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1. Introduction

In R1-030507 (WG1#32), Lucent proposed the MIMO channel metric, which is considering the frequency selective channel [1][2][3]. The metric is used for the antenna domain link adaptation in extended V-BLAST systems, e.g. PARC systems [4][5]. In the receiver part of the V-BLAST systems that are considering such dispersive channel, the interference signals from the multiple antennas in space-domain are cancelled by the interference canceller; however, the interference signals from the multiple paths in time-domain are not cancelled by one but suppressed by linear space-time equalizer in front of other signal processing.

On the other hand, to cancel out the effect of time-domain interference signal, the code-domain interference canceller is good choice rather than the time-domain one because of its good performance and simplicity. However, we should carefully study the properties of a canceller, especially those of the successive interference canceller like one in the receiver of V-BLAST systems, to make use of its best advantages. In practice, the successive interference canceller may cause unbalance of the post-detection SINRs among the outputs of the detection layers, e.g. the output SINRs from the different code channel.

In this contribution, we apply

· We apply the Code-domain Successive Interference Canceller (CD-SIC) to V-BLAST systems, which is named CD-SIC V-BLAST, and
· We propose the Code-domain Tx Power Ratio Control (CD-TPRC), which is named CD-SIC V-BLAST w/ CD-TPRC, to take full advantage of it. 
2. V-BLAST with Code-domain Successive Interference Canceller
As presented in [5], the V-BLAST receiver does not have code-domain successive interference canceller, but has only space-domain successive interference canceller, which subtracts the contributions of pre-detected transmit antenna signals from the received signal. Different from the only space-domain canceller, we propose to apply the code-domain successive interference canceller (CD-SIC) to V-BLAST receiver additionally, as shown in Fig. 1. In this scheme, the contributions of pre-detected code channel signals are subtracted from the received signal after the antenna signals in each code channel are all detected. In such a way, the impacts from not only space-domain interference but also code-domain interference are suppressed and higher performance reliability in the receiving can be achieved. Moreover, applying code-domain Tx Power Ratio Control (CD-TPRC) to this system achieves the significant performance improvement with a very little overhead of feedback signalling.
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Figure1. V-BLAST receiver with code-domain successive interference canceller
3. Code-domain Tx Power Ratio Control for V-BLAST with CD-SIC

The proposed CD-SIC V-BLAST is shown to have much better performance than conventional V-BLAST in previous section; moreover, this section shows that first, Tx power ratio control among the code-domain channels can improve its performance far more, and second, the feedback for this is sufficiently small.

In the conventional V-BLAST transmitter, Tx power is not controlled per code-domain in each channel. In contrast to this no Tx power control transmitter, we suggest to consider code-domain Tx power ratio control (CD-TPRC) between code channels. In there, only single power ratio between all adjacent code channels is signaled through uplink channel, and then this ratio is geometrically applied to from the first code channel to the last code channel in the transmitter as shown in Fig. 2. By doing so, the code-domain post-detection SINRs between the different code channels are well balanced, and the significant performance improvement can be accomplished. Moreover, further investigation of the CD-TPRC can reduce more the feedback rate of uplink signalling. In particular, only long-term fading based feedback is sufficient for this CD-TPRC information.
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Figure2. V-BLAST transmitter and receiver with code-domain Tx power ratio control
In particular, transmitted signal in Fig. 2 from mth antenna during a symbol period may be expressed as
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where ck is the kth spreading code, 
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 is F-by-K spreading code matrix, Pk is the transmit power of kth code signal, 
[image: image5.wmf][

]

P12

diag,,,

K

PMPMPM

å

@L

 is the K-by-K diagonal matrix of transmit powers, and 
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 is the vector of data from antenna m. These parameters and their notations are similar to [1] except the transmit power of each code signal is included to implement CD-TPRC. 

The transmit powers for the code signals are assigned so that the received code SINRs become equal for all code channels. Then, the transmit powers for K code channels can be found as 
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where PT is the total transmit power of all code channels and a is the value determined by the channel gains, noise variance, and so on. So only single power ratio a between adjacent code channels is sufficient to describe the transmit powers for all code channels. It should be noted that this smallest feedback can be possible because all received code signals go through the same channel in such downlink communications. Furthermore, the code power ratio a can be calculated based on the long-term channel gains as well as the instantaneous channel gains.

