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1. Introduction

At the RAN1#62 meeting, the necessity for per-UE PHR in addition to per-CC PHR for Rel. 10 as suggested in the RAN2 LS [1] was discussed. However, no clear consensus was reached. In this contribution, the need for extending the Rel. 8 PHR mechanism and additional information regarding the UE transmit power is discussed considering the influence of the MPR in Rel. 10.
2. Discussion Regarding PHR Mechanism in Rel. 10
In the LTE system, the PHR is mainly used for UL scheduling. In Rel. 8, power headroom (PH) for subframe i is defined by the following formula [2].
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Here, PCMAX is the configured UE transmitted power that shall be within the following bounds

PCMAX_L  –  T(PCMAX_L)  ≤  PCMAX  ≤  PCMAX_H  +  T(PCMAX_H),
where

PCMAX_L = MIN { PEMAX_H – TC,  PPowerClass – MPR – A-MPR – TC},


PCMAX_H = MIN {PEMAX_H,  PPowerClass}, and
T(PCMAX) and TC are defined by the tolerance table given in [3]. PEMAX_H is the value given to IE P-Max defined in [4]. PPowerClass is the maximum UE power specified in [3]. As indicated in the above formula, the lower tolerance limit of PCMAX is a function of the MPR/A-MPR.
Meanwhile, the following definitions for the PHR in the case of carrier aggregation were determined at the RAN1#61 meeting [5]. 
· PHRs for the following cases will be provided:

· Type 1: P_cmax minus PUSCH power

· Type 2: P_cmax minus PUCCH power minus PUSCH power

· MPR is taken into account

Specifically the following formulas are to be defined as Type 1 and Type 2 PH, respectively.
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Similarly to Rel. 8, PCMAX,c is affected by the MPR/A-MPR. 
Problem

The above equation shows that the PHR is defined on a per CC basis in Rel. 10. Then, a problem may arise in that with only the per-CC PHR, the eNB may not accurately estimate the remaining power for each UE due to ambiguous knowledge of the actual MPR/A-MPR values, i.e., PCMAX,c value, of each UE at the eNB if each UE applies the actual MPR/A-MPR values (instead of the MPR/A-MPR values specified in [3]) for PCMAX calculation (The “if…” part is what we assume at least for Rel. 8 PHR calculation). Although the eNB also does not know the accurate PCMAX values due to ambiguous knowledge of the MPR/A-MPR used by the Rel. 8/9 UEs, the ambiguity of the PCMAX,c values at the eNB becomes larger in Rel. 10, because the potential backoff could be up to 10 dB in some cases due to UL carrier aggregation and intra-CC non-contiguous PUSCH resource allocation [6]. Therefore, this larger PCMAX,c ambiguity at the eNB should be considered in the Rel. 10 PHR mechanism.
3. Enhancement of PHR Mechanism for Rel. 10
Based on the above discussions, the problem is that the eNB does not know the actual PCMAX,c value used by each UE. In order to resolve this problem, the MPR/A-MPR values that are taken into account for PH calculations should first be clarified, since the PH value can be changed according to the definition of the MPR/A-MPR in the PHR calculations.
Proposal 1: Definition of the MPR/A-MPR used for PH calculation should be clarified.

In this section, we discuss the possible enhancements of the PHR mechanism in the following two cases: (i) actual MPR/A-MPR is taken into account for PH calculations and (ii) predefined MPR/A-MPR is taken into account for PH calculations.
· Case (i): Employing actual MPR/A-MPR for PH calculations
In this case, the MPR/A-MPR value may vary a great deal depending on scheduled resources, e.g., whether or not UL carrier aggregation and non-contiguous PUSCH resource allocation are applied. Therefore, the feedback of PCMAX,c values used for PH calculation, described as Alt. 1 below, is effective in obtaining an accurate PHR.
· Alt. 1: PCMAX,c is reported in conjunction with the per-CC PHR.
· Pros: PCMAX,c values between the UE and eNB are aligned, and thus the UE transmission power calculated for the PHR can be estimated accurately at the eNB. 

· Cons: Feedback overhead for additional PCMAX,c is necessary.
Note that, when the UE is not power limited, the per-UE PHR can also be estimated using the per-CC PHR. Meanwhile, when the UE is power limited, per-CC PHR can indicate to the eNB that the UE has no power remaining. 
· Case (ii): Employing predefined MPR/A-MPR for PH calculations

In this case, the MPR/A-MPR used for PH calculation can be defined so as not to influence the PH value through scheduling. Then, the following two alternatives, Alts. 2 and 3 below, can be considered to obtain an accurate PHR.

· Alt. 2: Do not include MPR/A-MPR values caused by carrier aggregation or intra-CC non-contiguous PUSCH resource allocation in the PH calculation, i.e., assuming contiguous RB allocation for the MPR/A-MPR is used for PH calculation. 
· Pros: Can achieve the same accuracy as that for Rel. 8/9 PHR. 

· Cons: May underestimate the actual MPR/A-MPR value at time of scheduling especially when carrier aggregation or intra-CC non-contiguous PUSCH resource allocation is applied.
· Alt. 3: PH is calculated based on the required MPR/A-MPR values specified in [3]. However the MPR/A-MPR values are changed according to the resource allocation situation for each UE. 
· Pros: PCMAX,c value between UE and eNB are aligned. 

· Cons: May overestimate the actual MPR value at time of scheduling, since the actual MPR/A-MPR values could be lower than the required value specified in [3] according to the UE RF capability.
Currently, we have a slight preference for Alt. 1, considering the improved accuracy of the PHR (better scheduling performance) and the recognition for good UE RF design. We also note that the per-UE PHR is not necessary when Alt. 1 is supported because the per-UE PHR can also be estimated using the UE transmission power calculated for the PHR as discussed above.
Proposal 2: Employ actual MPR/A-MPR for PH calculations and report PCMAX,c in conjunction with per-CC PHR.
4. Conclusion

This contribution discussed the necessity for additional information such as the per-UE PHR for Rel. 10 PHR. Our conclusions are as follows.
Proposal 1: Definition of the MPR/A-MPR used for PH calculation should be clarified.
Proposal 2: Employ actual MPR/A-MPR for PH calculations and report PCMAX,c in conjunction with per-CC PHR.
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