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1. Introduction

TxAA scheme is already included in the current specification to exploit the diversity using two transmit antennas [1]. TxAA is a closed loop technique employing the channel information signaled from UE side. In TR 25.876 for MIMO work item, the number of transmit antennas is up to 4. 

In this contribution, we propose a TxAA scheme for MIMO using four transmit antennas. In this scheme, the transmitted data is divided into two sub-groups and each sub-group is transmitted by TxAA operation. We call the propose scheme as double TxAA (D-TxAA).
2. Proposed D-TxAA scheme


In figure 1, we represent the D-TxAA scheme for the (4, 2) antenna configuration. 
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Figure 1. Transmission system for D-TxAA scheme.

As shown in the figure, the transmit antennas are grouped into two sub-groups. The upper two transmit antennas process the data stream 1 and the lower two transmit antennas process the data stream 2. The transmitted data in each sub-group is multiplied by a weight vector and transmitted via transmit antenna. The data rate for sub-group can be controlled independently. If we assume single path fading channel, the received signal can be represented by 
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where 
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 are normalized weight vectors for each sub-group, 
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 is channel coefficient from the m-th transmit antenna to the n-th receive antenna, 
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 is equivalent channel matrix, and n is an AWGN vector. The weight vectors, w1 and w2, can be obtained by the covariance matrices from 
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is the channel vector from the j-th transmit antenna to receive antennas. That is, the weight vectors are the eigenvectors corresponding to maximum eigenvalues of 
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, respectively. This proposed scheme can be simply extended for the (4, 4) antenna configuration.

3. Performance evaluation of D-TxAA

In this section, we show the performance of D-TxAA. The simulation environments are summarized in table 1. To obtain single user throughput, we assume an MMSE receiver followed by interference canceller. The SINR expressions for data stream s1 and s2 are as follows:
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Table 1. Simulation environments.

	Antenna configuration
	(4,2), (4,4)

	TTI
	2 ms

	Channel model
	single path Rayleigh

	Mobile speed
	3 km/h

	Channel correlation
	i.i.d

	Channel estimation
	Perfect

	Ec/Ior
	70 %

	Rate control
	Based on CQI table for UE category 10 in [1]

	FER target
	10 %

	CQI feedback delay
	7 slots

	CQI feedback error
	none

	Weight feedback delay
	0 slot

	Weight feedback error
	none

	Weight quantization
	infinite precision

	Spreading factor
	16

	HARQ
	Chase combining

	Maximum number of transmissions
	4

	Retransmission delay
	6 TTIs

	Detector
	MMSE followed by interference canceller

	Output metric
	single user throughput


In figure 2, the single user throughput performance of D-TxAA is compared with that of the current TxAA. As shown in the figure, D-TxAA shows better throughput performance than TxAA. As the number of receive antennas increases, the throughput performance is improved. The performance improvement is significant over high Ior/Ioc region. For instance, D-TxAA with (4,4) antenna configuration outperforms TxAA with (2,1) and (2,2) antenna configurations by 10 Mbps and 7.5 Mbps, respectively, at Ior/Ioc of 10 dB.
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Figure 2. Single user throughput performance of D-TxAA.

4. Further considerations


To obtain more realistic results, the proposed scheme should be evaluated using channel model in [2]. Additionally, the issues related to the weight such as feedback error, feedback delay, and weight quantization should be investigated.

5. Conclusions


We propose the D-TxAA scheme for MIMO. In D-TxAA scheme, the transmit antennas are divided into sub-groups. Then, the transmit data is processed using TxAA operation in each sub-group. The data rate for each sub-group can be controlled independently. The proposed scheme shows better performance than TxAA scheme in the current specification. It is proposed that the attached text proposal be included in TR 25.876.
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---------------- Start of Text ------------------

5.2
FDD High Speed Channels

5.2.3
Proposal 3: Double Transmit antenna array (D-TxAA)
D-TxAA is a MIMO scheme for sending multiple data streams with spatial multiplexing. In D-TxAA, if four transmit antennas are employed in Node B, transmit antennas are divided into two sub-groups and each sub-group transmits independent data stream with TxAA operation of a pair of transmit antennas. The data rate of each sub-group can be controlled independently. If two transmit antennas are employed in Node B, the current TxAA in Release 5 can be used. 
5.2.3.1 Basic physical layer structure of HS-DSCH for MIMO

The block diagram for D-TxAA is shown below for four transmit antennas and two receive antennas.  Two independent data streams are spread and scrambled, and then allocated to two sub-groups. The data stream in each sub-group is multiplied by a weight vector and transmitted by a pair of transmit antennas in that sub-group. If 
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is a channel vector from the j-th transmit antenna to two receive antennas, the weight vector for each sub-group can be obtained by eigen-analysis of covariance matrices, 
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, respectively. The extension to 4 receive antennas is straightforward.
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5.2.3.2
Adaptive modulation and coding schemes

5.2.3.2.1
Modulation and channel coding 
The MCS for data stream in each sub-group is determined by the Node-B based on the CQI feedback from the UE. The MCS for each data stream can be selected differently.
5.2.3.2.2
Transmission algorithms

The number of OVSF codes assigned for each sub-group depends on the MCS determined in Node B. The optimal OVSF code assignment including code re-use technique is FFS.   

5.2.3.2.3
Physical layer aspects for MCS Selection 

UE transmits the CQI based on the SINR estimation for each data stream. When the CQI in Release 5 is applied for each data stream, the number of possible combinations of CQI increases exponentially as the number of data streams increases. The reduction of the possible combinations of CQI without significant throughput loss is FFS.

Associated Signalling 

Downlink

{This section should describe the HS-DSCH-related downlink signalling which is distinct from the non-MIMO HSDPA system.}

5.2.3.3.2
Uplink 

{This section should describe the HS-DSCH-related uplink signalling which is distinct from the non-MIMO HSDPA system..}

5.2.3.4
UE Capability

{This section should describe the parameters(e.g. number of antennas, modulation, codes etc.) based on which the UE capability are classified. It should also describe the receiver algorithms used for each antenna configuration and transmission algorithm.}
5.2.3.5
Complexity
{This section should describe the expected complexity impact on the UE (e.g. power consumption, RF, baseband, memory etc).}

5.2.3.5.1
Analysis of User Equipment Complexity
5.2.3.5.2
Analysis of Node B impacts

5.2.3.6
Backward compatibility

5.2.3.7
Overview of changes required in the specification
---------------- End of Text -----------------
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