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1
Introduction
Power headroom report (PHR) for carrier aggregation (CA) has been under discussion for the recent. In this paper, we discuss the definition of Pcmax, c and the tolerance for CA.

2
Discussion
The following two options have been presented in RAN4: 
· Option 1: To specify a limit for the each reported Pcmax, c (Pcmax, c is limited by PPower Class) [1,2]

· PCMAX_L ≤ Pcmax, c ≤  PCMAX_H
· The limitation of the total output power is not taken into account, and therefore the sum of Pcmax, c would exceed the PPower Class.
· Option 2: To specify a limit for the sum of the reported Pcmax, c (The sum of Pcmax, c is limited by PPower Class) [3]

· PCMAX_L ≤  10 log10  pcmax,,c  ≤  PCMAX_H  (the sum of PCMAX,C is equal to or less than PPower Class)
· UE would need to calculate each Pcmax, c so that the sum of them would not exceed the total transmission power.
To further elaborate the definition of Pcmax, c, we discuss some aspects, which should be taken into account, in the following: 
Use cases of Pcmax, c
In general, there are two use cases of Pcmax, c as follows: 

· Use case #1: Estimation of path loss per CC

· Use case #2: Estimation of UE PHR

For path loss per CC (use case #1), both Option 1 and Option 2 would work, because eNB would estimate path loss per CC utilizing reported PHR per CC and received signal power in eNB. Therefore, it does not matter whether the definition of Pcmax, c should be Option 1 or Option 2.

For UE PHR (use case #2), however, there would be some difference between Option 1 and Option 2. For Option 2, UE PHR would be more directly estimated than for Option 1, because the limitation of the total maximum output power would be taken into account in Pcmax, c. For Option 1, eNB would need to scale Pcmax, c so that the sum of Pcmax, c would not exceed the PPower Class, which would be conducted by UE for Option 1. 
It is noted that UE shall scale the transmission power of PUSCH according to the behaviors specified in Section 5.1.1.1 of TS 36.213. It implies that how to scale Pcmax, c would change sub-frame by sub-frame due to the following aspects:
· Whether control signals (PUCCH or PUSCH with UCI) are transmitted or not

· How many CCs are transmitted

Therefore, even if Option 2 is adopted as the definition of Pcmax, c, eNB would still need to estimate what kind of scaling would apply to Pcmax, c sub-frame by sub-frame. 

In summary, it is concluded that it would not matter whether the definition of Pcmax, c should be Option 1 or Option 2 in terms of PHR use cases.
Handling of Virtual PHR
As shown in RAN2 LS (R2-110665), it was concluded in RAN2 that Pcmax, c for a virtual PHR is not reported. While Option 1 would be quite aligned with the RAN2 conclusion, there might be some problems for Option 2. That is, if Pcmax, c, which is not reported due to a virtual PHR, is included in the calculation of “10 log10 pcmax,,c”, it should be reported to eNB, i.e. eNB would need to know the value of Pcmax, c even for a virtual PHR. 
Therefore, if Option 2 is adopted, then the calculation of “10 log10 pcmax,,c” should be conducted only for non-virtual PHR, i.e. component carriers, which are actually transmitted, should be taken into account for Pcmax, c. It is also noted that the output power per CC shall be limited to Pcmax, c according to the following equation. Therefore, if Pcmax, c for a virtual PHR is included in the calculation of “10 log10 Pcmax,,c”, then the actual maximum output power for actually transmitted CC would unnecessarily be reduced and the coverage of the CC would shrink. 
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In summary, it is concluded that there would be no problems for Option 1, but some modifications would be needed for Option 2, in terms of handling of Virtual PHR.
Tolerance definition
There are two kinds of approach for defining the power tolerance for CA. One is the power tolerance per CC, and the other is per UE. While per-CC approach would be compatible with Option 1, per-UE approach would be well-suited to Option 2. It is noted that Pcmax, c for a virtual PHR would need to be excluded from the summation of “10 log10 Pcmax,,c” for per-UE approach, because no PUSCH would actually be transmitted for the CC. Otherwise, the power tolerance would unnecessarily be increased. 

It should be kept in mind that the tolerance definition should be determined based on which approach could more correctly verify the accuracy of UL transmission power in UL CA. From a system performance point of view, per-CC approach would be slightly better than per UE approach, because the accuracy could be verified minutely, that is, CC by CC. If per-UE approach is adopted and there is a big power difference between CCs, then the accuracy for the CC with the smaller CC could not be verified in the requirements. 
Another aspect, which would also need to be taken into account, is the testability issue, i.e. it should be studied whether or not the power tolerance could be tested in the actual test cases. In this aspect, Option 2 would be better than Option 1, because the same test method as Release 8 could be re-used. That is, the maximum output power is set by PEMAX (P-Max defined by TS 36.331), and UP commands are always transmitted so that the transmission output power is set to the PEMAX in the test cases. One solution for Option 1 would be that “ (i)” is set to 0, and the transmission power is set by MPUSCH (i) and P0_PUSCH (i) in the following equation:
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In summary, Option 1 would be better than Option 2 in terms of the accuracy of the power tolerance, but Option 2 might outperform Option 1 in terms of the testability.
From the above analysis, we prefer Option 1, because it would be simple and more consistent with the RAN1/ 2 specifications. It also proposed that per-CC power tolerance should be adopted in UL CA, because it is well aligned with Option 1:
Proposal 1) Pcmax, c should be defined as “PCMAX_L ≤ Pcmax, c ≤ PCMAX_H”
Proposal 2) Per CC power tolerance should be adopted in UL CA.
It is also proposed that if Pcmax, c is defined as “PCMAX_L ≤ 10 log10  pcmax,,c ≤ PCMAX_H”, Pcmax, c for a virtual PHR should be excluded, because it is not reported and it would unnecessarily increase the power tolerance.
Proposal 3) If Pcmax, c is defined as “PCMAX_L ≤ 10 log10  Pcmax,,c ≤ PCMAX_H”, Pcmax, c for a virtual PHR should be excluded, Per CC power tolerance should be adopted in UL CA.
3
Conclusion
This contribution discussed how to define Pcmax,c and power tolerance requirements for UL CA. Our proposals are summarized below:
Proposal 1) Pcmax, c should be defined as “PCMAX_L ≤ Pcmax, c ≤ PCMAX_H”
Proposal 2) Per CC power tolerance should be adopted in UL CA.

Proposal 3) If Pcmax, c is defined as “PCMAX_L ≤ 10 log10  pcmax,,c ≤ PCMAX_H”, Pcmax, c for a virtual PHR should be excluded Per CC power tolerance should be adopted in UL CA.
References

[1] R4-110257, “PCMAX definition in CA,” Samsung.
[2] R4-110567, “Definition of Pcmax,c,” Qualcomm incorporated.
[3] R4-110561, “Pcmax for CA,” Ericsson, ST-Ericsson.
[4] TS36.213
_1350239076.unknown

_1292829280.unknown

