3GPP TSG-RAN WG1 Meeting #50 
R1-073303
Athens, Greece, August  20 – 24, 2007

Agenda Item:
7.2.6
Source: 
Nortel

Title: 
The resource element mapping for SFBC+FSTD based TxD for PDCCH
Document for:
Discussion and Decision

1 Introduction

At the meeting in Kobe significant progress was made in determining the structure of the Control channel [1].  It was decided that the CCE to RE mapping would involve the steps illustrated in Figure 1 below.  In the 4 Tx environment a simple mapping of symbols to RE will result in a RS power imbalance between the 4 antennas.  This is because all of the RS for antenna 1 and 2 are in the first OFDM symbol while the RS for 3 and 4 are in the 2nd OFDM symbol.  This contribution shows a simple way to avoid this problem by suitable RE mapping of SFBC-FSTD for PDCCH.  
By having twice as many transmissions resources from antennas 3 and 4 in the first OFDM symbol, the total power from all the antennas can be balanced.  By reversing the process and having more transmissions from antennas 1 and 2 in the second OFDM symbol we can balance the power from the second set of RS.  As the channel coding is across both OFDM symbols the performance is unaffected by this process.  
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Figure 1 CCE-to-RE Mapping

2 SFBC-FSTD for power balancing
In this section we go into greater detail of how to map SFBC-FSTD to balance the transmit power across antennas.  The basic structure of SFBC-FSTD is given in equation 1 below.  It can be seen that only 2 antenas are transmitting for any particular RE and this allows us to ‘balance’ power from one antenna to another by using more resources from a particular antenna over another antenna.  This is shown in Figure 2 and explained more fully in [2].
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 (Eq 1)
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Figure 2: SFBC-FSTD mapping for Control Channel
This method allows the data and RS to be transmitted with equal EPRE. Figure 3 and Figure 4 show the performance of this scheme when one or two OFDM symbols are used for control information .  We can see that for perfect channel estimation the two schemes perform identically for the two OFDM symbol control channel size, and that the balanced scheme performs approximately 0.2 dB worse because of the loss of diversity when only one OFDM symbol is used; However when channel estimation is considered we see gains of 0.6-0.8 dB for the balanced scheme.  The simulation assumptions used to generate these figures are given in the appendix.  
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Figure 3 : Performance of balancing schemes with only a single OFDM symbol of control, Rate 1/3 QPSK, and Rate 2/3 QPSK  over the TU 3 km/h channel
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Figure 4 : Performance of balancing schemes with two OFDM symbols of control, Rate 1/3 QPSK, and Rate 2/3 QPSK  over the TU 3 km/h channel

3 Conclusions
We conclude that the above mapping scheme should be adopted for the 4 Tx antenna case.  This scheme allows for full PA utilization, and therefore better perfroamce.  
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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
	tail-biting Convolutional code, k=7, R=1/3 

	Data Payload size
	60 bits

	Constellation
	QPSK

	Precoding Matrix
	DFT

	CP size
	Short
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