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1. Introduction
One of the objections of the work item [1] is “to study the issue of insertion loss imbalance across SRS ports and to specify the corresponding solution if justified.”  This additional insertion losses arise from the need to transmit SRS from antenna ports that are receive-only except for SRS transmission and the resulting switching and trace losses.
In [2], it was suggested that there is little or no benefit in having the UE signal the insertion loss imbalances between the SRS ports, and that this issue should be addressed entirely using power headroom reports for each of the SRS ports.  In this contribution, we attempt to show that there is benefit in signaling the insertion loss imbalances in that it significantly reduces the amount of signaling overhead needed to enable the gNB to determine the transmitted power for each of the SRS ports, and thus correct the uplink channel estimates. 
In this contribution, we consider how to determine the SRS power imbalances with minimum overhead both when the UE compensates the allowed insertion losses and when it does not.
2. Impact of SRS Power Relaxations on Power Control Behavior
[bookmark: _Hlk165981718]From [3], the UE is allowed to specify its maximum configured power PCMAX,f,c in the range
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass + ΔPPowerBoost}
As discussed in [3-4], the allowed power relaxations can be divided into two types:
Type 1:  MPRc, ∆MPRc, A-MPRc, P-MPRc, ΔPPowerClass, ΔPPowerBoost
[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.  The UE may take power relaxations less than the maximum allowed, but if it does, then it knows the values.  
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.  The value of ∆TC,c is 1.5 dB at the band edge and is otherwise 0.  The value of ΔTIB,c is typically less than 0.5 dB, but it can be as large as 1.5 dB.
The allowed relaxation ∆TC,c is frequency dependent, while the relaxation ΔTIB,c is band combination dependent.  The allowed value of these relaxations is not port dependent, but the actual values could possibly be port dependent depending on the architecture and the filters used.  The allowed relaxation ∆TRxSRS is port dependent and so can be denoted ∆TRxSRS,j for the j-th SRS port.
Given that there are three types of power relaxations that are allowed for implementation losses, ∆TC,c, ΔTIB,c, and ∆TRxSRS,j, is a UE expected to compensate all of these power relaxations below PCMAX, or is it only expected to compensate ∆TRxSRS,j?
Question 1:	Is a UE expected to compensate all of the power relaxations ∆TC,c, ΔTIB,c, and ∆TRxSRS,j below PCMAX, or is it only expected to compensate ∆TRxSRS,j?
Question 2:	If a UE indicates that it compensates the SRS power relaxations ∆TRxSRS,j below PCMAX, is it either expected or required to compensate all of the Type 2 power relaxations ∆TC,c, ΔTIB,c, and ∆TRxSRS,j?
3. SRS Power Imbalance Determination
Let  denote the actual insertion loss associated with the j-th antenna port.  For two antenna ports i and j, let the difference in the configured maximum power between two antenna ports be defined as , where
 = PCMAX,f,c (i) - PCMAX,f,c (j) ,

and PCMAX_L,f,c(i) denotes the Pcmax value for the i-th antenna port. It can typically be expected that 
[bookmark: _Hlk166437637]PCMAX,f,c (i) - PCMAX,f,c (j) 
so that
 ,

though this is not a requirement.  For example, could choose to take a different MPR or A-MPR relaxation (less than the maximum allowed) for the i-th antenna port than for the j-th antenna port, but this behavior is not expected.

Observation 1: It is expected that the difference between the configured maximum power for two ports i 
and j given by
 PCMAX,f,c (i) - PCMAX,f,c (j)

[bookmark: _Hlk166437707]is fixed and is independent of the RB allocation and is equal to the actual difference in SRS insertion loss so that 


We assume that the N antenna ports used for SRS transmission are numbered such that 


For example, port 1 could be defined as an SRS port for which no relaxation is allowed.  If port 1 is used, this implies that 
 
or equivalently, that 
  
For each SRS occasion, it is assumed that UE signals two of the three quantities for SRS port 1 as part of a power headroom report:
i) the power headroom for SRS port 1, 
ii) the maximum configured power PCMAX,f,c (i)
iii) the transmitted power .
These three quantities have the relationship 
PCMAX,f,c (1) = +  .
We consider the case in which the UE signals the N-1 differences  and two alternative cases for handling insertion losses.

Case 1:	The UE compensates the transmit power for the insertion losses for each antenna port i up to PCMAX,f,c(i).

Case 2:	The UE does not compensate the transmit power for the insertion losses.

The behavior of the UE for Case 1 can be seen in Figure 1 below which shows the output power for three SRS ports 1, 2, and 3 as a function of the SRS power control input. For the example in Figure 1,

PCMAX,f,c (1)  PCMAX,f,c (2)  PCMAX,f,c (3) .

With compensation of the insertion losses, the SRS output power for each of the SRS antenna ports is equal the output power for port 1 until its Pcmax value is exceeded.  The behavior of the UE for Case 2 can be seen in Figure 2 below. For this example, the power difference between the SRS ports is fixed and is equal to the difference between the actual SRS insertion losses.

