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Uplink Transmit Diversity Scheme with 1-bit Feedback
Xiaolong ZHU, Dong LI, keying WU, Hongwei YANG
Alcatel Shanghai Bell Co., Ltd.
1 Introduction
This contribution proposed a transmit diversity scheme with 1-bit feedback for the uplink transmission. According to the feedback, the transmitter adjusts the phases of transmitted symbols over the two transmit antennas such that they can be combined positively at the receiver. As compared with the open-loop space-time transmit diversity (STTD) scheme, it achieves additional array gain. As compared with the closed-loop precoding scheme, it has a lower feedback/signaling overhead. As compared with the transmit antenna selection (TAS) scheme, it achieves the power gain and array gain.

2 Proposed solution
It is well known in the signal processing community that the sum of two signals is strengthened as compared to the individual one if they are in-phase or the absolute phase difference is less than 
[image: image1.wmf]p

/2. According to this principle, a communication link with multiple transmit antennas obtains the transmit diversity gain provided that the effective channel responses including pre-processing can be strengthened together at the receiver side.
The STTD scheme (e.g., the Alamouti code) and the closed-loop precoding scheme achieve the transmit diversity by jointly designing the transmitted symbols, while the TAS scheme obtains it by selecting a strongest branch out of the propagation channels to reduce the possibility of deep fading. The STTD scheme cannot achieve the closed-loop array gain; the precoding requires a relative high feedback/signaling overhead (e.g., 3 bits or more), while the TAS scheme sacrifices the power gain and array gain. In order to realize a good tradeoff between performance and complexity (including feedback overhead), we proposed a transmit diversity scheme as shown in Figure 1, which adjusts the phase of the transmitted signal on one channel such that the two branches of signal can be strengthened at the receiver.
Suppose the transmitted signal over Tx-1 is 
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, the one over Tx-2 is 
[image: image3.wmf]j

se

j

, and 
[image: image4.wmf]ip

h

 is the channel coefficient from the p-th transmit antenna to the i-th receiver antenna. Then, the received signal is given by 
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where 
[image: image6.wmf]s
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 denotes the transmit power of each symbol and 
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 is the additive noise. 
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Figure 1: Transmit diversity scheme with 1-bit feedback
With the maximum ratio combining (MRC) at the receiver, the output SNR is expressed by 
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with 
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, from which we obtain the following optimal phase 
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where 
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×

 takes the real part of a complex value. 

The optimal phase gives the biggest diversity gain, but at the expense of more feedback/signaling overhead. To reduce the feedback requirement, it should be quantized. There are various quantization schemes for the optimal phase 
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. One simplest 1-bit quantization is given in Table 1. (Note: The other 2-bit quantization is using the codebook {1, -1, +j, -j}, where 
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 is the imaginary unit.)
Table 1. One-bit feedback information

	Feedback
	Values
	Notes

	0
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Table 2 compares the decision SNRs of three transmit diversity schemes. It can be seen that the new scheme outperforms the STTD scheme due to additional array gain and outperforms the TAS scheme due to array gain and power gain.
Table 2. Decision SNRs of three transmit diversity schemes

	Scheme
	Decision SNR

	STTD scheme: no feedback
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	TAS scheme: 1-bit feedback
	
[image: image20.wmf]22

11

max,

rr

NN

TAS

ii

SNR

r

==

æö

=

ç÷

èø

åå

i1i2

hh



	New scheme: 1-bit feedback
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Figures 2~3 shows the performances of four transmit diversity schemes over independent identically distributed Rayleigh channels and over SCM urban macro channel (MS antenna spacing = 0.5
[image: image22.wmf]l

, BS antenna spacing = 4
[image: image23.wmf]l

. MS speed = 3kmph), respectively. In addition, the proposed scheme using 2-bit quantization with {+1, -1, +j, -j} is also plotted. 16QAM is utilized with perfect channel estimation. For the precoding, the 3-bit codebook as defined in IEEE802.16-2005 is applied. As expected, the new scheme outperforms the STTD and TAS schemes. Though it is outperformed by the precoding scheme, the new scheme reduces the feedback/signaling overhead greatly. More importantly, the new scheme is simpler in terms of hardware/software implementation than the precoding scheme, which is critical for the design of mobile terminals. Finally, between the 1-bit and 2-bit quantization, we can observe that most gain is achieved using 1-bit feedback, and thus we recommend that 1-bit feedback be used to improve the uplink transmission.
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Figure 2: Performance comparison of transmit diversity schemes over i.i.d. channel.
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Figure 3: Performance comparison of transmit diversity schemes over urban macro channel.
3. Proposed SDD text

------------------------------------------- Start of Proposed SDD Text --------------------------------------------------------

For the uplink MIMO transmission, besides the open-loop spatial diversity and multiplexing schemes, 1-bit feedback aided closed-loop transmit diversity scheme shall also be considered as illustrated in Figure xx, to reduce the feedback/signaling overhead and implementation complexity. The feedback is determined in such a way that the transmitted symbols can be combined positively at the receiver.
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Figure xx: Closed-loop transmit diversity scheme with 1-bit feedback

------------------------------------------- End of Proposed SDD Text --------------------------------------------------------
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