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< start of changes > 
6.2.3
UE maximum output power for modulation / channel bandwidth 

For UE Power Class 1 and 3, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2-1due to higher order modulation and transmit bandwidth configuration (resource blocks) is specified in Table 6.2.3-1.
Table 6.2.3-1: Maximum Power Reduction (MPR) for Power Class 1 and 3

	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2


For PRACH, PUCCH and SRS transmissions, the allowed MPR is according to QPSK modulation for the corresponding transmission bandwidth. 

For each subframe, the MPR is evaluated per slot and given by the maximum value taken over the transmission(s) within the slot; the maximum MPR over the two slots is then applied for the entire subframe.
For transmissions with non-contiguous resource allocation in single component carrier, the allowed Maximum Power Reduction (MPR) for the maximum output power in table 6.2.2-1, is specified as follows

MPR = CEIL {MA, 0.5}

Where MA is defined as follows

MA =
[8.0]-[10.12]A

; 0< A ≤ [0.33]

[5.67] - [3.07]A

; [0.33]< A ≤[0.77]

[3.31]




; [0.77]< A ≤[1.0]

Where


A = NRB_alloc / NRB.


CEIL{MA, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR ( [3.0, 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0]

For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5 apply.

6.2.3A
UE Maximum Output power for modulation / channel bandwidth for CA
For inter-band carrier aggregation with uplink assigned to one E-UTRA band (Table 5.6A-1), the requirements in subclause 6.2.3 apply.

For intra-band contiguous carrier aggregation the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2A-1due to higher order modulation and contiguously aggregated transmit bandwidth configuration (resource blocks) is specified in Table 6.2.3A-1. In case the modulation format is different on different component carriers then the MPR is determined by the rules applied to higher order of those modulations.
Table 6.2.3A-1: Maximum Power Reduction (MPR) for Power Class 3

	Modulation
	CA bandwidth Class C
	MPR (dB)

	
	25 RB + 100 RB
	50 RB + 100 RB
	75 RB + 75 RB
	75 RB + 100 RB
	100 RB + 100 RB
	

	QPSK
	> 8 and ≤ 25
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 1

	QPSK
	> 25
	> 50
	> 75
	> 75
	> 100
	≤ 2

	16 QAM
	≤ 8
	≤ 12
	≤ 16
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 8 and ≤ 25
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 2

	16 QAM
	> 25
	> 50
	> 75
	> 75
	> 100
	≤ 3


For PUCCH and SRS transmissions, the allowed MPR is according to QPSK modulation for the corresponding transmission bandwidth. 

For intra-band contiguous carrier aggregation bandwidth class C with non-contiguous resource allocation, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2A-1 is specified as follows 

MPR = CEIL {MA, 0.5}

Where MA is defined as follows 
MA = 
8.2





; 0 ≤ A < 0.025

9.2 - 40A 



; 0.025
≤ A < 0.05

8 – 16A



; 0.05
≤ A < 0.25

4.83 – 3.33A


; 0.25 ≤ A ≤ 0.4,

3.83 – 0.83A


; 0.4 ≤ A ≤ 1,

Where


A = NRB_alloc / NRB_agg.


CEIL{MA, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR([3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5]
For intra-band carrier aggregation, the MPR is evaluated per slot and given by the maximum value taken over the transmission(s) on all component carriers within the slot; the maximum MPR over the two slots is then applied for the entire subframe.
For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5A apply.

For intra-band non-contiguous carrier aggregation with one uplink carrier on the PCC, the requirements in subclause 6.2.3 apply.

6.2.3B
UE maximum output power for modulation / channel bandwidth for UL-MIMO

< text omitted > 
Table 6.2.4-16: A-MPR for "NS_21"

	Channel Bandwidth [MHz]
	 Parameters
	Region A
	Region B

	10
	RBstart
	0 – 6
	0 – 6
	N/A
	N/A

	
	RBend
	N/A
	N/A
	43 – 49
	43 – 49

	
	LCRB [RBs]
	1 – 2
	3 – 12, 32 - 50
	1 – 2
	3 – 12, 32 - 50

	
	 A-MPR [dB]
	≤ 4
	≤ 3
	≤ 4
	≤ 3


For PUCCH and SRS transmissions, the allowed A-MPR is according to QPSK modulation for the corresponding transmission bandwidth. 

For each subframe, the A-MPR is evaluated per slot and given by the maximum value taken over the transmission(s) within the slot; the maximum A-MPR over the two slots is then applied for the entire subframe.
For the UE maximum output power modified by A-MPR, the power limits specified in subclause 6.2.5 apply.

