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1. Introduction

There have been discussions in RAN1 and RAN2 during recent meetings whether additional PH reports, e.g. per UE, or other information would be needed for the eNB to be able to schedule the UE’s component carriers without driving the UE into power limitation. This contribution discusses further details of the PH reporting, following the discussions during RAN1#62 [1].
2. Discussion

2.1. Need for additional information besides CC-specific PHR

The overall goal of the PH reporting is to give the eNB scheduler information about how much more power can be scheduled per CC without driving the UE into power limitation, neither per component carrier nor in total.

As the UE may use different PA architectures, the mapping of PA to CC may be difficult to predict in the eNB. As an example, in the left-hand side of figure 1, the UE uses one PA to transmit both CCs, while on the right hand side of the figure, two PAs are used to transmit one CC each. It is therefore desirable to have a mechanism that does not rely heavily on assumptions on the UE PA architecture, and it is understood that this requires some approximations, and is therefore not perfect. 
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Figure 1: Alternative PA architectures for a UE
Assuming an (A-)MPR per UE, the UE can lower its total power up to the defined (A-)MPR value in order to meet RAN4 requirements on transmission masks. This can be realized in the UE in different ways, e.g. by distributing the total (A-)MPR onto the CCs, effectively resulting in CC specific (A-)MPRs.

The UE calculates for each component carrier Pcmax,c = Pmax,c – MPRc – A-MPRc, and the power headroom is reported as PHc = Pcmax,c - Pc , where Pc is the scheduled power on component carrier c.

With somewhat pessimistic assumptions, the eNB could estimate Pcmax,c using the maximum allowed (A-)MPR values from 36.101. Although it is believed that the actual deviations from the maximum (A-)MPR values defined in 36.101 may often not be very large and that there are additional tolerances allowed, it is understood that there is larger motivation for more efficient UE implementations if the UE can take benefit from smaller power backoff values. More importantly, it is in general not known at the eNB how the UE distributes the total (A-)MPR onto the CCs, which makes it difficult to estimate Pcmax,c at the eNB.

Therefore, as an alternative to assuming a pessimistic Pcmax,c value in the eNB, it would be beneficial to have the current Pcmax,c values signaled by the UE. The eNB would still have to make a prediction as to what the (A-)MPR and related Pcmax,c would be at the later occasion where the UE is scheduled, but this ambiguity is unavoidable, unless the UE would inform the (A-)MPR values for each possible configuration, which is clearly not practical.
Having both the PHc and Pcmax,c available, the eNB can estimate the currently used transmit power for each CC, as well as it has an indication of the power headroom relative to Pcmax,c. Furthermore, there is no ambiguity as to whether the UE exceeds its allowed total maximum transmit power. 

Proposal 1: The UE informs Pcmax,c together with the power headroom reports for each CC
Going back to the two examples of PA architecture in figure 1, there is no fundamental difference at the eNB side between the two architectures, as the calculations at the eNB would lead to the same result. In case of the single PA architecture, the maximum total available output power is obtained by the (A-)MPR together with the configured maximum output power. In case of the dual PA architecture, it is assumed that both PAs would have the same “size” in order to ensure sufficient coverage [2], thus the (A-)MPR can be assumed to be applicable to both PAs. This means, there is sufficient knowledge in the eNB scheduler to avoid that the UE is unnecessarily often driven into power limitation. Nevertheless, if this happens occasionally, existing power scaling mechanisms will handle such situations.

2.2. PHR reference format

RAN1 has earlier agreed [3] that a reference format for PHR on PUCCH can be used (PUCCH format 1a), and that this should take into account the (A-)MPR. Currently, RAN2 is discussing the use of a reference format for PHR on PUSCH, where similar principles should be applied. 

A simple choice of a PUSCH reference format could be a VoIP packet of 328 bits, which would be considered in calculating the (A-)MPR used in the PHR. The parameters for the reference format can be defined in the table below. Other parameters, e.g. power control parameters, are used as configured for the corresponding PUSCH.

	Parameter name
	Parameter value

	Frequency hopping flag
	0

	Resource block assignment and hopping resource allocation
	LCRBs = 2

RBSTART = 2

	MCS and redundancy version
	10 (QPSK, 328 bits)

	CQI request
	0

	Non-contiguous resource allocation flag
	0

	TPC command
	0dB (accumulated PC)

1dB (absolute PC)

	PO_UE_PUSCH(1), Ks, Accumulation-enabled
	As configured by RRC for the corresponding PUSCH


Proposal 2: The parameters defined in the table above are used as reference format for PHR on PUSCH, if PH is reported for configured CCs without current PUSCH transmission. 

In order to calculate the (A-)MPR for the PUCCH reference format, the following additional transmission parameters can be assumed:

	Parameter name
	Parameter value

	Assigned resource block
	0

	TPC command
	0dB

	PO_ PUCCH
	As configured by RRC for the corresponding PUSCH


Proposal 3: The parameters defined in the table above are used as reference format for PHR on PUCCH, if type 2 PH is reported for configured CCs without current PUCCH transmission.

2.3. PHR relation to power scaling and (A-)MPR

There may be some ambiguity as to whether the PH is calculated before or after the scaling. In order to reflect the scheduled power in relation to the available maximum power, it is our understanding that the PH should be reported before power scaling applies in the UE. Furthermore, it is our understanding that the (A-)MPR used in the PH reporting should correspond to the (A-)MPR used for the current transmission, including the virtual transmission of the PUCCH or PUSCH reference format.

3. Conclusion

This contribution discusses remaining issues on PH reporting for carrier aggregation. As a principle, the power headroom reporting mechanism should work independently from the detailed PA structure used in the UE. 

Based on the discussion, it can be concluded that:

· Current PH reporting mechanisms are working, but some degree of ambiguity can be removed by assisting the eNB with additional information from the UE about the current Pcmax,c that is used in conjunction with the CC specific power headroom report.

· The parameters defined in section 2.2 are used as reference format for PHR on PUSCH, if PH is reported for configured CCs without current PUSCH transmission.
· The parameters defined in section 2.2 are used as reference format for PHR on PUCCH, if type 2 PH is reported for configured CCs without current PUCCH transmission.
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