[image: ]
Figure 1:  SRS output power vs. power control with compensation of SRS insertion losses 
[bookmark: _Hlk166438323]For Case 1, it can be assumed that the insertion loss that is compensated is the actual SRS insertion loss , or it can be assumed that the compensated insertion loss is the sum of the actual SRS insertion loss  and the other insertion losses ∆TC,c and ΔTIB,c.  Unless ∆TC,c and ΔTIB,c are port dependent (which is not expected), it should still be the case that 
PCMAX,f,c (i) - PCMAX,f,c (j) 

For Case 1, the gNB can determine the transmit power  for any port j from the following:

i) , the difference in insertion loss between the j-th port and port 1
ii) the transmit power on the first SRS antenna port, 
iii) , the configured maximum power for SRS port 1.
For Case 2, the gNB and determine the transmit power for any port j from (i) and (ii) only.
[image: ]
Figure 2:  SRS output power vs. power control without compensation of SRS insertion losses 
For Case 1, the UE compensates the insertion loss for the j-th antenna port up to  for the j-th antenna port which can be expressed as

                                                                                                             .
Since the UE compensates the insertion loss, the transmit power for the j-th antenna port is given by

[bookmark: _Hlk166438699]  .				(1)
However, as shown in the Appendix, this expression only holds for all antenna ports, , so long as the SRS ports are numbered such that
  .
The behavior described in (1) can be observed in Figure 1. From the configured maximum power for the first port , and the set of values  of insertion loss differences between each of the other antenna ports and port 1, the gNB can compute  for any antenna port j, . With knowledge of the configured power for the first port , the gNB can determined the configured transmit power  for any other port j.  For example, if , then
.
Alternatively, if , then 
,  and .
Finally, if , then 
,  ,  and .
Observation 2:	For a UE that compensates SRS insertion losses, the gNB can determine the transmit power for any SRS port from the set of insertion loss differences , and a power headroom report for port 1 (that includes maximum configured power), so long as port 1 has the smallest insertion loss.

From Figure 2 above, it is apparent that for Case 2 in which the UE does not compensate the insertion loss, we have
 			                  	(2)
where, as noted above

Thus, for a UE that does not compensate the SRS insertion losses, the gNB can determine the power difference between any two SRS ports from the set of insertion loss differences, and thus correct the SRS based channel estimates without the need for a power headroom report for SRS port 1.

Observation 3:	For a UE that does not compensate the SRS insertion losses, the gNB can determine the power difference between any two SRS ports from the set of insertion loss differences, and thus correct the SRS based channel estimates without the need for a power headroom report for SRS port 1.
Based on the above observations, we have the following proposals for enabling the correction of the SRS based channel estimates for the allowed power imbalances.

Proposal 1:	The UE should signal the set of values  to the gNB where N is the number of SRS ports, 

and the SRS ports are numbered such that 

These values only need to be signaled when there is a change in the mapping or numbering of the antenna ports.

Proposal 2:	The UE should indicate whether it compensates the actual SRS insertion losses for each SRS port up to the configured maximum power for the port.

Proposal 3:	For a UE that indicates that it compensates the actual SRS insertion loss for each SRS port, the gNB can determine the SRS transmit power for each SRS port by configuring the UE to transmit a power headroom report, including the maximum configured power, for the SRS port having the smallest insertion loss.

4. Summary
In this contribution, we have attempted to show that there is a benefit to signaling the actual insertion loss differences between the UE SRS ports both when the UE compensates the allowed insertion losses and when it does not. In particular, we have shown that with this approach, the gNB can determine the power the gNB can determine the transmit power for any SRS port with a power headroom report for only the SRS port with the smallest insertion loss.

From the discussion above, we have the following observations and proposals:

Observation 1: It is expected that the difference between the configured maximum power for two ports i 
and j given by
 PCMAX,f,c (i) - PCMAX,f,c (j)

is fixed and is independent of the RB allocation and is equal to the actual difference in SRS insertion loss so that 


Observation 2:	For a UE that compensates SRS insertion losses, the gNB can determine the transmit power for any SRS port from the set of insertion loss differences , and a power headroom report for port 1 (that includes maximum configured power), so long as port 1 has the smallest insertion loss.

Observation 3:	For a UE that does not compensate the SRS insertion losses, the gNB can determine the power difference between any two SRS ports from the set of insertion loss differences, and thus correct the SRS based channel estimates without the need for a power headroom report for SRS port 1.
Proposal 1:	The UE should signal the set of values  to the gNB where N is the number of SRS ports, 

and the SRS ports are numbered such that 

These values only need to be signaled when there is a change in the mapping or numbering of the antenna ports.

Proposal 2:	The UE should indicate whether it compensates the actual SRS insertion losses for each SRS port up to the configured maximum power for the port.

Proposal 3:	For a UE that indicates that it compensates the actual SRS insertion loss for each SRS port, the gNB can determine the SRS transmit power for each SRS port by configuring the UE to transmit a power headroom report, including the maximum configured power, for the SRS port having the smallest insertion loss.
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Appendix
For Case 1 in which the UE compensates the actual SRS insertion loss, , for each antenna port up to its configured maximum power for any SRS port can be computed as

where
i) , the difference in insertion loss between the j-th port and port 1
ii) the transmit power on the first antenna port, 
iii) , the configured maximum power for the port 1.
However, this expression only works for all of the antenna ports, , so long as

  .
Otherwise, there exists an index j such 


[bookmark: _Hlk166438760]from which it follows that that .  Since

[bookmark: _Hlk166439257]and since , it must also be true that


In this case in which the insertion losses are compensated, we then have


[bookmark: _Hlk166439462]However, since it was assumed that
,
[bookmark: _Hlk166439566]then  can be larger than , and so this is a contradiction.
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