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1. Introduction

In this contribution we answer several questions from the previous meeting in San Diego, regarding the comparison of CL-4-Tx-STTD [1] with relevant transmit diversity schemes from R99. The ideal antenna verification is assumed in all simulations (as it was the case with all previous contributions where the new 4-antenna closed-loop tx diversity modes have been proposed). Realistic channel estimation is simulated in some cases.

The first question we answer is about comparison of the CL-4-Tx-STTD with the TxAA mode 1 on multipath channel. To do that, it was necessary to define explicitly the algorithm for the TxAA mode 1 on a multipath channel. One slot feedback delay and 4% feedback error rate are assumed.

Another question we address is about the performances of CL-4-Tx-STTD with an increased feedback delay. Therefore we present comparison of CL-4-Tx-STTD with TxAA mode 1 with 2-slots feedback delay, on multipath channel and with 4% feedback error rate. To make comparison complete, we also present the corresponding results for ASTTD as a special case (2 antennas) of CL-4-Tx-STTD [2]-[5], and for STTD. The ideal channel estimation is assumed.

Finally, as some previous proposals for the transmit diversity with multiple antennas have been evaluated with realistic channel estimation [6]-[7], we have evaluated the CL-4-Tx-STTD, as well as TxAA mode 1 and STTD, on single path channel with 1 slot feedback delay and 4% feedback error rate, with realistic channel estimation in the receiver. 
In the next Section we summarize the algorithms for the CL-4-Tx-STTD and the TxAA mode 1 on multipath channels. The Section 3 contains simulation results. The Section 4 concludes the paper.

2. Algorithms for CL-4-Tx-STTD and TxAA mode 1 on multipath channels
The Closed-Loop (CL) STTD with 4 antennas (CL-4-Tx-STTD) is defined in [1]. The transmitter of CL-4-Tx-STTD is shown in Fig.1. 
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Fig.1. CL-4-Tx-STTD transmitter.
The weights w1 and w2 are defined as 
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(1)
where it is assumed that there is K propagation paths from each transmit antenna to a single receive antenna, while 


[image: image4.wmf](

)

å

å

=

=

+

=

=

K

k

j

k

k

K

k

k

e

h

h

1

2

1

1

f

a

a



[image: image5.wmf](

)

å

å

=

=

+

=

=

K

k

j

k

k

K

k

k

e

h

h

1

4

3

1

y

b

b

,






(2)

where h1k, h2k, h3k and h4k are the complex amplitude coefficients of the propagation paths from 4 transmit antennas, having the same propagation delay.
The feedback quantization method, consisting of FBI bit generation (encoding) in the UE and decoding in the Node B, is described in [1].

The parameters  and  are the rotation phases. It is required that =+, so one of the rotation phases is picked up from a look-up table given in [8], while the other is calculated accordingly. The rotation phase should be kept constant over the period of at least 2 symbols. It is assumed  ==1. 
The TxAA mode 1 algorithm for multipath case is not defined explicitly in the current standard. For the single path case, there are only two paths in total from both antennas, so the phase adjustment at the transmitter side could compensate completely the phase difference between these paths. It would make the signals coming from the different transmit antennas coherently summed at the receiver. However, in the multipath case, there are several paths from each transmit antenna, resulting in the several pairs of paths with the same delay, while there is only one phase adjustment at the transmitter side. This means the phase adjustment can compensate only one pair of paths, leaving the other pairs of paths still uncompensated or partially compensated. This is illustrated in Fig.2. Thus it is to be expected that the benefits of TxAA mode 1 are much less pronounced on the multipath channels than on the single-path channel.
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Fig 2.   Illustration of phase adjustment in TxAA mode 1.

The TxAA mode 1 algorithm for the multipath case can be defined similarly as for the single path case. First, equivalent channel responses H1 and H2 for each transmit antenna are obtained according to the principle of Maximum Ratio Combining (MRC), as 
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          (3)

Then exactly the same FBI bit encoding and decoding can be performed as in the single path case. 

3. Simulation results

The TxAA mode 1 and CL-4-Tx-STTD are evaluated on the Vehicular A channel, using a single-stage ASTTD receiver for each path as in [1]. The comparison of required transmitted Eb/No to achieve 0.001 decoded BER, with one slot feedback delay and 4% feedback error rate, is shown in Fig.3. The simulation results in Fig.3 are obtained with fast power control. As the TPC and FBI bits are transmitted over the same channel, the respective errors are independently generated with the same error rate of 4%.

In the simulation of CL-4-Tx-STTD, the rotation phases  and  are switched every 2 symbols. 

The Fig.3 also contains the corresponding simulation results from [5], for the ASTTD and the open-loop STTD (with 2 antennas). 

The CL-4-Tx-STTD provides a significant gain under realistic conditions compared to the TxAA mode 1, measured on the decoded BER of 0.001, on the Vehicular A channel. Between 20 and 80km/h, the gain is about 1.1 dB, while at 120km/h the gain is about 0.8 dB.  Fig.3 shows that on the multipath channel the CL-4Tx-STTD and the ASTTD have better performance than TxAA mode 1 at all velocities. 
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Fig.3. Required transmitted Eb/No with power control on Vehicular A channel, 1-slot feedback delay.

