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1. Introduction 

There have been initial proposals for the LTE UE power control accuracy requirements [1][2].  In [6], we provided a proposal for a possible way of setting the requirements.  In this contribution, we discuss the relationship between RSRQ and the closed loop power control accuracy. 
2. Discussion
In general, we’d like to target requirements that are harmonized with existing WCDMA requirements.  However, because requiring a time varying path loss estimate is a new feature in LTE, not present in WCDMA, there are no existing requirements that could be used.  
In the following, we repeat the power control requirements copied from 36.213 v8.3.0. 
----------------------------------36.213---------------------------------------------------------------------------------------------------------

The setting of the UE Transmit power
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 for the physical uplink shared channel (PUSCH) transmission in subframe i is defined by
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where,

· 
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is the maximum allowed power that depends on the UE power class

· 
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is the size of the PUSCH resource assignment expressed in number of resource blocks valid for subframe i.
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is a parameter composed of the sum of a 8-bit cell specific nominal component 
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 signalled from higher layers for j=0 and 1 in the range of [-126,24] dBm with 1dB resolution and a 4-bit UE specific component 
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 configured by RRC for j=0 and 1 in the range of [-8, 7] dB with 1dB resolution. For PUSCH (re)transmissions corresponding to a configured scheduling grant then j=0 and for PUSCH (re)transmissions corresponding to a received PDCCH with DCI format 0 associated with a new packet transmission then j=1.
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 is a 3-bit cell specific parameter provided by higher layers

· PL is the downlink pathloss estimate calculated in the UE

· 
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 is a cell specific parameter given by RRC

-------------------------------------------------------------------------------------------------------------------------------------------------

It is important to note that the pathloss estimate PL is a function of time, i.e. it is not just a one-time measurement at the beginning of the access procedure.  The UE can have different pathloss estimates from subframe to subframe, therefore the applied relative power control step is also impacted by changes in the pathloss estimates.  Again, this power control feature differs from WCDMA. 

During discussions at RAN4 #48, it was realized that the above interpretation is not shared by all participants.  For clarification, we propose the following: 

· If there is no agreement on the pathloss interpretation within RAN4, and LS could be sent to RAN1 requesting clarifications
· If it is agreed that the UE pathloss estimation is giving time varying results influencing the closed loop power control, then

a) RAN4 needs to consider the power control accuracy impact of imperfect RSRP measurement

b) RAN4 could consider adding a new test case to test the UEs response to changes in estimated pathloss.  In the test, the closed loop power control would be DTX’d or it would carry 0dB TPC commands, and the simulated DL RSRP would be varied. The corresponding Pout change at the UE antenna would then be measured and compared to the required power change.  This test would be applicable to connected mode only. 
Note that an LS from RAN1 [8] had been received earlier, which is closely related to the topics discussed in this contribution. 
2.1.1. DL RSRQ Exception

Assuming here that the open loop power control component (pathloss estimate) is always included in setting the Tx power by an LTE UE, an additional tolerance term, denoted here as 
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, should be added to all power control accuracy requirements, with the exception of the open loop power control accuracy, which already accounts for this effect.  
In order to determine the extent to which noisy RSRP estimate in low RSRQ conditions can influence power control accuracy, we carried out simple calculations.  In this example, 
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 was determined as
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where
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 is a 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
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 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. 

Note that the above assumes no pathloss averaging across sub-frames, which is conservative. 

A few examples for the result obtained with the above equation 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


Table 1  Example 
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 Power Control Error Term Values
As seen in Table 1, in the low transmission bandwidth configuration cases, there seems to be a need to add RSRQ measurement margin in the requirements.  However, if there is a consensus on some expected PL measurement averaging across subframes in the UE then the required margin could be reduced or even eliminated. The details of this are TBD.  
3. Conclusion
In this document, we have discussed the RSRQ impact on LTE UE transmit power control accuracy. It is recommended that RAN4 discusses and reaches a conclusion on the interpretation of the UL power control formula (both for PUSCH and PUCCH) and depending on the outcome, develop requirements for pathloss estimation performance as part of the power control accuracy requirements. 
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