In short, CD-TPRC is shown to improve the performance of CD-SIC V-BLAST further, and the fact that a little feedback is enough for this control is exposed.

3. Simulations

In this section, we present Bit Error Rate (BER) performance simulation results for V-BLAST systems with and without CD-SIC, and further CD-SIC V-BLAST with CD-TPRC. The simulation parameters listed in Table 1 are considered in the simulations. The BER performances are compared in (4,4) antenna configuration and two exponentially decaying power multipaths environment with different average SNR conditions. V-BLAST algorithm and (or) CD-SIC with Zero-Forcing (ZF) linear filter are used to detect the signals. For the performance in high data rate, we use 8 codes with a spreading factor of 32 and 4 times code reuse by spatial multiplexing method, equivalently antenna spatial multiplexing. Additionally, CD-TPRC described in previous section with instant channel information and long-term channel information is used in CD-SIC V-BLAST system to reveal the immunity of the rate of feedback signaling. For easy understanding, no detail feedback implementations, e.g. considering of feedback error, are considered.

Table 1. Simulation parameters

	Parameter
	Values

	
	For BER
	For FER

	Spreading factor (SF)
	32
	16

	Number of multicodes
	8
	10

	SNR
	Variable

	Fading model
	Rayleigh two paths

	
	Exp(-.5) for 2nd path
	Equal power

	Correlation model
	i.i.d.

	Channel estimation
	Perfect

	Antenna configuration
	4(4

	Feedback rate
	Instant and long-term

	Feedback error
	0%

	Detector
	ZF V-BLAST and(or) CD-SIC

	MCS


	QPSK, no code
	QPSK 1/2 turbo code

QPSK 3/4 turbo code

16QAM 1/2 turbo code
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Figure3. The BER performance comparison
Fig. 3 illustrates the comparisons of raw BERs and Figs. 4 ~ 6 show the comparisons of FERs between 5 systems: V-BLAST, CD-SIC V-BLAST, CD-SIC V-BLAST w/ instant feedback based CD-TPRC, CD-SIC V-BLAST w/ long-term feedback based CD-TPRC, and CD-SIC V-BLAST w/ CD-TPRC and SD-TPC (Space Domain Transmit Power Control). The simulation results can be summarized as followings:

· All CD-SIC V-BLAST type systems outperform V-BLAST system since V-BLAST system is using only space domain SIC, especially significantly better at high SNR region. 

· The CD-SIC V-BLAST systems with CD-TPRC considerably outperform the systems without it, 10times lower BER at SNR=20dB.

· The performance of CD-TPRC with long-term based feedback is almost the same to that of it with instant feedback, so it is true that very slow uplink signalling is enough.

· The BER performance difference between CD-SIC V-BLAST with CD-TPRC and the same system with additionally applied antenna power control is relatively small in compared with the difference between CD-SIC V-BLAST with and without CD-TPRC.
4. Conclusions

We have applied Code-domain Successive Interference Canceller (CD-SIC) to V-BLAST systems to improve the reliability of its BER performance in the frequency selective channel. Furthermore, combined with code-domain Tx Power Ratio Control (CD-TPRC) on code channels through a little feedback uplink signalling, the proposed scheme, CD-SIC V-BLAST w/ CD-TPRC significantly outperforms other schemes: e.g. V-BLAST, CD-SIC V-BLAST w/o CD-TPRC.
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6. Appendix: FER simulation
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Figure4. The FER performance comparison: QPSK, 1/2 coding rate
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Figure5. The FER performance comparison: QPSK, 3/4 coding rate

[image: image11.wmf]5

10

15

20

10

-4

10

-3

10

-2

10

-1

10

0

16QAM, 1/2 coding rate

10 codes, 4 Tx, 4 Rx, 2 paths, 16 SF

 

 

 No CD-SIC

 CD-SIC

 CD-SIC w/ CD-TPRC (instant)

 CD-SIC w/ CD-TPRC (constant)

 CD-SIC w/ CD-TPRC & SD-TPC

FER

SNR (dB)


Figure6. The FER performance comparison: 16QAM, 1/2 coding rate
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