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1 Introduction
From [1], RAN4 has agreed that both the maximum configured transmit power per CC, PCMAX,c, and the maximum configured transmit power per UE, PCMAX, should be defined in CA. Next, RAN4 sent an LS [2] to RAN1 to change 
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 for the power scaling relevant paragraphs. This paper further discussed the necessary change based on the RAN4 decision.
2 Discussion
Extended PHR has been agreed for providing assistant information for scheduler in CA scenario. The current format of ePHR is UE reports a pair of PCMAX,c and PH for each activated serving cell. On each cell, calculated power is bundled by PCMAX,c. With PH, the real transmission power can be calculated by
Real transmission power PPUSCH,c = PCMAX,c – PHR,c
If the
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Before the change suggested by RAN4, since Ppowerclass is known to eNB, it has no problem to decide whether scaling is true or not. In other words, if eNB sees the summation of calculated power is over Ppowerclass, it knows there is scaling. 
After RAN4’s suggestion, PCMAX replaces Ppowerclass, and the scaling condition becomes 
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So far, PCMAX is unknown to eNB. Therefore, for the case that PCMAX is smaller than Ppowerclass, eNB cannot determine the scaling even ePHR is reported.
An example is shown in Table 1. With the reported PCMAX,c and PH of Cell_1 and Cell_2, the total calculated power is 180mW, which is less than Ppowerclass. However, the PCMAX could be 160mW, which means that the UE already operates at power limit state. However, at the eNB side, it may still think there is 20mW (200-90-90) headroom for each cell since it is derived from the ePHR.
As illustrated by Figure 1, without knowing the overall power constrain, i.e. PCMAX, eNB is impossible to know whether a UE is operating at point x (without power scaling) or point y (with power scaling) based on the receive ePHR.
Therefore, it is proposed to include PCMAX in the ePHR.
Table 1: Example
	PCMAX,c (mW)

	
	MPR+A-MPR
	P-MPR
	PCMAX_L,c
	PCMAX_H,c
	PCMAX,c
	Calculated power
	PHR
	Transmission power

	Cell_1
	30
	100
	100
	200
	150
	90
	60
	80 

	Cell_2
	140
	50
	60
	200
	130
	90
	40
	80

	PCMAX (mW)

	
	
	
	PCMAX_L_CA
	PCMAX_H_CA
	PCMAX
	Calculated power total
	
	

	
	
	
	160
	200
	160
	180
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Figure 1: Illustration of operating area
3 Conclusion
With the change suggested by RAN4, if PCMAX is different from Ppowerclass, eNB does not know the operating point of a UE due to the unknown PCMAX. Therefore, it is proposed to discuss following proposals.
Proposal 1:
PCMAX shall be reported with the ePHR.
Proposal 2: If Proposal 1 is agreed, it is proposed that RAN2 discusses the details of reporting PCMAX.
We have included a CR draft for reporting PCMAX in section 5.

4 References
[1] R4-112281, TP for TR 36.807, Annex B for Pcmax,c and Pcmax for CA, Ericsson, InterDigital, Huawei, HiSilicon, ST-Ericsson, Nokia, Qualcomm, TeliaSonera, Mediatek
[2] R4-112282, LS on Pcmax definition and power scaling in TS 36.213 Rel-10, RAN4

[3] 3GPP TS 36.213 V10.1.0
5 Proposed CR draft

[1st change]
5.4.6
Power Headroom Reporting
The Power Headroom reporting procedure is used to provide the serving eNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell and also with information about the difference between the nominal UE maximum power and the estimated power for UL-SCH and PUCCH transmission on PCell.

The reporting period, delay and mapping of Power Headroom are defined in subclause 9.1.8 of [9]. RRC controls Power Headroom reporting by configuring the two timers periodicPHR-Timer and prohibitPHR-Timer, and by signalling dl-PathlossChange which sets the change in measured downlink pathloss to trigger a PHR [8].

A Power Headroom Report (PHR) shall be triggered if any of the following events occur:

-
prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB for at least one activated Serving Cell which is used as a pathloss reference since the last transmission of a PHR when UE has UL resources for new transmission;

-
periodicPHR-Timer expires;

-
upon configuration or reconfiguration of the power headroom reporting functionality by upper layers [8], which is not used to disable the  function;

-
activation of an SCell with configured uplink.