The comparison of CL-4-Tx-STTD with TxAA mode 1 with 2-slots feedback delay, on multipath channels, and with 4% feedback error rate is shown in Fig.4. The gain provided by the CL-4-Tx-STTD with 2 slots feedback delay is similar to the gain with 1 slot feedback delay. 

It is interesting to note that the crossing points between TxAA mode 1 and STTD curves are significantly shifted towards the lower velocities when the feedback delay is increased from one to two slots. The same shift of about 50km/h might be noticed both on BER and BLER curves. It could be also noticed that the difference between respective curves for 1-slot and 2-slot feedback delays is not that big, increases towards higher velocities and is less than 0.5dB at 120km/h. This is not surprising because the evaluations are done on multipah channel with high number of paths, so the inability to adjust all paths is more dominant source of performance degradation than the feedback delay.
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Fig.4. Required transmitted Eb/No with power control on Vehicular A channel, 2-slots feedback delay.

Finally, Fig.5 contains BER and BLER curves with realistic channel estimation, on 1-path channel, with one slot feedback delay and 4% feedback error rate. 
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Fig.5. Required transmitted Eb/No with power control on 1-path channel, realistic channel estimation.

The simplest channel estimation algorithm is used in this simulation. For every close-looped Tx diversity scheme, only one value of the channel response is needed to generate feedback information, so the channel estimation is performed by coherent averaging over entire slot on CPICH channel, which has 10% of the total transmitted power. The performances at higher velocities are deteriorated severely by such channel estimation, thus making the results at higher velocities pessimistic. Regarding the common pilot pattern, the specification TSG25.211 is followed for two antennas case, and the TR25.869 Section 6.3.1 for four antennas case, respectively. 

It is evident that on the single path channel, even with poor realistic channel estimation in the receiver, the CL-4-Tx-STTD provides the gain over the TxAA mode 1 between 1.3 and 0.7dB for the range of velocities between 20 and 120km/h, with the smallest gain at 60km/h. 

The gain over the STTD is between 3 and 0.8 dB for the same range of velocities, decreasing towards higher velocities. 

It should be noted that the BLER curves are obtained for BLER=0.1, which corresponds to BLER higher than 0.001. Therefore the gain observed on BLER curves is a bit lower than the gain observed on BER curves. On the other side, it is obvious that the gains measured on the typical BLER value of 0.01 would be higher than those presented measured here on BER curves.

4. Conclusion

The CL-4-Tx-STTD is evaluated on the Vehicular A channel, with one and two slots feedback delay and 4% feedback error rate. It is shown that even on the multipath propagation channel, in a very broad range of velocities (20-120km/h) the CL-4-Tx-STTD provides a significant gain over TxAA mode 1. With realistic, but very poor, channel estimation algorithm in the receiver, on a single path channel, the estimated gain over TxAA mode 1 is similar (about 1dB) in the same range of velocities, while the gain over STTD is even higher, between 3 and 0.7dB. For the above range of velocities, the obtained gains are significantly higher than the gains demonstrated for some other open and closed loop transmit diversity schemes already in the TR25.869.

5. Appendix I– Simulation Parameters
Table 1.  Parameters for Simulation

	Parameter
	Value
	Unit

	NodeB 
	Information bit rate
	39.2
	kbps

	
	Physical channel
	60
	kbps

	
	Spreading factor
	64
	

	
	Convolutional Encoder
	1/3
	

	
	Interleaver Length
	1200
	bits

	
	Oversamples
	4
	

	
	Root-raised Cosine Filter
	Coeff.:0.22 ; Order:48
	

	
	STTD Encoder
	Yes (Refer to 3GPP25.211)
	

	
	Number of Antennas
	4
	

	
	CPICH Power
	10% of Ior
	

	
	Geometry (Ior/Ioc)
	6
	dB

	
	Rotation phases switching interval
	2
	symbols

	Mobile Channel
	Veh. A


	Power

Delay

Profile
	Path powers: [0 –1 –9 –10 –15 –20]
	dB

	
	
	
	Path delays: [0 0.31 0.71 1.09 1.73 2.51]
	s

	
	
	Carrier Frequency
	2G
	Hz

	
	
	Velocity
	20,40,60,80,100,120
	km/h

	UE
	Number Of Antennas
	1
	

	
	Searcher
	Ideal Searcher
	

	
	Channel Estimator
	Ideal Channel Estimation/ Simple average from CPICH
	

	
	Power Control
	ON
	

	
	Power Control Delay
	1
	Slot

	
	Feedback Delay
	1 or 2 
	Slot

	
	Weights Verification
	Ideal
	

	
	Feedback Quantization
	Predictive Quantization with length=1
	

	
	Feedback Bit Error Rate
	4%
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