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1. Introduction 

There have been discussions and some decisions made [1] at RAN4#49 regarding the power control accuracy requirements.  In this contribution, we discuss proposed changes relative to the 8.4.0 requirement version [2].    
2. Discussion
The reasons for the changes are described in the following subsections, and the changes are given as draft text proposals. 

2.1.  Maximum Power

For very narrow transmission bandwidth cases, the duplexer transfer function drops close to band edge, which will create problems.  This had been discussed in [3].  

If the goal is to enable to reuse duplexers designed for WCDMA then some relaxation will be required.  Some alternate methods were suggested; however, we see problems with those as listed below: 
· Option A) Boost the power when transmitting at band edge

· Unfortunately, due to part-to-part and temperature variations, the actual duplexer loss at band edge is not known precisely.  Therefore a band edge power boost may solve the power accuracy problem in many cases, in some other cases however, it will result in exceeding the upper power limit of 23dBm+2dB, which is usually not acceptable due to regulatory reasons. 

· Option B) Use a power meter for calibration

· The power meter is typically connected to a point before the duplexer in order to avoid Rx sensitivity losses. If this is to be changed then probably a REFSENS relaxation would be required.  If this set up is not changed then the duplexer loss uncertainty will not be removed from the output power setting.  
One concern raised was the impact on PUCCH reception reliability.  We note that due to PUCCH hopping, the resulting control channel coverage reduction should be mitigated although it will not be completely eliminated.  

We would also like to point out that in some cases, there will be A-MPR applied for coexistence reasons, which in high A-MPR cases will prompt a shift of the PUCCH allocation away from the channel edge (e.g. Band 13).  In the unlikely case when the band edge power relaxation creates unacceptable control reliability reduction, the same mechanism can be used to solve the problem.   
The proposed relaxation is given as follows: 

When the transmission bandwidth (see Figure 5.4.2-1) is confined within FUL_low and FUL_low + 4 MHz or it is confined within FUL_high - 4 MHz and FUL_high, the maximum power accuracy is relaxed by reducing the lower limit by [2dB]. 

2.2.  Configured transmitted power
A new requirement was proposed and accepted for the maximum power accuracy for cases where the signalled maximum power is less than the maximum allowed for the given power class. 

Even though we believe that adding these requirements is not absolutely necessary, here we propose changes assuming that the requirement is kept in [2].  

We propose removing the extreme condition tolerances because we believe that testing the extreme condition performance is an unnecessary burden.  

For the numbers left as TBD in the current version [2], we propose to use the Uplink Power Headroom (UPH) requirements as baseline, which can be found in Table 9.34B in [4], which we also copied below.  We propose to use the WCDMA power class 3 requirements and add 1.5dB, which is consistent with the narrow BW relaxation applied for the open loop power case (e.g WCDMA ±9.0dB ( LTE ±10.5dB).  This relaxation is due to the fact that there is less averaging of the duplexer transfer function in the narrower band LTE UL allocations. 

WCDMA UPH Requirements (Table 9.34B in [4])

	Total UE output power value (dBm)
	UPH reporting accuracy(dB) (note 1)

	25<= total output power <34
	note 2

	24<= total output power <25 
	±2.0

	23<= total output power <24 
	±2.0

	22<= total output power <23
	±2.0

	21<= total output power <22
	±2.0

	20<= total output power < 21
	±2.5

	19<= total output power <20
	±3.0

	18<= total output power <19
	±3.5

	17<= total output power <18
	±4.0

	16<= total output power <17
	±4.0

	15<= total output power <16
	±4.0

	14<= total output power <15
	±4.0

	13<= total output power <14
	±4.0 (power class 4)

±6.0 (power class 3)

	12<= total output power <13
	±4.0 (power class 4)

±6.0 (power class 3)

	11<= total output power <12
	±4.0 (power class 4)

±6.0 (power class 3)

	-50<= total output power <11
	±6.0

	Note 1 :
UPH reporting accuracy is the difference between the UPH reported by the UE and the actual uplink power headroom

Note 2 :
No tolerance is specified.


