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1. Introduction
At the RAN#28 meeting (Quebec), the requirements and targets of Evolved UTRA (E-UTRA) and UTRAN were approved [1]. Meanwhile, it is necessary to provide high data rate and wide coverage area using restricted power at the UE. We propose uplink transmit antenna selection schemes which only use one of the antennas for transmitting at any one time. More importantly, it requires fewer RF chains and power amplifiers for transmission and reception. In the RAN1 #42 meeting (London), we have presented some antenna selection techniques [2-3]. Here, we review some of the techniques, and also present some simulation results to demonstrate its advantages and applicability to single-carrier (SC)-FDMA radio access using cyclic prefix for uplink [9].

2. Antenna Selection Schemes
2.1. Advantages of Proposed Transmit Antenna Selection Schemes
Due to the considerations of lower power consumption and cost reduction for RF components, sometimes, using a lower number of power amplifiers and RF circuitries than available configuration is desirable. On the other hand, to improve the achievable data rate and provide wider coverage area, the highest possible diversity order should be exploited.
Thus, this contribution proposes antenna selection transmission for both FDD and TDD modes in Evolved UTRA. Figure 1 illustrates the block diagram of a UE employing the proposed transmit antenna selection (TAS) scheme.

Notation for antenna selection:

For a system with Nt transmit antennas and Nr receive antennas, let Lt denote the number of transmit antennas that are selected and let Lr denote the number of receive antennas that are selected. We shall use the notation Lt/Nt x Lr/Nr to denote this system. For transmit antenna selection (TAS), we denote it by Lt/Nt x Nr. In this contribution, the working assumption is Nt = 2 and Lt = 1.
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Figure 1.  Block diagram of a UE employing transmit antenna selection scheme
The main advantages of transmit antenna selection are as follows:

· Diversity and spectral efficiency gains: Antenna selection achieves the full diversity order of the MIMO system with Nt transmit and Nr receive antennas. The increased diversity gain, compared with a system with Lt transmit, leads to an increase in spectral efficiency, which is one of the requirements of LTE. 

· Reduced hardware complexity: Antenna selection exploits the presence of additional antennas without increasing the number of RF chains required to process signals to or from them. The switches or even simple RF pre-processing are implementable using simple and fast RF elements.  Therefore, higher performance can be achieved by the mobiles without a significant increase in hardware complexity, power consumption

· Flexibility and general applicability: Antenna selection can be flexibly deployed and merged with other MIMO schemes. For instance, the 2 x 2 MIMO SDM scheme can be extended to 2/4 x 2 AS-SDM without costly changes in the base-band processing module. Similarly, 2x1 STTD scheme can be easily extended to a 2/4x1 or a 2x1/2 AS-STTD scheme. 

· Minimal and Robust Feedback for TAS: Antenna selection at the transmitter can be implemented as a closed-loop MIMO scheme. Compared with eigen-beamforming, which requires the feedback of coarsely quantized transmit weights, TAS only requires smaller number of feedback bits that indicate which transmit antennas are to be used. Therefore, TAS requires significantly less feedback than eigen-beamforming and is more robust to feedback delay and UE speed.

2.2. System Description and Selection Criteria

We assume a Single Carrier with Cyclic Prefix (SC-CP) system with Nr receive antennas and N​t transmit antennas over a MIMO frequency-selective fading channel. The number of subcarriers is denoted by N. Then, at each subcarrier the received signal Yn can be expressed as
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, for n = 1, …, N.

where 
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 is a Nr x Nt channel matrix for the subcarrier n, 
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 is a spatially white Gaussian random vector with variance 
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 per dimension, and Xn is the transmitted symbol on the sub-carrier. In this contribution, we assume that all subcarriers have the same transmission power.

2.2.1. FDD Mode

There are two types of transmit antenna selection schemes for FDD: open loop and closed loop types.

(1) Open loop type
The open loop scheme is identical to the time switched transmit diversity (TSTD) scheme in UMTS, which is used for the synchronization channel as shown in Fig. 2. In the open loop scheme, the uplink shared data channel is transmitted from alternating antennas. Thus, the space diversity is obtained to avoid deep fade in the shared data channel.
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Figure 2. Operational principle of the open loop type transmit antenna selection in FDD
Features of the open loop type are as follows.

