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6.3
Output power dynamics

6.3.1
(Void)

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 specified 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 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.
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
ON/OFF time mask 
6.3.4.1

General ON/OFF time mask 

The General ON/OFF 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, and non contiguous transmission 
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 sub-frame excluding any transient period. 
There are no additional requirements on UE transmit power beyond that which is required in clause 6.2.2 and clause 6.6.2.3
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Figure 6.3.4.1-1: General ON/OFF time mask 
6.3.4.2
PRACH and SRS time mask
In the case a single SRS transmission, the ON measurement period is defined as the mean power over the entire symbol duration excluding any transient period.

For the PRACH Power / Time mask defines the observation period for 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 6.3.4.2-1.   
There are no additional requirements on UE transmit power beyond that which is required in clause 6.2.2 and clause 6.6.2.3
Table 6.3.4.2-1: PRACH ON power measurement period

	PRACH preamble format
	Measurement period (ms)

	0
	0.9031

	1
	1.4844

	2
	1.8031

	3
	2.2844

	4 
	0.1479
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Figure 6.3.4.2-1:  PRACH and SRS ON/OFF time mask  

6.3.4.3
Slot / Sub frame boundary time mask
The sub frame boundary time mask defines the observation period between the previous/subsequent sub–frame and the (reference) sub-frame. A transient period at a slot boundary within a sub-frame is only allowed in the case of Intra-sub frame frequency hopping. For the cases when the subframe contains SRS the time masks in subclause 6.3.4.4 apply.
There are no additional requirements on UE transmit power beyond that which is required in clause 6.2.2 and clause 6.6.2.3
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Figure 6.3.4.3-1: Transmission power template

6.3.4.4
PUCCH / PUSCH / SRS time mask
The PUCCH/PUSCH/SRS time mask defines the observation period between sounding reference symbol (SRS) and an adjacent PUSCH/PUCCH symbol and subsequent sub-frame. 

There are no additional requirements on UE transmit power beyond that which is required in clause 6.2.2 and clause 6.6.2.3
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Figure 6.3.4.4-1:  PUCCH / PUSCH/SRS time mask when there is no transmission after SRS
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Figure 6.3.4.4-2: PUCCH/PUSCH/SRS time mask when there is a transmission after SRS
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Figure 6.3.4.4-3 SRS time mask when there is a transmission after SRS
6.3.5
Power Control

6.3.5.1
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 20ms. This tolerance includes the channel estimation error (the absolute RSRP accuracy requirement specified in clause 9.1 of TS 36.133) 

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).
6.3.5.1.1

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 6.2.2 and the Minimum output power as defined in sub-clause 6.3.2.

When the transmission bandwidth is confined within FUL_low and FUL_low + ΔTC or it is confined within FUL_high – ΔTC and FUL_high, the absolute power tolerance as specified in Table 6.3.5.1.1-1 is relaxed by reducing the lower limit by [1.5] dB
Table 6.3.5.1.1-1: Absolute power tolerance

	Conditions
	Tolerance

	Normal 
	± 9.0 dB


	Extreme 
	± 12.0 dB


6.3.5.2
Relative Power tolerance

Relative power tolerance is the ability of the UE transmitter to set its output power relatively to the power of the most recently transmitted sub-frame if the transmission gap between these sub-frames has been ≤ 20 ms.

In the case of a PRACH transmission, the relative tolerance is the ability of the UE transmitter to set its output power relatively to the power of the most recently transmitted preamble. The measurement period for the PRACH preamble is specified in Table 6.3.4.2-1
6.3.5.2.1
Minimum requirements

The UE shall meet the requirements specified in Table 6.3.5.2.1-1 over the power range bounded by the Minimum output power as defined in subclause 6.3.2, and the Maximum output power supported by the UE (i.e. the actual power as would be measured assuming no measurement error). This power shall be in the range specified for the power class of the UE as specified in subclause 6.2.2. 
To account for RF Power amplifier mode changes TBD  exceptions are allowed. For these exceptions the power tolerance limit is a maximum of [±6.0 dB] in Table 6.3.5.2.1-1
Table 6.3.5.2.1-1 Relative Power Tolerance for Transmission (normal conditions)

	power step size (Up or down)
	PUSCH/ PUCCH
	SRS
	PRACH

	ΔP [dB]
	[dB]
	[dB]
	[dB]

	ΔP < 2
	±2.5
	±[2.5 + 0.5]
	±2.5

	2 ≤ ΔP < 3
	±3.0
	±[3.0 + 1.0]
	±3.0

	3 ≤ ΔP < 4
	±3.5
	±[3.5 + 1.5]
	±3.5

	4 ≤ ΔP < 10

	±4.0
	±[4.0 + 2.0]
	±4.0

	10 ≤ ΔP < 15

	±5.0
	±[5.0 + 3.0]
	±5.0

	15  ≤ ΔP 


	±6.0
	±[6.0 + 3.0]
	±6.0

	Note

For extreme conditions an additional ± 2.0 dB relaxation is allowed for PUSCH/PUCCH/SRS/PRACH allocations


When the transmission bandwidth is confined within FUL_low and FUL_low + ΔTC or it is confined within FUL_high – ΔTC and FUL_high, the relative power tolerance as specified in Table 6.3.5.2.1-1 is relaxed by reducing the lower limit by [1.5] dB. 

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 mean power of successive sub-frames shall be calculated according to Figure 6.3.4.3-1

For a sub-frame including a SRS symbol, the power change is defined as the relative power difference between the mean power of the transmission preceding or succeeding the SRS symbol and the mean power of the target SRS symbol duration period not including the transient duration. The mean power of successive SRS symbols shall be calculated according to Figure 6.3.4.4-1 to Figure 6.3.4.4-3. 
6.3.5.3
Aggregate power control tolerance

Aggregate power control tolerance is the ability of a UE to maintain its power in non-contiguous transmission within 21 ms in response to 0 dB TPC commands with respect to the first UE transmission, when the power control parameters specified in TS 36.213 are constant. 

6.3.5.3.1
Minimum requirement   
The UE shall meet the requirements specified in Table 6.3.5.3.1-1 foraggregate power control over the power range bounded by the minimum output power as defined in subclause 6.3.2 and the maximum output power as defined in subclause 6.2.2. 
Table 6.3.5.3.1-1: Aggregate Power Control Tolerance

	TPC command
	UL channel
	Aggregate power tolerance within 21 ms

	0 dB
	PUCCH
	±2.5 dB

	0 dB
	PUSCH
	±3.5 dB

	Note: 

1. The UE transmission gap is 4 ms. TPC command is transmitted via PDCCH 4 subframes preceding each PUCCH/PUSCH transmission.


6.4
Void
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