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1 Introduction

The following was agreed in RAN1#59bis[1] regarding Uplink Power Control.

Conclusions:

Which PC parameters are CC-specific?

· P0_PUSCH, P0_PUCCH,  , 
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, are CC-specific

· There is a max power for the total UE transmit power (provided by RAN4)
· Handling of multiple PAs is FFS (discuss offline whether an LS to RAN4 is needed)
· There is a CC-specific max power 
Power control for multiple antennas

· FFS

One of the remaining FFS discussion items is “Power control for multiple antennas”.

In this contribution, we demonstrate that per-antenna power control as per [2] has serious drawbacks at least in the high power region. Therefore, we propose that total transmission power should be controlled via the uplink power control process, and that Antenna Gain Imbalance AGI compensation should not be applied through the uplink power control process on a per-antenna basis. (We previously showed, see [3], that AGI compensation should be done by switching between the Single and Multiple Antenna Port Modes.) 
2 UE RF PA current consumption in different power regions
As stated in several contributions [3], the Power Amplifier is the dominant current consuming device in the UE. The current consumption by the PA is not the constant and is highly dependent on the UE transmission power. 

As stated in [4], the PA current consumption as a percentage of the UE total current consumption varies dramatically as a function of the UE total transmission power. For example,

· PA current consumption is Dominant: high power region (e.g. more than 16dBm)

· PA current consumption is a Significant factor: middle power region (e.g. 0-16dBm)

· PA current consumption is Not dominant: low power region (e.g. less than 0 dBm)
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Figure 1: UE PA output vs PA current consumption [5]

The UE battery life is a serious issue, and RAN1 should take into account the PA current consumption during uplink power control discussions.

The alternatives of uplink power control applicable points are:

· Alt. 1: uplink power control applied for the Total UE transmission

· Alt. 2: uplink power control applied per UE Antenna (or per codeword/per layer)

A1 in the Annex shows that Alt. 2 requires more total UE transmission power (e.g. 4-7.4 dB higher than Alt.1) to compensate for the AGI for the same average pathloss, and that the PA tends to consume more current under Alt.2 . Thus Alt.2 has significant impact on battery life and is very likely to result in a very high battery current in the presence of large AGI especially in the high power region since at high Transmit power the UE PA current consumption dominates the UE total current consumption,

Therefore, Alt.1 is preferred, to limit the effect on battery life at least in high power region.

Proposal 1: At least in the high UE Transmission power region, UE total transmission power should be controlled by the uplink power control process.

3 The feasibility of power control mechanism switching based on the UE transmission power region

In the previous section, we concluded that the total UE transmission power should be controlled by the uplink power control process, at least in the high UE transmission power region. 
In this section, we investigate whether different uplink power control mechanisms can be switched for the different UE transmission power regions, and indicate our concerns with this approach. 

There are lots of uncertainties in the relationship between the set UE transmission power and the actual PA power consumption.

The actual UE RF PA power consumption is determined by many UE design factors etc., which vary with the set UE Transmission power, as below - 

· Characteristics of the UE PA

· PA manufacture(Avago, RFMD, analog devices etc)

· PA model - (tri-state(High/Middle/Low) -  dual state(High/Low), Frequency band (800MHz, 1.9GHz, 3.4GHz)) etc.
· Generations of the UE PA design/device
· Antenna Gain

· Main antenna/Sub antenna
· Transmission power accuracy
Characteristics of the UE PA

As listed in Table A2-1 to A2-3, there are many PA models based on the frequency band and other features (tri-state or dual state etc). Moreover, each PA manufacture has different line ups and the details of PA characteristics in some generations are different from the ones in another generation.

The PA characteristics, i.e. current consumption at the specific output power, depend highly on these models and the design generations, so that it is quite difficult to capture the actual, specific PA characteristics as the typical PA characteristics and specify the uplink power control mechanism based on these typical PA characteristics. Since the choice of the PA fully depends on UE manufacturer, it is difficult for the eNB to guess how much current is consumed by PA, based only on the set transmission power.

