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1 Introduction
CDD (Cyclic Delay Diversity) has been adopted in conjunction with SU-MIMO in E-UTRA [1]. In this paper, we consider the operation of CDD in conjunction with HARQ.

2 CDD in conjunction with HARQ
When HARQ is used, the aim is to exploit the benefits of time-diversity in addition to any other forms of diversity that are in operation. As SU-MIMO is most commonly likely to be used in slowly-changing channel conditions, we consider here how to take advantage of time diversity in conjunction with CDD, especially if Chase Combining is employed. 

CDD can be viewed as a means to create an arbitrary beam for each sub-carrier. If HARQ with Chase Combining is used, these beams will be the same between the first transmission and the retransmission, which limits the time-diversity benefits of HARQ. 

A simple way to ensure that the sub-carrier beams are different between each HARQ retransmission is to apply a simple binary inversion (i.e. multiplying by +1 or -1) to symbols transmitted at different antennas during different retransmissions. This is illustrated in Fig. 1 and Table 1.
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Fig. 1: CDD-HARQ with binary inversion (where 
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 is cyclic delay parameter)

Table 1: Transmission pattern for CDD-HARQ with binary inversion (assuming 4-antenna transmission; if only 2 antennas are used, TX1 and TX2 are used)
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	Re-transmission
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A scheme of this sort enables the initial transmission and re-transmission to be complementary so that time-domain diversity can be exploited with Chase Combining at the receiver.

The additional processing required is minimal, comprising only a sign inversion per transmit antenna for each transmission.

3 Theoretical analysis for CDD-HARQ with and without sign inversion

We consider here the MMSE receiver operation:
3.1 CDD-HARQ without sign inversion

The 1st transmission is given by:
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The 2nd transmission is given by:
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Here 
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 is the channel impulse response between the ith receive antenna and the jth transmit antenna at the time t; 
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 is the receive signal of the ib receive antenna at time t; 
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 is the transmit symbol; 
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 is the AWGN of the jth transmit antenna at time t, and the noise power is 
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. The matrix 
[image: image18.wmf]2/4

22/4

23/4

1000

000

000

000

j

j

j

e

e

e

p

p

p

-

-×

-×

éù

êú

êú

êú

êú

ëû

 is the CDD matrix.

Combining the two transmissions gives:
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Where 
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If the channels of two transmissions are assumed to be the same (assuming a low-mobility scenario), the combination above is the same as the detection of one transmission. So there is almost no time-diversity gain.

3.2 CDD-HARQ with sign inversion

Now the 1st transmission is given by:
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The 2nd transmission is given by:
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Combining the two transmissions now gives:
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In case the channels for the two transmissions are similar (e.g., in case of low mobility or less re-trans delay), the sign operation make a difference to the combining channel
[image: image27.wmf]H

compared to the CDD-HARQ without the sign operation. Time-diversity gain can therefore be reinforced with the help of this sign-reversal operation.

4 Simulation verification

We now compare the BLER performance of the two schemes described in section 3 above. Table 2 lists the simulation parameters.

4.1 Simulation parameters

Table 2: Simulation parameters

	Bandwidth
	5MHz

	FFT Size
	512

	Sampling frequency
	7.68MHz

	Antenna configuration
	2 TX, 1 RX

	Re-transmission delay
	3 TTI (TTI = 0.5 ms)

	Antenna Spacing
	1λ

	Number of OFDM symbols per sub-frame
	7

	Modulation
	QPSK

	Coding
	Turbo

	Code Rate
	½

	Number of decoding iterations
	3

	Channel Model
	Vehicular A 

	Velocity
	3 km/h

	Receiver algorithm
	ZF

	Maximum number of transmissions (including initial transmission)
	2


4.2 Simulation results
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Fig 1 BLER performance in a 3GPP Vehicular A channel model (“Normal” case is CDD without Sign-Inversion while “Proposed” case is CDD with Sign Inversion)

5 Conclusion

As shown by the simulation results above, CDD with HARQ can benefit significantly from the addition of a time-diversity element in the sub-carrier-level beam-forming operation. This can be introduced with minimal complexity by changing the sign of the transmissions from different antennas for successive retransmissions.

Therefore, we propose that this sign-inversion mechanism be introduced for SU-MIMO when operating with CDD for HARQ retransmissions.
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