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1. Introduction
In this contribution, we introduce transmit and receive antenna selection (AS) technology for MIMO and present some simulation results to demonstrate its advantages and applicability to the radio access systems being envisaged for EUTRA [1]: MIMO-OFDM for downlink [2]-[9] and SC-CP for uplink [19].

2. Antenna Selection

In antenna selection [10]-[13][17] an optimal subset, which depends on the channel conditions and the MIMO scheme being used, of the available antennas is selected and used for transmission or reception. 
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 receive antenna selection (RAS), we denote it by Nt x Lr/Nr. Similarly, for transmit antenna selection (TAS), we denote it by Lt/Nt x Nr.
The main advantages of 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 or Lr receive antennas, 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.  
· 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. 
· Enhanced performance gains from RF pre-processing: By replacing the simple RF switches with phase shifters, the performance of antenna selection can be improved even further by exploiting long-term spatial statistics, which varies much slower than fast Rayleigh fading and is the same for several sub-carriers. 
· Minimal and Robust Feedback for TAS: Antenna selection at the transmitter can be implemented as a closed-loop MIMO scheme. Compared with eigenbeamforming, which requires the feedback of coarsely quantized transmit weights, TAS only requires feedback of 2-3 bits that indicate which transmit antennas are to be used. Therefore, TAS requires significantly less feedback than eigenbeamforming and is more robust to feedback delay and UE speed.

· Compatible with antenna grouping: Antenna selection is also compatible with antenna grouping techniques.
3. System Description
We assume a MIMO-OFDM 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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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.
3.1. 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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The common performance metrics considered are the mutual information and the SNR.
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.  Several other selection criteria that trade-off optimality and complexity have also been developed [14]-[17]. 
4. Simulation Assumptions

Table 1 – Simulation parameters

	Parameter
	Assumption

	Carrier frequency
	2.0 GHz

	Symbol rate
	6.72 million symbols/sec

	Channel bandwidth
	5 MHz

	Subcarrier spacing
	13.125 kHz

	Number of data subcarriers
	342

	Duration of TTI
	0.5 ms

	Number of OFDM symbols per TTI
	6

	Number of data symbols per TTI
	2052

	Useful symbol duration  
	76.19 us

	FFT block size
	512

	Cyclic Prefix (CP)
	7.143 μsec (48 samples)

	Channel model
	Typical Urban (TU) 

	MIMO configurations 
	1x1 (SISO) 1x1/2 (SISO with RAS), 1/2x1 (SISO with TAS), 2 x 1/2 (STTD with RAS), 2 x 1 (STTD), 2 x 2 (SDM), 2/4 x 2 (SDM with TAS), 2 x 2/4 (SDM with RAS)

	Receive antenna correlation
	0

	Transmit antenna correlation 
	( = 0, 0.8 (which corresponds to a mean AoD of 45o and an angle spread of 17o.)

	UE speeds of interest
	3 km/h and 30 km/h

	MCS 
(rate punctured turbo codes and interleaver from 3GPP spec. used)
	QPSK with r = 1/2 and 5/8

16QAM with r =  1/2, 5/8, and 3/4

64QAM with r = 5/8 and 3/4


	Feedback error
	None

	Channel Estimation
	Perfect channel estimation


Table 1 shows the simulation parameters assumed for the downlink. This parameter set is chosen from the candidate parameter sets for E-UTRA downlink OFDM systems [16]. We assume an equivalent 5MHz bandwidth with symbol rate 6.72 MHz. The subcarrier spacing is 13.125 kHz. The 7.143 us CP incurs an 8.57% overhead. With TU channel model, this CP can guarantee no inter-symbol interference. 
We consider 7 different MCS schemes. For QPSK, we use punctured turbo code with r=1/2 and 5/8. For 16QAM, the code rate is 1/2, 5/8, and 3/4. For 64QAM, the rate is 5/8 and 3/4. 
In the simulation, the simple MMSE soft-detector is used to detect the SDM streams. Ordered successive interference cancellation (OSIC) will show additional gains over MMSE detector. The performance gains from antenna selection are similar even for the OSIC-MMSE receiver. 

