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1
Introduction
The current requirements for Output Power Dynamics relating to Power Control are currently not specified. These requirements are relatively complex since there is significant inter dependency when considering the requirements for the; PUCCH, PUSCH, UpPTS, SRS, FDD, TDD, contiguous and, non contiguous operation. 
This document reviews the current requirements and proposes a revised template for the specification in terms of grouping of the key specification requirements. A draft CR is provided for discussion and agreement in [1]. It is suggested that the draft CR could be used as a baseline so that we can agree on a final CR at the RAN4#49 meeting. Following this approach would allow us to meet the RAN requirements of completion the core requirement by RAN#42 in December  
2
Background
The requirements for power control will need to cover the following; 

1) Definition of a Power / Time mask

· Contiguous

· Non contiguous 

· PRACH – frame format 0, 1, 2, 3 and  4(TDD specific) 
· Single SRS transmission 
· FDD operation
· TDD operation
· Alignment with the ON power requirement

· Alignment with the Minimum power requirement

· Alignment with the OFF power requirement

2) Power step location in terms of; 
· Contagious sub frame

· Non contiguous sub-frame

· Duration of transient period

· Location of transient period – may need simulation if no consensus. 

· Alignment with the Minimum / OFF / ON power requirement outside transient period
3) Power Tolerance

· Absolute power tolerance  

· Absolute power tolerance PRACH

· Transmission gap boundary between contiguous and non contiguous transmission
· Relative power tolerance in the case of contiguous transmission 

· Relative power tolerance for subsequent PRACH preambles
· Requirement over the UE transmit power  dynamic range of + 25dBm to -40 dBm 

· Power control accuracy for PUCCH, SRS and PUSCH 

· Power control dependency on steps size 

· Power control dependency on RB location – due to variations in RF analogue path

We note from the above list there are many combinations that would need to be addressed and there is also a significant inter-dependency for the different requirements
3 Proposed text proposal for section 6.3 
In this section we propose a re-alignment of the contents of this section as follows;
6.3
Output power dynamics
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4 Proposed text proposal for section 6.3 
Proposed draft requirement is captured in attached Annex. This section provides a key rationale for the proposed text for each section as per the revised table of contents 
6.3
Output power dynamics

1) Requirement should be common for as many scenarios as possible  
6.3.1 Minimum Output Power

1) No change to this section is proposed apart from editorial re-numbering.

6.3.2

OFF Power

1) No change to this section is proposed apart from editorial re-numbering.

6.3.3

Power / Time mask 

1) 4 power / time masks are proposed to be specified; General, PRACH, UpPTS and Power step mask

6.3.3.1 General Power / Time mask 

1) This requirement is needed to define a general mask to cover the start and end of a contiguous, non contiguous, SRS symbol, DTX, measurement gap, TDD and FDD 

2) The transient period for the start is proposed as [50]us. Although a PA can provide a shorter transient (< 20us) we need to look at other components besides the RF PA. In particular RF mode techniques (bias switching, power supply tracking and ALCR adjustment) will need finite time to a provide a control and tracking function. Without this transient period, battery life will be compromised. Hence we recommend [50] us for a transition from an OFF requirement (-50 dBm/1.08-18MHz) to ON (+23 dBm/180kHz) 
3) The transient period for the end is proposed as [20] us. We think this is a reasonable time to switch off the PA in a controlled fashion and be in synch with the other transceiver functions to meet the OFF requirements of (-50 dBm/1.08MHz) 

4) We propose the ON measurement period takes place in either the first or last timeslot excluding the transient period. A timeslot is preferred as a sub-frame would allow too much averaging 

5) We also propose the OFF measurement period is defined as 1ms. excluding the transient period
6) During the transient period there are no additional requirements apart from the UE transmit power and ACLR is not exceeded
6.3.3.2  
 PRACH Power / Time mask

1) This requirement is to define a PRACH mask for the different PRACH preamble formats 

2) The ON period is proposed to be the same as PRACH format and the OFF measurement period is defined as 1ms, excluding transients 
6.3.3.3


UpPTS Power / Time mask

1) A place holder is provided if we need a unique mask. Aim to address this for the next meeting.

