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1   Introduction
In last RAN4 meeting, many documents discussed on the definition of UE configured transmitted power, and an ad-hoc meeting was hold [1]. However, no conclusions have been reached. It has been decided that Pcmax for Rel-10 discussion would continue in this meeting. This document will further discuss this issue according to the on and off line discussion during RAN4#58 and E-mail Discussions afterwards.
2
Discussion
2.1
Problems in 36.213
In physical specification 36.213[2], the power scaling is described as:

If the total transmit power of the UE would exceed 
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(Note: other scenarios as there is not PUCCH, the PUSCH power scaling have similar descript)

It has been proposed in E-mail discussions that there are problems here. We think there are two problems need to be addressed are:

1. The 
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 here should be replaced by UE maximum output power after taken UE power reduction into account. A new definition of Pcmax may be a candidate here, however, this will require Pcmax being defined and a simple description here may also be enough since Pcmax will not be used in other places. 
2. The formula should be an equation. If it is not, the scaled channel power could be any value smaller or equal to 
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 and this may bring over flexiable. 
2.2
Definition of PCMAX,c
In Rel-10, UE maximum configuration output power, PCMAX, and scaled carrier configuration output power, PCMAX.x as proposed in [3], are not used in any specification, so the introduction of these definitions may bring some redundancy. Since in physical specification [2] only PCMAX.c is used for channel power control, it is proposed that PCMAX.c is defined in RAN4 specification only, and the PCMAX and PCMAX.x need not defined, but could be tested by means of later defined Pumax and Pumax,c.
The PCMAX.c is defined as following requirement of output range:

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

PCMAX,c_H = MIN{ PEMAX, PPowerClass }

2.3
Test and Requirement for Maximum Configuration Output Power
The maximum configuration output power of UE and per CC will be required and tested by PUMAX and PUMAX,c.
The priority of power assignment is PUCCH, PUSCH carrying UCI, then PUSCH not carrying UCI. So the requirements for PUMAX and PUMAX,c can be defined as:

The PUMAX is required as following:


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

Where:

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

-
PCMAX_H = MIN{ 10log(ΣpEMAX),  PPowerClass }
-
pEMAX are linear value of PEMAX
-
PEMAX is the value given to IE P-Max on each CC, defined in [x] 

-
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

-
P-MPR is the power management term

-
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
Note: For inter band carrier aggregation, the MPR, A-MPR, ΔTC equal to maximum values for each band.

The PUMAX,c is required as following:


PUMAX,c_L – T(PCMAX_L) ≤ PUMAX,c ≤ PUMAX,c_H – T(PCMAX_H)

The PUMAX,c_L and PUMAX,c_H will be defined in three scenarios for every type of carrier allocation scheme.

1. If there is PUCCH on a carrier. PUCCH output power will not be scaled, and will be set to the maximum configured output power PCMAX,c in the test by up power control signal. The PUSCH power in same carrier with PUCCH will be set zero. The PUSCH power in other carrier will be scaled. So:

For carrier carrying PUCCH

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

-
PUMAX,c_H = MIN{ PEMAX,  PPowerClass }
-
PEMAX is the value given to IE P-Max on the CC, defined in [x] 

For carrier not carrying PUCCH

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

-
PUMAX,c_H = MIN{ PEMAX,  PPowerClass  – PPCMAX,c }
-
PEMAX is the value given to IE P-Max on the CC, defined in [x] 

-
PPCMAX,c is the reported PCMAX,c value of CC carrying PUCCH reported by UE.

2. If there is no PUCCH in any carriers and there is a PUSCH carrying UCI in a carrier. The power will be assigned first to PUSCH carrying UCI, and will be set to the maximum configured output power PCMAX,c in the test by up power control signal. The PUSCH power in other carrier will be scaled. So:

For carrier of PUSCH carrying UCI
-
PUMAX,c_L = MIN{ PEMAX – ΔTC,  PPowerClass – MAX(MPR + A-MPR, P-MPR) –ΔTC}
-
PUMAX,c_H = MIN{ PEMAX,  PPowerClass }
-
PEMAX is the value given to IE P-Max on the CC, defined in [x] 

For carrier the PUSCH not carrying UCI
-
PUMAX,c_L = MIN{ PEMAX – TC,  PPowerClass – PPCMAX,c – MAX(MPR + A-MPR, P-MPR) – TC}

-
PUMAX,c_H = MIN{ PEMAX,  PPowerClass  – PPCMAX,c }
-
PEMAX is the value given to IE P-Max on the CC, defined in [x] 

-
PPCMAX,c is the reported PCMAX,c value of CC of PUSCH carrying UCI reported by UE.

3. If there is no PUCCH in any carriers and there is not a PUSCH carrying UCI. The PUSCH power will be scaled with equal priority. From [2], the scaled method should be as:
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In the test, PPUSCH,c will reach PCMAX,c by up power control signal. The output power of every PUSCH (carrier) will be reduced by w(dB) from PCMAX,c. The w(dB) equal to PPowerClass – 10log(ΣpCMAX,c) and it should be noted that PPowerClass is supposed to be smaller than 10log(ΣpCMAX,c). The requirements are:

-
PUMAX,c_L = MIN{ PEMAX – TC,  PPowerClass – MAX(MPR + A-MPR, P-MPR) – TC + PPowerClass – 10log(ΣpPCMAX,c) }

-
PUMAX,c_H = MIN{ PEMAX,  PPowerClass + PPowerClass – 10log(ΣpPCMAX,c) }
i.e.:
-
PUMAX,c_L = MIN{ PEMAX – TC,  2PPowerClass – 10log(ΣpPCMAX,c) – MAX(MPR + A-MPR, P-MPR) – TC }

-
PUMAX,c_H = MIN{ PEMAX,  2PPowerClass – 10log(ΣpPCMAX,c) }
-
pPCMAX,c is linear value of PPCMAX,c of each CC reported by UE.

