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1 Introduction
According to [1], transmit antenna selection at the UE, which assumes fewer RFs than the number of transmit antennas (e.g. 1 RF and 2 transmit antennas) should be considered to potentially lower the UE complexity.  The choice of antenna selection could be made either closed-loop or open-loop. With closed-loop antenna switching, the only question is how often to feedback for the channel state information on each antenna.  However, from the system level point of view for open-loop antenna switching, the following questions should be raised:
· What open-loop switching manner should be practically utilized?
· What is the proper interval (or rate) for antenna switching?

· What is the major performance impact on antenna switching with respect to both no-switching and closed-loop antenna switching?
This contribution discusses a unique and practical solution using open-loop transmit antenna switching and clarifies all the questions raised above.

2 Open-Loop Transmit Antenna Switching
In the UL transmit system, we consider the scenario in which each UE employs two transmit antennas but only one transmit RF which is connected between D/A converter and transmit antennas. It should be noted that this scenario could be extended for general case of 
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antennas and 
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The proposed open-loop transmit antenna switching scheme uses a periodic mechanism and a sounding channel over the entire frequency band to figure out the best antenna for data transmission. Figure 1 is an example, which illustrates the details of open-loop transmit antenna switching and shows how it works with UL sounding channel and how the UE makes the decision to switch the transmit antenna. In this example, we assume the MCS feedback delay is four TTIs and antenna switching interval is 13n TTIs, where n could be 1,2,3…, depending on multiple antenna channel conditions.
The procedure of open-loop antenna switching relying on UL sounding channel and feedback MCS information is as follows:

1. In TTI #1 or before, we assume that data transmission is on transmit antenna #1, and so is the sounding channel.
2. To test the channel condition on antenna #2 in TTI #2, sounding channel is switched into antenna #2 and stays for 
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 TTIs (in the example we assume that 
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=1) while the data transmission is still on antenna #1.
3. From TTI #3 to TTI #5, both sounding and data transmission are on antenna #1 since until TTI #5, the UE does not know the channel condition of antenna #2 any more.

4. Once the UE receives the MCS corresponding to antenna #2 in TTI #5, the UE has to make decision whether antenna #1 or antenna #2 should be used to transmit the data packet in TTI #6 and after. This decision should be made by comparing the two MSCs levels between the current and previous TTI. In this example, antenna #2 is better than antenna #1. Therefore, antenna #2 is used during the minimum antenna switching interval from TTI #6 to TTI #18.
5. In TTI #15, sounding channel is switched into antenna #1 in order to test the channel condition for antenna #1. This process is the same as step-2. The processes then repeat steps 3 and 4.
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Figure 1: Open-loop transmit antenna switching.
Important notes:

· The feedback delay 
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 in TTIs is not a parameter and should be standardized.

· The minimum antenna switching interval 
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 in TTIs is a parameter and could be adjusted depending on the UE implementation.
· Sounding test interval 
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 in TTIs is a parameter and could be larger than one TTI depending on the UE implementation.

· Note-B does not need to know any antenna switching information and only treats it as 1x2 case.

3 Channel Measurement and Switching Criterion
Channel measurement for both transmit antennas is based on feedback MCS (or SNR). We assume that Node-B determines the MCS level for each resource unit (RU) for each UE according to information from the sounding channel, and then feeds back the MCS to the UE if the corresponding RUs are actively assigned for that UE. For example, the lth MCS level for the kth UE are
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, and L is the total number of RUs over the entire frequency band. Once the UE receives the several RU indications through the DL control channel, the UE roughly figures out the SNR level based on the MCS indication and estimates the channel quality over the entire the frequency band.

Switching criterion simply relies on the channel measurement information. Since UL sounding channels are periodically switched between the two transmit antennas, each UE could roughly estimate both transmit antenna qualities, whereby the decision can be easily made by the UE. It is worthwhile noting that for a specific UE, there could be no MCS indication if that UE is not assigned by Node-B scheduler. In this case, the UE does not have channel quality information for both antennas and stays on the same transmit antenna without any switching. One alternative to reduce such probability is to increase the test interval 
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, so that each UE for both antennas may have more chance to receive MCS for both antennas from Node-B.
4 System Level Assumptions

The up-link system level simulation assumptions from [1] were used for simulation case-1, case-2 and case-3. The detailed parameters are listed in Table 1.
Table 1: System level simulation parameters.

