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1 Introduction and Background
Transmit antenna selection in the uplink enables a handset to exploit the spatial diversity of having multiple antennas with a fewer number of RF chains and power amplifiers. This has beneficial implications for low power consumption and cost reduction.   Antenna selection is also a transmit diversity scheme, and it can achieve the full diversity of a MIMO system. Thus, it can favorably improve the achievable data rate and improve coverage. Antenna selection for FDD and TDD modes in LTE was proposed in [4].
The performance of closed-loop antenna selection schemes with several possible training methods was considered in R1-063089 [1]. The issue of training is important for antenna selection because the hardware limitations allow for only antenna to transmit at any given time. The performance of closed-loop transmit antenna selection, taking the training into account, for a 0.5ms TTI with 6 LBs and 2 SBs was compared in R1-063090 [2]. Two distinct possibilities for antenna selection were identified: 
1. Antenna switching occurs between TTIs (inter-TTI switching)
2. Antenna switching occurs within a TTI (intra-TTI switching)
In the discussions in RAN1#47, a comparison with open-loop schemes was requested. This contribution focuses on antenna switching within a TTI and compares the performance of closed-loop antenna selection with open-loop schemes when antenna switching occurs within a TTI. In both the open loop and closed-loop 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. The comparison of the open-loop and closed-loop schemes for switching between TTIs is done in R1-070524 [5].
2 Scheme Overview 
Closed-loop antenna selection

In closed-loop antenna selection, the UE adaptively uses the antenna with the best current channel state for transmission. For this, the eNodeB periodically feeds back to the UE which of the two antennas to use for transmission. 
As mentioned, the hardware limitation of having only 1 PA and RF chain implies that only one antenna can send reference signals at any time. Figure 1 illustrates the training method simulated for closed-loop antenna selection for a 1 ms TTI, which consists of 12 LBs and 4 SBs. The UE starts transmission with its last used antenna (Tx1 in the figure). A low overhead reference pilot, called the antenna selection (AS) pilot, is transmitted from the unused antenna in SB4. The eNodeB then estimates the channels of both the antennas by using the pilots in the SBs, and determines the transmit antenna to be used by the UE. The UE receives the eNodeB’s decision after a feedback delay (of 1 TTI), and thereafter transmits with the selected antenna (Tx2 in the figure).


[image: image1]
Figure 1: Closed-loop transmit antenna selection
Open-loop antenna selection
In the open-loop antenna selection scheme, no feedback is available from the eNodeB to the UE about which antenna to use for transmission. Switching from one antenna to the other within a TTI is therefore done periodically. 
Figure 2 illustrates the time-switched transmit diversity-based scheme investigated here. In this scheme, the first half of the TTI is transmitted by the first antenna and the second half is transmitted by the other antenna. For reliable channel estimation, the SBs are evenly distributed between the two antennas.


[image: image2]
Figure 2: Open-loop transmit antenna selection
3 Simulation Parameters
The parameters used in the simulations are listed in Table 1.
Table 1: 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 closed-loop transmit antenna selection with open-loop transmit diversity is compared for various parameters in Figure 3, Figure 4, and Figure 5.

Figure 3 compares the performance for a UE speed of 3 kmph. The MCS used is 4-QAM, rate ½ code. We can see that both schemes perform much better than a single antenna transmission. The gains with respect to the single antenna case are about 3.7 dB for the closed-loop scheme and 2.2 dB for the open-loop scheme at 1% BLER.  For 10% BLER, these gains are about 2.4 dB and 0.9 dB, respectively (see Table 2). For closed-loop antenna selection, the figure shows the impact of different time intervals after which the AS pilot is transmitted. 
Figure 3 also shows that the closed-loop antenna selection performs better than the open-loop scheme for lower UE speeds. The gain of the closed-loop antenna selection over the open-loop scheme is about 1.5 dB. Given the large coherence interval of the channel, transmitting the AS pilots even less frequently than shown in the figure will lead to a minimal degradation in performance. 
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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 kmph)
Figure 4 makes the same comparison for a UE speed of 30 km/h. Both the transmit diversity schemes have similar performance gains over a single antenna transmission. At 1% BLER, closed-loop antenna selection and open-loop transmit diversity result in a 2.4 dB and 2.2 dB gain, respectively, over single antenna transmission. At 10% BLER, the gains are 1.8 dB and 0.9 dB, respectively. 
	Gains over single transmit antenna
	Gain of closed-loop over open-loop

	
	Closed-loop
	Open-loop
	--

	1% BLER
	3.7
	2.2
	1.5

	10% BLER
	2.4
	0.9
	1.5


Table 2: Comparison for UE speed of 3km/h with 4-QAM, rate ½ code
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Figure 4: Comparison of open-loop transmit diversity and closed-loop antenna selection (4-QAM, rate ½ code. UE speed = 30 kmph)
	Gains over single transmit antenna
	Gain of closed-loop over open-loop

	
	Closed-loop
	Open-loop
	--

	1% BLER
	2.4
	2.2
	0.3

	10% BLER
	1.8
	0.9
	0.9


Table 3: Comparison for UE speed of 30km/h with 4-QAM, rate ½ code

Figure 5 compares the performance of the schemes for a UE speed of 30 kmph when the MCS used is 16-QAM, rate ½ code. The gains over single antenna transmission are now larger. At 1% BLER, closed-loop antenna selection and open-loop transmit diversity both result in a 3.1 dB gain over single antenna transmission. At 10% BLER, the gains are 2.1 dB and 1.1 dB, respectively. 
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Figure 5: Comparison of open-loop transmit diversity and closed-loop antenna selection (16-QAM, rate ½ code, UE speed = 30 kmph)

	Gains over single transmit antenna
	Gain of closed-loop over open-loop

	
	Closed-loop
	Open-loop
	--

	1% BLER
	3.1
	3.1
	0.1

	10% BLER
	2.1
	1.1
	1.0


Table 4: Comparison for UE speed of 30km/h with 16-QAM, rate ½ code

5 Discussion and Conclusions
From the results presented, it can be seen that both the closed-loop and open-loop schemes substantially outperform the single antenna case. With a minimal feedback overhead of 1 bit (to indicate which transmit antenna to use), the closed-loop scheme results in the highest performance improvement despite requiring only 1 power amplifier.  The AS pilot transmission interval depends on the UE speed and can be determined by the UE or the eNodeB. 
One concern with antenna switching within a TTI is that it results in inter-carrier interference (ICI) for other users and as well as the transmitting user. This occurs because of the finite time, which is of the order of nano-seconds or 10s of nano-seconds, required for switching between antennas. As shown in R1-063092 [3], the resulting ICI interference is insignificant.  
Antenna switching within a TTI is preferable compared to antenna switching between TTIs given that it leads to significantly greater performance gains. 
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