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1   Introduction
In last RAN4 meeting, the definition of UE configured transmitted power was discussed in [1~5]. In these documents, basically three ideas have been proposed:

· Including management power reduction (P-MPR) in Pcmax,c definition;

· Defining requirements for UE configured transmitted power;

· Defining requirements for CC configured transmitted power.
However, no conclusions have been reached. This document will further discuss this issue.
2
Discussion
2.1
PCMAX,c proposals in RAN4#57AH
A) Including P-MPR in Pcmax,c definition 
The P-MPR can be included in Pcmax,c lower limit of  requirements as following:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H
Where:
PCMAX_H = MIN{ PEMAX, PPowerClass } and
PCMAX_L = MIN{ PEMAX – ΔTC, PPowerClass – MAX(MPR + A-MPR, P-MPR) – ΔTC }
……
However, the value of P-MPR has not being defined in 3GPP and is determined by the UE. How to define requirements and test this parameter is FFS.
B) Defining requirements for UE configured transmitted power

The requirement of configured transmitted power is for UE, not for per CC. it can be defined as following:

PCMAX_L ≤  10log(ΣpCMAX,c)  ≤  PCMAX_H
Where:
PCMAX_H = MIN{ 10log(ΣpEMAX), PPowerClass } and

PCMAX_L = MIN{ 10log(ΣpEMAX) – ΔTC, PPowerClass – MAX(MPR + A-MPR, P-MPR) – ΔTC }

……
This definition is a straight forward extension based on Release 8, and can setting up requirements and tests for UE configured transmitted power. However, the requirements of configured transmitted power in one CC could not be set and tested based on this definition, while the power control process in physical layer have some differences in different CCs. If this definition is adopted, then part of physical layer power control function could not be tested.
C) Defining requirements for CC configured transmitted power

The requirements of configured transmitted power are for per CC. It is defined as following:

The UE is allowed to set its configured maximum output power PCMAX for CC carrying PUCCH or PUSCH carrying UCI. The configured maximum output power PCMAX is set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H 

Where:
PCMAX_L = MIN { PEMAX – TC,  PPowerClass – MPR – A-MPR – TC}

PCMAX_H = MIN {PEMAX,  PPowerClass}

……
For CC dose not carrying PUCCH or PUSCH carrying UCI, the UE is allowed to set its configured maximum output power PCMAX.x. The configured maximum output power PCMAX.x is set within the following bounds:

PCMAX_L.x ≤  PCMAX.x ≤  PCMAX_H.x 

Where:
PCMAX_L.x = MIN { PEMAX – TC,  PPowerClass –PCMAX – MPR – A-MPR – TC}

PCMAX_H.x = MIN {PEMAX,  PPowerClass – PCMAX}

……
The PCMAX,c is used for calculating per CC PHR, and reporting by UE physical layer. It is defined as following:

PCMAX,c = PPowerClass – APR
Where:
APR is UE actual power reduction on a CC due to all reasons except PEMAX, with current configuration.
The merits of these requirements has taken into account the difference of power control process in different CCs and can setting up tests for each CC in CA case. The PCMAX,c is defined clearly and can let eNB to know UE actual used power and reduction from UE reporting PCMAX,c and PHR.  
This definition also have shortcomings. PCMAX,c here is different from the common understanding of a configured transmit power. In addition, the definition is also not consistent with what physical layer specs had already assumed in that this PCMAX,c is not include PEMAX. The physical layer spec should be revised if this definition is adopted.

2.2
PCMAX,c Definition Proposal
Based on above discussion, we propose the following integrated PCMAX,c definition:
6.2.5
Configured transmitted Power
The UE is allowed to set its configured maximum output power PCMAX,c for CC carrying PUCCH or PUSCH carrying UCI. The configured maximum output power PCMAX,c is set within the following bounds:

PCMAX,c_L ≤  PCMAX,c ≤  PCMAX,c_H
Where

-
PCMAX,c_L = MIN{ PEMAX – TC,  PPowerClass – MAX(MPR + A-MPR, P-MPR) – TC}

-
PCMAX,c_H = MIN{PEMAX,  PPowerClass}

-
PEMAX is the value given to IE P-Max on this CC, defined in [7] 

-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1

-
MRP and A-MPR are specified in Section 6.2.3 and Section 6.2.4, respectively

-
TC = 1.5 dB when Note 2 in Table 6.2.2-1 applies

-
TC = 0 dB when Note 2 in Table 6.2.2-1 does not apply
-
P-MPR is management power back off
For CC dose not carrying PUCCH or PUSCH carrying UCI, the UE is allowed to set its configured maximum output power PCMAX.x. The configured maximum output power PCMAX.x is set within the following bounds:

PCMAX.x_L ≤  PCMAX.x ≤  PCMAX.x_H 

Where

-
PCMAX,x_L = MIN{ PEMAX – TC,  PPowerClass – P R,c – MAX(MPR + A-MPR, P-MPR) – TC}

-
PCMAX,x_H = MIN{PEMAX,  PPowerClass – PR,c}
-
PEMAX is the value given to IE P-Max on this CC, defined in [7] 

-
PR,c is the reported value of PCMAX,c of CC carrying PUCCH or PUSCH carrying UCI by UE.
For intra band contiguous carrier aggregation, MPRs, A-MPRs, TC can assumed same for each CC. For inter band carrier aggregation, MPRs, A-MPRs, TC for PCMAX,c and PCMAX,x are for each band respectively. For intra band non contiguous carrier aggregation, how to set MPRs, A-MPRs, TC for each CC is TBD.
For UE configured maximum transmitted power is set within the following bounds:

PCMAX_L ≤  10log(pCMAX.c + pCMAX.x) ≤  PCMAX_H 

Where

-
PCMAX_L = MIN{ 10log(ΣpEMAX) – TC,  PPowerClass – MAX(MPR + A-MPR, P-MPR) – TC}

-
PCMAX_H = MIN {10log(ΣpEMAX),  PPowerClass }
-
pCMAX.c, pCMAX.x, and pEMAX are linear values of PCMAX.c, PCMAX.x, and PEMAX respectively.
For inter band carrier aggregation, the MPR, A-MPR, TC equal to maximum value for each band.
The measured maximum output power PUMAX shall be within the following bounds:

PCMAX_L  –  T(PCMAX_L)  ≤  PUMAX  ≤  PCMAX_H  +  T(PCMAX_H) 

Where T(PCMAX) is defined by the tolerance table below and applies to PCMAX_L and PCMAX_H separately
Table 6.2.5-1: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX)   (dB)

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0


The merits of the definition are:

· The requirements are applied for not only UE configured maximum output power but also CC configured maximum output power. Different physical layer power control process for different CCs could be tested.
· Pcmax,c is defined by implying method, i.e. Pcmax,c = MIN{PEMAX,  PPowerClass – APR}, (APR is UE actual power reduction);

· Do not need to modify physical specification.

· P-MPR is included.

The shortcomings of the definition are:

· Pcmax,c is not defined clearly, may have different understandings;

· When PEMAX ≤ PPowerClass – APR, eNB can not get more information (e.g. APR) from Pcmax,c reported by UE;

3
Conclusion
This document discussed the requirements for configured maximum transmitted power in CA scenario, and the definition of configured maximum output power on a CC, PCMAX,c. The definition of configured maximum output power requirements in section 2.2 is proposed.
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