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6.3
Output power dynamics

6.3.1
Maximum transmitted Power
PTMAX is the maximum UE transmitted power defined as follows;  

PTMAX 
= MIN {PEMAX, PUMAX}

Where

-
PEMAX is the maximum allowed power configured by higher layers and defined in [TS36.331] 

-
PUMAX is the maximum UE power for the UE power class specified in section 6.2.2 modified by section 6.2.3 and section 6.2.4 

The UE shall not exceed PTMAX with the tolerances defined in sub-clause 6.3.1-1

Table 6.3.1-1: PTMAX  tolerance 
	PTMAX    (dBm)
	Tolerance (dB)

	23
	± 2.0

	22
	± 2.5

	21
	± 3.0

	20
	± 3.5

	14 ≤ PTMAX < 20
	± 4.0

	9 ≤ PTMAX   < 14
	± 5.0

	-40 ≤ PTMAX < 9
	± 6.0










	
	

	
	

	
	


6.3.2
Minimum output power

The minimum controlled output power of the UE is defined as the broadband transmit power of the UE, i.e. the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks), when the power is set to a minimum value.

6.3.2.1
Minimum requirement

The minimum output power is defined as the mean power in one sub-frame (1ms). The minimum output power shall not exceed the values specifed in Table 6.3.2.1-1. 
Table 6.3.2.1-1:  Minimum output power
	
	Channel bandwidth / Minimum output power   / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Minimum output power
	-40 dBm

	Measurement bandwidth
	1.08 MHz
	2.7 MHz
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz


6.3.3
Transmit ON/OFF power

6.3.3.1
Transmit OFF power

Transmit OFF power is defined as the mean power when the transmitter is OFF. The transmitter is considered to be OFF when the UE is not allowed to transmit or during periods when the UE is not transmitting a sub-frame. During measurements gaps, the UE is not considered to be OFF.

6.3.3.1.1
Minimum requirement

The transmit OFF power is defined as the mean power in a duration of at least one sub-frame (1ms) excluding any transient periods. The transmit OFF power shall not exceed the values specified in Table 6.3.3.1-1. 
Table 6.3.3.1-1:  Transmit OFF power
	
	Channel bandwidth / Minimum output power   / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Transmit OFF  power
	-50 dBm

	Measurement bandwidth
	1.08 MHz
	2.7 MHz
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz


6.3.4
Power / Time mask 
6.3.4.1

General Power / Time mask 
The General Power / Time mask defines the observation period between Transmit OFF and ON power and between Transmit ON and OFF power. ON/OFF scenarios include the beginning or end of; DTX, measurement gap, contiguous, non contiguous transmission and TDD.
The OFF power measurement period is defined in a duration of at least one sub-frame excluding any transient periods. The ON power measurement period is defined as the mean power over one slot excluding any transient period. 

During the transient period there are no additional requirements on UE transmit power beyond that which is required in clause 6.3.1 and clause 6.6.2.3
Figure 6.3.4.1-1: General Power / Time mask 
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6.3.4.2
PRACH / UpPTS / SRS Power / Time mask
In the case of a single SRS transmission, the ON measurement period is defined as the mean power over the symbol excluding any transient periods
For UpPTS …
In the case of a PRACH transmission, the Power / Time mask defines the observation period between PRACH transmissions. The PRACH ON power is specified as the mean power over the PRACH measurement period excluding any transient periods. The measurement period for different PRACH preamble format is specified in table 6.3. 3.2-1.   During the transient period there are no additional requirements on UE transmit power beyond that which is required in clause 6.3.1 and clause 6.6.2.3

Table 6.3.4.2-1: PRACH power measurement period

	PRACH preamble format
	Measurement period (ms)

	0
	0.9031

	1
	1.4844

	2
	1.7031

	3
	2.2844

	4 (TDD specific)
	0.1479


Figure 6.3.4.2-1:  PRACH/ UpPTS/ SRS Power / Time mask 
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6.3.4.3

