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1. Introduction

In this contribution, we compare the performance of various training schemes for transmit antenna selection on the uplink, and draw general conclusions. Transmit antenna selection can reduce the hardware complexity of the handset. In addition, it incurs a lower training overhead than a full-complexity multiple transmit antenna system. 
In [1], various training schemes tailored to antenna switching that are compatible with the existing reference signal designs were discussed. The schemes fell under the following broad criteria:

1. Switching times:

· Antenna switching occurs within a TTI during an SB
· Antenna switching occurs between TTIs 

2. Method of generation of antenna selection pilot:
· Puncturing the data modulation pilot, or

· Puncturing the broadband CQI pilot, or

· A hybrid scheme that can puncture either or both of the above pilots

3. Periodic nature of transmission of antenna selection pilot:
· Periodic

· Aperiodic (adaptive)
2. Simulation Set Up

In the discussion below, 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.  We assume that SB1 and SB2 are used to transmit data modulation (DM) pilots, i.e., pilots for coherent demodulation of data. SB2 is also used to transmit the antenna selection pilots from the unused antenna as well as the broadband CQI pilots for resource block assignment. The eNodeB then estimates the channels for both of the antennas and decides on which transmit antenna is to be used at the UE. 
A detailed list of link-level simulation parameters is shown in Table 1. We assume a 1 TTI delay in notifying the UE about the antenna selection decision. Note that the examples presented in this contribution assume that a TTI is 0.5 ms long and consists of 6 LBs and 2 SBs.
Table 1: Link-level simulation parameters
	Parameter
	Assumption

	Antenna selection criterion
	Capacity maximization

	Channel estimation
	Least squares (LS)

	Number of subcarriers per RB
	25

	Number of RBs assigned to a UE
	1

	Duration of TTI
	0.5 ms

	Number of long blocks (LB) per TTI
	6

	Number of short blocks (SB) per TTI (SB)
	2

	FFT block size (LB)
	1024

	FFT block size (SB)
	512

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Channel model
	Typical Urban (TU) 

	UE speed
	30 km/h

	MCS 
	4 QAM with r = 1/2 

	Number of receive antennas (at the BS)
	2

	Number of transmit antennas
	2

	Number of transmit RF chains
	1


3. Antenna switching within a TTI using data demodulation pilots

Figure 1 illustrates antenna selection and its training by puncturing the data modulation pilot periodically. The UE commences transmission with its last used antenna (or by randomly selecting one of the two antennas). Let this antenna be Tx 1. A low overhead reference pilot, which we call the antenna selection (AS) pilot, is transmitted from the unused (second) antenna (Tx 2) in SB2 to enable the eNodeB to estimate the unused antenna’s channel. The eNodeB then selects the best antenna and, in the next TTI, instructs the UE to switch its antennas. The UE, after a feedback delay of 1 TTI, receives the feedback from the eNodeB and switches its transmit antenna to Tx2. The antenna selection pilot is sent once every three TTIs. 

[image: image1]
Figure 1: Antenna selection pilot transmitted (from unused antenna)
In Figure 2 and Figure 3, the performance of this training scheme for different parameter sets is compared with the performance of a single transmit antenna system. The antenna selection pilot is sent once every 2 to 5 TTIs, and the data pilot density, in terms of RPF (repetition factor) is varied between 1 and 2. 
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Figure 2: Performance of switching within a TTI with different frequencies of when AS pilots are transmitted
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Figure 3: Performance of switching within a TTI with different frequencies of when AS pilots are transmitted
Figure 2 shows that antenna selection results in a significant gain over the single-antenna scenario (in the range of 2-3 dB) and this gain starts to decrease gradually as the AS pilots are transmitted less frequently. When the RPF of AS pilots is increased to 2, no change occurs in performance and this is due to the fact that antenna selection needs a less accurate channel estimate than data demodulation.
Figure 3 shows that when the RPFs of both SB1 and SB2 are increased to 2, the performance of all the schemes degrades due to worse channel estimation. The gain of antenna selection over the single-antenna case remains the same and does not change when RPF = 4 is used for the AS pilots.
Figure 4 shows a comparison of the performance with different RPFs when the AS pilots are transmitted once every two TTIs. From this figure, we can see that the AS pilot density can be reduced by at least a factor of 2 without a significant penalty in performance resulting in a reduced overhead.
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Figure 4: Varying the antenna selection pilot overhead when the antenna selection pilot is sent once every two TTIs 
4. Antenna switching within a TTI using broadband CQI pilots

We now consider the case where broadband CQI pilots are used for antenna selection training. To enable the eNodeB to estimate the channel condition of the second antenna, the CQI pilot is periodically sent from the unused antenna instead of the transmitting antenna. We shall refer to this as the AS pilot.  This is illustrated in Figure 5 assuming that SB1 is used for the DM pilot and SB2 is used for the CQI pilots. In the figure, the AS pilot gets transmitted once every two TTIs. Using the CQI pilot for antenna selection enables joint resource block assignment with antenna selection as the eNodeB can now estimate the broadband frequency response of the channels of both of the antennas.  

