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1. Introduction
In [1] there was discussion of whether it is necessary for the gNB to have knowledge of the SRS power relaxations taken by the UE so that the gNB can correct the SRS-based downlink channel estimate for these power relaxations.  As noted in [1], it may be that these power relaxations are only observed when the UE is transmitting SRS at near maximum power, and otherwise, the power at the SRS transmit ports is equal.  We think this behavior should be clarified as otherwise it will be difficult for the gNB to compensate when estimating the downlink channel from the SRS.  More generally, we also consider whether allowed implementation losses other than ∆TRxSRS should also be compensated at power levels below PCMAX.
In addition to the SRS power relaxations, downlink channel estimation will also be degraded by if there are significant differences in the switching and trace losses between the UE receive antennas and the corresponding LNA’s. These unknown switching and trace losses are effectively part of the downlink channel, and yet are not observed during the measurement of the SRS. Thus, the gNB should correct the downlink channel estimate for these losses if known.
As a final issue, because PCMAX is defined independently for each SRS port, we consider the expected behavior when SRS ports with different PCMAX values are included in the same SRS set.
Because the status of the issues discussed in this contribution are unchanged since RAN4 #107, this contribution is mostly a resubmission of [6].
2. Impact of SRS Power Relaxations on Power Control Behavior
From [2], 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) }
As discussed in [3], 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.  
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 [4] 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 port within resource set  and so there is an implicit assumption here that SRS ports within the same SRS resource set have the same value of PCMAX,f,c(i).  However, since PCMAX,f,c(i) is a function of the antenna port in [2], there is a question as to which value of PCMAX,f,c(i) applies here.  
Observation 1:	Even though PCMAX,f,c is defined in [2] to be a function of SRS port, the SRS power control equation 
[image: ]
does not allow PCMAX,f,c(i) to depend on the SRS port within the SRS resource set .
Proposal 1:  Define PCMAX,f,c,p(i) as PCMAX for the p-th SRS port and, and furthermore, define
 .
In Figure 1, we consider the behavior of the output power versus the power control setting   in combination with the actual power relaxations .  
[image: ]
Figure 1:  Compensation of  implementation losses
From Figure 1, it can be observed that if the PA setting is not adjusted to compensate for the different losses , then a single power control setting  will yield different power values at each of the antenna connectors.  Furthermore, since the power control setting for the p-th SRS port is limited to , the output power at the p-th SRS will not achieve  at the antenna connector unless the losses  are compensated as indicated in Figure 1.
Observation 2:	If the UE does not adjust the PA setting to compensate for the power relaxations , then a single power control setting  will yield a different output power at each of the antenna connectors.
Observation 3:	Since the power control setting for the p-th SRS port is limited to , the output power at the p-th SRS will not achieve  at the antenna connector unless the losses  are compensated.
Proposal 2: 	The UE should indicate if the SRS relaxations  are compensated so that the power at the antenna connectors is equal for all power settings such that


[image: ]
Figure 2:  SRS output power vs. power control with and without compensation of 
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 Figure 2, it can be observed that if the implementation loss is not compensated, the SRS output power is shifted down by , and furthermore, the maximum power at the antenna connector is reduced to PCMAX,f,c.p(i) –.
Observation 4:	Unless the UE compensates the SRS relaxations as indicated in Figure 1, the SRS output power will lag the power control setting  by  .  Since the maximum value of the power control setting  is PCMAX,f,c,p(i), the maximum power at the antenna connector will be

Since PCMAX,f,c.p(i) was already reduced by ∆TRxSRS,p (assuming the maximum configured power is equal to its lower bound) the reduction of  PCMAX,f,c,p(i) by  without compensation by the PA has the effect of reducing the maximum configured power by .
Observation 5:	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 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 .
Proposal 3:	The values of the relaxations  can be used to correct the downlink channel estimate at all power levels  if the UE transmitter does not compensate these relaxations.  If the UE does compensate the SRS relaxations, then the values  can be used to correct the downlink channel estimates when
 .

[image: ]
Figure 4:  Power difference between SRS ports vs. power control without compensation of  
3. Effect of Unequal Receiver Losses on Channel Estimation
So far, the need to correct downlink channel estimates based on uplink channel measurements has only considered the effect of the allowed SRS power relaxations needed to account for switching and trace losses.   However, as indicated in Figure 5, there are also additional switching and trace losses between the antenna connectors and the LNA’s for the receive-only antennas. These receiver losses should also be considered when making corrections to downlink channel estimates, especially if these losses are unequal.  For example, if the actual SRS transmit relaxation is 5 dB for the i-th receive antenna, but trace loss and switching loss from the i-th antenna to the i-th LNA is 3 dB greater than for the transmit/receive antenna, then the channel estimate correction that should be applied for the i-th antenna is 2 dB.

