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1. Introduction
 During the RAN2 #70bis meeting, there was LS to RAN1 on Per UE PHR as follows [1]:
RAN2 kindly asks RAN1 to clarify the concerns on the current agreed CC specific PHR for CA and evaluate the necessity of providing additional information, i.e., per UE PHR.

This contribution discusses on whether UE-specific power limitation information, e.g., per UE PHR should be reported together with per CC PHRs and provides possible options.
2. Discussion on Per UE PHR
It was agreed in RAN1 #59bis meeting that power headroom reports in LTE-Advanced are per CC [2]. If the similar rule as Rel-8 is agreed to be used in Rel-10, however, the absolute maximum power level, PCMAX,c, which a UE uses when calculating the CC-specific PHR is unknown to the eNodeB since the UE selects PCMAX,c in the given range of PCMAX_L,c, and PCMAX_H,c.  That is, eNodeB does not have information on whether or not UE max power limitation is reached even with per CC PHRs. 
Let us assume in Fig. 1 that PCMAX  = 23dBm, PCMAX,1 = PCMAX,2  = 22dBm, and PHR1=PHR2=2dBm. Consequently, P1=P2=20dBm and PHRUE=0dBm. If PHRUE is not known to eNodeB, then, eNodeB may increase UE power of CC #1 and CC #2 by up to 2dBm, which would result in QoS degradation in the UE perspective. 
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Figure 1. Example of UL power allocation in carrier aggregation
In the above, Per UE PHR is one example of UE-specific power limitation information reported to eNodeB to increase scheduling ability and avoid QoS degradation. 

Proposal: UE-specific power limitation information shall be known to eNodeB together with Per CC PHR.
3. Options  to provide UE-specific power limitation information
In Section 2, Per UE PHR is reported to eNodeB to increase scheduling ability. Options to provide eNodeB with UE-specific power limitation information are listed as follows:
1) Per UE PHR report UE PHR can be reported together with Per CC PHRs. How to format Per UE PHR, when to trigger, and where to send are up to RAN2.
2) PCMAX,c report or MPR report The absolute maximum power level, PCMAX,c or MPR can be reported to eNodeB through higher layer signaling. It may reported only when PCMAX,c or MPR is changed, and details such as how to format and when to trigger are up to RAN 2. 
3) PCMAX,c redefined (or implicitly known to eNodeB)  Uncertainty of eNode on UE per CC transmission power comes from unknown PCMAX,c. PCMAX,c could be defined in such a way that the eNodeB can estimate the total aggregated transmit power over all CCs using the reports for each CC. This option can avoid signaling overhead from additional report on UE-specific power limitation information, but, may put some restriction on UE-side flexibility on power setting.   
4) Option a and b of [3] Option a of [3] reports the minimum between PHR relative to the CC-specific maximum transmission power and PHR relative to the UE-specific maximum transmission power. This can avoid additional signaling, but, may have some restriction on scheduling efficiency since eNodeB does not know which PHR is reported. Eventually, eNodeB always allocates power conservatively. Option b of [3] reports the power reduction value instead of CC-specific PHR only when maximum power scaling is applied. This can also avoid additional signaling, but, has still ambiguity on UE per CC transmission power when power scaling is not applied. 
Proposal: How to provide UE-specific power limitation information is FFS among the above options. Option 1 and 2 are slightly preferred for scheduling flexibility.
4. Conclusion
In this contribution, we discussed on whether UE-specific power limitation information should be reported together with Per CC PHRs and made the following proposals:
Proposal: UE-specific power limitation information shall be known to eNodeB together with Per CC PHR.
Proposal: How to provide UE-specific power limitation information is FFS among the above options. Option 1 and 2 are slightly preferred for scheduling flexibility.
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