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Introduction
RAN4#107 approved WF of [1], where it contains a following.
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This contribution aims at collecting companies’ views on UE behaviour with the existing specifications to see whether there is an issue or not.
Discussion
Overview
Firstly, we’d like to emphasize that the issue was originally raised in [2] because of the following agreement in the WF of [3] and a view/comment during meetings that a UE is trying to achieve the power advertised by its power class by using TxD so that configured transmitted power should not be affected by scaling factor in [4].
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We agree that power class doesn’t mean that a UE can always deliver the advertised power in any conditions. For TxD without codebook-based transmission, it is understandable that the UE achieves the power equivalent to the power class with TxD as mentioned in [4]. However, what we raised is codebook-based transmission. Hence, the UE shall follow what RAN1 specifications instruct.
Observation 1: Codebook based transmission and others must be discussed separately. 
When it comes to codebook transmission, however, network expects that a UE exactly follow power scaling specified in TS38.213 so that the scaling impact would be necessary to be taking into account.  
Suppose that all the impairments other than MPR of 2.5 dB for 16 QAM for DFT-s-OFDM for outer allocation are ignored in the below formula for PC2 UE.
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }
A following is derived.
23.5 (26-2.5) dBm ≤  PCMAX,f,c  ≤ 26 dBm
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The originally identified problem due to scaling factor was that if a UE with PC3 x 2 PAs, but if a TPMI 0 or 1 is configured with the UE, the achievable highest power becomes 20 dBm, even though one PA can achieve 23 dBm. And this issue was addressed by introducing ul-FullPowerTransmission in Rel-16.
If TPMI configuration, however, e.g., TPMI with scaling factor of 1/2, PC2, PCMAX, f, c of 23.5 dBm and target power of 26 dBm are considered, PUSCH power becomes 20.5 dBm. This looks actually unreasonable. Because if the UE uses one PC3 capable of PA, the required MPR for PC3 is 2 dB so that UE can achieve 21 dBm with MPR of 2 dB. 
Observation 2: Clarification of relation between impact of scaling factor with codebook transmission on lower limit of PCMAX, f, c and required MPR is needed. 
We also would like to emphasize that we didn’t propose to scale down PCMAX, f, c itself but rather a range to allow UE to select PCMAX, f, c should consider scaling factor.
Observation 3: A contribution of [2, 5] didn’t propose to change PCMAX, f, c itself by scaling factor but rather lower limit and/or higher limit to be used for a UE to select PCMAX, f, c. 
Power Headroom
A contribution of [6] shared a comprehensive analysis with good examples in terms of an impact of scaling factor on PH. We further dig into PH aspect by using below Table 1.
Table 1: an example of relation between some parameters associated with PUSCH power
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PH is positive
The current TS 38.213 instructs PUSCH power after taking min (PCMAX, f, c , target power) to be scaled down according to scaling factor s. It is noted that there is no explicit definition like “target power” in TS38.213, but here we use the same term used in [6]. As an extreme case, we assume that PC1.5 with 23 dBm x 4 PA configuration, scaling factor is ¼ and target power starts from 23 dBm. If all the impairments in configured transmitted power formula in TS38.101-1 are ignored, PCMAX, f, c shall stay at 29 dBm. PH using the existing TS 38.213 must be 29 dBm – 23 dBm = 6 dB. And the UE’s power will be 17 dBm (23 dBm – 6 dB).
If PH is reported to a gNB, the gNB would have several options (e.g., sending TPC up or down command to the UE and/or may change the number of RBs and/or MSC etc.) depending on several parameters conditions. 
If PH is 6 dB and the received power at the gNB is not high enough, the gNB may send TPC up command to the UE. Accordingly, the target power becomes higher according to the last term of fb,f,c(i, l) in the formula corresponding to target power. When the target power becomes 29 dBm, the PUSCH power reaches 23 dBm. Thus, as far as the target power is less than PCMAX, f, c, the originally required power somehow can be achieved. Hence, if a gNB tries to increase received power from UE at gNB receiver, PH mismatch may not be a big problem. However, if the received power becomes sufficiently high and the gNB tries to allocate more RBs and/or higher MCS to the UE, the mismatch may bring an issue.
PH is negative
When the target power exceeds PCMAX, f, c of 29 dBm, the PH starts to be negative. The reported PH, however, may be confusing. For more specific, if the target power is 32 dBm, the PH becomes - 3dB where the PUSCH power is 23 (29 – 6) dBm. The gNB may think that it is better to reduce the number of RBs for the UE and allocate half of them to other UEs under the gNB. But even if the gNB does so, the PUCSH power still stay at 23 dBm and that power is not high enough by 6 dB. It is noted that PH is not the only tool for network to execute power control. In fact, the PH is not reported quite often or reported when an event is triggered, e.g., a pathloss changes by a certain amount.  
Observation 4: Both positive and negative PH mismatch due to power scaling may make network resource scheduling confused. It is noted that PH is not the only tool for network to utilize for UL power control.
Summary