Table 2 lists the achievable rate for each MCS with single stream transmission and two stream transmission MIMO schemes. Perfect channel estimation is assumed in this contribution. 
Table 2 – Achievable data rate

	MCS
	Achievable data rate for single stream MIMO
	Achievable data rate for two-stream MIMO

	QPSK r = 1/2
	4.10 Mbps
	8.20 Mbps

	QPSK r = 5/8
	5.13 Mbps
	10.26 Mbps

	16QAM r = 1/2
	8.21 Mbps
	16.42 Mbps

	16QAM r = 5/8
	10.26 Mbps
	20.52 Mbps

	16QAM r = 3/4
	12.31 Mbps
	24.62 Mbps

	64QAM r = 5/8
	15.39 Mbps
	30.78 Mbps

	64QAM r = 3/4
	18.46 Mbps
	36.92 Mbps


5. Simulation Results

In this section, we provide basic simulation results on the performance advantage of antenna selection when deployed in conjunction with several MIMO schemes. 
The performance of antenna selection is compared with a baseline system that consists of Lr receive antennas and Lt transmit antennas. Comparisons with other baseline systems that have Nr receive antennas (which is more than Lr) and Nr RF chains available to them are also made.

In particular, we present simulation results for following schemes: 
1. 1x1 (SISO) 
2. 1x1/2 (SISO with RAS)
3. 1/2x1 (SISO with TAS)
4. 1 x 2 (SIMO)
5. 2 x 1/2 (STTD with RAS)
6. 2 x 1 (STTD)
7. 2 x 2 (SDM)
8. 2/4 x 2 (SDM with TAS)
9. 2 x 2/4 (SDM with RAS)
In all simulations, the SNR is defined as the signal to noise ratio for each transmit antenna and each sub-carrier, not counting the insertion loss of CP. The throughput as a function of SNR is obtained by taking the hull curve of the throughput for each MCS.
Figure 1 plots the throughput for a SISO (1 x 1) OFDM system and compares it with 1/2 x 1 TAS and 1 x 1/2 RAS. It can be seen that TAS and RAS both provide a gain of about 2 dB when the transmit and receive antennas are uncorrelated. The gain increases with SNR. A comparison with the full complexity 1 x 2 (MRC) scheme is also done.
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Fig. 1. Throughput comparison of TAS (1/2 x 1) and RAS (1 x 1/2) with a SISO and MRC receive diversity system

Figure 2 plots the throughput for a STTD (2 x 1) OFDM system and compares it with 2 x 1/2 RAS. It can be seen that RAS when used with STTD leads to a gain of about 1 dB over STTD. 
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Fig. 2. Throughput comparison of RAS (2x1/2) for a STTD system
Figure 3 compares the throughput of SDM (2 x 2) OFDM system with TAS (2/4 x 2) and RAS (2 x 2/4). A gain of about 2.5 dB is achieved over SDM. 
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Fig. 3. Throughput comparison for TAS (2/4 x 2) and RAS (2 x 2/4) for spatial division multiplexing. Simple MMSE soft-detector is used at receiver.
Figures 4 and 5 show the impact of feedback delay, which leads to suboptimal selection, on the throughput of antenna selection with SDM for UE velocities of 3 km/h and 30 km/h, respectively. It can be seen that at 3 km/h, the throughput is not sensitive to the delays as large as 10 TTI. At a high speed of 30 km/h, delays of up to 2 TTI (1 ms) do not degrade the performance of transmit antenna selection at all. However, a delay of 10 TTI (5 ms) can eliminate the advantage of TAS, but its performance is never worse than a 2x2 system. Hence, in a highly mobile environment a faster feedback mechanism is preferable. 
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Fig. 4. Effect of delay on throughput of transmit antenna selection for SDM system whenUE speed is 3 m/h. Simple MMSE soft-detector is used at receiver.
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Fig. 5. Effect of delay on throughput of transmit antenna selection for SDM system when the UE speed is 30 km/h. MMSE soft-detection is used at receiver. 

Figure 6 shows the impact of transmit antenna correlation and speed on the throughput of TAS. It can be seen that very high correlation between the transmit antennas degrades the gain caused by antenna selection. However, for the same correlation, it can be seen that antenna selection still leads to an improvement in performance over SDM without selection and fewer antennas. 
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Fig. 6 Effect of spatial correlation on throughput of antenna selection with SDM system. Two velocities, 3 km/h and 30 km/h, are considered.
6. Performance with SC-CP

Similar performance gains are also achievable with a single carrier (SC) system with CP, given the fundamental similarities in their operation [18]. 

Table 3 – Simulation parameters for MIMO SC-CP

	Parameter
	Assumption

	Carrier frequency
	2.0 GHz

	Symbol rate
	4.096 million symbols/sec

	Channel bandwidth
	5 MHz

	Duration of TTI
	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)
	7.8125 μsec (32 samples)

	Channel model
	Typical Urban (TU) 

	MIMO configurations 
	1x2 (SISO), 1/2x2 (SISO with TAS)

	Receive antenna correlation
	( = 0

	Transmit antenna correlation 
	( = 0

	UE speeds of interest
	3 km/h 

	MCS 

(rate punctured turbo codes and interleaver from 3GPP spec. used)
	QPSK with r = 1/2 and 5/8 

16QAM with r =  1/2, 5/8, and 3/4

	Feedback error
	None

	Channel Estimation
	Perfect channel estimation


Table 3 shows the simulation parameters assumed for the uplink MIMO SC-CP [19]. For TAS, 2 transmit antennas are considered at the UE, with only one being selected.  Table 4 lists the achievable rate for each MCS with single stream transmission for the MIMO SC-CP. Perfect channel estimation is assumed. 