As indicated in Figure 5, let  (in dB) denote the loss from the j-th antenna connector to the j-th LNA.  As before, let  (in dB) denote the loss from the PA to the j-th antenna connector.
[image: ]
Figure 5:  Receiver switching and trace losses between the antenna connectors and the LNA’s
For a gNB with M antennas and a UE with N antennas, let the M x N matrix  denote the channel between the gNB and the UE where  denotes the complex channel gain from the j-th UE antenna connector to the i-th gNB receive antenna.  The losses  are additive to the channel between the gNB antennas and the UE antenna connectors and should be included in the downlink channel estimate used by the gNB for rank, precoder and MCS selection.  Let  denote the effective downlink channel inclusive of the losses between the UE antenna connectors and the LNA’s.  The effective channel  can be expressed as

where  denote the loss between the j-th UE antenna connector and the j-th LNA in linear terms, so that

and  denotes a diagonal NxN matrix with the indicated values on the diagonal and zeros off the diagonal.
If the SRS transmit relaxations are not compensated by the UE transmitter, the channel measured by the gNB is given by

where

The effective downlink channel can then be expressed as 

                                                    .
Observation 6:	If the SRS power relaxations are not compensated by the UE transmitter, the effective channel  between the gNB and the UE can be expressed as

Observation 7:	If the SRS power relaxations are compensated by the UE transmitter, the effective channel  between the gNB and the UE can be expressed as

 Proposal 4:	If the SRS power relaxations are compensated by the UE transmitter, the UE should report the receiver losses  in addition to the SRS power relaxations .  If the UE does not compensate the SRS power relaxations, the UE may report the set of differences  or .
4. Measuring SRS Relaxations and Receiver Losses
In [5], it was proposed that the SRS relaxations could be determined by the network with the assistance of UE measurements. However, in the previous contributions the possibly unequal receiver losses between the antenna connectors and the LNA’s were not considered.  In this contribution, we consider the more general case in which these receiver losses are considered as shown in Figure 6.
As indicated in Figure 6, the gNB uses reference symbols to measure the channel from the PA for the j-th UE antenna to the i-th gNB antenna and from the PA for the k-th UE antenna to the i-th gNB antenna as  and , respectively.  Similarly, the UE uses reference symbols to measure the channels from the i-th gNB antenna to the LNA’s for the j-th and k-th antenna ports as  and , respectively, and signals the ratio  to the gNB. With this and its own measurements, the gNB can compute the ratio

for each UE antenna port. The effective channel can then be computed in terms of these ratios as

                             
so long as the ratio  is known, or more generally as 
 
if the ratio  is know for at least one UE antenna port p.  If  is not known for any UE antenna port, then the effective channel  can only be determined within a scale factor.
[image: ]
Figure 6: Channel measurements taken by the gNB and UE
This same approach for channel determination can also be used if the UE compensates the SRS relaxations.  In this case,  for all UE antenna ports so that  for all j.
Observation 8:	With consideration of both the SRS power relaxations and the associated receiver losses, the effective downlink channel can be determined from , the channel measured using the SRS, as     

	where the ratio the ratio  is known for the p-th antenna port.
Proposal 5:	If the UE does not report receiver its receiver losses  and its SRS power relaxations  or the difference between its receiver losses and its SRS power relaxations  to the gNB, then the UE should assist the gNB in determining the differences  by reporting the amplitudes of channel measurements taken at the UE antenna ports of reference symbols transmitted from a gNB antenna port. Additionally, the UE may report the ratio  or the difference  for at least one antenna port p, if known.
5. Summary
In [1] there was discussion of whether it is necessary for the gNB to have knowledge of the SRS power relaxations taken by the UE so that the gNB can correct the SRS-based downlink channel estimate for these power relaxations.  As noted in [1], it may be that these power relaxations are only observed when the UE is transmitting SRS at near maximum power, and otherwise, the power at the SRS transmit ports is equal.  We think this behavior should be clarified.
In addition to the SRS power relaxations, channel estimation will also be degraded by if there are differences in the switching and trace losses between the UE receive antennas and the corresponding LNA’s. These unknown losses are effectively part of the downlink channel, and yet are not observed during the measurement of the SRS.  Thus, the gNB should correct the downlink channel estimate for these losses if known. 
Proposal 1:  Define PCMAX,f,c(i,p) as PCMAX for the p-th SRS port and, and furthermore, define
 .
Proposal 2: 	The UE should indicate if the SRS relaxations  are compensated so that the power at the antenna connectors is equal for all power settings such that

Proposal 3:	The values of the relaxations  can be used to correct the downlink channel estimate at all power levels  if the UE transmitter does not compensate these relaxations.  If the UE does compensate the SRS relaxations, then the values  can be used to correct the downlink channel estimates when
 .
Proposal 4:	If the SRS power relaxations are compensated by the UE transmitter, the UE should report the receiver losses  in addition to the SRS power relaxations .  If the UE does not compensate the SRS power relaxations, the UE may report the set of differences  or .
Proposal 5:	If the UE does not report receiver its receiver losses  and its SRS power relaxations  or the difference between its receiver losses and its SRS power relaxations  to the gNB, then the UE should assist the gNB in determining the differences  by reporting the amplitudes of channel measurements taken at the UE antenna ports of reference symbols transmitted from a gNB antenna port. Additionally, the UE should report the ratio  or the difference  for at least one antenna port p, if known.
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