In the requirement for PUMAX,c, it is proposed that MPR, A-MPR, P-MPR, and ΔTc are the same as for PUMAX requirement in intra band carrier aggregation. For inter band carrier aggregation, MPR, A-MPR, P-MPR, and ΔTc are for each band respectively.
For intra band non contiguous carrier aggregation, how to set MPR, A-MPR, P-MPR, and ΔTc for each CC is FFS.

2.3
How to define tolerance
In our understanding, output power on each CC is part of UE output power. The error ratio for output power on each CC is the same for UE output power. The T(PCMAX)s defined in current specification are applied for UE configured maximum output power and CC configured maximum output power.

3
Text Proposal
Base on above discussion, we give the text proposal for requirements of configured maximum output power as following:

6.2.5
Configured transmitted Power
The UE is allowed to set its configured maximum output power PCMAX. The configured maximum output power PCMAX is set within the following bounds:

PCMAX_L ≤ PCMAX ≤  PCMAX_H 

Where

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

-
PCMAX_H = MIN{PEMAX,  PPowerClass }
-
PEMAX is the value given to IE P-Max, 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

-
P-MPR is the power management term
-
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
The measured configured 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


6.2.5A
Configured transmitted Power for CA
The UE is allowed to set its configured maximum output power PCMAX,c for each CC. 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,c,  PPowerClass – MAX(MPRc + A-MPRc, P-MPRc) – TC,c}

-
PCMAX,c_H = MIN{PEMAX,  PPowerClass}

-
PEMAX is the value given to IE P-Max on the 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

-
MRPc and A-MPRc are power reduction on the carrier
-
P-MPRc is the power management term
-
TC,c is tolerance for the maximum output power requirement relaxing on some bands
The measured configured maximum output power of UE, PUMAX, shall be within the following bounds:

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

Where

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

-
PCMAX_H = MIN{10log(ΣpEMAX),  PPowerClass }
-
pEMAX are linear value of PEMAX
-
PEMAX is the value given to IE P-Max on each 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

-
P-MPR is the power management term
-
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
Note: For inter band carrier aggregation, the MPR, A-MPR, TC equal to maximum values for each band.

The measured configured maximum output power of CC, PUMAX,c, shall be within the following bounds:

PUMAX,c_L  – T(PCMAX_L) ≤ PUMAX,c ≤  PUMAX,c_H + T(PCMAX_H)

Where, the PUMAX,c_L and PUMAX,c_H is defined in following three scenarios:

1.  IF there is PUCCH on a carrier.
For carrier carrying PUCCH

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

-
PUMAX,c_H = MIN{ PEMAX,  PPowerClass }
For carrier not carrying PUCCH

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

-
PUMAX,c_H = MIN{ PEMAX,  PPowerClass – PPCMAX,c }
-
PPCMAX,c is the reported PCMAX,c value of CC carrying PUCCH reported by UE
2.  IF there is no PUCCH on any carrier, and there is a PUSCH carrying UCI in a carrier.

For carrier of PUSCH carrying UCI
-
PUMAX,c_L = MIN{ PEMAX – TC,c,  PPowerClass – MAX(MPR c + A-MPR c, P-MPR c) – TC,c }

-
PUMAX,c_H = MIN{ PEMAX,  PPowerClass }
For carrier of PUSCH not carrying UCI
-
PUMAX,c_L = MIN{ PEMAX – TC,c,  PPowerClass – PPCMAX,c – MAX(MPR c + A-MPR c, P-MPR c) – TC,c }

-
PUMAX,c_H = MIN{ PEMAX,  PPowerClass – PPCMAX,c }
-
PPCMAX,c is the reported PCMAX,c value of CC of PUSCH carrying UCI reported by UE
3.  IF there is no PUCCH on any carrier, and there is no a PUSCH carrying UCI.

-
PUMAX,c_L = MIN{ PEMAX – TC,c,  2 PPowerClass – 10log(ΣpPCMAX,c) – MAX(MPR c + A-MPR c, P-MPR c) – TC,c }

-
PUMAX,c_H = MIN{10log(ΣpEMAX),  2 PPowerClass – 10log(ΣpPCMAX,c) }
For intra band contiguous carrier aggregation, MPRc, A-MPRc, P-MPRc, and TC,c are same as MPR, A-MPR, P-MPR, and TC for this band. For inter band carrier aggregation, MPRc, A-MPRc, P-MPRc, and TC,c for PCMAX,c and PCMAX,x are same as MPR, A-MPR, P-MPR, and TC for each band respectively.
For intra band non contiguous carrier aggregation, how to set MPRc, A-MPRc, P-MPRc, and TC,c for each CC is FFS.
Where T(PCMAX) is defined by the tolerance table below and applies to PCMAX_L, PUMAX,c_L and PCMAX_H, PUMAX,c_H separately
Table 6.2.5A-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


4
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 text proposal of requirements and definitions for configured maximum output power of UE and CC in section 3 is proposed.
It is proposed sending LS to RAN1 to explain
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