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Discussion/Decision
1 Introduction

Per-UE PHR has been discussed last meeting. There still is uncertainty whether it is needed for which case. The contribution investigates why Per-UE PHR may be motivated and what kind of benefit it may bring. The contribution finally suggests discussing the necessity of Per-UE PHR based on the rather limited used case.  

2 Discussion
The rationale for per-UE PHR is that per-UE power headroom may not be estimated from the per-CC PHRs. Let’s look at why it is not possible in this section. ENB may take following steps to determine the UE power headroom from the per-CC PHRs.

Step 1: Estimating transmission power of each CC from the corresponding per-CC PHR.

Step 2: Summing the transmission power to get the total transmission power

Step 3: Determining the UE power headroom by comparing PCMAX,UE and the total transmission power 

Actually, the main problem is that ENB is not able to correctly derive the transmission power of each CC based on the per-CC PHR due to PCMAX,CC estimation error. As explained in [1], PCMAX,CC is UE specific which can be any value between PCMAX_H, CC and PCMAX_L,CC. For an example, when the reported PH for a certain transmission format is 3 dB, the transmission power for that transmission format can be any value between (PCMAX_H,CC – 3dB) and (PCMAX_L,CC – 3dB). Let’s assume that PCMAX_H,CC is 23 dBm and PCMAX_H,CC is 20 dBm. The actual transmission power for that transmission format can be 20 dBm, 17 dBm or any value between them. 
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In the figure above, one example is presented to show how power shortage can happen if ENB schedules multiple PUSCH transmissions only based on per-CC PHR. Above example assumes 2 dB and 1 dB PCMAX estimation error, and such moderate error can lead to power shortage. The only way to avoid this is for ENB to schedule UE conservatively (i.e. not schedule UE in its full power) in multiple PUSCH transmissions.

Per-UE PHR would be helpful in this regard. It can give ENB the information which is not available in per-CC PHR. By the definition, per UE PH is the difference between the UE level maximum power and the total PUSCH transmission power. From the UE PH, ENB knows that it can or cannot allocate more power for a certain UE. Another example is shown in the figure below. 
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For the sake of the easy explanation, Per-UE PHR and Per-CC PHRs are assumed to be triggered together. The scenario in the example is that UE’s total power is still far less than maximum transmission power. With per-UE PHR, one may expect to be able to schedule the UE to the almost maximum power level at once. But it is not possible because per-UE PH only tells how much power can be allocated but does not tell how much of it to which CC. Probably, what ENB can do is to raise the transmission power of one CC by min(per UE PH, per CC PH). It does not give an impressive result in the example. Still 58 mW of power is under-allocated.

As seen above, Per-UE PHR does not help much since it does not provide the necessary information on how to distribute the remaining power. What ENB can do is to schedule UE conservatively in multiple PUSCH transmissions. 
Observation 1:  per-UE PHR provides the information on how much more total transmission power can be allocated.

Observation 2:  per-UE PHR does not provide how available total transmission power could be distributed to each CC.
One should note that above observations are made based on the assumption that PCMAX,UE is a fixed value. It is not clear at this moment whether it would be a fixed one or UE specifically selected one. PCMAX,UE depending on the modeling could also be a value chosen by UE without ENB knowing the exact value. From the discussion, per-UE PHR seems not very useful if total power remains well below the maximum value. 
If we rely on only per-CC PHR, one risk is that ENB may not detect when power shortage occurs from multiple PUSCH transmissions. It seems the main use case of per-UE PHR. For example, let’s assume following scenario. 

Real values in UE

· PCMAX,CC 1 = 22 dBm, PCMAX,CC 2 = 22 dBm

· PUSCH power of CC 1 = 100 mW(=20 dBm), PUSCH power of CC 2 = 110 mW (=20.4 dBm)

· PH of CC 1 = 2 dB, PH of CC 2 = 1.6 dB

· The result is 10 mW power shortage

Estimated values in ENB

· PCMAX,CC 1 = 21 dBm, PCMAX,CC 2 = 21 dBm (1 dB estimation error)

· PUSCH power of CC 1 = 79 mW(=19 dBm), PUSCH power of CC 2 = 87 mW (=19.4 dBm)

· ENB consider total power is 166 mW and 34 mW below the maximum value. 

Only with per-CC PHR, ENB does not detect the power shortage. If ENB is provided with the UE PH (which will indicate “–0.22 dB”), ENB notices the power shortage. 

Observation 3:  per-UE PHR may be useful in indicating that total transmission power is approaching/exceeding its maximum transmission power.

The information ‘total transmission power is approaching its maximum transmission power’ is already provided by per-CC PHR in case of single PUSCH transmission; hence per-UE PHR should be triggered only for multiple PUSCH transmissions. 
Proposal 1:  To discuss whether it is a sufficient motivation to introduce per-UE PHR to indicate that total transmission power is approaching/exceeding its maximum level.

3 Conclusion
It is shown that per-UE PHR is not a perfect solution. It provides benefit only for the limited case, of which value is not clear at this moment. 

RAN2 is asked to discuss whether the identified limited usage (indicating power shortage) is sufficient motivation for the new mechanism. One more thing to be noted is that MPR issues are not clear at this moment which may have great impact in per-UE PHR design. Hence even if introducing per-UE PHR is in principle agreed, the detail shall be discussed later when MPR is fully addressed by RAN4. 
Annex
[1]
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