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1 Introduction
Here is another go at Pcmax for carrier aggregation. The idea is to specify a limit for the sum of the reported PCMAX,c  since the maximum UE output power for carrier aggregation is also expressed as a sum. 
2 Definition of Pcmax,c

RAN1 has reached the following agreements regarding the additional reporting needed for PHR: 

· PCMAX,c is reported together with all per-CC PHRs.

· PCMAX,c is the value used for the calculation for the reported per-CC PHR.

· PHR is calculated based on the power before power scaling (similar to single-CC operation of Rel8/9)

· PCMAX,c of current assignment is reported in MAC CE

· RAN2 can consider overhead reduction methods for the following cases:

· if PCMAX,c is the same for multiple CCs

· if PCMAX,c is the same for simultaneously-transmitted type 1 and type 2 PHRs
Specifying limits for PCMAX,c we first observe that the maximum output power of a UE supporting carrier aggregation is defined as the total output power of all CC: the maximum power is P_powerclass. There is no signalling defined for setting the relative power difference between CC(s), nor are there any requirements on the power difference.  Therefore, it appears only possible to specify the configured power accuracy for the sum of the output power from all CC(s)

∑ pCMAX,c
taken over all of the active CC(s). 

For intra-band aggregation, MPR and A-MPR is generally devised to make sure that unwanted emissions (e.g. ACLR, spurious) are limited outside all component carrier, hence

· MPR and A-MPR should devised for the total output power 

hence power back-off the same for all component carriers within an operating band.

If the PCMAX,c is reported together with all per-CC PHRs, then the accuracy of the actual output power per CC should be limited by

PCMAX_L ≤  10 log10 ∑ pCMAX,c  ≤  PCMAX_H 
where

PCMAX_L  = MIN{10 log10 ∑ pEMAX,c  - TC, PPowerClass – MAX(MPR + A-MPR, P-MPR) - TC }

PCMAX_H  = MIN{ 10 log10 ∑ pEMAX,c , PPowerClass}

Notions in small letters are in linear scale. 

For inter-band aggregation the situation is more complex: if two uplinks are used then the allowed power backoff must apply per CC. Any allowed TC is also band specific. The power backoff is related to the maximum total power per CC, which is also PPowerClass (when one uplink is active) just as the total UE output power. 

Suppose next that the allowed backoff for a carrier in one of the operating band is MPR and A-MPR, and specified with regard to PPowerClass per CC. Disregarding any signalled limitation of the uplink power on the CC(s), PCMAX_L for the total power would be limited by the sum of the maximum backoff allowed on each carrier

10 log10 pPowerClass ∑ 1/(mpr·a-mpr·tC )c
where the lowercase denote linear values. The TC needs to be included each term (for each carrier) of the sum since the allocations across the CC(s) may only allow a relaxation for all CC(s). The value above can not exceed the total UE output power PPowerClass so must be limited by

10 log10 MIN(pPowerClass ∑ 1/(mpr·a-mpr·tC )c , pPowerClass)
If only one of the uplinks is active this reduces to the familiar

10 log10 MIN(pPowerClass ∑ 1/(mpr·a-mpr·tC )c , pPowerClass) = 

10 log10 MIN(pPowerClass / (mpr·a-mpr·tC ) , pPowerClass) = PPowerClass – (MPR + A-MPR) - TC
that corresponds to the Rel-9 requirement. 

If PEMAX in the P-Max IE or P-MPR for power management is signaled, the lowest of these will put an additional limitation, hence
PCMAX_L  = MIN{10 log10 ∑ pEMAX,ctC-1, 

PPowerClass – P-MPR –10 log10 ∑ (tC)c-1, 

10 log10 MIN(pPowerClass ∑ 1/(mpr·a-mpr·tC )c , pPowerClass)}
A quite hairy expression, but can be simplified to 

PCMAX_L  = MIN{10 log10 ∑ pEMAX,ctC-1, 

PPowerClass – P-MPR –10 log10 ∑ (tC)c-1, 

PPowerClass – 10 log10 ∑ 1/(mpr·a-mpr·tC )c }
or alternatively

PCMAX_L  = MIN{10 log10 ∑ pEMAX,ctC-1, 

PPowerClass – MAX{P-MPR –10 log10 ∑ (tC)c-1, 10 log10 ∑ 1/(mpr·a-mpr·tC )c }}.
For one CC we get 
PCMAX_L  = MIN{PEMAX - TC, PPowerClass – MAX(MPR + A-MPR, P-MPR) - TC }

as above. The upper limit for inter-band CA is (assuming the power management works like A-MPR)
PCMAX_H  = MIN{ 10 log10 ∑ pEMAX,c , PPowerClass}.
In the specifications we write
The measured maximum output power ∑ pUMAX,c [sum of power per CC] shall be within the following bounds:
PCMAX_L  –  T(PCMAX_L)  ≤ 10 log10 ∑ pUMAX,c ≤  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 table above may need modification for CA (copied from Rel-9).
3 In the specification

This is how the proposal above would look like in the specification. We assume that MPR and A-MPR is not specified per component carrier for intra-band carrier aggregation (otherwise the same formulae apply for intra-band a inter-band CA).
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 – MPR – A-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

-
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 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

For carrier aggregation the sum of the configured maximum output powers of the component carriers is set within the following bounds:
PCMAX_L ≤  10 log10 ∑ pCMAX,c  ≤  PCMAX_H 
where pCMAX,c  is the configured output power of component carrier c in linear scale.

For intra-band contiguous carrier aggregation, 

PCMAX_L  = MIN{10 log10 ∑ pEMAX,c  - TC, PPowerClass – MAX(MPR + A-MPR, P-MPR) - TC }

PCMAX_H  = MIN{10 log10 ∑ pEMAX,c , PPowerClass}

where
-
pEMAX,c is the value given to IE P-Max for component carrier c and expressed in linear scale
-
PPowerClass is the maximum UE power specified in Table 6.2.2A-1 without taking into account the tolerance specified in the Table 6.2.2A-1

-
MPR [and A-MPR] are specified in Section 6.2.3A [and Section 6.2.4A], respectively
-
P-MPR accounts for power management
-
TC = 1.5 dB when Note 2 in Table 6.2.2A-1 applies

-
TC = 0 dB when Note 2 in Table 6.2.2A-1 does not apply

For inter-band carrier aggregation, 
PCMAX_L  = MIN{10 log10 ∑ pEMAX,ctC-1, 

PPowerClass – MAX{P-MPR –10 log10 ∑ (tC)c-1, 10 log10 ∑ 1/(mpr·a-mpr·tC )c }}
PCMAX_H  = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
where
-
pEMAX,c is the value given to IE P-Max for component carrier c and expressed in linear scale
-
PPowerClass is the maximum UE power specified in [Clause 6.2.2A] without taking into account the tolerance specified
-
mpr and a-mpr apply per component carrier c and are specified in Section 6.2.3 and Section 6.2.4, respectively
-
P-MPR accounts for power management
-
tC = 1.41 when Note 2 in Table 6.2.2-1 applies for a component carrier c
-
tC = 1 when Note 2 in Table 6.2.2-1 does not apply for a component carrier c
The sum of the measured maximum output power shall be within the following bounds:

PCMAX_L  –  T(PCMAX_L)  ≤  10 log10 ∑ pUMAX,c  ≤  PCMAX_H  +  T(PCMAX_H) 

where pCMAX,c  is the configured output power of component carrier c in linear scale, T(PCMAX) is defined by the tolerance table below and applies to PCMAX_L and PCMAX_H separately [table not included].































































































































































































































































































































































