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Introduction
Although RAN4#106bis approved LS [1] and WF [2] where three approaches are listed, there have been no concrete agreement on which approach should be taken. This paper shares our views on each of the approaches.
Discussion
Indication of actual IL
As discussed in [3], this approach requires that a UE shall always maintain power imbalance at respective antenna ports depending on the indicated actual ILs, i.e., ∆TRxSRS,p (p=0, 1, …) during SRS antenna switching. Since gNB utilizes the information as channel estimation correction factor, if the power imbalance at the antenna ports cannot be always maintained, it just leads to additional channel estimation errors. The concept is illustrated in Figure 1. Note that hereafter this approach is called fixed power imbalance approach.
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Figure 1: Precondition to utilize atual IL indication for Fixed power imbalance
Fixed power imbalance approach (maintain power imbalance at respective antenna ports depending on the indicated actual ∆TRxSRS, p) works regardless of the required UE power level if losses are reasonable levels. The approach, however, may not work if some of the losses are too large. Because antenna gains for antennas other than primary branch may be even poorer than that for the primary branch, then, the power(s) from antenna ports with large losses may not be accurately measured by gNB due too weak signal.
Observation 1: Fixed power imbalance approach (maintain power imbalance at respective antenna ports depending on the indicated actual ∆TRxSRS, p) works regardless of the required UE power level if losses are reasonable levels.
Observation 2: Fixed power imbalance approach may not work if some of the losses are too large whose power(s) may not be accurately measured by gNB due too weak signal with consideration of poorer antenna gains for these ports compared to that for the primary antenna’s gain.
Next, we discuss whether or not the above UE behaviour for fixed power imbalance approach is expected by the current specifications and UE implementations or not.
Specification aspect
The below formula is from TS 38.213.
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According to TS38.213, minimum unit to handle PHR for SRS is SRS resource set. It means that SRS resources in an SRS resource set uses exactly the same parameters in the above formula. Hence, it is expected that the UE targets at the same power across all the antenna ports within the same SRS resource set. It’s noted that if channels, however, are sounded from antenna ports across multiple SRS resource sets, the target power can be different across the SRS resource set if NW wants to do so.
Observation 3: TS38.213 expects the same output power across antenna ports (hereafter, this is called no power imbalance approach) in an SRS resource set. Hence, if UE is compliant to no power imbalance approach, indicated ∆TRxSRS shall not be used as error correction factor at gNB.
Implementation aspect
Though we noted that power per port in an SRS resource set should be the same from TS38.213 perspective, we discuss whether UE is able to exactly follow such an instruction or not. The same power across ports means that UE shall be able to compensate for the power to be lost due to ∆TRxSRS immediately after respective SRS antenna switching. In order to make the discussion more specific, let’s assume that supportedSRS-TxPortSwitch is set to t1r2, ∆TRxSRS is 3 dB for the 2nd antenna port, PA output power at 1st antenna port is 26 dBm (i.e., post PA IL is 3 dB) to achieve PC3 (23 dBm). If SRS antenna switch is conducted, to maintain the same power across the ports, the UE shall be able to compensate 3 dB by boosting PA output by 3 dB during 2nd SRS resource transmission, i.e., PA output power shall be 29 dBm at the instant. This might not be practical and if the UE was able to do that, the UE would declare PC2. If the required power, however, is below or equal to 20 dBm, the UE may be able to compensate for the lost power at 2nd SRS resource transmission since the PA output can be equal to or below 26 dBm, which brings 20 dBm at antenna port (26 dBm - Total loss of 6 (3 dB + 3 dB) dB). Hence, with typical implementation, it might not be practical for UEs to maintain no power imbalance across antenna ports specifically, when the required output at port exceeds Power Class – max {∆TRxSRS,p | p=0, 1, …m}. The expected UE behaviour in terms of power is illustrated in Figure 2.
Observation 4: Though TS38.213 expects no power imbalance across ports within the same SRS resource set, at least it may not be practical to perform it when the output power at the antenna port to deliver the highest maximum output power exceeds power class - max {∆TRxSRS,p | p=0, 1, …m} . For example, max {∆TRxSRS,p | p=0, 1, …m} = 3 dB for t1r2 for PC3, if the main branch power exceeds 20 dBm, the UE may not be able to maintain fixed power imbalance approach.
It should be noted that if UE follows no power imbalance approach, gNB shall not use channel estimation error correction with ∆TRxSRS,p until the power at the highest power antenna port reaches maximum power, i.e., Power Class. If the power at the highest power port reaches the maximum, then, ∆TRxSRS,p can be utilized by gNB as error compensation factor. 
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Figure 2: No power imbalance (UE compensates for power to be lost due to ∆TRxSRS)
Next question would be if as far as the output power at reference antenna port to deliver the highest power across ports is below or equal to 20 dBm, is the no power imbalance approach feasible? Perhaps, it may not be always the case. Since the UE shall be able to achieve the same power immediately after one or two symbols (minimum GP (guard period)). Moreover, in some cases, ∆TRxSRS,p can be around 8 dB (if proposed value by some companies is true). This may increase probability that after the 1st SRS resource transmission, PA gain settings for 2nd SRS resource transmission may drastically change, e.g., the number of PAs to be used in series changes from one to two (even advanced PA technology would have more or less a similar point to change gain settings). Relation between PA output power, achievable power at antenna port and ∆TRxSRS for fixed power imbalance as well as no power imbalance are summarized in Figure 3. It’s noted that all the values are hypothetical.