Antenna Gain

As shown in reference [6], the UE may implement different types of antennas as the first antenna (e.g. Main antenna) and as the second antenna (e.g. sub antenna) Thus, these antennas may have different antenna gains and their AGI may be up to 6 dB. Since the choice of the antenna fully depends on UE manufacturer, it is difficult for the eNB to guess how much current is consumed by each PA based only on the set transmission power.

Transmission Power accuracy

Considering the above factors, it is difficult to set a very accurate transmission power for each UE. Therefore, RAN4 allows up to four to seven dB tolerance between the measured maximum output power and the configured Pcmax, as shown in Table 6.2.5-1 in TS36.101[7]. These factors also make it difficult for the eNB to estimate how much current is consumed by the UE RF PA based only on the set UE transmission power.

From the above discussions, we would like to propose as below, since we see the difficulty for the eNB to estimate accurately how much actual current is consumed by the UE PA, based on the set transmission power.
Observation: There are some issues regarding uplink power control mechanism switching based on UE transmission power, which need to be better understood.
4 Conclusions

In this contribution, Sharp concludes that:

· Proposal: At least in the high UE Transmission power, total transmission power should be controlled by using uplink power control process.

· Observation: There are some issues regarding uplink power control mechanism switching, which need to be better understood.
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Annex

A1 Issues with per-antenna power control
Drawback of per antenna PC

The water-filling theorem is widely known as an efficient power allocation method[8].

However, the idea behind per-antenna Power Control proposed in [2] is that more power should be allocated to the worse antenna and this is the opposite idea of the water-filling theorem. In other words, [2] argues that per antenna PC may achieve higher throughput under the same reception power.

However, if we consider transmission power efficiency (i.e. throughput per unit of transmission energy), it is not an efficient solution to compensate AGI by per antenna power control as proposed in [2]. Attempting to do so is very likely to result in a very high battery current in the presence of large AGI, and drain the battery very quickly.

Transmit Power Increasement for Per-Antenna Power Control

TableA1-1 shows the additional power required in a per-Antenna power control regime that would need to be transmitted per PA, to have the same received signal power at the receiver as that of a 0dB AGI condition.  For example, Per Antenna Power Control requires 5.5 times more power to meet the same capacity as Rank 2 transmission in a 10dB AGI condition.

Therefore, from a UE vendor’s perspective, we propose that RAN WG1 not specify  per-antenna Power Control even if there may be a throughput improvement in some cases, as this is an extremely inefficient use of battery resources.   
Table A1-1 Required Transmit Power Increase for Per-Antenna Power Control
	 Power Consumed for Equal Received Power, 6dB AGI
	4dB

	 Power Consumed for Equal Received Power, 10dB AGI
	7.4dB


Capacity per unit transmission power inefficiency for Per-Antenna Power Control

In Table A1-2, we compare the capacity per unit transmit power for single antenna port with respect to multiple antenna transmission mode (using 2 transmit antennas) for different AGI and different received signal to noise ratios. The transmit power for the different cases are chosen in order to keep a constant received SNR[2].  

From Table A1-2, we observe that for 0 dB AGI,  at a received SNR of 10 dB, the capacity per unit transmit power of single antenna port mode is 0.69 times of multiple antenna transmission mode. Hence, it is better to use multiple transmission mode for this case. However, at an AGI of 6 dB, for the same received SNR of 10 dB, single antenna port mode transmission efficiency is 2.27 times better than multiple antenna per-antenna power control transmission. As the AGI increases further, the transmission efficiency of single antenna port mode keeps improving. For instance at an AGI of 10dB, at a received SNR of 10dB, the transmission efficiency of single antenna port mode is 5.64 times better than multiple antenna per-antenna power control transmission mode. Hence, we can conclude that it is clearly better NOT to use Per-Antenna Power Control 

