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1. Introduction 

This paper discusses about various aspects of LTE UE UL power control and proposes several modifications and additions for current 36.101 specification. 
This LTE UL power control specification proposal is based on WCDMA UE power control specification [5] which is modified to be appropriate for LTE. These modifications are based on four basic assumptions which cover the issues of duplex filter ripple, transmission time gap and effect of extreme conditions. These assumptions are explained in detail in next chapter.
2. Discussion
2.1. Basic assumptions
1. Minimum power control accuracy is ± 0.5 dB even when there is no power change between sub-frames. This figure does not include duplex filter ripple.
2. LTE UL power control accuracy requirements are relaxed ± 1.5 dB compared to WCDMA because of duplex filter ripple.
3. LTE UL power control accuracy requirements are relaxed ± 2.0 dB in extreme conditions.
4. LTE UL power control accuracy requirements are relaxed ± 0.5 dB compared to WCDMA because of transmission time gaps. 
2.2. Maximum output power

Current spectrum flatness and maximum output power specifications are in conflict in 36.101 [4]. 
Spectrum flatness specification allows subcarriers which are located 0 to 3 MHz from band edges to vary +3/-5dB in power when one sub-carrier power is compared to average sub-carrier power of the allocated UL block. This variation is expected to come from duplex filter.
For maximum output power, configured transmitted power or relative power step we do not have this kind of relaxation, hence these specifications over rule the spectrum flatness specification.

In addition to previous it is known issue that output power accuracy at the band edges is more problematic for LTE than for WCDMA. Reason for this comes from totally different bandwidths of LTE and WCDMA. LTE UL signal bandwidth can be as small as one RB i.e. 180 kHz whereas in WCDMA the occupied bandwidth is always 5 MHz. This difference means that LTE signal can be located fully in the problematic frequency band edge where duplex filter can already attenuate wanted signal more than in band center while the WCDMA signal is located there only partly.  This difference reduces the error in WCDMA power control compared to LTE.
There have been several contributions touching this issue [1], [2] and [3]. Two approached has been suggested to mitigate the effect of duplex filter band edge attenuation to maximum power and Pc max. 
One approach is that we allow relaxed tolerances to maximum power when operating in band edge. This relaxation should be in line with spectral flatness requirement. Below is attached a possible definition to this relaxation.
When transmission bandwidth is located between FUL_low and FUL_low +3 MHz or between FUL_high and FUL_high -3 MHz then the tolerance defining the lower output power limit is increased to -4 dB.
For extreme conditions when transmission bandwidth is located between FUL_low and FUL_low +5 MHz or between FUL_high and FUL_high -5 MHz then the tolerance defining the lower output power limit is increased to -6 dB.
Another approach to solve the problem is to define a measurement method that mitigates the filter effect at band edge. For example measuring maximum power over the whole band with allocations of size X RBs and then taking an average of these measurements.
2.3. Configured transmitted power

For Pcmax tolerance table we have taken the table 9.34b from 25.133 [5] (UE power headroom reporting accuracy) as a basis as was also proposed in [2].

On top of the figures in table 9.34b we have applied some relaxation because of basic assumption 2 (duplex-filter ripple). However we have not added the full ±1.5 dB relaxation stated by the assumption, because the figures in table 9.34b already contain the uncertainty that UE duplex-filter causes to WCDMA.

We have estimated that relaxation of ±1.0 dB is adequate for taking account the LTE narrow band allocations. Table 9.34b is attached below as a reference.
Table 9.34B

	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.


2.3.1. Extreme conditions
It is impossible to apply basic assumption 3 (extreme temperatures) to all Pcnmax levels because this would lead to violation of maximum output power level of + 25 dBm.

Instead ±2.0 dB relaxation is added unevenly to positive and negative tolerances. Positive relaxation is added gradually to Pcmax, so that full + 2dB relaxation is achieved when Pcmax<+18 dBm.
Table 6.2.5-1: PCMAX tolerance 

	PCMAX    (dBm)
	Tolerance (dB)

	
	(Normal)
	(Extreme)

	23
	± 2.0
	± 2.0

	22
	± 2.5
	+2.0/-4.5

	21
	± 3.0
	+3.0/-5.0

	20
	± 3.5
	+4.0/-5.5


	19
	± 4.0
	+5.0/-6.0

	18
	± 4.5
	+6.0/-6.5

	13 ≤PCMAX < 18
	± 5.0
	± 7.0

	8 ≤ PCMAX   < 13
	± 6.0
	± 8.0

	-40 ≤ PCMAX < 8
	± 7.0
	± 9.0


2.4. Absolute power tolerance
There have been proposals to tighten the absolute power tolerance requirement. However we think that it is consistent to keep the existing figures because those are in line with basic assumption 2 (duplex filter).  Therefore we propose to remove the brackets from the figures. 
Tables for LTE absolute power tolerance for LTE and WCDMA Open loop power control tolerance are inserted below as a reference.
Table 6.3.5.1.1-1: Absolute power tolerance

