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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]An LS from RAN4 [1] is received, where RAN4 asks RAN1 whether following statement is correct and if there is any issue to consider.
In case the factor  is not equal to 1, e.g. 2Tx UL MIMO when indicated TPMI is 0 or 1 for UE not indicating support of ULFPTx or operating in ULFPTx fullpowerMode 1, and applied to , RAN4 identified that in such case the actually achievable maximum configured power would be different from the Pcmax,f,c value derived via reported power class. However, in the PHR calculation, i.e. in clause 7.7.1 in 38.213, this power scaling factor s is not considered.
In this contribution, we clarify our views on this particular issue which has been discussed in RAN4 [2] as well.
Discussion
It is obvious that the UE cannot deliver max output power in the case of non-full rank scheduling when non-coherent or partial-coherent precoder is indicated in DCI in Rel-15. In Rel-16, UL full power transmission modes are introduced to address this issue. Now, the question from RAN4 is related to the precoders, when indicated in DCI, which cannot achieve max output power in ULFPTx fullpowerMode 1 and ULFPTx fullpowerMode 2. For simplicity of discussion, let’s take 2Tx UL as an example: in ULFPTx fullpowerMode 1 a non-antenna selection precoder is introduced for rank=1 additionally in Rel-16. According to power scaling definition, the antenna selection precoders cannot achieve max output power as declared by power class reporting. Similarly, in ULFPTx fullpowerMode 2 only the precoder(s) indicated by UE which achieves max output power can deliver max output power, remaining precoders cannot deliver max output power according to the power scaling definition. This was well discussed and understood in RAN1 during Rel-16. 
And, it is clear in 38.213 that Pcmax or {[image: ]} is not affected by power scaling factor s. Below we analyze the issue of PHR raised in RAN4.

PHR Analysis
One of the main concerns of the power scaling is whether the current PHR reporting is precise or not when the power scaling factor s is not equal to 1. For better understanding, some detailed analysis is provided below. The baseline assumption is Pcmax and {Target} would not be impacted by the power scaling factor in PH = Pcmax – {Target} as a simplified equation, and the power scaling factor s = 1/2 is used for these examples.
PH is positive
In the case of PH is positive, this means that there is still room for increasing the actual transmit power, and the power is not reaching upper limit. E.g., in case Pcmax = 23dBm, {Target} = 17dBm, then:
(1) The calculated PH = Pcmax - {Target} = 6dB without considering the power scaling.
(2) Next we analyze on what is the “real” PH after considering the power scaling:
Ppusch is used as simplified illustration for  , then Ppusch = min {Pcmax, {Target}} = 17dBm. Then the actual transmit power after power scaling is s*linear (Ppusch) = Ppusch – 3dB = 14dBm;
In this particular case, the achievable maximum output power is also impacted by power scaling which is s* linear (Pcmax) = Pcmax – 3dB = 20dBm.
Then the “real” PH considering the power scaling is 20dBm – 14dBm = 6dB; it can be seen that it is same as the calculated the PH without considering power scaling factor s.
Observation 1: In the case when PH is positive, the PH reported would be same as actual achievable PH even in case of power scaling is not equal to 1.

PH is negative
In the case of PH is negative, this means that the output power has already reached the upper limit. E.g., in case Pcmax = 23dBm, {Target} = 26dBm, then:
(1) The calculated PH is PH = Pcmax - {Target} = -3dB without considering the power scaling;
(2) Ppusch = min {Pcmax, {Target}} = 23 dBm. Then the actual output power after power scaling is s*linear (Ppusch) = Ppusch – 3dB = 20dBm;
In this particular case, the achievable maximum output power is also impacted by power scaling which is s* linear (Pcmax) = Pcmax – 3dB = 20dBm.
Then the “real” PH considering the power scaling is 20dBm – 26dBm = -6dB; it can be seen that it is indeed different from calculated PH.
However, it should be noted that though -6dB is different from -3dB, this degree of difference may not have serious impact to the network. Since the network would anyway adjust the parameters such as MCS and closed loop power control etc. And, from the power scaling defined in section 7.1 in 38.213, network has knowledge of this behavior when certain TPMIs are indicated. And, the network has knowledge that actual transmit power when scheduled with those precoders have reached 20dBm no matter what is the actual PH value is.
[bookmark: _GoBack]Observation 2: In the case of PH is negative, the PH reported may have an offset to actual PH when power scaling not equal to 1. However, this may have quite limited impact to the whole system.
Based on the analysis, it seems the PH calculation without considering power scaling factor s, may bring some unclear understandings of PH calculation, though the impact may not be large.
Observation 3: The PH calculation without considering power scaling factor s, may bring some unclear understandings of PH calculation, though the impact may not be large.

Proposal: 
RAN1 to send reply LS to RAN4 explaining that the max output as declared by power class reporting is not achievable when following precoders are indicated in DCI in Rel-15:
· For 2Tx UL, rank=1 non-coherent precoders
· For 4Tx UL, rank=1, 2, 3 non-coherent precoders
· For 4Tx UL, rank=1 partial-coherent precoders 
And, in rel-16 UL full power mode 1, max output power can be achieved when following TPMIs are indicated in DCI:
· For 2Tx UL, rank=1: TPMI= 2
· For 4Tx UL non-coherent codebook subset, rank=1: TPMI=13, rank=2: TPMI=6, rank=3: TPMI=1
· For 4Tx UL partial-coherent codebook subset, rank=1: TPMI=12, TPMI=13, TPMI=14, TPMI=15. 
In UL full power mode 2, only the precoders indicated by UE which can achieve max output can deliver max output power.
Pcmax or {[image: ]} is not affected by power scaling factor s.
In the case of PHR calculation, the calculated PH could be different with and without considering power scaling when the PH is negative, however it is not expected to have significant impact on overall system performance. 
 
Conclusions 
In this contribution, we clarify the power scaling behavior in Rel-15 and Rel-16, and discuss its impact on PH calculation. And, we have the following proposal. 
Proposal:
RAN1 to send reply LS to RAN4 explaining that the max output as declared by power class reporting is not achievable when following precoders are indicated in DCI in Rel-15:
· For 2Tx UL, rank=1 non-coherent precoders
· For 4Tx UL, rank=1, 2, 3 non-coherent precoders
· For 4Tx UL, rank=1 partial-coherent precoders 
And, in rel-16 UL full power mode 1, max output power can be achieved when following TPMIs are indicated in DCI:
· For 2Tx UL, rank=1: TPMI= 2
· For 4Tx UL non-coherent codebook subset, rank=1: TPMI=13, rank=2: TPMI=6, rank=3: TPMI=1
· For 4Tx UL partial-coherent codebook subset, rank=1: TPMI=12, TPMI=13, TPMI=14, TPMI=15. 
In UL full power mode 2, only the precoders indicated by UE which can achieve max output can deliver max output power.
Pcmax or {[image: ]} is not affected by power scaling factor s.
In the case of PHR calculation, the calculated PH could be different with and without considering power scaling when the PH is negative, however it is not expected to have significant impact on overall system performance. 
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