6.2.4A
UE maximum output power with additional requirements for CA

Additional ACLR, spectrum emission and spurious emission requirements for carrier aggregation can be signalled by the network to indicate that the UE shall also meet additional requirements in a specific deployment scenario. To meet these additional requirements, Additional Maximum Power Reduction (A-MPR) is allowed for the CA Power Class as specified in Table 6.2.2A-1.
If for intra-band carrier aggregation the UE is configured for transmissions within an E-UTRA channel bandwidth, then subclauses 6.2.3 and 6.2 4 apply with the Network Signaling value indicated by the IE additionalSpectrumEmission of the PCC. 
For intra-band contiguous aggregation with the UE configured for transmissions within the aggregated channel bandwidth,
 the maximum output power reductions specified in Table 6.2.4A-1 is allowed when the applicable CA network signalling value is indicated by the IE additionalSpectrumEmissionSCell-r10. Then clause 6.2.3A does not apply, i.e. carrier aggregation MPR = 0 dB.

Table 6.2.4A-1: Additional Maximum Power Reduction (A-MPR) for CA

	CA Network Signalling value
	Requirements 

(subclause)
	Uplink CA Configuration
	A-MPR [dB]

(subclause)

	CA_NS_01
	6.6.3.3A.1
	CA_1C
	6.2.4A.1

	CA_NS_02
	6.6.3.3A.2
	CA_1C
	6.2.4A.2

	CA_NS_03
	6.6.3.3A.3
	CA_1C
	6.2.4A.3

	CA_NS_04
	6.6.2.2A.1
	CA_41C
	6.2.4A.4

	CA_NS_05
	6.6.3.3A.4
	CA_38C
	6.2.4A.5

	CA_NS_06
	6.6.3.3A.5
	CA_7C
	6.2.4A.6



For PUCCH and SRS transmissions, the allowed A-MPR is according to QPSK modulation for the corresponding transmission bandwidth. 

For intra-band carrier aggregation, the A-MPR is evaluated per slot and given by the maximum value taken over the transmission(s) on all component carriers within the slot; the maximum A-MPR over the two slots is then applied for the entire subframe.
For the UE maximum output power modified by A-MPR specified in table 6.2.4A-1, the power limits specified in subclause 6.2.5A apply. 

6.2.4A.1
A-MPR for CA_NS_01 for CA_1C

< text omitted > 
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 + ΔTIB,c, 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

-
MPR and A-MPR are specified in subclause 6.2.3 and subclause 6.2.4, respectively

-
TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5A-3.

-
P-MPR is the allowed maximum output power reduction for;

a)
Ensuring compliance with applicable electromagnetic energy absorption requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications.

b)
Ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.


The UE shall apply P-MPR only for the above cases. For UE conducted conformance testing P-MPR shall be 0 dB

NOTE 1:
P-MPR was introduced in the PCMAX equation such that the UE can report to the eNB the available maximum output transmit power. This information can be used by the eNB for scheduling decisions.
NOTE 2: P-MPR may impact the maximum uplink performance for the selected UL transmission path.

-
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

For each subframe, the PCMAX_L,c for serving cell c is evaluated per slot and given by the minimum value taken over the transmission(s) within the slot; the minimum PCMAX_ L,c over the two slots is then applied for the entire subframe. PPowerClass shall not be exceeded by the UE during any period of time.

The measured configured maximum output power PUMAX shall be within the following bounds:

PCMAX_L – MAX{TL, 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, while TL is the absolute value of the lower tolerance in Table 6.2.2-1 for the applicable operating band.

Table 6.2.5-1: PCMAX tolerance 

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

	23 < PCMAX ≤ 33
	2.0

	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 UE is allowed to set its configured maximum output power PCMAX,c on serving cell c and its total configured maximum output power PCMAX. 

The configured maximum output power on serving cell c shall be set within the following bounds:

PCMAX_L,c ≤ PCMAX,c ≤ PCMAX_H,c
For intra-band contiguous carrier aggregation:

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

For inter-band carrier aggregation:

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

-
PCMAX_H,c = MIN {PEMAX,c, PPowerClass}

-
PEMAX,c is the value given by IE P-Max for serving cell c 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.
-
TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5A-3. 

For inter-band carrier aggregation, MPRc and A-MPRc apply per serving cell c and are specified in subclause 6.2.3 and subclause 6.2.4, respectively. For intra-band contiguous carrier aggregation, MPRc = MPR and A-MPRc = A-MPR with MPR and A-MPR specified in subclause 6.2.3A and subclause 6.2.4A respectively.
-
P-MPR c accounts for power management for serving cell c. For intra-band contiguous carrier aggregation, there is one power management term for the UE, P-MPR, and P-MPRc = P-MPR.

