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1. Introduction
In TS 38.101-1, large transmit power relaxations are allowed when transmitting SRS from some ports, and this issue has come up again with respect to the case of 8RX antennas.  For some bands, relaxations as large as 6 dB have been proposed. Since [1] will only specify the maximum relaxation values, the actual relaxation values are unknown to the gNB.  Concerns have been expressed in [2-4] over the impact of these possibly large and unknown relaxation values on channel estimation and on the impact on downlink channel throughput.
In this contribution, we consider the impact of SRS power relaxations on channel estimation and the possible impact on channel throughput.  In order to enable the gNB to correct the channel estimate, the UE can signal these power relaxations to the network if known with sufficient accuracy. Alternatively, we consider the possibility that the gNB can determine the SRS relaxation values with the assistance of channel measurements taken by the UE.
2. Impact of Power Relaxations on Channel Measurement
[bookmark: _Hlk79150995]Let the M x N matrix H denote the channel where  denotes the complex gain from the j-th UE transmit port to the i-th gNB receive port, the gNB has M ports, and the UE has N ports. Let the diagonal matrix R denote the transmit power relaxations taken by the UE when transmitting SRS.  Thus, we have

where  denotes the actual transmit power relaxation taken by the i-th SRS port, and  for .  The channel measured by the gNB is then given by 

From this, the gNB infers that the downlink channel is given by

and uses this as the basis for selecting the rank, the precoding matrix, and the code rates for the downlink transmission. 
If the power relaxations are known, the gNB can compensate the channel measurement for the transmit power relaxations as 

However, while the gNB knows the maximum power relaxation that is allowed for each SRS port, it does not know the actual value (if any) of the power relaxation taken by the UE. If the gNB cannot accurately compensate the SRS transmit power relaxations, then downlink throughput may be negatively impacted (as in [2]) since the SRS-based channel estimates are used for precoder selection, rank determination and power allocation.
An example can be used to illustrate the problem. We consider the simple case in which both the UE and the gNB have two antennas (or antenna ports).  A randomly selected channel was normalized so that the sum of the squares of the singular values is equal to 1. This first channel matrix is given by

This same channel was then multiplied by the attenuation matrix R for the case that a 4.5 dB transmit power relaxation was taken for the SRS transmitted on the second antenna.  The resulting measured channel is then given by

The water-pouring channel capacity was computed for the first and second channels as a function of signal-to-noise ratio with the results are given in Figure 1.  To compute capacity for the second channel, the following steps were taken
i) The singular value decomposition of the matrix  was used to determine the precoding vectors and the power allocation for the two layers;
ii) The precoding vectors were passed through the actual channel ;
iii) At the receiver, a zero-forcing receiver was used to separate the layers.
For this example, it can be observed that there is a noticeable reduction of water-pouring channel capacity if the SRS-based channel estimate is not corrected.
[image: ] 
Figure 1: Example of capacity reduction due to unknown 4.5 dB SRS relaxation
No general conclusion can be drawn from any single example, including this one.  However, it may be useful to consider whether the SRS power relaxations, if unknown, can significantly impact the quality of the resulting downlink CSI.  
Throughput loss due to unknown SRS relaxations has also been demonstrated previously in [2]
Observations 1:  Unknown SRS relaxations can result in a significant loss of downlink throughput.
Observation 2:   If the SRS relaxations  are known to the gNB, the downlink channel estimate

		   can be corrected as  

3.  Reporting SRS Relaxations
As indicated in contributions [1], if the UE knows its SRS relaxations, these values can be reported to the gNB and the gNB can correct its channel estimate.
Alternatively, the SRS relaxations can be determined by the network with the assistance of the UE as indicated in Figure 2 below.  As above, we consider the simplest case in which the UE and the gNB each have two antennas.  As above, let  denote the channel between the UE and the gNB given by

where   denotes the complex gain from the j-th UE antenna port to the i-th gNB antenna port.
[image: ]
Figure 2: Channel measurements taken by the gNB and UE
As indicated in Figure 2, the gNB uses the SRS transmitted by the UE to measure the channels  and .  The UE can then use any reference symbols transmitted from gNB antenna port j to measure the channels  and .  If the UE reports the measured ratio  to the gNB, then the gNB can use its measured ratio  to compute , as

It can be noted than any of the gNB antenna ports can be used to estimate .  Alternatively, multiple gNB antenna ports can be used to form independent estimates of  which can then be averaged. 
With the value of , the relaxation matrix can be expressed as

In the case of N UE antenna ports, the N x N relaxation matrix can be expressed as the diagonal matrix

If no relaxation is allowed for the first UE antenna port so that , then the matrix  is fully defined as

Alternatively, if no relaxation is allowed for the j-th UE port, then the matrix  can be fully defined in terms of the j-th UE antenna port as

Depending on the accuracy with which the UE knows it relaxation values ΔTRxSRS, the measured values may be more or less accurate than the values reported by the UE.
Proposal 1:  	If the UE has accurate knowledge of its relaxation values ΔTRxSRS, then these values should be signaled to the network.
Proposal 2:  	If the UE does not have accurate knowledge of its relaxation values, then the UE should assist the gNB in determining these values with measurements.
4. Summary
In this contribution, we consider the possible impact of SRS transmit power relaxations on the channel measurement and the resulting quality of the downlink CSI.  While the maximum value of the transmit power relaxations is known, the actual values are not known to the gNB. In the provided example, it can be shown that these relaxations are not corrected at the gNB, then there can be significant negative impact on the quality of the downlink CSI extracted from these measurements and the resulting downlink throughput. 
Based on the above discussion, we have the following observations and proposals.
Observations 1:  Unknown SRS relaxations can result in a significant loss of downlink throughput.
Observation 2:   If the SRS relaxations  are known to the gNB, the downlink channel estimate

		   can be corrected as  

Proposal 1:  	If the UE has accurate knowledge of its relaxation values ΔTRxSRS, then these values should be signaled to the network.
Proposal 2:  	If the UE does not have accurate knowledge of its relaxation values, then the UE should assist the gNB in determining these values with measurements
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