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1. Introduction

Transmit diversity is an effective technology for combating fading in a wireless communication system. Open-loop transmit diversity techniques are appealing as they operate without any feedback information. For the E-UTRA uplink[1], two open-loop transmit diversity techniques, shown below, are discussed: 
· Block-code based transmit diversity

· Space time transmit diversity (STBC)

· Space frequency transmit diversity (SFBC)

· Cyclic delay diversity (CDD)

This paper shows methods to realize both open-loop transmit diversity techniques in E-UTRA and presents some discussion of their respective merits.

2. UL open-loop Tx diversity scheme

2.1 Space time transmit diversity (STBC)

Block-code transmit diversity techniques such as STBC and SFBC are realized using temporal and frequency based codes, respectively.  When frequency domain equalization is assumed for UL reception, the unit coding block is assumed to be equal to the Long Block (LB) in UL to simplify processing. 

One example of the sub-frame structure for STBC transmission is shown in Fig.1. One sub-frame consists of six LBs with each pair of LBs coded with an Alamouti code, as shown. The two Short Blocks (SB) carry pilot signals, such as CAZAC sequences. For simplicity, the Cyclic Prefixes (CP) have been ignored in Fig. 1.
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Fig. 1. Sub-frame structure for STBC transmission
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Fig. 2. System model

As shown in Fig. 2, each pair of LBs are transmitted from the antennas at the UE, pass through a channel, which has spectrum 
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, and are received by the BTS antenna.  The example presented here is for a single antenna on the BTS. It is trivial to extend the model to cover multiple receive antennas. The two LBs are 
[image: image5.wmf]M

 sample signals, which are denoted as 
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The BTS receiver structure can be assumed as shown in Fig. 3. The signals from Tx antenna 1 and 2 are mixed at BTS antenna. The BTS must store 2 successive received LBs in the frequency domain to execute equalization, with the first LB 
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, to decode the STBC. 
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 by the BTS using the pilot signals contained in the SBs. The STBC decoder in BTS can execute the following processes to estimate 
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where 
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. Thus, equalization must be performed to rebuild the spectrum of the single carrier spectrum.
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Fig. 3. Block diagram of the receiver for STBC signal.

Since STBC decoding requires two successive LBs, we have to wait for the output of the data bits. This is significant when receiving short signal such as ACK/NACK or CQI. These signals are one of the signals for which transmit diversity techniques are suitable, since high reliability is required. Moreover, the STBC encoder in the UE and the decoder in the BTS increase the complexity of the system, since these functions are special and are only required for transmit diversity. 

2.2 Space frequency transmit diversity (SFBC)

Since block coding processes are done in frequency domain, SFBC signal can be acquired only from 1 LB. One example of the frame structure and receiver structure are shown in Fig. 4 and 5, respectively, and these structure need smaller buffer and delay compared to STBC. However, the SFBC still requires the block coding and decoding functions in transmitter and receiver respectively. The complexity increases are also encountered for SFBC processing.
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Fig. 4. Sub-frame structure for SFBC transmission
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Fig. 5. Block diagram of the receiver for SFBC signal.

In SFBC, the block coding processes shown in Fig. 6 swap the subcarriers in frequency domain, and convert them to conjugated or inverse signed vectors. Due to this spectrum arrangement, the signals transmitted from one of two antenna no longer have single carrier waveform and has larger dynamic range and peak power. This is a significant problem since in uplink peak power of the signal should be suppressed. 
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Fig. 6. SFBC encode in transmitter.

2.3 Cyclic delay diversity

When employing CDD in the UL, one possible sub-frame structure is shown in Fig. 4. For simplicity, antenna 1 transmits the original LB and antenna 2 transmits a cyclically shifted LB. It is desirable that the degree of the cyclic shift is approximately half of the LB duration, since not only wideband signals but also narrow band signals such as ACK/NACK or CQI, which possibly use only a few subcarriers, must be accommodated. In the following, a shift of half of the LB duration is assumed.

The BTS receiver structure for the reception of this sub-frame is shown in Fig. 5. Since the cyclic delay process is enclosed in one block, the memory for CDD signal reception can be only for one LB. Basically, we can use usual receiver function such as channel estimator and equalizer.


[image: image29.emf]SB LB1 SB Antenna 1

Antenna 2

CPs are ignored in the figures

SB

LB1

cyclic 

shifted

SB

LB2

LB2

cyclic 

shifted

LB3

LB3

cyclic 

shifted

LB4

LB4

cyclic 

shifted

LB5

LB5

cyclic 

shifted

LB6

LB6

cyclic 

shifted


Fig. 7. Sub-frame structure for CDD transmission
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Fig. 8. Block diagram of the receiver for CDD signal.

The following shows the detail of the channel estimation and equalization procedures. The BTS should store the received LB for equalization. The BTS also stores the delay profiles of the two propagation channels, which are generated by correlation of the received pilot signals. Since the received LB is the signal which is the combination of the original LB and half size cyclic shifted LB, the receiver will make the new delay profile for equalization from original delay profiles in the memory. In this case, the delay profile from antenna 1 pilot is placed on beginning of the new delay profile and the profile from antenna 2 pilot is placed on the half point of the LB. This process is shown in Fig.6.

In CDD operation, we do not have to employ special receiver functions except for profile adjustment. This profile adjustment can be realized by a simple memory operation and the impact upon complexity is very small. Moreover, since reception can be done in each LB, CDD is better suited to the transmission of small size signals such as ASK/NACK or CQI.


[image: image31.emf]... ...

2

5

1

3

5

1

2

1

0

2

4

1

0

2

3

5

1

1

5

1

4

1

... ...

2

5

1

3

5

1

2

1

0

2

4

1

0

2

3

5

1

1

5

1

4

1

Time

Tx Signal 

(Antenna 1)

Tx Signal 

(Antenna 2)

Delay Profile for Rx Equalization

LB (1024 sample)

Time

Delay Profile

by Antenna 1 Pilot

Time

Delay Profile

by Antenna 2 Pilot

Tx Pilot 

(Antenna 1)

Tx Pilot

(Antenna 2)

SB (512 sample)

Profile 

Adjustment


Fig. 9. Equalization for CDD signal

3. Conclusion

This paper compare three methods for realizing open-loop transmit diversity in the E-UTRA uplink and show that CDD is preferable for two reasons: firstly, when considering the development and operation of the system and the application to various different signal types, such as wide- and narrow-band signals, CDD can suppress complexity increase and can provide robustness; secondly, CDD can keep low peak power in each transmission antenna.
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