-
TC,c = 1.5 dB when Note 2 in Table 6.2.2-1 applies to the serving cell c.

-
TC,c = 0 dB when Note 2 in Table 6.2.2-1 does not apply to the serving cell c.

For inter-band carrier aggregation with one UL serving cell the total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤ PCMAX ≤ PCMAX_H
where 

-
PCMAX_L = PCMAX_L,c
-
PCMAX_H = PCMAX_H,c
For intra-band contiguous carrier aggregation, Pcmax,c is calculated under the assumption that the transmit power is increased by the same amount in dB on all component carriers.

For inter-band carrier aggregation, Pcmax,c is calculated under the assumption that the transmit power is increased independently on all component carriers.

The measured maximum output power PUMAX shall be within the following bounds:
PCMAX_L – MAX{TL, T(PCMAX_L)} ≤ PUMAX ≤ PCMAX_H + T(PCMAX_H)

where T(PCMAX) is defined by the table below and applies to PCMAX_L and PCMAX_H separately, while TL is the absolute value of the lower tolerance in Table 6.2.2-1 for the applicable operating band.

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


For carrier aggregation with two UL serving cells, the total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L_CA ≤ PCMAX ≤ PCMAX_H_CA
For intra-band contiguous carrier aggregation, 

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

-
pEMAX,c is the linear value of PEMAX,c which is given by IE P-Max for serving cell c in [7].

-
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 specified in subclause 6.2.3A and subclause 6.2.4A respectively.

-
TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5A-3.
-
P-MPR is the power management term for the UE.

-
TC is the highest value TC,c among all serving cells c in the subframe over both timeslots. TC,c = 1.5 dB when Note 2 in Table 6.2.2A-1 applies to the serving cell c. TC,c = 0 dB when Note 2 in Table 6.2.2A-1 does not apply to the serving cell c. 

For inter-band carrier aggregation with up to one serving cell c per operating band:

PCMAX_L_CA = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c), pPowerClass/(mprc·a-mprc·tC,c ·tIB,c) ,

pPowerClass/(pmprc·tC,c) ], PPowerClass}

PCMAX_H_CA = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
where

-
pEMAX,c is the linear value of PEMAX,c which is given by IE P-Max for serving cell c in [7].

-
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. pPowerClass is the linear value of PPowerClass.

-
MPRc and A-MPRc apply per serving cell c and are specified in subclause 6.2.3 and subclause 6.2.4, respectively. mprc is the linear value of MPRc. a-mprc is the linear value of A-MPRc. 
-
P-MPRc accounts for power management for serving cell c. pmprc is the linear value of P-MPR c. 

-
tC,c = 1.41 when Note 2 in Table 6.2.2-1 applies for a serving cell c
-
tC,c = 1 when Note 2 in Table 6.2.2-1 does not apply for a serving cell c

-
tIB,c is the linear value of the inter-band relaxation term of the serving cell c TIB,c. tIB,cwhen no inter-band relaxation is allowed.

For each subframe, the PCMAX_L is evaluated per slot and given by the minimum value taken over the transmission(s) within the slot; the minimum PCMAX_L over the two slots is then applied for the entire subframe. PPowerClass shall not be exceeded by the UE during any period of time.
The measured maximum output power PUMAX over all serving cells shall be within the following range:

PCMAX_L_CA – T(PCMAX_L_CA) ≤ PUMAX ≤ PCMAX_H_CA + T(PCMAX_H_CA) 

PUMAX = 10 log10 ∑ pUMAX,c 

where pUMAX,c 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 PCMAX_L_CA and PCMAX_H_CA separately.

Table 6.2.5A-2: PCMAX tolerance 

	PCMAX
(dBm)
	Tolerance T(PCMAX)
Intra-band with two active UL serving cells

(dB)
	Tolerance T(PCMAX)
Inter-band with two active UL serving cells

 (dB)

	21 ≤ PCMAX ≤ 23
	2.0
	2.0

	20 ≤ PCMAX < 21
	[2.5]
	TBD

	19 ≤ PCMAX < 20
	[3.5]
	TBD

	18 ≤ PCMAX < 19
	[4.0]
	TBD

	13 ≤ PCMAX < 18
	[5.0]
	TBD

	8 ≤ PCMAX < 13
	[6.0]
	TBD

	-40 ≤ PCMAX < 8
	[7.0]
	TBD


For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c is defined for applicable bands in Table 6.2.5A-3.

