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1 Introduction
At RAN2 #70, Per UE PHR was proposed to explicitly reveal the true power headroom for a UE. After the meeting, an email discussion [1] was created to discuss all open issues for PHR aspect. However, the rapporteur intentionally did not include since this is more like a RAN1 issue. 
In this contribution, we presented our concern on per CC PHR only mechanism and hope to help the group to make decision on this important issue.
2 Concerns of Per CC PHR
In Rel-8/9, there was only one carrier, Per CC PHR is used and it means the same thing as Per UE PHR. In Rel-10, transmitting power can be distributed to multiple CCs, the Per CC PHR does not reveal the true PH for a UE. Even all CCs report its PHR at the same time, eNB is still not able to calculate the true PH for a UE, since there are MPR [3] or/and power scaling [2] at UE which is unknown for the eNB. Fig.1 illustrates an example of UL transmission in carrier aggregation with two UL CCs.
In this paragraph, we use Figure 1 to further explain our concern of only per CC PHR mechanism. For an eNB, per CC PHR only provides information on per CC PH. In the example figure, although PH for each CC (PH_1, PH_2) has certain positive value, however, the actual UE PH (PH_0) is less than any per CC PH (PH_1, PH_2). 
Since per UE PHR cannot be obtained from per CC PHRs, eNB needs to speculate per UE PH by other means. To find per UE PH, the eNB must first know the max transmission power of the UE (PUEMAX). 

For following analysis, we assume that there will be new UE power class for Rel-10 and this information is not signalled to eNB as in Rel-8/9
. 

Then, the estimated per UE PH (PH_0) is PUEMAX – E(P_1) – E(P_2), where E(P_1) and E(P_2) are the estimated actual transmission power. We assume eNB can perfectly estimate the actual transmission power from receiving signal.
E(PH_0)  =  PUEMAX  –  P_1  –  P_2
Next, we show how the max transmission power of the UE can be found.
Without power scaling

PUEMAX  =  PCMAX_1  +  MPR  +  A-MPR
PCMAX_L  –  T(PCMAX_L)  ≤  PCMAX  ≤  PCMAX_H  +  T(PCMAX_H) [3]
The tolerance of PCMAX is at least 2(T(PCMAX), 4-14 dB error depends on the value of PCMAX. Furthermore, MPR is unknown.
With power scaling

PUEMAX  =  P_1  +  power scaling  +  PH_1  +  MPR  +  A-MPR
For PCMAX, The same 4-14 dB error applies. Furthermore, MPR and power scaling are unknown.

Above analysis shows without knowing max UE transmission power, eNB cannot find the Per UE PH, at least not without estimation errors and some guessing. It is difficult to determine how big the error is, but the aggregated error could be at least more than 3dB or even as high as 10+ dB.
Moreover, above example is only for single PA UE architecture (transmitter option A, B, C in [5]). If multiple PAs are used, it is even more difficult for eNB to translate per CC PHRs to Per UE PH. For multiple PAs, there is also problem with how to signal the max UE transmission power.
Wrong speculation could make eNB mistake that there is still power left for the UE but in fact the total transmission power already at the UE-specific maximum transmission power. Based on such speculation, eNB may request higher transmission power than UE can provide, which makes a UE to operate at power limited circumstance more often. The other consequence is throughput degradation due to poor power control. eNB may find out the problem by abnormal BLER or through SRS, however, these solutions are considered indirect.
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Figure 1 Example of UL transmission in carrier aggregation with two CCs

3 Concept of Per UE PHR

The concept of Per UE PHR has been proposed and discussed in the last meeting. Per UE PHR shall be designed to inform eNB the true power headroom of a UE, which allows eNB to properly assign power for multi-carrier transmission. For example, one possibility to define Per UE PH in Figure 1 is
PHUE  =  PUEMAX  –  P_1  –  P_2, where PUEMAX is a fixed value defined by UE power class.
The advantage of reporting Per UE PHR in addition in Per CC PHR is to inform eNB explicitly the PH for multi-carrier scheduling, just as the Per CC PHR is to inform the PH for single carrier scheduling. With Per UE PHR, there is no need for eNB to collect all Per CC PHRs and then try to figure out the PUEMAX and PH for the UE through Per CC PHRs. Furthermore, Per UE PHR can apply to both single and multiple PA architecture and does not require explicit signaling of max UE transmission power.
Based on our understanding, two different solutions can be identified.

Alternative 1: Only report Per CC PHR with modified Rel-8/9 mechanism.

One possible enhancement is to have a new MAC CE to have UE report all Per CC PHRs at the same time.
Alternative 2: An additional PHR mechanism to report Per UE PHR.
A new MAC CE is created to carry per UE PH. When UE is in CA mode, this Per UE PHR can be reported with Per CC PHR at the same time. The procedure can be similar to Rel-8/9 mechanism.
We compare the two alternatives in Table 1.
	
	Alt. 1
	Alt. 2

	R-10 UE complexity/overhead
	Similar to Rel-8/9. UE have to report Per CC PHR on each CC in a distributed or collective fashion.

Possibly a new MAC CE to report all Per CC PHR together.
	Similar to Rel-8/9. UE have to report Per CC PHR and Per UE PHR at the same time.
A new MAC CE to report Per UE PHR or Per UE PHR with Per CC PHR.

	R-10 eNB complexity/overhead
	Higher than Rel-8/9. eNB has to collect all Per CC PHRs and speculate the PH for a UE
.

Possibly need to decode a new MAC CE.
	Slightly higher than Rel-8/9. eNB does not need to collect all Per CC PHRs. eNB can use Per CC PHR to do single carrier scheduling and Per UE PHR with Per CC PHR to do multiple carrier scheduling.

Need to decode a new MAC CE.

	Standardization overhead
	Minor change with possibly a new MAC CE.
	A new MAC CE for Per UE PHR with new procedure which is similar to Rel-8/9 PHR procedure.

	Problem
	The speculation can be wrong, therefore, scheduler has no way to assign suitable power for UL transmission, which degrades throughput. 

A UE may have higher chance to be requested to transmit at power level higher than it can provide, if so, abnormal behavior due to power limited may happen more frequently.

eNB may need to find out the problem through other mechanism, e.g. BLER, SRS, etc.
	Besides standardization overhead, no problem was observed.


Table 1

4 Conclusion
This paper has presented the deficiency of per CC PHR only mechanism. Our analysis also showed Per UE PHR can help eNB to better decide the transmission power and increase performance with little extra complexity. If RAN2 decides a new PHR is needed for Rel-10, we think it is more useful to have Per UE PHR than simply combine Per CC PHR. We understand that this is a RAN1 issue and proposed to send a LS to RAN1 to initiate discussion.

Proposal 1:
It is proposed to send a LS to RAN1 to ask their opinion on Per UE PHR.
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� According to � REF _Ref264570470 \r \h ��[6]�, only parameters for which there is the possibility for UEs to signal different values are considered as UE radio access capability parameters. Since there is only one UE power class for Rel-8/9 � REF _Ref263879750 \r \h ��[3]�, it is explicitly signaled.


� Assume new UE power class is introduced in Rel-10 and this information is not signaled as in Rel-8/9.
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