Step Power / Time mask 
The Step Power / Time mask is defined for any power changes occurring during a transmission of a contiguous sub frame.
The ON power measurement period is defined as the mean power over the previous slot and the mean power of the subsequent slot and excludes the transient period.  During the transient period there are no additional requirements on UE transmit power beyond that which is required in sclause 6.3.1 and clause 6.6.2.3
Requirement for handling PUCCH and SRS symbols power steps in the same sub-frame to be progressed 
Figure 6.3.4.3-1:  Power step / Time mask  
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6.3.5
Power step location 
Current assumption is for all transmission configurations the transient period is symmetrically located at the sub-frame boundary as shown in figure 6.3.4-3-1
6.3.6 Power tolerance 

6.3.6.1 Absolute Power Tolerance

Absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap larger than 10 ms. This tolerance includes the channel estimation error (the absolute RSRP accuracy requirement specified in clause 9.1 of TS 36.133) and the UE power setting error. 

In the case of a PRACH transmission, the absolute tolerance is specified for the first preamble. The absolute power tolerance includes the channel estimation error (the absolute RSRP accuracy requirement specified in clause 9.1 of TS 36.133) and UE power setting error.
6.3.6.1.1

Minimum requirements
The minimum requirement for absolute power tolerance is given in Table 6.3.5.1.1-1 over the power range bounded by the Maximum output power as defined in sub clause 6.3.1 and the Minimum output power as defined in sub clause 6.2

Table 6.3.6.1.1-1: Absolute power tolerance

	Conditions
	Tolerance

	Normal 
	± 10.5 dB

	Extreme 
	± 13.5 dB


6.3.6.2 Relative Power tolerance

 Relative power tolerance is the ability of the UE transmitter to set its output power to a specific value for the 2nd and subsequent sub-frame after the start of a contiguous transmission or non-contiguous transmission with a transmission gap smaller than 10ms.

 In the case of a PRACH transmission, the relative tolerance is the ability of the UE transmitter to set its output power to a specific value for the 2nd and subsequent preambles. The measurement period for the PRACH preamble is specified in Table 6.3.4.2-1.

For a sub-frame excluding a SRS symbol, the power change is defined as the relative power difference between the mean power of the original (reference) sub-frame and the mean power of the target subframe, not including the transient duration. 

The observation period for a Power step tolerance for a sub-frame which includes a SRS symbol is FFS
6.3.6.2.1
Minimum requirements

The UE shall meet the requirements specified in Table 6.3.6.2.1-1 and. Table 6.3.6.2.1-2
To account for RF Power amplifier mode changes a number of exception are allowed. The number of exceptions allowed where the power tolerance limit is +/-6.0dB in Table 6.3.6.2.1-1and Table 6.3.6.2.1-2 is [TBD]
Table 6.3.6.2.1-1 Relative Power Tolerance for Transmission with no change in frequency or RB allocation 
	Power step size (Up or down)

ΔP [dB]
	PUSCH / PUCCH
[dB]
	SRS
[dB]
	PRACH
[dB]

	0
	≤ ΔP ≤
	4
	± MAX{0.5, P/2}
	 
	± MAX{0.5, P/2}

	4
	< ΔP ≤
	10
	± 2.0
	 
	± 2.0

	10
	< ΔP ≤
	15
	± 3.0
	 
	n/a

	15
	< ΔP ≤
	20
	± 4.0
	 
	n/a

	20
	< ΔP
	 
	± 6.0
	 
	n/a


Table 6.3.6.2.1-2: Relative Power Tolerance for Transmission with Δ change in frequency and/or RB allocation 
	power step size (Up or down)

ΔP [dB]
	PUSCH / PUCCH
[dB]
	SRS
[dB]
	PRACH
[dB]

	0
	≤ ΔP ≤
	4
	± MAX{2.5, 2+P/2}
	 
	± MAX{2.5, 2+P/2}

	4
	< ΔP ≤
	10
	± 4.0
	 
	± 4.0

	10
	< ΔP ≤
	15
	± 5.0
	 
	n/a

	15
	< ΔP ≤
	20
	± 6.0
	 
	n/a

	20
	< ΔP
	 
	± 6.0
	 
	n/a


6.4
Control and monitoring functions
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