	Number of Cells
	19

	Number of Sectors per Cell
	3

	Number of UEs per sector
	20

	Antenna Configuration
	1x2 or 2x2

	Centre Frequency
	2 GHz

	Transmission Power
	250 mWatts (24 dBm)

	Lognormal Shadowing
	8dB

	Noise Figure
	5 dB

	Transmit Antenna Gain
	0 dBi

	Receive Antenna Gain
	14 dBi

	Maximum CIR
	30 dB

	Path-Loss
	128.1+37.6log10(R), R in km

	Scheduler
	Channel Dependent PF

	CIR Feedback Delay
	3 TTIs

	Slow Power Control
	[2]

	Channel Sounding Delay for MU MIMO
	3 TTIs

	MU MIMO Receiver Type
	LMMSE

	Data Traffic
	Full Queue Traffic

	Number of Sub-carriers per RB for Sounding
	1

	Sounding Channel Estimation
	Real

	Data Channel Estimation
	Real

	Maximum Retransmission Number
	3

	HARQ Combining
	Chase

	Number of RBs for User Scheduling
	3

	Maximum Number Simultaneous Tx UEs
	10 for SU MIMO,  20 for MU MIMO

	Antenna Switching Interval, 
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	5, 10, 15,…,50 TTIs


The frame structure, effective SNR computation, sounding channel design, adaptive MU MIMO, MCS design, and scheduling for MU MIMO are detailed in contribution [3].

5 System Level Performance
System level evaluation is based on the different transmit scenarios such as single user diversity and multi-user virtual MIMO (V-MIMO) with antenna configuration of 1x2 and 2x2. Here, we consider 1x2 antenna configuration as a baseline, used for performance reference. With 2x2 antenna configuration, we employ both closed-loop transmit diversity showing the performance upper bound, and open-loop transmit diversity justifying the performance gain of proposed scheme for various specified values of antenna switching interval, 
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 = 5, 10, 15,…,50 TTIs.
Figure 2, Figure 3 and Figure 4 show the system level performance between the 1x2 diversity baseline, closed-loop transmit diversity (2x2 antenna configuration with closed-loop antenna selection), and open-loop transmit diversity (2x2 antenna configuration with proposed open-loop antenna selection), for case-1, case-2 and case-3, respectively. 
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Figure 2: Performance comparison between 1x2 diversity, closed-loop transmit diversity (2x2 antenna configuration), and open-loop transmit diversity (2x2 antenna configuration) for simulation case-1.
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Figure 3: Performance comparison between 1x2 diversity, closed-loop transmit diversity (2x2 antenna configuration), and open-loop transmit diversity (2x2 antenna configuration) for simulation case-2.
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Figure 4: Performance comparison between 1x2 diversity, closed-loop transmit diversity (2x2 antenna configuration), and open-loop transmit diversity (2x2 antenna configuration) for simulation case-3.

Figure 5, Figure 6 and Figure 7 show the system level performance between 1x2 V-MIMO, closed-loop V-MIMO (2x2 antenna configuration with closed-loop antenna selection), and open-loop V-MIMO (2x2 antenna configuration with proposed open-loop antenna selection), for case-1, case-2 and case-3, respectively.
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Figure 5: Performance comparison between 1x2 V-MIMO, closed-loop V-MIMO (2x2 antenna configuration), and open-loop V-MIMO (2x2 antenna configuration) for simulation case-1.
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Figure 6: Performance comparison between 1x2 V-MIMO, closed-loop V-MIMO (2x2 antenna configuration), and open-loop V-MIMO (2x2 antenna configuration) for simulation case-2.
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Figure 7: Performance comparison between 1x2 V-MIMO, closed-loop V-MIMO (2x2 antenna configuration), and open-loop V-MIMO (2x2 antenna configuration) for simulation case-3.

5.1 Observations
From the performance comparison for single user diversity and multi-user V-MIMO, we may make the observations as follows:
· For all simulation cases, closed-loop antenna selection always achieves the best performance.

· The performance gain tendency of both single user diversity and multi-user V-MIMO with open-loop transmission switching is the same.

· In case-1 and case-3, since the UE velocity is low, with large switching interval the open-loop transmit diversity provides better performance between baseline diversity and closed-loop transmit diversity. The reason is that short switching interval increases the received channel variation at Node-B and results in inaccurate MCS selection.
· When the UE velocity becomes high, for example in case-2, the gain achieved by open-loop transmit diversity is marginal. This is because to maintain low channel variation, the switching interval should be large enough while a large interval never gives an accurate decision for antenna switching.
· With large switching intervals, the worst scenario in terms of the system level performance for the proposed open-loop transmit switching is the baseline diversity case. This guarantees the bottom-line for open-loop switching performance.

· Note-B does not need to know any antenna switching information and only treats it as 1x2 case so that there is no additional complexity needed to be considered.

· The reasonable open-loop transmit antenna switching interval for the overall cases is between 15 and 25 TTIs.
6 Conclusions
In this contribution, we have proposed a unique and practical open-loop transmit diversity scheme when the UE with a MIMO antenna configuration has less RFs than the number of transmit antenna. System level performance shows that the proposed transmit solution achieves a significant gain as compared to the 1x2 baseline case when the UE velocity is low. When the velocity becomes high, however, the gain is quite marginal but is never worse than baseline 1x2 diversity. Moreover, the proposed transmit scheme does not requires any additional complexity.
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