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1 Introduction
In this contribution we revise the proposed definition of 
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per component carrier in [1] to align it with its intended use in the power-control equations in TS 36.213 and consider how to verify it. The maximum output power in the uplink is verified per UE, the sum of the measured power across all CC(s), but a corresponding definition of the configured power as a sum would not be consistent with way in which the power-control equations are defined. 
The power-control equations per component carrier in TS 36.213 apply before any power scaling across serving cells to keep the total transmission below PPowerClass. In particular, for PUCCH the transmit power is set to
(1.1)
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across all configured antenna ports when the serving cell 
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is the primary cell; for PUSCH without a simultaneous PUCCH for the serving cell 
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, 
(1.2)
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and with simultaneous with PUCCH,
(1.3)
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across all antenna ports with non-zero PUSCH transmission. In (1.1)-(1.3) the configured maximum power 
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 can attain any value 
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 on each serving cell c regardless of any other simultaneous non-zero transmission; only if the total transmit power of the UE would exceed 
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, the UE scales 
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for the serving cell 
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such that the condition

 (1.4)
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is met. This implies a definition of 
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without account of any power scaling due to non-zero transmission on other serving cells, rather than a definition in terms of a sum over all component carriers
10log10∑ pCMAX,c ≤  PPowerClass
as proposed in [1] (notions in lowercase letters in linear scale throughout). The configuration (1.5) may also break the law implied in (1.4) by which preference is given to PUCCH and PUSCH with UCI when scaling. However, the measured output power of serving cell c under the same configuration, denoted
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, must necessarily account for scaling by the UE and be such that
(1.5)
10log10∑ pUMAX,c ≤  PPowerClass
to be consistent with the specification of the maximum output power per UE. Thus, when more than one uplink CC is active, this inevitably leads to a difference of the lower- and upper power bounds of the configured maximum power per component carrier and those verified in the test as per (1.5).
The above is also discussed in [2] in which is also proposed to define a configured maximum power per UE and make the requisite changes to TS 36.213 – this is needed. The configured maximum power per UE, also proposed in [3], would be verified by (1.5).  
2 Definition of Pcmax,c for intra- and inter-band aggregation
A definition of 
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per component carrier without account of power allocated to non-zero transmission on other physical channels on the same or different serving cells is similar to that for Rel-9
P’CMAX_L ≤  PCMAX,c  ≤  P’CMAX_H 
but with the limits modified for inter-band carrier aggregation supposing the approach of DC-DB-HSPA is followed: the additional insertion loss by the diplexer or a more complex arrangement is accounted for by a relaxation of the lower limit. This would work similar to the band-edge relaxation TC that is assumed to nominal value, and not the lower tolerance in the measured value. Denoting this relaxation TIB,c if applicable to the band in which serving cell c (component carrier) is configured, the lower limit becomes
(2.1)
P’CMAX_L  = MIN{PEMAX,c  TIB,c  TC,c, PPowerClass – MAX(MPRc + A-MPRc, P-MPR)  TIB,cTC,c }

whereas the upper limit is 
(2.2)
P’CMAX_H  = MIN{PEMAX,c , PPowerClass}.

One single value 
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applies for all types of transmissions on serving cell c. 
We do not account for power allocated to other physical channels as set by their respective power-control equation, but for intra-band contiguous carrier aggregation (but not necessarily contiguous allocation across the component carriers), the MPR and the A-MPR in (2.1) must still account for simultaneous transmission of other physical channels on other serving cells for then the MPR and A-MPR may imply a reduction on the total power of the UE, hence
MPR = MPRc and A-MPR = A-MPRc for all serving cells c aggregated.
We assume that a single P-MPR is applicable both for both intra- and inter-band carrier aggregation (the total E-UTRA power reduced irrespective of frequency arrangement).
3 Use in the PHR

The PHR for the serving cell c will thus be based on the maximum power
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without account of power allocated to non-zero transmission on other serving cells (component carriers). For the case in which more than one uplink component carrier is configured and simultaneous transmission occurs across component carriers, this means that the actual maximum power available for serving cell c can be less than 
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due to power scaling by the UE. 
For virtual transmission on serving cells c for example, the PHR will always take the form, for Type 1,
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and similarly for Type 2, irrespective of any real transmission on other serving cells. Hence no scaling of the maximum is applied for the virtual reports due to any non-zero transmission on other component carriers, and no need to report the maximum power. 
4 Need to define the total configured power

A definition of the configured power per UE, denoted PCMAX is also needed as shown in [2], this to account for back-off in the total aggregated signal. The scaling inequalities, taking (1.4) as an example, would allow this, but are only triggered if the total power exceeds PPowerClass that may be larger than the UE can supply while meeting unwanted emissions requirements. This necessitates a change in TS 36.213, the minimum change is to scale the power once PCMAX is exceeded instead of PPowerClass, but the equations could remained unchanged for in (1.4)
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to indicate the upper bound that apply in the scaling even if this is triggered at PCMAX < PPowerClass.
The PCMAX should be configured within the same limits as derived for the proposed 10log10∑ pUMAX,c in [1], 
P’’CMAX_L   ≤ PCMAX ≤ P’’CMAX_H
where, for intra-band contiguous aggregation,
(4.1)
P’’CMAX_L  = MIN{10 log10 ∑ pEMAX,c  - TC, PPowerClass – MAX(MPR + A-MPR, P-MPR) - TC }

