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1 Introduction
In RAN1#61bis, LS R1-104265 (R2-104205) [1] from RAN2#71 asked RAN1’s advice on whether additional power headroom information (for example, per-UE PHR) is needed in addition to the per-CC PHR. In this paper, we tried to clarify the issues of per-CC PHR only mechanism and discussed solutions available.
2 Discussion 
2.1 Problems of per-CC PHR only mechanism

In Rel.8/9, since there is only one CC, the PCMAX is also the maximum UL transmission power of the UE. Therefore, when eNodeB receives the PHR, it knows exactly the UL transmission power headroom of the UE. During the power control and scheduling procedure, the eNodeB can guarantee that the UL transmission power is below the maximum transmission power of UE.

In Rel.10 with carrier aggregation, since the UE’s maximum power is the maximum of the total UL transmission power over all serving CCs, PCMAX is no longer the upper limitation of the UE UL transmission power. Hence when eNodeB receives the PHR calculated based on the PCMAX of each CC, the eNodeB will not be able to derive the exact status of power consumption for the UE. Even if the UE is power limited due to simultaneous UL transmission, eNodeB may still receive positive value of per CC PHR from one or more serving CCs of the UE. The following figure from [2] illustrates this problem for the UE with 2 aggregated CCs.
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Figure 1: Example of uplink transmission in case of carrier aggregation in LTE-Advanced

As shown in Figure 1, based on the current agreements in RAN1, eNodeB only receives the per-CC PHRs (PH_1 and PH_2) for CC specific scheduling and power control. In case of simultaneous transmission on multiple CCs, eNodeB can not derive the actual power headroom to PUEMAX  (PH_0) based on the CC specific PHs (PH_1 and PH_2). In worse case, when PH_0 becomes negative, PH_1 and/or PH_2 may still be positive, which may lead to wrong decision at the eNodeB. In order to avoid this problem, some information in addition to the per-CC PHR mechanism may be needed. 

Proposal 1: Per-CC PHR mechanism should be enhanced, e.g. through additional PHR reporting mechanism, to provide more accurate PH information to assist the UL scheduling and power control in CA.
Ideally, information such as PUEMAX, MPR and A-MPR are needed in addition in order for the eNB to perform very accurate power control and link adaptation. However, MPR and A-MPR depend on many factors and reporting the current value may not help future transmissions. Therefore, instead of trying to have all the information reported, some solutions with minor additional overhead are discussed below.
2.2 Solutions available

To solve the above problem, possible solutions were provided in [2] and [3]: 

Option 1: An additional PHR mechanism to report per-UE PHR.

· Per-UE PH is the difference between the maximum transmission power and UL transmission power of all UL CCs activated or configured;

· This PHR could be reported with per CC PHR in new MAC CE by reusing the legacy PHR procedure.
For option 1, when eNodeB receives the per-UE PHR and per-CC PHR, eNodeB has a better knowledge to make sure that CC specific UL transmission power does not exceed PCMAX  and at the same time total UL transmission power does not exceed the maximum transmission power of UE. Per CC PHR could also be reported when the pathloss changes and follows the R8/9 PHR procedure. Considering overhead, it is nearly negligible to introduce one or two bytes for transmitting per UE PHR in MAC depending on the MAC CE design in RAN2.
Option 2: Define the CC-specific power headroom differently depending on whether the limiting factor is the CC-specific or the UE-specific maximum transmission power.
· Per-UE PH is the difference between the maximum transmission power and UL transmission power of all UL CCs activated or configured;

· If per-UE PH is smaller than the Per-CC PH, per-UE PH is reported for the corresponding CC. Otherwise, per-CC PH is reported.
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Figure 2: Example of uplink transmission in case of carrier aggregation in LTE-Advanced
According to option 2 and figure 2, UE should report PH_1 for CC1 but PH_0 for CC2. When eNodeB schedules UL transmissions, eNodeB may limit the increased power of CC2 to PH_0 and limit the increased power on CC1 to PH_1. However, if eNodeB tries to allocate more PRBs or increase the MCS order on both CC1 and CC2, it is possible that the eNodeB may increase the total UL transmission power over PH_0 because eNodeB is not aware that PH of CC2 is actually per-UE PHR.
Although a per-UE PH indicator may be added in the PHR MAC CE to inform the eNodeB, if eNodeB tries to schedule more PRBs on CC2 but no transmission on CC1, it will not know the upper limit of the PH_2 since the PH_2 is replaced by PH_0.

Option 3: Reporting power reduction due to UE total power limitation.
· If the UE has to apply power scaling due to the UE-specific maximum transmission power being exceeded, then the UE reports negative power headroom values indicating how much power reduction it has applied on the corresponding CC.
· If the UL transmission power does not exceed the maximum power of the UE, per CC PHR mechanism is used.

For option 3, when power limitation happens, eNodeB could get the exact amount of power exceeded the limit and is able to reduce the PRBs and/or lower the MCS level to control the UL transmission power. However when eNodeB receives the report of PHR, power limitation has already happened. The deficiency of this option is that it could not avoid being power limited in advance.

Based on above discussion, option 1 has obvious advantages than other options. Therefore we propose that per-UE PHR should be introduced for mitigate the power limitation problem with per-CC PHRs only.

Proposal 2: Per UE PHR should be introduced for mitigate the power limitation problem caused with per CC PHRs only.
3 Conclusions

This contribution gives the following proposals on PHR:
Proposal 1: Per CC PHR mechanism should be enhanced, e.g. additional PHR reporting mechanism, to provide more accurate PH information to assist the UL scheduling and power control in CA.
Proposal 2: Per UE PHR should be introduced for mitigate the power limitation problem with per CC PHRs only.
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