	Conditions
	Tolerance

	Normal 
	± 10.5 dB

	Extreme 
	± 13.5 dB


Table 6.3: Open loop power control tolerance

	Conditions
	Tolerance

	Normal conditions
	± 9 dB

	Extreme conditions
	± 12 dB


If absolute power tolerance is seen as a major issue for system capacity it could be more beneficial to consider increasing the transmission gap slightly. This would reduce the number of transmissions were absolute power tolerance is applicable.
2.5. Relative power tolerance

2.5.1. Definition

Current definition for relative power tolerance is not inline with the discussions we have had in RAN4. A correction is proposed below.
Relative power tolerance is the ability of the UE transmitter to set its output power relatively to previously transmitted sub-frame if the transmission gap between these sub-frames has been ≤20ms.

2.5.2. PUSCH/PUCCH
We have taken table 6.8 from 25.101 [7] (power step tolerance for change of transport format combination) as a basis for LTE PUSCH/PUCCH relative power tolerance table. Table 6.8 is added below as a reference.
Table 6.8: Transmitter power step tolerance

	Power step size (Up or down)

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

	0
	+/- 0.5

	1
	+/- 0.5

	2
	+/- 1.0

	3
	+/- 1.5

	4 ( Δ P (10
	+/- 2.0

	11 ( Δ P (15
	+/- 3.0

	16 ( Δ P (20
	+/- 4.0

	21 ( Δ P
	+/- 6.0


To modify the table to be appropriate for LTE we should take basic assumptions 2 into account and add ± 1.5 dB because of duplex filter ripple. 
In addition to previous also basic assumption 4 is valid and to accommodate the uncertainty caused by the transmission time gap of max 20 ms an additional ± 0.5 dB relaxation is added. As a reference for WCDMA 25.101 [7] the relaxation for power control tolerance because of time gap up to 14 slots long is ± 3 dB for Δ P (2 dB. See the table 6.9 from [5] below.
Table 6.9: Transmitter power difference tolerance after a transmission gap of up to 14 slots
	Power difference (Up or down)

P [dB]
	Transmitter power step tolerance after a transmission gap [dB]

	Δ P (2
	+/- 3


	3
	+/- 3

	4 ( Δ P (10
	+/- 3.5

	11 ( Δ P (15
	+/- 4

	16 ( Δ P (20
	+/- 4.5

	21 ( Δ P
	+/- 6.5


2.5.3. SRS

It is not yet clear what kind of tolerances is needed for SRS transmission.
2.5.4. PRACH

For PRACH relative power step tolerance the table 6.7 from 25.101 [7] is taken as a basis. This table is attached below for a reference. 
For FDD mode the basic assumption 2 (duplex filter effect) is not valid because there are no frequency position changes for PRACH transmissions. However in TDD mode such a change is possible as indicated in [6]. Therefore an additional ± 1.5 dB relaxation is allowed for a case where PRACH changes frequency position. This is indicated with a note. 

Minimum PRACH power step tolerance is changed from 0.5 dB to 1 dB to be in line with WCDMA specification. Power step tolerance for steps 4 dB ≤ΔP≤ 10dB is changed from 3 dB to 2.5 dB to be consistent. Note 1 is deleted as it is only informative.
Table 6.7: Transmitter power difference tolerance for RACH preamble ramping, and between final RACH preamble and RACH message part

	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


2.5.5. Extreme conditions

For extreme conditions a basic assumption 3 is valid and additional ± 2 dB relaxation is allowed for power step tolerance. Because this relaxation is constant and valid for all cases, there is no need for separate table. Instead a note is added below the normal condition table.
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
	
	[2.5]
	
	[1]

	
	1
	
	[2.5]
	
	n/a

	
	2
	
	[3.0]
	
	[1.5]

	
	3
	
	[3.5]
	
	n/a

	4
	≤ ΔP ≤
	10
	[± 4.0]
	
	[± 2.5]

	10
	< ΔP ≤
	15
	[± 5.0]
	
	n/a

	15
	< ΔP ≤
	20
	[± 6.0]
	
	n/a

	20
	< ΔP
	
	[± 6.0]
	
	n/a

	1. Note 

2. If PRACH changes frequency position an additional ± 1.5 dB relaxation is allowed
3. For extreme conditions an additional ± 2.0 dB relaxation is allowed for PUSCH/PUCCH/SRS/PRACH allocations


3. Conclusions

Several modifications and addition are proposed to E-UTRA UE UL power control.
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