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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 eNB, then, eNB 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 eNB to increase scheduling ability and avoid QoS degradation. 

It is generally agreed that eNB would by default assume that the UE used the maximum allowed power reduction [3]. It means that the eNB-estimated transmit power, 
[image: image2.wmf]c

c

CMAX

c

PHR

P

P

-

=

,

~

~

, is smaller than the actual transmit power of the UE, 
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 is the eNB-estimated maximum power level and 
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is the actual maximum power level of UE. In other words, maximally the amount of  
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may be scaled out in the transmission power without additional UE-specific power limitation information.
Proposal: UE-specific power limitation information shall be known to eNB together with Per CC PHR.
3. Options  to provide UE-specific power limitation information
Options to provide eNB 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. It can be defined as UE maximum power minus sum of transmit power of all scheduled UL CCs. UE PHR can be beneficial for eNB scheduling even with one Per CC PHR reported for one scheduled CC
2) PCMAX,c or MPR report The absolute maximum power level per CC, PCMAX,c or MPR can be reported to eNB through higher layer signaling. It may be reported when PCMAX,c or MPR is changed due to MPR change and/or A-MPR change and/or ΔTc and/or tolerance, and details such as how to format and when to trigger are up to RAN2. 
3) PCMAX,c implicitly known to eNB Uncertainty of eNB on UE per CC transmission power comes from unknown PCMAX,c, especially from unknown MPR. If MPR is set to be a certain value according to a rule known to eNB, then, eNB does not require the signaling of additional UE-specific power limitation information. One method is for UE to reduce the transmission power up to the maximum value of MPR when multiple UL CCs are scheduled for the UE. When we consider the range of MPR (0~2dB), UE may exploit UE max power through multiple UL CCs scheduled even with setting MPR by the maximum value. 
4) New PHR triggering for Per CC PHR  A new PHR trigger criterion where a UE would send a per CC PHR report when it is close to its power limitation. With the new trigger criterion the received PHR would help eNB to refine its estimation error of UE transmit power and to avoid the UE power scaling. Per CC PHR report would be sent when the UE transmission power is X dB below the maximum UE power, where X is configured by the network and details on the range of X is up to RAN 4 decision.
Proposal: How to provide UE-specific power limitation information should be decided among the above options. 
Options 1, 2 and 4 in the above require signaling of additional UE-specific power limitation information together with Per CC PHR. When Per CC PHR is triggered, the additional UE-specific power limitation information is reported together with Per CC PHR. Additional information may be reported to eNB even when there is no path loss change larger than the threshold. 
Proposal: UE-specific power limitation information can be reported to eNB even when Per CC PHR triggering condition is not satisfied.  
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 eNB together with Per CC PHR.
Proposal: How to provide UE-specific power limitation information should be decided among the above options provided in Section 3. 
Proposal: UE-specific power limitation information can be reported to eNB even when Per CC PHR triggering condition is not satisfied.
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