6.3.3.4  
 Step Power / time mask 

1) This Step power / time mask is used to define the mask for any power change that occurs at the boundaries of a contiguous sub-frame. 
2) The location of the power change is generic and is specified in the next sub-clause

3) The power step transition period is specified as [70- x) us to indicate the maximum is one symbol period, but could be less once we have studied the appropriate value 

4) The ON measurement period is either the timeslot prior to a power change and after power change, excluding the transient period. A timeslot is preferred as a sub-frame would allow too much averaging.
6.3.4 Power step period location

6.3.4.2 Contiguous sub-frame  

1. This section specifies the location of a power step period in the case of a contiguous transmission 

2. Key assumption similar to WCDMA is the UE is aware of transmission in the next sub-frame so the power step period can be defined to minimise the system impact. Goal is also to have a common approach for the different transitions and system impact on a transition from PUSCH, PUCCH and SRS. 
3. Power step period placement for various uplink transmissions (PUCCH, PUSCH, SRS, UpPTS) is shown below
Figure 6.3.4.2-1: Power step period for PUSCH, PUCCH, SRS UpPTS transmissions 
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6.3.4.1 Non contiguous sub-frame
1) This section specifies the location of a power step period in the case of non contiguous transmission 
6.3.5

Power tolerance
6.3.5.1
 

Absolute power tolerance

1)
This section specifies the absolute tolerance for the case when the UE transmitter sets it initial output power to a specific value for first sub-frame for a contiguous or non contiguous transmission, so there is no change from current text

2) 
Addition is the same requirement is also applicable for first PRACH preamble

6.3.5.1.1



Minimum requirements

1) This requirement is unchanged from current text. 
2) Clarification is added to indicate the tolerance is bounded over the max to min power range. 

6.3.5.2


Relative Power tolerance 

1. Proposed new requirement for the 2nd and subsequent sub-frame after the start of a contiguous transmission or non-contiguous transmission with a transmission gap smaller than [x] ms
2. This requirement also covers the case of a PRACH for the 2nd and subsequent preambles. 
3. Clarification is added that the power tolerance is specified for the case where there is no change in  path loss
6.3.5.2.1

Minimum requirements

1. Requirement is specified for three regions. 

6.3.5.3

Power step tolerance

1. A power change is defined as the relative power difference between the mean power of the current (reference) sub- frame and the mean power of the target subframe, not including the transient duration. 
2. This requirement also covers the case of a PRACH for the 2nd and subsequent preambles. 
3. The measurement period for a Power step tolerance for a sub-frame which includes a SRS symbol is FFS. 

6.3.5.3.1
Minimum requirements

1. The UE shall meet the requirements over the power range bounded by the Max and min output power 
2. Clarification is added, this power tolerance is specified for the case where there is no change in path loss PL  

3. To account for RF Power amplifier mode changes a number of exception are allowed. The number of exceptions allowed where the relative power tolerance limit is less than +/-5.0dB is [TBD]
4. Requirements are based on WCDMA with an additional delta as no transition period is provided and frequency hopping is possible. The additional tolerance is needed  to account for change in offset frequency for the current (reference) time slot and the target timeslot is FFS

Annex: A Proposed requirements for Output power dynamics

Note Previous agreed text is highlighted in blue and only editorial changes are proposed to clarify the requirements
6.3
Output power dynamics

6.3.1 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.

The minimum output power is defined as the mean power in one sub-frame. The minimum output power shall not exceed the values specified in Table 6.3.2 -1. 

Table 6.3.2-1:  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


6.3.2
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.

The Transmit OFF power is defined as the mean power in duration of at least one sub-frame excluding any transient periods. The Transmit OFF power shall not exceed the values specified in Table 6.3.3-1. 

Table 6.3.3-1:  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


6.3.3
Power / Time mask 

6.3.3.1
General Power / Time mask 
The General Power / Time mask defines the observation period allowed for the UE 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 slot excluding any transient period.  In the case of a single SRS transmitted, the ON measurement period is defined as the mean power over the symbol excluding any transient periods
During the transient period there are no additional requirements on UE transmit power beyond what is required in sub clause 6.2 and clause 6.6.2.3
Figure 6.3.3.1-1: General Power / Time mask 
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6.3.3.2
PRACH Power / Time mask
The PRACH Power / Time mask defines the observation period allowed for the UE 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 what is required in sub clause 6.2 and clause 6.6.2.3
Table 6.3.3.2-1: 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


The transmit power levels versus time shall meet the requirements in figure 6.3.3.2-1 for PRACH format 0, 1, 2, 3, and 4

Figure 6.3.3.2-1:  PRACH Power / Time mask for PRACH format (0, 1, 2, 3 4)
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6.3.3.3 UpPTS Power / Time mask
The UpPTS Power / Time mask is defined for any power changes ….
6.3.3.4