(4.2)
P’’CMAX_H  = MIN{ 10 log10 ∑ pEMAX,c , PPowerClass}

with A-MPR = A-MPRc and MPR = MPRc in (2.1). The application of TC for the intra-band case needs special attention: if either one or both transmissions of a non-contiguous allocation will occur in the 4 MHz zone at the edge of an operating band, then the 1.5 dB relaxation is allowed for one or both. Furthermore, these transmissions may be scaled in various ways depending on their priority. The most straightforward way to deal with the number of combinations possible is to 
· allow the 1.5 dB relaxation whenever any transmission on the serving cells aggregated is fully confined within the 4 MHz zone,
also bearing in mind that the scenario with both transmissions at the operating band edge is not common in practice.
The corresponding expression for inter-band aggregation should include the margin for additional to be specified, this margin works just as TC and the lower limit takes the form
(4.3)
P’’UMAX_L  = MIN{10 log10 ∑ pEMAX,c (tIBtC)c-1, 

PPowerClass - MAX{ P-MPR - 10 log10 ∑ (tIBtC)c-1, -10 log10 min(∑ 1/(mpr·a-mpr·tIB·tC )c, 1) }}.
with tIB,c the additional inter-band insertion loss in linear scale. The TC then applies per operating band. For Rel-10, only one active uplink is considered, whence (4.3) reduces to (2.1).  
5 How to test the configured power
To verify that the actual maximum output power is in between specified limits, continuous UP commands are sent on all aggregated CCs given a certain downlink allocation and control-channel configuration that govern the allowed MPR, A-MPR and TC on each CC. The measured value obtained on each serving cell (component carriers) is denoted PUMAX,c, and the measured maximum total power the verification of PCMAX
10 log10 ∑ pUMAX,c  

that should be within limits

(5.1)
P’’CMAX_L  –  T(P’’CMAX_L)  ≤ 10 log10 ∑ pUMAX,c ≤  P’’CMAX_H  +  T(P’’CMAX_H) 
always upper-bounded by 25 dBm for Power Class 3 for both intra-band and inter-band aggregation. If one component carrier c is active, then 10 log10 ∑ pUMAX,c = PUMAX,c just as in Rel-8: a direct verification of PCMAX,c. However, when two uplink component carriers are active, scaling has to be used at maximum level and the measured PUMAX,c corresponds to PCMAX,c duly scaled according to the inequalities in TS 36.213. The sum of the configured power ∑ pCMAX,c could be up to 26 dBm with more than one uplink active.

The tolerances in Table 1, copied from Rel-8, may have to be modified for inter-band carrier aggregation, and possibly also for certain intra-band cases. 

Table 1: PCMAX,c tolerance (copied from Rel-8/9).
	PCMAX,c             (dBm)
	Tolerance T(PCMAX)   (dB)

	21 ≤ PCMAX,c ≤ 23
	2.0

	20 ≤ PCMAX,c < 21
	2.5

	19 ≤ PCMAX,c < 20
	3.5

	18 ≤ PCMAX,c < 19
	4.0

	13 ≤ PCMAX,c < 18
	5.0

	8 ≤ PCMAX,c < 13
	6.0

	-40 ≤ PCMAX,c < 8
	7.0


6 In TS 36.101
This is how the proposal above would look like in the specification. Two versions are supplied, one general for Rel-11 and one for Rel-10 in which only one uplink is supported for inter-band carrier aggregation. We keep the same notion Pcmax for all cases to be consistent with TS 36.213, but use different notation for the limits. 
For the Rel-8 requirement, a note may have to be inserted to allow an extra insertion loss for an operating band included in an intra-band combination.
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


< Rel-11 version with more than one uplink for inter-band aggregation >
6.2.5A
Configured transmitted Power for carrier aggregation
For all channel arrangements of carrier aggregation, the configured maximum output power 
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is the value given to IE P-Max 
-
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

