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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 has serious drawbacks, and we propose that RAN WG1 not agree to per-antenna Power Control, but should conclude that UE power control in the uplink across single or multiple antennas is adequate for LTE-A. 

2 Discussion 

Drawback of per antenna PC

The water-filling theorem is widely known as an efficient power allocation method[2].

However, the idea behind per-antenna Power Control proposed in [3] 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, [3] 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 [3]. 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
Table 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 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 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[3].  

From Table 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 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 [4]
	
	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.

3 Conclusions

Sharp concludes that:

· The benefit of per-antenna power control for AGI compensation is limited.

· Per-antenna power control is very likely to result in a very high battery current in the presence of large AGI, and drain the battery very quickly.

· The UL PC procedure should be kept simple.

· Application of an appropriate antenna port configuration can solve the AGI issue

Based on the above, we propose the following – 

· RAN WG1 should conclude that UE power control in the uplink across single or multiple antennas is adequate for LTE-A.

· RAN WG1 should conclude that per Antenna UE power control in the uplink for AGI compensation is not supported for LTE-A.
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