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1 Introduction

In the last meeting, we studied the effect of the TTI length, speed, feedback period, and feedback delay on the performance of a closed loop 4-branch system [1]. The baseline of [1] was TTI length of 2 msec. In this contribution, we study the impact of speed, feedback period, and sub-channel bandwidth on a 4-branch LTE system with TTI length of 1 msec.

The quality of feedback is an important factor that determines the performance of a closed loop system. Feedback period, sub-channel bandwidth, and speed are three dominant factors, which influence the quality of feedback.
2 System Description
We consider a downlink wireless communication channel that consists of four transmit antennas (4-branch). We assume that the receiver is an UE exploiting two receive antennas. The following closed-loop scheme is considered [2]:
· Beam-forming (SVD/BF)

· Feedback type: ideal
· Ideal CSI (channel state information)
3 Simulation Parameters

The following parameters are used to simulate the performance of the closed-loop scheme:
· Channel bandwidth = 10 MHz
· Number of used bandwidth = 48 sub-carriers [2]

· TTI size = 2 sub-frames =  1 msec

· FFT size = 1024

· Sampling frequency = 15.36 MHz

· Channel model GSM TU-1 with 3, 10, 20, and 30 km/h

· Cyclic Prefix: 72 samples

· Localized partial band assignment [2]

· Total number of data tones: 1024

· Receiver: MMSE
· FEC: Turbo code with MAP decoder

· Demapper: MAP
· Sub-band width = 12 or 24 adjacent sub-carriers in frequency direction (one feedback per sub-band per feedback update)
· Feedback delay = 3 TTI = 3 msec
· MCS set:
Table1: MCS set used for simulation

	# of Layers
	Coding Rate
	Modulation
	Rate, Bits/data tone

	2
	1/2
	16-QAM
	4


4 Link Level Simulation Results
4.1 Effect of feedback period
Figures 1a to 1d and 2a to 2d show the effect of feedback period on the performance of a closed loop beam forming system for rate 4 (refer to Table 1). Simulation results in these figures are based on localized channel of 12 or 24 adjacent sub-carriers in the frequency direction. The number of used OFDM symbols within a frame is 14 for TTI length 1 msec. The feedback delay in all schemes is set to 3 TTI = 3 msec. 
In Figure 1a, where the speed is low as 3 km/h and sub-channel bandwidth is 12 adjacent tones, all feedback periods have similar performance with a maximum 0.5 dB difference in the performance.
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Figure 1a. Effect of feedback period (speed 3 km/h, sub-channel bandwidth 12 tones)
Figures 1b to 1d show the results for the same systems as in Figure 1a but at the speeds of 10, 20, and 30 km/h, respectively. According to these figures, when the speed is increased, the system is more sensitive to the feedback update rate (feedback period). It is obvious that for high speeds, the time resolution of the feedback must increase; otherwise the system can not follow the fast variation of the channel. Base on the illustrated figures, the feedback period should not be more than 1 TTI (1000 feedback updates per sec per sub-channel) to have a reasonable performance even at moderate speeds like 30 km/h.
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Figure 1b. Effect of feedback period (speed 10 km/h, sub-channel bandwidth 12 tones)
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Figure 1c. Effect of feedback period (speed 20 km/h, sub-channel bandwidth 12 tones)
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Figure 1d. Effect of feedback period (speed 30 km/h, sub-channel bandwidth 12 tones)

Figures 2a to 2d illustrate the same results as Figures 1a to 1d for the sub-channel bandwidth of 24 tones. Regarding the impact of feedback period, the sub-channel bandwidth of 24 tones behaves the same as a system with sub-channel bandwidth of 12 tones.
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Figure 2a. Effect of feedback period (speed 3 km/h, sub-channel bandwidth 24 tones)
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Figure 2b. Effect of feedback period (speed 10 km/h, sub-channel bandwidth 24 tones)
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Figure 2c. Effect of feedback period (speed 20 km/h, sub-channel bandwidth 24 tones)
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Figure 2d. Effect of feedback period (speed 30 km/h, sub-channel bandwidth 24 tones)

4.2 Effect of speed
Figures 3a to 3d depict the impact of speed for the systems with sub-channel bandwidth of 12 tones and feedback period of 1, 2, 4, and 8 TTI. Obviously, when the feedback update period increases, the feedback overhead decreases, but the cost is larger performance loss at the higher speeds.
 In Figure 3a, feedback period is 1 TTI (1000 feedback updates per sec per sub-channel). According to this figure, the performance degradation at the speed of 20 km/h is about 2 dB in comparison with the speed of 3 km/h. This figure also shows the performance of open loop antenna hopping as the best open loop scheme. The gain of closed loop system for speed of 30km/h decreases to about 2 dB due to the lower feedback quality at such a high speed.
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Figure 3a. Effect of speed (feedback period 1 TTI, sub-channel bandwidth 12 tones)

