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1. Introduction

This contribution investigates the link performance of the downlink TDM control channel for n=3
 with four antenna cyclic delay diversity (CDD) when the RS is located on the first OFDM symbol in a TTI (see Figure 1) or the RS is located on the second OFDM symbol (see Figure 2).  The simulation results show that the downlink RS format from the Seoul, Korea meeting (October 2006) [1][2], where the RS is located on the first OFDM symbol in the TTI, is sufficient for demodulating the TDM control channel for UE speeds up to 350 kph.  Therefore the RS being located on the first OFDM symbol in a TTI allows for TDM control for lower latency and potential power savings at all expected UE speeds.
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Figure 1.
Working assumption downlink RS format for up to four transmit antennas where the first RS is located on the first OFDM symbol (only the first three symbols in the TTI are shown).  Tm stands for reference symbol for transmit antenna m and D stands for a data symbol.  The thick lines mark RB boundaries (in frequency).
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Figure 2.
RS placement on second OFDM symbol.  Tm stands for reference symbol for transmit antenna m and D stands for a data symbol.  The thick lines mark RB boundaries (in frequency).
2. Simulation Results
Table 1.  Simulation parameters.

	Parameter
	Value

	Carrier bandwidth
	5 MHz

	Carrier frequency
	2.0 GHz

	TTI duration
	1.0 ms

	FFT size
	512

	Sampling rate
	7.68 MHz

	Propagation channels
	6-ray TU (various speeds), independent fading

	Channel estimator
	IFFT followed by Bayesian thresholding (see Section II of [3])

	Code type
	3GPP turbo code

	# of TX antennas at Node B
	4

	# of RX antennas at UE
	2

	Transmit diversity technique
	CDD with delay of 119 samples

	Number of TDM control channel symbols
	n=3


Simulations were run for the parameters given in Table 1 when the RS is located on the first OFDM symbol (see Figure 1) and when the RS is located on the second OFDM symbol (see Figure 2).  The TDM control channel is located on the first three OFDM symbols in a TTI (i.e., n=3).  The channel estimates were found using an IFFT approach with Bayesian thresholding to improve the performance in low SNRs (see Section II of [3]).  The channel estimator only used the RS on the first or second OFDM symbol (depending on where the RS was placed) to obtain channel estimates (i.e., adjacent RSs in time were not used).  The TDM control channel used the CDD technique (with a 119 sample delay) to obtain four antenna transmit diversity.
Figure 3 shows FER results for QPSK with rate 1/6 turbo coding and Figure 4 shows FER results for QPSK with rate 1/2 turbo coding.  For the rate 1/6 QPSK results there is very little performance difference between RS placement at all UE speeds investigated.  For rate 1/2 QPSK there was little performance difference between RS placement for UE speeds up to 180 kph and only a small loss above 180 kph.  Therefore there should be no need to change the RS placement from the working assumption RS format [1]

 REF _Ref150048948 \r \h 
[2] where the RS was located on the first OFDM symbol in a TTI.
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Figure 3.
FER results (for n=3 TDM control channel with four antenna CDD) when the RS is located on first OFDM symbol in a TTI (left) and when the RS is located on the second OFDM symbol in a TTI (right) for rate 1/6 QPSK.
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Figure 4.
FER results (for n=3 TDM control channel with four antenna CDD) when the RS is located on first OFDM symbol in a TTI (left) and when the RS is located on the second OFDM symbol in a TTI (right) for rate 1/2 QPSK.
3. Conclusion

This contribution presented simulation results for the link-level TDM control channel performance with n=3 using four antenna CDD when the RS is located on the first and second OFDM symbols in a TTI.  For a heavily coded control channel (1/6 rate QPSK), there was very little performance difference between RS placement for all UE speeds investigated (up to 350 kph).  For a lighter coded control channel (1/2 rate QPSK), there was very little performance difference for UE speeds up to 180 kph and only a slight performance loss for higher speeds when the RS was located on the first OFDM symbol.  Based on these simulation results, having the RS located on the first OFDM symbol in a TTI (as in the working assumption RS format) is sufficient to decode the downlink control channel without requiring any additional RSs on other OFDM symbols (thus allowing for TDM control for lower latency and potential power savings).
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� Note that � REF _Ref156026154 \r \h ��[4]� shows that n=2 is sufficient for the downlink control channel (and hence it would follow that the RS being located on the first OFDM symbol in a TTI is adequate)  However, this contribution looks at the n=3 case to show that the RS symbol placement on the first OFDM symbol is sufficient for demodulation of the control channel even when n=3.
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