Table 4 – Achievable data rates for SC-CP

	MCS
	Achievable data rate for single stream MIMO

	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. 7. Throughput comparison of SC-CP and SC-CP with TAS

Figure 7 shows that antenna selection leads to a gain of 1-2 dB for SC-CP. A zero-forcing frequency domain equalization receiver followed by soft-detection is used. The channel estimation is taken to be perfect. 
7. Conclusions

In this contribution, we provide basic simulation results that show the advantage of antenna selection when used in conjunction with several MIMO techniques. Antenna selection and its variants enable the use of multiple antennas at the transmitter and receiver without increasing the RF requirements of the devices. The amount of feedback required by TAS is less than beamforming schemes. Simulations show that the antenna selection over all subcarriers can provide 1-2.5 dB additional performance gains for SISO, STTD, and SDM schemes.
Reference
[1] 3GPP TR 25.913, “Requirements for Evolved UTRA and UTRAN”
[2] 3GPP, R1-050246, Motorola, “Downlink Multiple Access Scheme for EUTRA”

[3] 3GPP, R1-050249, NTT DoCoMo, “Downlink Multiple Access Scheme for EUTRA”

[4] 3GPP, R1-050252, Nokia, “Downlink Considerations for UTRAN LTE”

[5] 3GPP, R1-050255, Ericsson, “EUTRA: Downlink Multiple Access Scheme”

[6] 3GPP, R1-050267, Nortel, “Proposal for the Downlink Multiple Access Scheme for E-UTRA”

[7] 3GPP, R1-050270, Samsung, “Downlink Multiple Access for EUTRA Radio Interface”

[8] 3GPP, R1-050367, Texas Instruments, “Comparison of Multiple Access Scheme for E-UTRAN Downlink: OFDM vs. CDMA”

[9] 3GPP, R1-050448, Ericsson et al. “Basic principles for the Evolved UTRA radio access concept”

[10] A. F. Molish and Moe Z. Win, “MIMO Systems with Antenna Selection”, IEEE Microwave Mag., Vol. 5, No. 1, pp. 46–56, Mar. 2004.
[11] S. Sanayei and A. Nosratinia, “Antenna selection in MIMO systems,” IEEE Commun. Mag., pp. 68–73, Oct. 2004. 

[12] R. S. Blum and J. H. Winters, “On optimum MIMO with antenna selection,”IEEE Commun. Lett., vol. 6, pp. 322–324, Aug. 2002.

[13] A. Gorokhov, D. Gore, and A. Paulraj, “Receive antenna selection for MIMO flat-fading channels: Theory and algorithms,” IEEE Trans. Inform. Theory, vol. 49, pp. 2687–2696, 2003.

[14] D. A. Gore, R. U. Nabar, and A. Paulraj, “Selecting an optimal set of transmit antennas for a low rank matrix channel,” in Proc. ICASSP, pp. 2785–2788, May 2000.

[15] A. Ghrayeb and T. M. Duman, “Performance analysis of MIMO systems with antenna selection over quasi-static fading channels,” IEEE Trans. Veh. Technol., vol. 52, pp. 281–288, Mar. 2003.
[16] P. Karamalis, N. Skentos, and A. Kanatas, “Selecting array configurations for MIMO systems: an evolutionary computation approach,” IEEE Trans. Wireless Commun., vol. 3, pp. 1994–1998, 2004.

[17] 3GPP, R1-050587, NTT DoCoMo, “OFDM Radio Parameter Set in Evolved UTRA Downlink”
[18] 3GPP R1-050488, Nortel, “Discussion of the link level interface for MIMO system level simulation.” 
[19] 3GPP R1-050588, NTT DoCoMo, “Radio Parameter for Single-Carrier  Based Radio Access for Evolved UTRA Uplink”

























































































































































































































- 6/10 -

_1183900498.unknown

_1183900755.unknown

_1183901027.unknown

_1183903917.unknown

_1183903970.unknown

_1183903424.unknown

_1183900787.unknown

_1183900724.unknown

_1183900382.unknown

_1183900460.unknown

_1183900044.unknown