For the issue described in Observation 2, that needs to be somehow addressed.
Proposal 1: It is proposed to clarify which MPR is applied to in case PC2 UE is configured with TPMI of scaling factor 1/2 and all the impairments in lower boundary and higher boundary in the configured transmitted power formula are zero except that MPR for 16 QAM for DFT-s-OFDM for outer allocation is allowed. Which MPR of 2 or 2.5 dB is used?
For the issue described in Observation 4, a solution would require RAN1 spec impact. For example, we proposed a following resolution.
· if 0 dB ≤ ΔPPowerClass, PPowerClass - Max (ΔPs , ΔPPowerClass)
· if 0 dB > ΔPPowerClass, PPowerClass - ΔPs - ΔPPowerClass
· Note that ΔPs is 10*log(1/s), where s is a scaling factor.
· Note that 0 dB > ΔPPowerClass happens when power boosting feature is enabled.
In our understanding, PCMAX, f, c set by a UE from the bounds means that the UE can achieve the PCMAX, f, c if needed, while scaling is conducted after taking min (PCMAX, f, c, target power), the observed issue in observation 4 arises. If lower and/or higher bounds for PCMAX, f, c takes scaling into account and scaling factor should not be applied to PUSCH power after taking min. Then, the PH must reflect a correct value.
The resolution simply says that e.g., if a power class is PC1.5, scaling factor is ¼ and MPR is 2 dB for DFT-s-OFDM 16QAM for outer allocation, then, ΔPs is 10*log(4) = 6 dB, then, ΔPPowerClass is in any case, 6 dB at maximum so that the UE can set PCMAX,f,c somewhere between 21 and 23 dBm. It is noted that this doesn’t scale PCMAX,f,c itself, since PCMAX,f,c itself can be set by a UE from the range.
23 dBm ≤  PCMAX,f,c  ≤  23 dBm
PCMAX_L,f,c = MIN { 29 dBm - Max (6 , ΔPPowerClass) – 2 dB} = 21 dBm
PCMAX_H,f,c = MIN { 29 dBm - Max (6 , ΔPPowerClass)} = 23 dBm
Observation 5: If lower and/or higher bounds for PCMAX, f, c takes scaling into account and scaling factor should not be applied to PUSCH power after taking min (PCMAX, f, c, target power). Then, the PH must reflect a correct value
As described before, changing RAN1 fundamental specifications is not our 1st priority. It is, however, needed to clarify an actual UE behaviour in order to assess the significance of the matter in RAN4 before sending an LS to RAN1.
Proposal 2: UE behaviours should be clarified, 
· In case PC2 UE is configured with TPMI of scaling factor 1/2 and all the impairments in lower boundary and higher boundary in the configured transmitted power formula are zero (i.e., lower and higher boundary are 26 dBm so that PCMAX, f, c shall be 26 dBm) and target power (defined in [6]) is 26, what is the reported PCMAX, f, c and PH, respectively? Does UE report PCMAX, f, c = 26 dBm and PH is 0 dB, but the highest power that the UE can achieve is 23 dBm by following the existing specifications?
Conclusion
This document has made the following observations and proposals.
Observation 1: Codebook based transmission and others must be discussed separately. 
Observation 2: Clarification of relation between impact of scaling factor with codebook transmission on lower limit of PCMAX, f, c and required MPR is needed. 
Proposal 1: It is proposed to clarify which MPR is applied to in case PC2 UE is configured with TPMI of scaling factor 1/2 and all the impairments in lower boundary and higher boundary in the configured transmitted power formula are zero except that MPR for 16 QAM for DFT-s-OFDM for outer allocation is allowed. Which MPR of 2 or 2.5 dB is used?
Observation 3: A contribution of [2, 5] didn’t propose to change PCMAX, f, c itself by scaling factor but rather lower limit and/or higher limit to be used for a UE to select PCMAX, f, c. 
Observation 4: Both positive and negative PH mismatch due to power scaling may make network resource scheduling confused. It is noted that PH is not the only tool for network to utilize for UL power control.
Observation 5: If lower and/or higher bounds for PCMAX, f, c takes scaling into account and scaling factor should not be applied to PUSCH power after taking min (PCMAX, f, c, target power). Then, the PH must reflect a correct value
Proposal 2: UE behaviours should be clarified, 
· In case PC2 UE is configured with TPMI of scaling factor 1/2 and all the impairments in lower boundary and higher boundary in the configured transmitted power formula are zero (i.e., lower and higher boundary are 26 dBm so that PCMAX, f, c shall be 26 dBm) and target power (defined in [6]) is 26, what is the reported PCMAX, f, c and PH, respectively? Does UE report PCMAX, f, c = 26 dBm and PH is 0 dB, but the highest power that the UE can achieve is 23 dBm by following the existing specifications?
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1.3 Power Scaling and other non-full power cases

Whether sending LS to ask RAN1’s view about the possible confusion or misalignment of PHR calculation related to

power scaling issue, and possible impact to Pemax?

* WF:

o Postpone the LS and further discuss this issue in next meeting
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Issue 1-2-1: Whether 4Tx UE need to keep power class capability when configured with different antenna ports, i.e.4/2/1

e WF
© Confirm the following understanding:

= The power class of a UE is a static value depending on reporting and not subject to change for
different configurations

= The maximum output power achievable and applicable requirements are related to configuration and
implementation

o How to accommodate the maximum achievable output power aspect into spec is FES
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This terms is called “target power” by following [5]
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