Table 6.2.5A-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_1A-5A
	1
	0.3

	
	5
	0.3

	CA_1A-8A
	1
	0.3

	
	8
	0.3

	CA_1A-18A
	1
	0.3

	
	18
	0.3

	CA_1A-19A
	1
	0.3

	
	19
	0.3

	CA_1A-21A
	1
	0.3

	
	21
	0.3


	CA_1A-26A
	1
	0.3

	
	26
	0.3

	CA_2A-4A
	2
	[0.5]

	
	4
	0.5

	CA_2A-5A
	2
	0.3

	
	5
	0.3

	CA_2A-13A
	2
	0.3

	
	13
	0.3

	CA_2A-17A
	2
	0.3

	
	17
	0.8

	CA_2A-29A
	2
	0.3

	
	
	

	CA_3A-5A
	3
	0.3

	
	5
	0.3

	CA_3A-7A
	3
	0.5

	
	7
	0.5

	CA_3A-8A
	3
	0.3

	
	8
	0.3

	CA_3A-19A
	3
	0.3

	
	19
	0.3

	CA_3A-20A
	3
	0.3

	
	20
	0.3

	CA_3A-26A
	3
	0.3

	
	26
	0.3

	CA_3A-28A
	3
	0.3

	
	28
	0.3

	CA_4A-5A
	4
	0.3

	
	5
	0.3

	CA_4A-7A
	4
	0.5

	
	7
	0.5

	CA_4A-12A
	4
	0.3

	
	12
	0.8

	CA_4A-13A
	4
	0.3

	
	13
	0.3

	CA_4A-17A
	4
	0.3

	
	17
	0.8

	CA_4A-29A
	4
	0.3

	CA_5A-12A
	5
	0.8

	
	12
	0.4

	CA_5A-17A
	5
	0.8

	
	17
	0.4

	CA_7A-20A
	7
	0.3

	
	20
	0.3

	CA_8A-20A
	8
	0.4

	
	20
	0.4

	CA_11A-18A
	11
	0.3

	
	18
	0.3

	CA_19A-21A
	19
	0.3

	
	21
	0.4

	CA_23A-29A
	23
	0.3

	NOTE 1:
The above additional tolerances are only applicable for the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 2:
The above additional tolerances also apply in non-aggregated operation for the supported E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 3:
In case the UE supports more than one of the above inter-band carrier aggregation configurations and a E-UTRA operating band belongs to more than one inter-band carrier aggregation configurations then:

-
When the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be the average of the tolerances in Table 6.2.5A-3, truncated to one decimal place for that operating band among the supported CA configurations. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported carrier aggregation configurations involving such band shall be applied

-
When the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be the maximum tolerance in Table 6.2.5A-3 that applies for that operating band among the supported CA configurations


NOTE:
The above additional tolerances do not apply to supported UTRA operating bands with frequency range below 1 GHz that correspond to the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations when such bands are belonging only to band combination(s) where one band is <1GHz and another band is >1.7GHz and there is no harmonic relationship between the low band UL and high band DL. Otherwise the above additional tolerances also apply to supported UTRA operating bands that correspond to the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations.

NOTE:
To meet the (TIB,c requirements for CA_3A-7A with state-of-the-art technology, an increase in power consumption of the UE may be required. It is also expected that as the state-of-the-art technology evolves in the future, this possible power consumption increase can be reduced or eliminated.

6.2.5B
Configured transmitted power for UL-MIMO

For UE supporting UL-MIMO, the transmitted power is configured per each UE.

The definitions of configured maximum output power PCMAX, the lower bound PCMAX_L, and the higher bound PCMAX_H specified in subclause 6.2.5 shall apply to UE supporting UL-MIMO, where 

-
PPowerClass and TC are specified in subclause 6.2.2B

-
MPR is specified in subclause 6.2.3B

-
A-MPR is specified in subclause 6.2.4B

The measured configured maximum output power PUMAX shall be within the following bounds:

PCMAX_L – MAX{TL, TLOW(PCMAX_L)} ≤ PUMAX ≤ PCMAX_H + THIGH(PCMAX_H)

where TLOW(PCMAX_L) and THIGH(PCMAX_H) are defined as the tolerance and applies to PCMAX_L and PCMAX_H separately, while TL is the absolute value of the lower tolerance in Table 6.2.2B-1 for the applicable operating band.

For UE with two transmit antenna connectors in closed-loop spatial amultiplexing scheme, the tolerance is specified in Table 6.2.5B-1. The requirements shall be met with UL-MIMO configurations specified in Table 6.2.2B-2.

< end of changes > 
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