-
prohibitPHR-Timer expires or has expired and the additional power backoff due to power management (as allowed by P-MPR [10]) for at least one activated Serving Cell with configured uplink has changed more than dl-PathlossChange dB since the last transmission of a PHR when UE has UL resources for new transmission.

If the UE has UL resources allocated for new transmission for this TTI:

-
if it is the first UL resource allocated for a new transmission since the last MAC reset, start periodicPHR-Timer;

-
if the Power Headroom reporting procedure determines that at least one PHR has been triggered since the last transmission of a PHR or this is the first time that a PHR is triggered, and;
-
if the allocated UL resources can accommodate a PHR MAC control element plus its subheader if extendedPHR is not configured, or the Extended PHR MAC control element plus its subheader if extendedPHR is configured, as a result of logical channel prioritization:

-
if extendedPHR is configured:

-
obtain the value of the corresponding PCMAX from the physical layer [FFS if different from Ppowerclass];

-
for each activated Serving Cell with configured uplink:

-
obtain the value of the Type 1 power headroom;

-
if the UE has a valid grant for this Serving Cell for this TTI:

-
obtain the value of the corresponding PCMAX,c from the physical layer;

-
if simultaneousPUCCH-PUSCH is configured:

-
obtain the value of the Type 2 power headroom for the PCell;

-
if the UE has a PUCCH transmission in this TTI:

-
obtain the value of the corresponding PCMAX,c from the physical layer;

-
instruct the Multiplexing and Assembly procedure to generate and transmit an Extended PHR MAC control element as defined in subclause 6.1.3.6a based on the values reported by the physical layer;

-
else:

-
obtain the value of the Type 1 power headroom from the physical layer;

-
instruct the Multiplexing and Assembly procedure to generate and transmit a PHR MAC control element as defined in subclause 6.1.3.6 based on the value reported by the physical layer;

-
start or restart periodicPHR-Timer;

-
start or restart prohibitPHR-Timer;
-
cancel all triggered PHR(s)
[2nd change]
6.1.3.6a
Extended Power Headroom MAC Control Element 

The Extended Power Headroom MAC control element is identified by a MAC PDU subheader with LCID as specified in table 6.2.1-2. It has a variable size and is defined in Figure 6.1.3.6a-2. When Type 2 PH is reported, the octet containing the Type 2 PH field is included first after the octet indicating the presence of PH per SCell and followed by an octet containing the associated PCMAX,c value (if reported). Then follows in ascending order based on the ServCellIndex [8] an octet with the Type 1 PH field and an octet with the associated PCMAX,c (if reported), for the PCell and for each SCell indicated in the bitmap.

The Extended Power Headroom MAC Control Element is defined as follows:

-
Ci: this field indicates the presence of a PH field for the SCell with SCellIndex i as specified in [8]. The Ci field set to "1" indicates that a PH field for the SCell with SCellIndex i is reported. The Ci field set to "0" indicates that a PH field for the SCell with SCellIndex i is not reported;

-
R: reserved bit, set to "0";

-
V: this field indicates if the PH value is based on a real transmission or a reference format. For Type 1 PH, V=0 indicates real transmission on PUSCH and V=1 indicates that a PUSCH reference format is used. For Type 2 PH, V=0 indicates real transmission on PUCCH and V=1 indicates that a PUCCH reference format is used. Furthermore, for both Type 1 and Type 2 PH, V=0 indicates the presence of the associated PCMAX,c field, and V=1 indicates that the associated PCMAX,c field is omitted;
-
Power Headroom (PH): this field indicates the power headroom level. The length of the field is 6 bits. The reported PH and the corresponding power headroom levels are shown in Table 6.1.3.6-1 (the corresponding measured values in dB can be found in subclause 9.1.8.4 of [9]).
-
P: this field indicates whether the UE applies an additional power backoff due to power management (as allowed by P-MPR [10]). The UE shall set P=1 if the corresponding PCMAX,c would have had a different value if no additional power management had been applied;
-
PCMAX,c:  if present, this field contains the PCMAX,c used for calculation of the preceding PH field;
-
PCMAX:  [FFS if present] this field contains the PCMAX.
Figure 6.1.3.6a-1: Void
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Figure 6.1.3.6a-2: Extended Power Headroom MAC Control Element
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