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1. Introduction

Double space-time transmit diversity (DSTTD) has been proposed for multiple-input multiple-output systems for HSDPA [1,2]. In such a system, all transmit antennas operate at the same data rate. The receiver employs a detector consisting of a MMSE linear transformation followed by the interference cancellation. A speed-dependent scheme combining TxAA and STTD for a (2,2) system was proposed in [3] since, in terms of SNR gains, TxAA is best at low speeds and STTD is best at high speeds. However, such a system has multi-mode operations and the extension to higher number of transmit antennas is not discussed.

In this contribution, we apply sub-group rate control (SGRC) to the DSTTD system for 4 transmit antennas to improve the single user throughput performance. In such a system, 4 transmit antennas are divided into 2 groups (pairs). The data rate of each group of transmit antennas is independently adjusted by MCS selection and the transmit antennas within the same group operate at the same data rate. The proposed scheme is different from the PARC method [4], which independently adjusts MCS at each transmit antenna.

2. DSTTD with Sub-Group Rate Control

As presented in [1], the DSTTD transmitter shown in Fig.1 applies the same data rate to all transmit antennas. The data rate is determined by the MCS, which is selected based on the SINR estimate at UE and signaled back to base station via the uplink signaling. Different from the single rate transmission in DSTTD, we propose to apply sub-group rate control (SGRC) to DSTTD, as shown in Fig.2. In such a scheme, four transmit antennas are divided into 2 groups and each pair independently adjusts the data rate by MCS selections. In such a way, each pair of antennas can operate at different data rate and higher system capacity can be achieved. The proposed scheme requires lower complexities than PARC in [4], since the data rate are adjusted at the group level and the number of additional uplink signaling for MCS selection is reduced. 
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Figure 1. Transmitter for DSTTD
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Figure 2. Transmitter for DSTTD with Sub-Group Rate Control


The metric used to determine the optimum transmit scheme is the SINR at the output of the MMSE receiver. Consider a four transmit antenna system, the normalized channel G can be represented as, G=[g1 g2 g3 g4], where gi’s are the constituting columns. For DSTTD, we can define
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and two metrics for SINR estimate can be computed as follows:

Metric 1:

The SINR values for 2 pairs of transmit antennas are computed by
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where 
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 and I is the identity matrix. The computation of SINR2 is based on the assumption that interference is perfectly cancelled at the MMSE receiver output. Here we assume the data streams from transmit antennas with channels (h1,h2) are decoded first.

Metric 2:
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3. Simulations

In this section, we present single-user throughput simulation results for DSTTD systems with and without sub-group rate control. The simulation parameters listed in Table 1 are considered in the simulations. The performances of single user throughput are compared for two antenna configurations, (4,2) and (4,4), with different feedback delays (4 and 7 slots) and UE speeds (3, 30, 120 kmph). A 5-level MCS set is used in the simulations, as shown in Table 2. The associated data rates for entire system are calculated assuming 10 of 16 codes are used. The criterion for MCS selection is to maximize the throughput at a given geometry such that the FER is no more than 10%. Two metrics for SINR estimates described in previous section are used for both DSTTD with and without SGRC schemes. For DSTTD without SGRC, the smaller value of SINR estimate is used for MCS selection. The MCS are selected at the UE and signalled back to Node B via a feedback channel. No feedback errors are assumed in the simulations.

Table 1. Simulation parameters

	Carrier frequency
	2GHz

	Spreading factor
	16

	Number of multicodes
	10

	Frame length
	2ms 

	CPICH power
	10% 

	Ec/Ior
	70%

	Ior/Ioc
	Variable

	UE speed
	3, 30, 120 kmph

	Fading model
	One path Rayleigh 

	Correlation model
	i.i.d.

	Channel estimation
	Perfect

	Antenna configuration
	4(4, 4(2

	Feedback delay
	4 and 7 slots

	Feedback error
	0%

	Detector
	Iterative MMSE


Table 2. MCS set

	MCS
	Modulation
	Code rate
	Data Rate (Mbps)

	1
	QPSK
	1/4
	2.4

	2
	QPSK
	1/2
	4.8

	3
	QPSK
	3/4
	7.2

	4
	16QAM
	1/2
	9.6

	5
	16QAM
	3/4
	14.4


Fig.3 to 14 illustrate the comparisons of single-user throughput for 2 scenarios (4,2) and (4,4), at the different velocities (3, 30 and 120km/h) with feedback delays (4 and 7 slots), respectively. The combinations of two schemes, DSTTD with and without SGRC, and two metrics are considered for comparisons. The simulation results can be summarized as followings:

· At lower UE speed, the DSTTD with SGRC uniformly outperforms other schemes if metric 1 is used. The performance gain can be as large as 2-4 dB for single-user throughput, as seen in Fig. 3-6

· With SGRC and metric1, the DSTTD outperform other schemes at higher geometries for moderate speed. As shown in Fig. 7-10, the margin is up to 2dB

· At high speed, the proposed scheme outperforms other schemes with a margin of up to 3dB, as shown in Fig. 11-14.
4. Conclusions

We have applied sub-group rate control (SGRC) to DSTTD MIMO systems to improve the single user throughput. Combined with proper metric for MCS selections, the proposed scheme outperforms other schemes by a significant margin at low UE speed and moderate margin at high UE speed.
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Fig. 3 (4,2) Single-user throughput at speed=3km/h with 4-slot feedback delay
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Fig. 4 (4,2) Single-user throughput at speed=3km/h with 7-slot feedback delay
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Fig. 5 (4,4) Single-user throughput at speed=3km/h with 4-slot feedback delay
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Fig. 6 (4,4) Single-user throughput at speed=3km/h with 7-slot feedback delay
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Fig. 7 (4,2) Single-user throughput at speed=30km/h with 4-slot feedback delay
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Fig. 8 (4,2) Single-user throughput at speed=30km/h with 7-slot feedback delay 
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Fig. 9 (4,4) Single-user throughput at speed=30km/h with 4-slot feedback delay
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Fig. 10 (4,4) Single-user throughput at speed=30km/h with 7-slot feedback delay 
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Fig. 11 (4,2) Single-user throughput at speed=120km/h with 4-slot feedback delay
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Fig. 12 (4,2) Single-user throughput at speed=120km/h with 7-slot feedback delay 
Fig. 13 (4,4) Single-user throughput at speed=120km/h with 4-slot feedback delay

Fig. 14 (4,4) Single-user throughput at speed=120km/h with 7-slot feedback delay 
Encoder


Modulator





x3   x4





x1   x2





MCS Selection


From UE





Encoder


Modulator





Multicode


Spreading





Data





4





3





2





1





Multicode


Spreading





Multicode


Spreading





Multicode


Spreading





   STTD


 Encoder





   STTD


 Encoder





         





S/P


(DMUX)





Data





MCS Selection


From UE





Encoder


Modulator








x1   x2





4





3





2





1





Multicode


Spreading





Multicode


Spreading





Multicode


Spreading





Multicode


Spreading





   STTD


 Encoder





   STTD


 Encoder





         





S/P


(DMUX)





x3  x4









- 4 -

_1106733257.unknown

_1106735293.unknown

_1106742175.unknown

_1106733303.unknown

_1106733313.unknown

_1106733170.unknown