Table A1-2 Comparison of capacity per unit transmit power for single antenna port vs multiple antenna per-antenna power control transmission mode (2tx antennas) for different AGI [6]
	
	Received SNR ( EQ  \f(E\s\do3(S), N\s\do3(0)) )

	
	0dB
	5dB
	10dB
	15dB

	Ratio of capacity per unit transmit power for Single Antenna Port Transmission relative to Rank 2 Transmission for 0 dB AGI
	0.89
	0.81
	0.69
	0.71

	Ratio of capacity per unit transmit power for Single Antenna Port Transmission relative to Rank 2 Transmission for 6 dB AGI
	2.86
	2.60
	2.27
	2.13

	Ratio of capacity per unit transmit power for Single Antenna Port Transmission relative to Rank 2 Transmission for 10 dB AGI
	7.33
	6.87
	5.64
	5.32


Per-antenna power control vs. multiple-antenna power control

As we showed above, per-antenna PC has limited benefit, and has the risk to severely shorten the battery life. If per-antenna power control were to be introduced, we would need to introduce some mechanism to prevent an extremely short battery life, and this will make the power control procedure much more complex.

Applying an appropriate antenna port configuration is a better solution to the AGI issue, and we believe that UE power control across single or multiple antennas is adequate to deal with AGI, and this allows a simpler uplink power control procedure for LTE-A UE.

A2  List of PA models[9]
Table A2-1: PAs from TriQuint (1/3)

[image: image4.png]TRITON PA Module™ mily (CDMA, WCDMA / HSUPA, LTE)

Description Bands Features P}:ckage Part Number
Size (mm)
WCDMA / HSUPA PA Module, w/Coupler Band1 2-Bit (Hi / Med / Lo Power Modes) 4.0x4.0x0.9 TGM776003

WCDMA / HSUPA PA Module, w/Coupler Band 1 2-Bit (Hi / Med / Lo Power Modes) 3.0x3.0x0.9 TQM776011




Table A2-2: PAs from TriQuint (2/3)

[image: image5.png]TRITON PA Module™ Family (CDMA, WCDMA / HSUPA, LTE) (cont.)

Description
CDMA & WCDMA / HSUPA PA Module, w/Coupler
(CDMA & WCDMA / HSUPA PA Module, w/Coupler
(CDMA & WCDMA / HSUPA PA Module, w/Coupler
'WCDMA / HSUPA PA Module, w/Coupler
'WCDMA / HSUPA PA Module, w/Coupler
(CDMA & WCDMA / HSUPA PA Module, w/Coupler
'CDMA & WCDMA / HSUPA PA Module, w/Coupler
'WCDMA / HSUPA PA Module, w/Coupler

Bands

PCS/Band 2
AWS /Band 4
Cellular /Band 5
Band 8
Band 1
PCS/Band 2
Cellular / Band 5
Band 8

Features

2-Bit (Hi / Med / Lo Power Modes)
2-Bit (Hi / Med / Lo Power Modes)
2-Bit (Hi / Med / Lo Power Modes)
2-Bit (Hi / Med / Lo Power Modes)
1-Bit (Hi / Lo Power Modes)
1-Bit (Hi / Lo Power Modes)
1-Bit (Hi / Lo Power Modes)
1-Bit (Hi / Lo Power Modes)

Package
Size (mm)
3.0x3.0x0.9
3.0x3.0x0.9
3.0x3.0x0.9
3.0x3.0x0.9
3.0x3.0x0.9
3.0x3.0x0.9
3.0x3.0x0.9
3.0x3.0x0.9

Part Number

TQM766012
TQM756014
TQM716015
TQM726018
TQM776061
TQM766062
TQM716065
TQM726068




Table A2-3: PAs from TriQuint (3/3)
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A3 Pcmax tolerance(Table 6.2.5-1 in TS36.101)[7]

Table 6.2.5-1: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX)   (dB)

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0
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