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1 Introduction

The present 4 Tx antenna RS pattern results in uneven power distribution between the transmit antennas.  This is because the RS for antenna 1 and 2 are in different OFDM symbols than the RS for antenna 3 and 4.  Therefore the power not used by antenna 3 and 4 when the RS for antenna 1 and 2 are transmitted cannot be utilized.  Thus the EPRE (Energy per Resource Element) on the RS is 3dB lower than the EPRE of the data.  In this document we evaluate the performance of the scheme proposed in [1], in which the total EPRE and the total transmit power are kept constant over all transmit antennas but the EPRE for each antenna can be different.  
We find that there is significant performance improvement with the implementation of this scheme on the order of 0.7 to 0.9 dB.  As we see very little complexity impact we believe that this scheme should be adopted into the standard.
2 Power Balancing Overview
Let us consider transmission using precoding in the 4 Tx environment.  The simplest power profile is given as the blue line in Figure 1 and for antenna 1 and 2 it is identical to the 2 Tx antenna environment.  As you can see the total transmit power for antenna 1 and 2 is larger than for antenna 3 and 4.  This has two affects the first is that EPRE of the RS is lower than the EPRE of the data.  The second is that the power available in antenna 3 and 4 is not fully utilized. 
What is proposed is that during OFDM symbols with RS for antenna 1 and 2 the EPRE from antenna 1 and 2 during data transmission is decreased by 1/2, while the EPRE from antenna 3 and 4 is increased by 3/2.  This allows for full transmission power from all the antennas as well as equal EPRE for data and RS.  This method is shown as the green curve in Figure 1 below.  The same being applied to antenna 3 and 4 when RS for symbols 3 and 4 are transmitted.
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Figure 1 Simplistic Transmit power in the 5th OFDM symbol within an RB.

We simulated the 4 by 2 closed loop environment to compare the performance of balanced and unbalanced transmission.  The simulation assumptions are given in Table 1 in the appendix.  We see that with perfect channel estimation there is a negligible performance loss for the balanced version, however when channel estimation is considered this loss is more than compensated for, with gains ranging from 0.4 to 0.8 dB at a BLER of 0.1.  
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Figure 2: BLER performance of SM precoded transmission with and without balanced transmission

3 Conclusions
We conclude that the above power balancing scheme should be adopted for the 4 Tx antenna case.  It allows for full PA utilization, as well as equal RS EPRE compared to data EPRE in the 4 Tx environment.  It should be mentioned that this power scaling can be pre-determined and known to both NodeB and UE, therefore, no extra signalling is required.   
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Appendix: Simulation Parameters
Table 1: Simulation parameters
	Bandwidth
	5 MHz

	FFT size
	512

	Used sub-carriers
	300

	Channel model
	GSM TU, 3km/h

	Number of Tx antenna
	4

	Number of Rx antenna
	2

	Channel Estimation
	two 1D weiner Filters based on estimated statistics

	Coding
	Release 6 Turbo Code

	MCS
	QPSK Rate 1/3, QPSK Rate 2/3, 16 QAM Rate ½ and 16 QAM Rate 2/3

	CP size
	Short

	Feedback Delay
	3 TTI

	Precoding Feedback Granularity
	5 MHz





























































































































































































































































































































































































































































































































PAGE  
1

