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1 Introduction
In TS36.101, the ON/OFF time mask is specified for the general case, the PRACH and single SRS case. In this document we review these existing requirements and also consider the case of the contiguous transmission at the sub-frames boundaries in the case of PUSCH/PUCCH transmission and at the symbol boundary in the case where a SRS symbol is transmitted as a part of a contiguous PUSCH / PUCCH transmission.   A proposed CR is provided in R4-090849 
2 Proposal for discussion
2.1

General 

Any change in the UL transmitted configuration associated with; power, modulation or RB location will need a finite time (transient duration) to implement the required change to achieve the specified tolerance. Usually, the larger the transient duration, the greater accuracy can be achieved particularly at higher power configurations. 
Changes in the UL transmitted configuration are required at the start and end of a transmission configuration or at a sub-frame boundary.  However, we note in the case of a PUSCH/ PUCCH /SRS transmission, a change is also required at the SRS symbol boundary within a sub-frame. 
2.2

Sub frame boundary time mask

Any change in the UL transmitted configuration on the sub frame boundary associated with; power, modulation or RB location will need a finite time (transient duration). This is shown in Figure 2.2.1 below
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Figure 2.2-1 Transmission power template
If we consider the requirement for WCDMA as shown in Figure 2.2-2 the requirements are equivalent if not tighter for LTE due to the shorter transient duration ±50µS to ±40µS and the need to support a change in RB location and bandwidth (180 KHz to 18MHz) within this reduced transient time
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Figure 2.2-2; TS25.10 Figure 6.6: Transmit power template during HS-DPCCH 
2.3

PUCCH/PUSCH/SRS Transmission 
This requirement is more difficult to support since; in this case, significant time alignment is needed for both the baseband, RFIC and PA to maintain change in signal at a symbol boundary.  For example, a change in the signal at a particular location (SRS symbol would require a time aligned change in the RFIC digital/analogue gain stages and also the PA bias). So, although the actual RF amplitude change can be of a short duration, the implementation needed in terms of processing time would need to be considered. 

For this scenario, it useful to maintain the same symmetrical behaviour at the sub-frame boundary – since this scenario is common to all other cases. In this case a transient duration could be specified prior to the start of the SRS symbol to minimize the impact to the SRS symbol. In this scenario where there is no subsequent sub-frame (N+2 sub-frame) transmitted after the SRS symbol, the SRS time mask is identical to the case of a standalone SRS/PRACH signal as shown in Figure 2.3-1
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Figure 2.3-1: PUCCH / PUSCH / SRS time mask 
If the network schedules a subsequent sub-frame after the SRS symbol then the following time mask would be applicable to account for transient behaviour across a sub-frame boundary and the network would need to take into account the impact of this ±20µS transient period
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Figure 2.3-1; PUCCH / PUSCH / SRS / sub-frame time mask 
2.4

Summary of power / time masks

In figure 2.5-1 we show the alignment for the different masks proposed in the previous sections. 
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Figure 2.4-1:  PRACH /PUCCH/PUSCH/SRS Transmission time mask
3.0 Conclusion
In this document, we discuss various aspects relating to specification of a UE power change transient duration for LTE. Based on the discussions outlined in the document, we propose the following requirements for TS36.101
------------------ Text proposal --------------------------------
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 6.3.1 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 durations
For the PRACH 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 6.3.4.2-1.   
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 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


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

6.3.4.3 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. 
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
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Figure 6.3.4.3-1: Transmission power template

6.3.4.4 PUCCH / PUSCH / SRS time masks
The PUCCH/PUSCH/SRS time masks define 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 6.3.1 and clause 6.6.2.3
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Figure 6.3.4.4-1:  PUCCH / PUSCH / SRS / sub-frame time mask  
In the case there is no subsequent sub-frame transmitted after the SRS symbol the following time mask would be applicable as shown in Figure 6.3.4.4-2

[image: image9.emf]20µs 20µs 40µs 20µs

70µs

End of No power  Start of N

+1

 power 

requirement PUSCH/PUCCH  boundary Start of MIN power 

requirement

SRS ON power 

PUSCH/PUCCH  requirement

Sub- frame boundary Sub-frame boundary

Transient period Transient period Transient period

N

0

 Sub-frame N

+1

 Sub-frame

SRS 

SRS symbol

End of N+1 power 


Figure 6.3.4.4-2:  PUCCH / PUSCH / SRS time mask  
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 6.3.1 and the Minimum output power as defined in sub clause 6.2

Table 6.3.5.1.1-1: Absolute power tolerance

	Conditions
	Tolerance

	Normal 
	[± 10.5] dB

	Extreme 
	[± 13.5] dB


6.3.5.2
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 ≤20ms.

 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.

6.3.5.2.1
Minimum requirements

The UE shall meet the requirements specified in Table 6.3.5.2.1-1 and. Table 6.3.5.2.1-2

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 a maximum of [±6.0dB] in Table 6.3.5.3.1-1 and Table 6.3.5.3.1-2 is TBD

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]

	0
	≤ ΔP ≤
	4
	[± MAX {2.0, P/2+2}]
	
	[± MAX {0.5, P/2}]

	4
	< ΔP ≤
	10
	[± 4.0]
	
	[± 3.0]1

	10
	< ΔP ≤
	15
	[± 5.0]
	
	n/a

	15
	< ΔP ≤
	20
	[± 6.0]
	
	n/a

	20
	< ΔP
	
	[± 6.0]
	
	n/a

	Note 

1.  For PRACH maximum power step is 6 dB


Table 6.3.5.2.1-2 Relative Power Tolerance for Transmission (extreme conditions)
	power step size (Up or down)
	PUSCH/ PUCCH
	SRS
	PRACH

	ΔP [dB]
	[dB]
	[dB]
	[dB]

	0
	≤ ΔP ≤
	4
	[± MAX {4.0, P/2+4}]
	
	[± MAX {4.0 P/2+4}]

	4
	< ΔP ≤
	10
	]± 6.0]
	
	]± 5.0]

	10
	< ΔP ≤
	15
	]± 7.0]
	
	n/a

	15
	< ΔP ≤
	20
	]± 8.0]
	
	n/a

	20
	< ΔP
	
	]± 8.0]
	
	n/a

	Note 

1. For PRACH maximum power step is 6 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 original (reference) SRS symbol duration period 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 or Figure 6.3.4.4-2



6.4
Control and monitoring functions













