown for SRS ports j and k as a function of the power control setting  for the case that the SRS power relaxations are not compensated by the UE.  It can be observed that the difference in output power for the two SRS ports is given by .  Additionally, the reduction in the maximum output power is given by  and  for the j-th and k-th SRS output ports, respectively.  The difference in the maximum output power for the two SRS ports is given by .

[image: ]
Figure 4:  Power difference between SRS ports vs. power control without compensation of  
3. Clarification of UE Behavior with SRS Power Relaxations
Given the large uncertainty described above in the behavior of the UE when SRS power relaxations are allowed, the required behavior of the UE as a function of power control should be clarified in the specification.  Otherwise, it is not possible for the gNB to know if the SRS-based channel estimates must be scaled to correct for power differences between the SRS ports.
Proposal 1:	Clarify the required behavior of SRS output vs. power control when SRS power relaxations are allowed.
The following options can be considered for clarifying the UE behavior.
Proposal 2:  	Require the UE to be calibrated and to compensate the actual SRS power relaxations  as indicated in Figure 2.
[bookmark: _Hlk132037085]For Option 1, the behavior of the SRS output power is the same as that illustrated in Figure 3.  The output power versus the power control setting  will be the same for all SRS ports except when the power control setting is greater than PCMAX,f,c(i) for at least one of the SRS ports. Given that the UE is calibrated, the UE can signal the SRS power relaxations so that the gNB can scale the SRS-based channel estimates when  is greater than PCMAX,f,c(i) for at least one SRS port.
Proposal 3:	Require the UE to signal the actual SRS power relaxations to the gNB so that the gNB can scale the SRS-based channel estimates appropriately when  is greater than PCMAX,f,c(i) for at least one SRS port.
If the UE is not calibrated such that it knows the actual SRS power relaxations, then clearly it cannot compensate for these relaxations or signal the SRS power relaxations to the gNB.  In this case, the behavior of the SRS output power is the same as that illustrated in Figure 4.  It can be observed that in the absence of calibration, the power difference between two SRS ports is constant until the power control setting  is greater than PCMAX,f,c(i) for at least one SRS port.
For a UE which is not calibrated, the SRS power relaxations  can be estimated by measuring the power differences between reference symbols on the uplink and downlink as in [4]. With these estimates, the following two proposals can be considered.
Proposal 4:	Require the UE to support measurements similar to those in [4] so that the SRS power relaxations can be estimated.
Proposal 5:	Require the UE to compensate the estimated SRS power relaxations as in Figure 1.
If the UE does not compensate the SRS power relaxations as in Proposal 5, the gNB can still use its knowledge scale the SRS-based channel estimates to compensate for the power differences between the SRS ports for all power control settings .
4. Summary
In this contribution, we have considered the impact of the allowed SRS power relaxation on the power control behavior of SRS transmissions.  Since the allowed SRS power relaxations are not actually taken as power reductions by the PA, but instead correspond to implementation losses, there is some uncertainty with respect to the relationship between the SRS power control setting and the SRS output power.  In order to address this uncertainty, the following proposals were made.
Proposal 1:	Clarify the required behavior of SRS output vs. power control when SRS power relaxations are allowed.
The following options can be considered for clarifying the UE behavior.
Proposal 2:  	Require the UE to be calibrated and to compensate the actual SRS power relaxations  as indicated in Figure 2.
Proposal 3:	Require the UE to signal the actual SRS power relaxations to the gNB so that the gNB can scale the SRS-based channel estimates appropriately when  is greater than PCMAX,f,c(i) for at least one SRS port.
For a UE which is not calibrated, the SRS power relaxations  can be estimated by measuring the power differences between reference symbols on the uplink and downlink as in [4]. With these estimates, the following two proposals can be considered.
Proposal 4:	Require the UE to support measurements similar to those in [4] so that the SRS power relaxations can be estimated.
Proposal 5:	Require the UE to compensate the estimated SRS power relaxations as in Figure 1.
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