Step Power / time mask 

The Step Power / Time mask is defined for any power changes occurring during a transmission of a contiguous sub frame. These power changes occur at the sub-frame boundaries or within a sub frame in the case of SRS transmission.   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 what is required in sub clause 6.2 and clause 6.6.2.3
Figure 6.3.4.3-1:  Power step / Time mask  
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6.3.4
Power step period location
6.3.4.1
Contiguous sub-frame  

For contiguous transmission the location of the power step period to support power changes for target sub-frame from the current (reference) sub-frame is determined as given below. 
a) If a UE is scheduled to transmit on PUCCH in the next subframe, then the power step period shall begin during last symbol of the current subframe.
b) If a UE is scheduled to transmit on PUSCH in the next subframe, then the power step period shall begin after last symbol of the current subframe.
c) If a UE is configured to transmit in UpPTS region (for TDD), or configured to transmit SRS in a PUSCH subframe, then the power step period shall occur outside the symbols containing SRS or UpPTS transmissions. (Requirement for handling PUCCH and SRS symbols power steps  in the same sub-frame is FFS)
d) If the UE is not scheduled or configured to transmit in the next subframe, then power step shall begin after last symbol of the current subframe.
6.3.4.2
Non contiguous sub-frame   

In the case of a single non-contiguous sub-frame, if a UE is scheduled to transmit on PUCCH, the power step period shall start before the first symbol of the subframe containing PUCCH transmissions. If a UE is scheduled to transmit on PUSCH, then power adjustment should start during the first symbol of the subframe containing PUSCH transmissions 

6.3.5 Power tolerance
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 [x] ms. includes the channel estimation error (the absolute RSRP accuracy requirement specified in clause 9.1 of TS 36.133) and 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. 

6.3.5.1.1

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 smaller than [x] ms.
 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 6.3.3.2-1.
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
6.3.5.2.1
Minimum requirements
The UE shall meet the requirements specified in Table 6.3.5.2-1-1. The power tolerance is specified for the case the PL (the downlink pathloss estimate calculated in the UE) is unchanged TS36.213 sub- clause 5.1.1.1)
Table 6.3.5.2-1: Relative power tolerance 

	Output power value (dBm)
	PPUSCH     
 (dB) 
	 PPUCCH  
 (dB)
	SRS 

(dB)
	PRACH

(dB)

	21 <= total output power <25
	±[2.0]
	±[2.0]
	±[Tbd]
	±[2.0]

	18  <= total output power <21
	±[3.0]
	±[3.0]
	±[Tbd
	±[3.0]

	-40 <= total output power <18
	±[5.0]
	±[5.0]
	±[Tbd
	±[5.0]


6.3.5.3
Power step tolerance
A power change is defined as the relative power difference between the mean power of the current (reference) sub- frame and the mean power of the target subframe, not including the transient duration.. Associated with this change in power is the power step tolerance.

In the case of a PRACH transmission, a power change is defined as the relative power difference between the mean power of the current preamble and the mean power of the subsequent preambles, not including the transient duration. The measurement period for the PRACH preamble is specified in Table 6.3.3.2-1. The power step tolerance is associated with this change in power.
The measurement period for a Power step tolerance for a sub-frame (which includes a SRS symbol) is FFS. 
6.3.5.3.1
Minimum requirements
The UE shall meet the requirements specified in Table 6.3.5.3-1 over the power range bounded by the Maximum output power as defined in sub clause 6.2 and the Minimum output power as defined in sub clause 6.3.2. The power tolerance is specified for the case the PL (the downlink pathloss estimate calculated in the UE) is unchanged TS36.213 sub-clause 5.1.1.1)
To account for RF Power amplifier mode changes a number of exception are allowed. The number of exceptions allowed where the relative power tolerance limit is less than +/-5.0dB is [TBD]
Table 6.3.5.3-1: Relative power tolerance 
	P 
[dB]
	PPUSCH
(dB)
	PPUCCH
(dB)
	SRS

(dB)
	PRACH

(dB)

	0 > to 1
and

0  to >1
	±[ 0.5+1]
	±[ 0.5+2]
	±[    ]
	-

	+1> to 4

and

-1 to >4
	±[2+1]
	±[2+2]
	±[    ]
	±[2+1]

	>+4

and

< -4
	±[5.0]
	±[5.0]
	±[    ]
	±[5.0]

	Note

1 Additional tolerance need to account for change in Δ frequency for the  current (reference) sub frame and the target subframe for PUSCH transmissions

2 Additional tolerance need to account for change in Δ frequency for the  current (reference) time slot and the next timeslot for PUCCH transmissions
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