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Figure 3: No power imbalance and Fixed power imbalance
In fact, the current TS38.101-1 allows some exception due to RF Power amplifier mode changes for relative power tolerance requirements. Also, the tolerance is already quite large even with less than or equal to 20 ms, which is even larger than GP (one or two symbols) allowed for SRS antenna switching.
Observation 5: Even the power at antenna port to deliver the highest power is lower or equal to Power Class - max {∆TRxSRS,p | p=0, 1, …m}, the UE may not be able to maintain the same power across ports due to short GP. 
Moreover, a contribution of [4] raised an additional aspect that is loss imbalance across Rx paths. According to our understanding, however, the loss imbalance for Rx path must be smaller that for Tx path. Unlike Tx path, we expect that respective dedicated receivers are placed close to the corresponding Rx physical antenna ports. It would be good for UE vendors to share practical implementation on this aspect. If there are large loss imbalance across Rx path exists and if something is to be reported for correction factor, it must be the respective loss for Tx minus corresponding loss for Rx. If as [4] raised, the losses for Rx are also large,  the net loss power imbalance across ports may be smaller. If so, reporting ∆TRxSRS is not useful.
Observation 6: It would be expected that loss imbalance for Rx path is smaller than that for Tx path. If, however, there are large loss imbalance for Rx path as well, this would diminish effect of ∆TRxSRS report.
Observation 7: From Observation 1 – 5, TS38.213 seems expect no power imbalance across ports and that is not fit to a solution by indication of actual ∆TRxSRS, while not all the UE may not be able to achieve no power imbalance approach. With the current specification, applicability of indication of ∆TRxSRS is extremely limited.
Type 3 PHR
As mentioned in the observation 2, TS38.213 defines power per port is the same within the same SRS resource set. Hence, with the current specifications, the problem cannot be solved.
Observation 8: Type 3 PHR approach cannot mitigate power imbalance due to ∆TRxSRS due to the restriction that power control is per SRS resource set. 
Report channel (gNB to UE) measurement by UE
The approach proposed in [4] must work theoretically. This also requires a new channel (gNB to UE) measurement by UE and report of it by UE to gNB. The gain may be affected by quickness and accuracy including granularity of the report.
Observation 9: Report channel (gNB to UE) measurement by UE would work, but it requires a new measurement by UE and signalling scheme of it from UE to gNB. The gain may be affected by degree of quickness and accuracy including granularity of the signalled information.
Summary
As summary, we propose a following.
Proposal : No introduction of indication of ∆TRxSRS unless followings are defined clearly and/or clarified.
· UE behaviour in terms of power per port within an SRS resource set
· Whether UE compensates losses to achieve the same power across ports (no power imbalance apparoch) or not (fixed power imbalance approach).
· Necessary requirements associated with corresponding approaches if any
· Loss imbalance for Rx path
Conclusion
This document has made the following observations and proposal.
Observation 1: Fixed power imbalance approach (maintain power imbalance at respective antenna ports depending on the indicated actual ∆TRxSRS, p) works regardless of the required UE power level if losses are reasonable levels.
Observation 2: Fixed power imbalance approach may not work if some of the losses are too large whose power(s) may not be accurately measured by gNB due too weak signal with consideration of poorer antenna gains for these ports compared to that for the primary antenna’s gain.
Observation 3: TS38.213 expects the same output power across antenna ports (hereafter, this is called no power imbalance approach) in an SRS resource set. Hence, if UE is compliant to no power imbalance approach, indicated ∆TRxSRS shall not be used as error correction factor at gNB.
Observation 4: Though TS38.213 expects no power imbalance across ports within the same SRS resource set, at least it may not be practical to perform it when the output power at the antenna port to deliver the highest maximum output power exceeds power class - max {∆TRxSRS,p | p=0, 1, …m} . For example, max {∆TRxSRS,p | p=0, 1, …m} = 3 dB for t1r2 for PC3, if the main branch power exceeds 20 dBm, the UE may not be able to maintain fixed power imbalance approach.
Observation 5: Even the power at antenna port to deliver the highest power is lower or equal to Power Class - max {∆TRxSRS,p | p=0, 1, …m}, the UE may not be able to maintain the same power across ports due to short GP. 
Observation 6: It would be expected that loss imbalance for Rx path is smaller than that for Tx path. If, however, there are large loss imbalance for Rx path as well, this would diminish effect of ∆TRxSRS report.
Observation 7: From Observation 1 – 5, TS38.213 seems expect no power imbalance across ports and that is not fit to a solution by indication of actual ∆TRxSRS, while not all the UE may not be able to achieve no power imbalance approach. With the current specification, applicability of indication of ∆TRxSRS is extremely limited.
Observation 8: Type 3 PHR approach cannot mitigate power imbalance due to ∆TRxSRS due to the restriction that power control is per SRS resource set. 
Observation 9: Report channel (gNB to UE) measurement by UE would work, but it requires a new measurement by UE and signalling scheme of it from UE to gNB. The gain may be affected by degree of quickness and accuracy including granularity of the signalled information.
Proposal : No introduction of indication of ∆TRxSRS unless followings are defined clearly and/or clarified.
· UE behaviour in terms of power per port within an SRS resource set
· Whether UE compensates losses to achieve the same power across ports (no power imbalance apparoch) or not (fixed power imbalance approach).
· Necessary requirements associated with corresponding approaches if any
· Loss imbalance for Rx path
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