· Reference signal transmission for antenna selection is not necessary;
· Feedback bits informing the selected antenna is not necessary in the downlink;
· Less diversity gain compared to closed loop type;
· Appropriate for contention based channel and shared channel.
(2) Closed loop type
In the closed loop type transmit antenna section mode, UE must transmit reference signals (i.e., pilot channel) from the different antennas for channel quality measurement at a Node B in advance. Then, the antenna providing the higher received signal power is selected for transmitting succeeding shared data channel. The selected antenna information is fed-back to the target UE through the downlink control channel. Finally, the UE transmits uplink shared data channel employing the antenna selected. 
Features of the closed loop type are as follows:
· Reference signal transmission for antenna selection is required;
· Feedback bits informing the selected antenna is required in the downlink;
· Larger diversity gain compared to the open loop type, as the optimum transmit antenna is selected at every data-symbol block when the control loop tracks channel variation; 
· Appropriate for shared channel.
In this case, the reference signal for antenna selection must be transmitted from 2 alternating antennas associated with the antenna index, in order to keep one RF transmitter circuitry configuration as shown in Fig. 3.  Note that when the timing of the transmitted reference signals is known to Node B, the antenna index may not be required.  To keep the one RF transmitter circuitry restriction, additional delay occurs to transmit reference signals from 2 antennas. The reference signals should be transmitted periodically in-between the coded data symbol blocks.
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Figure 3.  Reference signal transmission for transmit antenna selection in FDD
2.2.2. TDD mode
For TDD mode, reciprocity can be assumed for the uplink and downlink channels. Antenna selection can therefore be performed based on the downlink MIMO channel estimates. 
2.2.3. Selection criteria
If Lt ≤ Nt transmit antennas and Lr ≤ Nr receive antennas are to be selected, the channel matrix amounts to a Lr x Lt sub-matrix of 
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 represents an index of sub-matrices. The number of elements in S is given by
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In antenna selection, a subset of the antennas at the transmitter or receiver (or both) needs to be selected.  TAS obtains the transmit antenna indices through feedback information. The number of bits required for feedback is 
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Examples of common performance metrics that take the mutual information and the SNR. 
into account are given below. Several other selection criteria that trade-off optimality and complexity have also been developed [4-7]. 

If the average mutual information is used as the performance metric, the antenna selection criterion becomes
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If the average post-processing SNR is used as the performance measure for STTD, the antenna selection criterion becomes
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where we have used Parseval’s theorem above.  

3. 

· 
· 
· 
4. Simulation Results
Similar performance gains to MIMO OFDM systems are achievable with a SC-FDMA given the fundamental similarities in their operation [8]. In this section, we show the simulation parameters and results for SC-FDMA. These were shown previously in [3].
Table 1 – Simulation parameters 

	Parameter
	Assumption

	Carrier frequency
	2.0 GHz

	Symbol rate
	4.096 million symbols/sec

	Transmission bandwidth
	5 MHz

	TTI length
	0.5 ms (2048 symbols)

	Number of data blocks per TTI
	6

	Number of data symbols per TTI
	1536

	FFT block size
	256

	Cyclic Prefix (CP) length
	7.8125 μsec (32 samples)

	Channel model
	Typical Urban (TU) 

	Antenna configurations 
	1 x 2 (SISO), 1/2 x 2 (SISO with TAS)

	Fading correlation between transmit/receive antennas
	( = 0

	Moving speed
	3 km/h 

	Data modulation
	QPSK and 16QAM 

	Channel coding 
	Turbo code with R =  1/2, 5/8, 3/4 and 

soft-decision decoding 

	Equalizer 
	Zero-forcing frequency domain equalizer

	Feedback error
	None

	Channel Estimation
	Perfect channel estimation


Table 1 shows radio parameters assumed in the link-level simulations for TAS. We assume Nt = 2 at the UE, with only one being selected in TAS.  Localized FDMA transmission with 5 MHz is assumed. Further, perfect channel estimation is assumed. A zero-forcing frequency domain equalization receiver is used followed by soft-decision Turbo decoding. Table 2 lists the achievable data rate for each MCS with single stream transmission case. 

Table 2 – Achievable data rates 
	MCS
	Achievable data rate

	QPSK r = 1/2
	3.072 Mbps

	QPSK r = 5/8
	3.840 Mbps

	16QAM r = 1/2
	6.144 Mbps

	16QAM r = 5/8
	7.680 Mbps

	16QAM r = 3/4
	9.216 Mbps
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Fig. 4. Throughput performance employing 2-branch TAS
Figure 4 shows the throughput performance employing 2-branch TAS at the UE and 2-branch antenna diversity reception at the Node B as a function of received SNR per antenna. The throughput with conventional Nt = 1-antenna transmission is also given for comparison. We see from the figure that the TAS leads to a gain of 1 - 2 dB from one transmitter antenna case in the achievable throughput performance in single-carrier FDMA radio access, employing single RF chain.
5. Conclusions
Simple transmit antenna selection schemes for both FDD or TDD modes has been proposed. The proposed antenna selection scheme provides more diversity gain while keeping only a smaller set of antennas active. Fewer RF chains and power amplifiers are required to keep the complexity low. No / very little additional overhead is needed to support the proposed scheme. 
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<<<<<<<<<<<<<<<<<<<<<<<<<<  Start of Text Proposal >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

9.1.1.4    MIMO
The baseline antenna configuration for uplink single-user MIMO is two transmit antennas at the UE and two receive antennas at the cell site. 

The possibility for single-user higher-order uplink MIMO (more than two TX/RX antennas) should be considered. 
The possibility for transmit antenna selection at the UE, which enables the use of multiple antennas at the transmitter and receiver without increasing the hardware of the devices, should be considered. 

<<<<<<<<<<<<<<<<<<<<<<<<<<<  End of Text Proposal >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
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