-
MPRc [and A-MPRc] are specified in Section 6.2.3A [and Section 6.2.4A], respectively
-
P-MPR accounts for power management
-
TC,c = 1.5 dB when Note 2 in Table 6.2.2A-1 applies
-
TC,c = 0 dB when Note 2 in Table 6.2.2A-1 does not apply
-
TIB,c is the additional tolerance for serving cell c as specified in TBD [for intra-band contiguous aggregation].
and for serving cells c and j configured for intra-band contiguous aggregation, 
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For all channel arrangements of carrier aggregation, the configured maximum output power 
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of all serving cells shall be set in the range
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and such that
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For intra-band contiguous aggregation,
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while for inter-band carrier aggregation,
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where
-
PPowerClass is the maximum UE power specified in [Clause 6.2.2A] without taking into account the tolerance specified
-
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is the value given to IE P-Max for serving cell c expressed in linear scale
-
mprc and a-mprc apply for serving cell c and are specified in the respective [Section 6.2.3] and [Section 6.2.4] but with values expressed in linear scale
-
MPR [and A-MPR] are specified in Section 6.2.3A [and Section 6.2.4A], respectively [intra-band carrier aggregation]
-
P-MPR accounts for power management
-
TC = 1.5 dB if any part of a transmission in any serving cell is such that Note 2 in Table 6.2.2-1 applies, TC = 0 dB otherwise
-
tC,c = 1.41 when Note 2 in Table 6.2.2-1 applies for serving cell c
-
tC,c = 1 when Note 2 in Table 6.2.2-1 does not apply for serving cell c
-
tIB,c is the additional tolerance for serving cell c as specified in TBD [for intra-band contiguous aggregation].
The measured maximum output power 
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for serving cell c shall be such that total UE output power is within 
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where
[image: image36.wmf]c

UMAX

p

,

denotes the measured maximum output power for serving cell c expressed in linear scale. The tolerance T(PCMAX) is defined by the table below and applies to PUMAX_L and PUMAX_H separately.
Table 6.2.5A-1: PCMAX tolerance 

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

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	TBD

	19 ≤ PCMAX < 20
	TBD

	18 ≤ PCMAX < 19
	TBD

	13 ≤ PCMAX < 18
	TBD

	8 ≤ PCMAX < 13
	TBD

	-40 ≤ PCMAX < 8
	TBD


< Rel-10 version with one uplink for inter-band aggregation >
6.2.5A
Configured transmitted Power for carrier aggregation
For all channel arrangements of carrier aggregation, the configured maximum output power 
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for serving cell c shall be set in the range
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where
-
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is the value given to IE P-Max 
-
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

-
MPRc [and A-MPRc] are specified in Section 6.2.3A [and Section 6.2.4A], respectively
-
P-MPR accounts for power management
-
TC,c = 1.5 dB when Note 2 in Table 6.2.2A-1 applies
-
TC,c = 0 dB when Note 2 in Table 6.2.2A-1 does not apply
-
TIB,c is the additional tolerance for serving cell c as specified in TBD [for intra-band contiguous aggregation].
and for serving cells c and j configured for intra-band contiguous aggregation, 
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For all channel arrangements of carrier aggregation, the configured maximum output power 
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of all serving cells shall be set in the range


[image: image44.wmf]H

CMAX

CMAX

L

CMAX

P

P

P

_

_

¢

¢

£

£

¢

¢


and such that
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For intra-band contiguous aggregation,
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while for inter-band carrier aggregation,
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where
-
PPowerClass is the maximum UE power specified in [Clause 6.2.2A] without taking into account the tolerance specified
-
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is the value given to IE P-Max for serving cell c expressed in linear scale
-
mprc and a-mprc apply for serving cell c and are specified in the respective [Section 6.2.3] and [Section 6.2.4] but with values expressed in linear scale
-
MPR [and A-MPR] are specified in Section 6.2.3A [and Section 6.2.4A], respectively [intra-band carrier aggregation]
-
P-MPR accounts for power management
-
TC = 1.5 dB if any part of a transmission in any serving cell is such that Note 2 in Table 6.2.2-1 applies, TC = 0 dB otherwise
The measured maximum output power 
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where
[image: image52.wmf]c

UMAX
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denotes the measured maximum output power for serving cell c expressed in linear scale. The tolerance T(PCMAX) is defined by the table below and applies to PUMAX_L and PUMAX_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]


7 Changes needed in TS 36.213
The following changes should be made in TS 36.213, where the change allowing the scaling when 
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is exceeded is essential. However, for inter-band aggregation (and possibly combined with intra-band aggregation), the total output power may not have to be limited to 
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but can still achieve Ppowerclass. Hence the latter can remain in the inequalities, but the scaling must be allowed whenever 
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is exceeded.
If the total transmit power of the UE would exceed
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is satisfied where 
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.  In case there is no PUCCH transmission in subframe i 
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If the UE has PUSCH transmission with UCI on serving cell j and PUSCH without UCI in any of the remaining serving cells, and the total transmit power of the UE would exceed
[image: image74.wmf])

(

ˆ

i

P

CMAX


, the UE scales 
[image: image76.wmf])

(

ˆ

,

PUSCH

i

P

c

for the serving cells without UCI in subframe i such that the condition 


[image: image77.wmf](

)

)

(

ˆ

ˆ

)

(

ˆ

)

(

,

PUSCH

PowerClass

,

PUSCH

i

P

P

i

P

i

w

j

j

c

c

-

£

×

å

¹


is satisfied where 
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 is the PUSCH transmit power for the cell with UCI and
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 without UCI.  In this case, no power scaling is applied to 
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 and the total transmit power of the UE still would exceed 
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If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell j and PUSCH transmission without UCI in any of the remaining serving cells, and the total transmit power of the UE would exceed
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