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1. Introduction

Double space-time transmit diversity (DSTTD) has been proposed for multiple-input multiple-output systems [1]

 HYPERLINK  \l "DSTTD_Shuffling" 
[2] to exploit the diversity possible from 4 transmit antennas. In DSTTD, all the transmit antennas operate at the same data rate. The receiver employs a detector consisting of MMSE linear transformation followed by interference cancellation. 

In this contribution, we propose using sub-group rate control (SGRC) with DSTTD to improve single user throughput performance for a system with 4 transmit antennas. In this scheme, the four transmit antennas are divided into two groups. The data rate of each group is independently adjusted by MCS selection, with the transmit antennas within the same group operating at the same data rate. Similar to DSTTD, this scheme is backward compatible with Rel’99 and requires lower complexity. The proposed scheme is different from PARC [3], which independently adjusts MCS at each transmit antenna.

2. DSTTD with Sub-Group Rate Control

In this scheme, the four transmit antennas are divided into 2 groups. Each group independently adjusts its data rate. Since the data rates are adjusted on a per group basis and not on a per antenna basis, the amount of additional uplink signaling required for MCS selection is reduced making it more robust to higher UE speeds. The use of STTD-based transmission for each group also exploits the diversity inherent in MIMO channels, further improving its robustness to feedback estimation errors.


1.1. Modulation and Coding Scheme (MCS) Selection

The MCS used for a given group is determined based on the estimated SINR at the output of the MMSE receiver. This is computed as follows. 

For a four transmit antenna system, the normalized channel matrix 
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can be represented as 
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[

4

3

2

1

g

g

g

g

G

=

, where 
[image: image3.wmf]i

g

s are the constituent columns. For DSTTD, we can define the modified channel matrix as [1]
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The SINR estimates for the two groups are then given by:
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 and I is the identity matrix.  Here we assume that the data streams from transmit antennas with channels 
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 are decoded first to obtain 
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. The computation of 
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 is based on the assumption that interference from the first group’s signals is perfectly cancelled. The associated data rates are calculated assuming that 10 out of 16 codes are used.

A 5-level MCS set is used in the simulations, as shown in Table 1. The criterion for MCS selection is to maximize the throughput for a given geometry such that the target FER is less than 10%. The MCSs are selected at the UE and signaled back to Node B via a feedback channel. 

Therefore, for DSTTD with SGRC, MCS selection selects one out of 25 possible MCS combinations. This can be achieved by a 5 bit feedback for each frame. The 64 level PARC for (4,2) system, described in [3] and simulated for comparison purposes in this contribution, requires a 6 bit feedback, but has the advantage of also using selection diversity at the transmitter. 

	MCS
	Modulation
	Code rate
	Data Rate (Mbps)

(per group)

	1
	QPSK
	¼
	1.2

	2
	QPSK
	½
	2.4

	3
	QPSK
	¾
	3.6

	4
	16QAM
	½
	4.8

	5
	16QAM
	¾
	7.2


Table 1: MCS set

3. Simulations

The parameters listed in Table 2 are used in the simulations. The performances of single user throughput are compared for the (4,2) antenna configuration for three UE speeds: 3, 30, and 120 kmph. 

	Carrier frequency
	2GHz

	Spreading factor
	16

	Number of multicodes
	10

	Frame length
	2 ms 

	CPICH power
	10% 

	Ec/Ior
	70%

	Ior/Ioc
	Variable

	UE speed
	3, 30, and 120 kmph

	Fading model
	One path Rayleigh 

	Correlation model
	i.i.d.

	Channel estimation
	Perfect

	Antenna configuration
	4(2

	Feedback delay
	4,7 slots

	Feedback error
	0%

	Detector
	Iterative MMSE


Table 2: Simulation parameters

 The results presented below are a revision of the results presented in [4]. In [4], DSTTD with SGRC was compared with DSTTD without SGRC, in which all the four transmit antennas used the same MCS. It was shown that at lower UE speed, DSTTD with SGRC uniformly outperforms DSTTD without SGRC, with performance gains as high as 2-4 dB for single-user throughput. At moderate and high speeds, DSTTD with SGRC outperformed the other schemes by a margin of 2-3 dB at higher geometries. 

The difference between the results presented below and in [4] is due to the improved channel simulator used for this contribution.

[image: image11.wmf]
Figure 1: Single-user throughput at speed=3mph with 4-slot feedback delay
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Figure 2: Single-user throughput at speed=120kmph with 4-slot feedback delay

[image: image13.wmf]
Figure 3: Single-user throughput at speed=30kmph with 4-slot feedback delay
At low speeds (3kmph) and for Ior/Ioc up to 14 dB, it can be seen from Figure 1 that PARC performs better than DSTTD-SGRC by a margin 1 dB. The performance difference arises because of the finer per antenna-based MCS control exercised by PARC, as opposed to the 25 level MCS selection used for DSTTD with SGRC. This performance gap can be reduced by allowing for transmissions over only the best two antennas for lower geometries. The scheme then reduces to STTD in these cases. Notice that at high Ior/Ioc, both PARC and DSTTD with SGRC saturate at a single user throughput of 14.4 Mbps. 

As shown in Figure 2, at a speed of 120 kmph, DSTTD with SGRC outperforms PARC by 6dB at a throughput of 5 Mbps. At moderate speeds (30kmph in Figure 3), this difference is 4 dB for the same throughput. Note however that in this case PARC marginally outperforms DSTTD with SGRC for Ior/Ioc below 0dB.

4. Conclusions

We have presented link level simulation results for DSTTD with SGRC for a 4 transmit antenna and 2 receive antenna configuration. Its performance was evaluated over i.i.d Rayleigh flat fading channel for UE speeds of 3, 30, and 120 kmph. DSTTD with SGRC was shown to be more robust than PARC to high UE speeds for the same amount of feedback delay. DSTTD with SGRC also achieves the same maximum throughput as PARC. The performance gap between PARC and DSTTD with SGRC for low speeds can be reduced by allowing for antenna selection at the transmitter and concentrating the transmit power in only the best two antennas.  REF DSTTD \h 
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