[image: image8]
Figure 5: Joint antenna selection and resource block reassignment using CQI pilot puncturing when CQI is sent out every multiple TTIs
The performance of antenna selection with resource block reassignment is considered in Figure 6 for different AS pilot transmission frequencies. In Figure 7, only antenna switching is allowed without any resource block reassignment. In both cases, antenna selection improves performance by more than 3 dB at a BLER of 1% and by more than 2 dB at a BLER of 10%.  
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Figure 6: Antenna selection training using broadband CQI pilots: Joint antenna selection and resource block assignment (RPF = 1 for data pilots and RPF = 8 for CQI pilots)
In Figure 6, a very simple resource block assignment scheme is used: Once the frequency response of the whole transmission bandwidth is measured, the best resource block is assigned to the UE. Because of this, the performance gain compared to the single antenna case is significant. A more realistic system-wide comparison of the gains antenna selection and resource block assignment will be presented in future contributions.  
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Figure 7: Antenna selection training using broadband CQI pilots: Only antenna selection without resource block assignment (RPF = 1 for data pilots and RPF = 8 for CQI pilots)
Figure 7 shows that although the RPF of the CQI pilot is 8, the antenna selection performance is close to the case where local AS pilots with RPF = 1 are transmitted in SB2. This is because more samples (from the broadband CQI pilot) are available. The two figures show that using CQI is a promising technique to implement antenna selection. A hybrid scheme that uses local pilots and CQI can also be used.
5. Antenna switching within a TTI with adaptive training

We now consider the performance of a periodic (adaptive) antenna selection training schemes in which the channel of the unused antenna is estimated only if the performance of the current antenna falls below a desired threshold. In the scenario shown and simulated below, a low overhead AS pilot is sent in the next TTI if a block error is detected by the eNodeB and fed back to UE. The eNodeB then decides if the UE should switch antennas, and, if necessary, feeds its decision back to the UE. 

[image: image11]
Figure 8: Adaptive (a periodic) antenna selection and training
The performance of adaptive antenna selection is considered in Figure 9.  It can be seen that even a simple block error criterion leads to a 1.5 dB improvement at 10% BLER.  It is expected that with a more sophisticated adaptation criterion, we can further improve the performance. For example, adaptation trigger might be sent to the UE without waiting for a block error to occur but when the received SINR falls below a threshold and indicates that there might be errors in the future transmissions. The simulations assume that the MCS is kept the same throughout the TTI. The joint operation of link adaptation and adaptive antenna selection is for further study. 
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Figure 9: Performance of adaptive antenna selection training 
6. Antenna switching between TTIs using data pilots
Switching between TTIs (and not within a TTI) further simplifies the implementation complexity at the UE at the expense of a greater delay in selecting the best antenna. This is illustrated in Figure 10. The UE transmits data in the third TTI using the unused antenna (Tx 2). By using the channel estimates from the previous TTIs, the eNodeB can now select the best antenna of the UE, and then instruct the UE. 
The performance of this scheme is compared in Figure 11, as a function of how often the UE transmits data from the unused antenna. (We assume that the same MCS used when the TTI is transmitted by the unused antenna.) 

[image: image14]
Figure 10: Antenna selection by making the unused antenna periodically transmit a TTI.
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Figure 11:  Performance of antenna switching between TTIs 

The less often the unused antenna transmits a TTI, the better the performance initially. This is because the best antenna is not being used for data transmission. However, if the unused antenna transmits data too infrequently (less than once every 10 TTIs) then the selection does not track the channel variations and the performance starts to degrade. 
7. Conclusions and summary
In this contribution, we compared the performance of different training schemes for uplink transmit antenna selection. These schemes result in a lower overhead associated with MIMO systems with the same number of transmit antennas. 
We make the following general observations:

1. While both switching within a TTI and switching between TTIs result in performance gains, the former yields the greatest gains. 

2. Using the broadband CQI pilots enables joint resource block reassignment and antenna selection. 
3. The AS pilot overhead, in terms of the RPF required, is lower by a factor of 2 or more. 

4. An adaptive antenna selection scheme reduces the AS pilot overhead. It requires a 1 bit signaling to indicate to the eNodeB that the unused antenna is transmitting temporarily.
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