A relaxation similar to that mentioned in 2.1 is proposed to be added as shown in the first paragraph after Table 6.2.5-1 below.  

We also propose clarifying the requirement for MPR > 0dB and/or A-MPR > 0dB cases, as shown in the second paragraph after Table 6.2.5-1 below.  

With the above considerations, the derived proposed requirements are shown below. 
Table 6.2.5-1: PCMAX tolerance 

	PCMAX    (dBm)
	Tolerance (dB)

	
	(Normal)
	

	23
	[± 2.0]
	

	22
	[± 2.5]
	

	21
	[± 3.0]
	

	20
	[± 4.0]
	

	14 ≤PCMAX < 20
	[± 5.5]
	

	9 ≤ PCMAX   < 14
	[± 7.5]
	

	-40 ≤ PCMAX < 9
	[± 7.5]
	


When the transmission bandwidth (see Figure 5.4.2-1) is confined within FUL_low and FUL_low + 4 MHz or it is confined within FUL_high - 4 MHz and FUL_high, the maximum power accuracy is relaxed by reducing the lower limit by [2dB] for PCMAX = 23dBm and by [1dB] for PCMAX = 22dBm.  
When the UL signal transmitted by the UE is associated with a non-zero MPR value or a nonzero A-MPR value, or both, the lower PCMAX tolerance limit is modified by taking the lower of the absolute lower limit given by Table 6.2.5-1 and the value calculated as PUMAX – 2dB – MPR – A-MPR. 
2.3.  Relative power tolerance
2.3.1.  SRS power tolerance

For the SRS power tolerance case, we propose to use the same values as for PUSCH/PUCCH.  Since SRS is used for power control, the system will be sensitive to big power control errors; however, the same statement could be made about the PUSCH/PUCCH power tolerance also; therefore using the same limits is reasonable. 
2.3.2.  PRACH power tolerance

We believe that there is an inconsistency of the PRACH power tolerance when compared to the WCDMA case.  
There are the following two issues we would like to point out: 

1. The PRACH transmissions is always discontinuous, therefore a default tolerance of reasonable amount should be allowed for temperature changes even for the no power change (ΔP=0dB) case. 
2. The WCDMA PRACH requirements, which are listed below based on [4], specify 1dB as the tightest accuracy limit, which is inconsistent with the 0.5dB floor specified for LTE currently. 
Transmitter power difference tolerance for RACH preamble ramping, and between final RACH preamble and RACH message part (Table 6.7 in [4])

	Power step size (Up or down)*

P [dB]
	Transmitter power difference tolerance [dB]

	0
	+/- 1

	1
	+/- 1

	2
	+/- 1.5

	3
	+/- 2

	4 ( Δ P (10
	+/- 2.5

	11 ( Δ P (15
	+/- 3.5

	16 ( Δ P (20
	+/- 4.5

	21 ( Δ P
	+/- 6.5


Based on the above considerations, we propose the following changes for LTE [2]. 

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 {2.0, P/2+2}]
	[± MAX {1.0, P/2}]

	4
	< ΔP ≤
	10
	[± 4.0]
	[± 4.0]
	[± 3.0]1

	10
	< ΔP ≤
	15
	[± 5.0]
	[± 5.0]
	n/a

	15
	< ΔP ≤
	20
	[± 6.0]
	[± 6.0]
	n/a

	20
	< ΔP
	
	[± 6.0]
	[± 6.0]
	n/a

	Note 

1.  For PRACH maximum power step is 6 dB


3. Conclusions

We proposed changes in the power control accuracy requirements.  The following proposals were made: 
1. Max power relaxation for narrow band UL

2. Filling TBD PCMAX tolerance values

3. Remove PCMAX tolerance requirements in extreme conditions

4. Clarify PCMAX tolerance with non-zero MPR/A-MPR signals

5. Filling TBD SRS power tolerance values

6. Aligning PRACH power tolerance between LTE and WCDMA
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