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1 Contribution Focus
The performance of closed-loop transmit antenna selection schemes, taking their training into account, was compared in R1-063090 [1]. For antenna switching, there exist two distinct possibilities: 

1. Antenna switching occurs between TTIs (inter-TTI switching)
2. Antenna switching occurs within a TTI (intra-TTI switching)
As per the discussions in RAN1#47, this contribution compares the performance of closed-loop antenna selection with open-loop schemes. It focuses on the switching between TTIs case. The comparison of closed-loop antenna selection with open-loop schemes when switching within a TTI is done in the contribution R1-070523 [3].

In all the schemes considered here, a UE needs to have only one 1 power amplifier and RF chain. The simulations are based on the new uplink numerology agreed upon in a recent meeting. 
2 Scheme Overview 
Closed-loop Antenna Selection

The UE with 1 RF chain transmits pilot signals from the available 2 antennas, the eNodeB then chooses the optimal transmit antenna and feeds its choice back to the UE. The UE then switches to the selected antenna for future transmissions. 
The figure below illustrates the training method for a 1 ms TTI (12 LBs and 4 SBs). The UE selects the last used antenna and commences transmission (Tx1 in the figure). To enable the eNodeB to estimate the channel state of the unselected antenna, it periodically transmits an entire TTI from the unselected antenna (Tx2 in the figure). The eNodeB can then estimate the channels of both of the antennas and determine the transmit antenna to be used at the UE. It feeds its decision back to the UE. The UE, after a feedback delay (of 1 TTI), receives the eNodeB decision and thereafter transmits with the antenna (Tx2 in the figure) selected by the eNodeB. 

[image: image1]
Figure 1: Closed-loop transmit antenna selection (switching between TTIs)
Open-loop Scheme
In an open-loop mechanism, no feedback from the eNodeB is available to the UE. Therefore, a UE with one power amplifier and RF chain that switches between TTIs can at best alternate between its transmit antennas in transmitting its TTIs. 

[image: image2]
Figure 2: Open-loop antenna switching (switching between TTIs)
3 Simulation Parameters
The parameters used in the simulations is listed in Table 1. 
Table 1: Link-level simulation parameters
	Parameter
	Assumption

	Number of subcarriers per RB
	12

	Number of RBs assigned to a UE
	2

	Duration of TTI
	1 ms

	Number of long blocks (LB) per TTI
	12

	Number of short blocks (SB) per TTI (SB)
	4

	FFT block size (LB)
	1024

	FFT block size (SB)
	512

	System bandwidth
	10.0 MHz

	Carrier frequency
	2.0 GHz

	Channel model
	Typical Urban (TU) 

	UE speed
	3 km/h and 30 km/h

	MCS 
	4-QAM with r = 1/2 

16-QAM with r = 1/2

	Channel estimation
	Least squares (LS)

	Number of receive antennas (at the eNodeB)
	2

	Number of transmit antennas
	2

	Number of transmit RF chains
	1

	Normalized distance between transmit antennas
	0.5

	Mean of angle of departure
	450

	Variance of angle of departure
	580

	Mean of angle of arrival
	300

	Spatial correlation of eNodeB (receive) antennas
	Uncorrelated

	Feedback delay in closed-loop antenna selection
	1 TTI


4 Performance Comparison
The performance of the open-loop and closed-loop schemes is shown in Figure 3 for a  UE speed of 3 kmph. The MCS used is 4-QAM, rate ½ code. Also, the time-interval when the unselected antenna transmits is varied for the closed-loop antenna selection scheme. It can be seen that open-loop antenna switching delivers no performance gain over single antenna transmission. This is because it does not improve diversity. Closed-loop antenna selection results in a 2-3 dB gain.  As the frequency of the transmission from the unused antenna decreases, the gain gets larger. This is because once the better antenna is selected, it is more useful to use that antenna as much as possible. However, increasing the interval too much is counter-productive since the antenna selection training will not be able to track the channel variations. 
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Figure 3: Comparison of open-loop transmit diversity and closed-loop transmit antenna selection (4-QAM, rate ½ code, UE speed = 3 km/h)
	Gain over  single antenna transmission
	Gain of closed-loop over open-loop

	
	Closed-loop
	Open-loop
	

	1% BLER
	2.5
	0.1
	2.4

	10% BLER
	2.1
	0.2
	2.0


Table 2: Comparison for 3 km/h, 4-QAM, rate ½ code
Figure 4 compares the schemes when an MCS of 16 QAM with rate ½ code is used. The closed-loop scheme delivers a gain of 2.5-3.0 dB, while the open-loop scheme does not result in any performance improvement.
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Figure 4: Comparison of open-loop transmit diversity and closed-loop transmit antenna selection (16-QAM, rate ½ code, UE speed = 3 km/h)
	Gain over  single antenna transmission
	Gain of closed-loop over open-loop

	
	Closed-loop
	Open-loop
	

	1% BLER
	2.9
	-0.3
	3.2

	10% BLER
	2.3
	-0.3
	2.6


Table 3: Comparison for 3 km/h, 16-QAM, rate ½ code
Figure 5 makes the same comparison when the UE speed is 30 kmph and 4-QAM is used. As before, open-loop transmit diversity (with switching between TTIs) does not lead to any performance improvement. On the other hand, the closed-loop scheme delivers a gain of about 1 dB. 
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Figure 5: Comparison of open-loop transmit diversity and closed-loop transmit antenna selection (4-QAM, rate ½ code, UE speed = 30 km/h)
	Gain over single antenna transmission
	Gain of closed loop over open-loop

	
	Closed-loop
	Open-loop
	

	1% BLER
	1.1
	0.1
	1.0

	10% BLER
	0.9
	0.2
	0.8


Table 4: Comparison for 30 km/h, 4-QAM, rate ½ code
5 Conclusions

In this contribution, the performance of closed-loop transmit antenna selection and open-loop transmit diversity was investigated when antenna switching occurs between TTIs.  Compared to a single antenna transmission, the open-loop scheme does not result in any gain. Closed-loop antenna selection, with a feedback overhead of 1 bit (to indicate which transmit antenna to use) improves performance. 
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