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1. Introduction 

There have been initial proposals for the LTE UE power control accuracy requirements [1][2].  In [3], we provided a proposal for a possible way of setting the requirements.  It was pointed out that our proposal did not consider the effect of spectrum flatness when the output power change is across frequency hopping boundaries. This contribution is an update of [3] with changes correcting the requirements for frequency hopping.  Also added discussion on the 
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 measurement period and details of RSRQ exceptions.   
2. Discussion
In general, we’d like to target requirements that are harmonized with existing WCDMA requirements but not excluding the possibility of changes relative to WCDMA if those changes can result in significant performance gains.  

When setting the requirements, the following HW impairments should be considered: 
1. A certain minimum error, e.g. 0.25dB, should be allowed in all scenarios even when there is no expected power change

2. Under certain conditions, exceptions should be allowed for analog component gain stage changes, similar to those currently discussed for WCDMA
3. The allowed error should be proportional to the expected power change within certain limitations
4. If the DL signal condition is weak then the RSRP estimate will be affected by noise, which will impact the UL power setting due to the LTE power control definition. Therefore all UL Tx test should be performed under good DL conditions, and the general requirement should give exceptions when the DL signal quality is weak.  

2.1. Proposed Accuracy Requirements
2.1.1.   Power measurement period

We propose that the reference power measurement should be one slot (0.5ms), minus the exclusion period defined for the power profile. The exclusion period is discussed in other contributions [4]. 

With a minimum allocation of 1RB, the measurement period would include a minimum of 84 REs with normal CP and 72 REs with extended CP.  The resulting approximately 19dB measurement processing gain is sufficient for averaging measurement noise and averaging per symbol power variations when non constant modulus constellation is used (16QAM, 64QAM).  The reason for proposing one slot measurement period instead of one subframe is due to the possibility of frequency hopping, which was brought up by other companies. For example, in the case of the PUCCH, there can be power variation between the two slots of an active subframe.  
2.1.2.   Absolute Accuracy

For the absolute accuracy, we propose requirements identical to WCDMA: 
Table 6.3: Open loop power control tolerance

	Conditions
	Tolerance

	Normal conditions
	± [9] dB

	Extreme conditions
	± [12] dB


2.1.3.   Relative Accuracy

For relative accuracy, we propose the following requirements. 
Assume 
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 is the expected UL power change due to the combination of changes in MCS, RB allocation, power control and DL RSRP, and 
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 is the measured UL power change.  Then the proposed requirements are:

· Between consecutive slots or subframes, the error limit is given as:  

if the UL assigned RB allocation is identical across the slot or subframe boundary then the limit is
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otherwise the limit is
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where 
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 is a term accounting for open loop estimation noise described later
· For non-consecutive frames, if there is a transmission gap up to 7ms, then the error limit is given as:

if the if the UL assigned RB allocation is identical across the slots being compared then the limit is
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otherwise the limit is 
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 is a term accounting for open loop estimation noise described later

· For non-consecutive frames, if there is a transmission gap of more than 7ms, the error limit is TBD. 
Note that the 7ms transmission gap corresponds to the 8ms HARQ interlace for FDD.  If it is desired to have formally the same requirement for TDD then the 7ms gap length should be changed to 9ms. It is assumed that this would not alter the HW requirement significantly.  

2.1.4. DL RSRQ Exception

For an LTE UE, the open loop power control component is always included in setting the Tx power. This gives an additional tolerance term denoted as 
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 in the equations in Section 2.1.3.  
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 is determined as
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where
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 is the DL cell-specific RS signal to noise ratio
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 is the number of symbols in a subframe containing DL cell-specific RS for antenna ports 0 and 1


[image: image15.wmf]DL

RB

N

 is the number of RBs in the reference bandwidth for the DL RSRP measurement
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 is the number of RS tones per RB in a symbol containing cell-specific RS. 
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 for 1 Tx antenna and 
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 for two Tx antennas on the DL. 

A few examples are given in the table below, all assuming single DL Tx antenna. 

	System BW (MHz)
	RSRQ                    (dB)
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        (dB)

	1.4
	-10
	1.6

	
	-6
	0.7

	
	0
	0.2

	
	6
	<0.1

	5
	-10
	0.4

	
	-6
	0.2

	
	0
	<0.1

	
	6
	<0.1

	20
	-10
	0.1

	
	-6
	<0.1

	
	0
	<0.1

	
	6
	<0.1


Note that 
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 could be rounded to the closest multiple of 0.25dB, i.e. 
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2.1.5.   Power Control Exceptions
At a limited number of power control points (details TBD), exceptions are allowed, for which the relative error limit is given as 


[image: image22.wmf](

)

r

measured

ideal

L

dB

P

P

,

1

max

£

D

-

D


where  
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 is the applicable relative error limit as given in Section 2.1.3. 

3. Conclusion
In this document, we have proposed requirements for the LTE UE transmit power control accuracy. 
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