According to Figures 3b to 3d, when the feedback period increases, the impact of speed on the performance of closed systems is even worse. For example, as show in Figure 3c, the performance loss at the speed of 20 km/h is more than 5 dB in comparison with speed of 3 km/h for feedback period of 4 TTI (250 updates per sec per sub-channel).
In this figure, even closed loop scheme performs worse than open loop scheme at the speed of 30 km/h. To achieve a good performance in high speed, there is no way but to increase the feedback update rate at the price of more feedback overhead of the system.
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Figure 3b. Effect of speed (feedback period 2 TTI, sub-channel bandwidth 12 tones)
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Figure 3c. Effect of speed (feedback period 4 TTI, sub-channel bandwidth 12 tones)
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Figure 3d. Effect of speed (feedback period 8 TTI, sub-channel bandwidth 12 tones)

Figures 4a to 4d show the same results as figure 3a to 3d for sub-channel bandwidth of 24 tones per sub-channel. The results are more or less the same as the previous cases.
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Figure 4a. Effect of speed (feedback period 1 TTI, sub-channel bandwidth 24 tones)
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Figure 4b. Effect of speed (feedback period 2 TTI, sub-channel bandwidth 24 tones)
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Figure 4c. Effect of speed (feedback period 4 TTI, sub-channel bandwidth 24 tones)
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Figure 4d. Effect of speed (feedback period 8 TTI, sub-channel bandwidth 24 tones)

4.3 Effect of sub-channel bandwidth

Speed and feedback period are two factors which determine the time resolution (or quality) of the feedback. The less speed and the less feedback period tend to the better closed-loop performance. To have a good performance even at the high speed, the feedback period must decrease at the price of the higher feedback overhead.

In this section, the impact of the frequency resolution of the feedback is studied. Frequency resolution of the feedback (or feedback quality in the frequency direction) depends on the sub-channel bandwidth. The system reports only one feedback sample per sub-channel per feedback update.

To keep the feedback overhead fixed, one can increase the feedback resolution in the time direction and decrease the feedback resolution in frequency direction or vice versa. Figures 5a to 5c compare systems with the same feedback overhead but with the different time/frequency resolutions. In Figure 5a, two systems are compared: 1) a system with sub-channel bandwidth of 12 tones and feedback period of 2 TTI, 2) a system with sub-channel bandwidth of 24 tones and feedback period of 1 TTI. It means that system 2 has 50% lower resolution in the frequency domain but twice resolution in the time domain. Therefore, system 2 with higher time resolution is more robust against the speed or time variation of the channel. System 1 works better in highly dispersive channels due to higher frequency resolution.
According to Figure 5a, for the speeds not more than 20 km/h, since the time resolution is not a dominant factor, system 1 with a sub-channel bandwidth of 12 tones performs better than the system with a sub-channel bandwidth of 24 tones. In higher speeds like 30 km/h, where the time resolution is important, the system with feedback period of 1 TTI and sub-channel bandwidth of 24 performs better that the system with feedback parotid of 2 TTI (lower time resolution) and sub-channel bandwidth of 12 tones. 
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Figure 5a. Effect of sub-channel bandwidth (feedback overhead = 1 feedback update per 12 tones per 2 TTI = 1 feedback update per 24 tones per 1 TTI)
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Figure 5b. Effect of sub-channel bandwidth (feedback overhead = 1 feedback update per 12 tones per 4 TTI = 1 feedback update per 24 tones per 2 TTI)

Figures 5b and 5c compare the same systems as Figure 5a but with 50% and 25% feedback overheads. Again, in low speeds, sub-channel bandwidth of 12 tones outperforms a system with sub-channel bandwidth of 24 tones. The speed threshed for 50% feedback overheads is 10 km/h and for 25% feedback overhead is 3 km/h. It means that after these speed thresholds, the system must switch from sub-channel bandwidth of 12 to 24 tones and increase the feedback frequency update to follow the fast variation of the channel at the higher speeds.
If a system does not have the ability to switch between to different sub-channel bandwidths, it is recommended to use the sub-channel bandwidth of 24 tones, which is more robust against the mobile speed.
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Figure 5c. Effect of sub-channel bandwidth (feedback overhead = 1 feedback update per 12 tones per 8 TTI = 1 feedback update per 24 tones per 4 TTI)

5 Conclusion
Simulation results in this contribution study channel aging and show the effect of mobile speed, feedback period and sub-channel bandwidth on the performance of closed loop schemes. Simulation results show that the most severe impact is imposed by the long feedback period and larger speed. As the mobile speed increases, the gain of the closed loop scheme decreases. 

With TTI length of 1 msec, the inherent feedback delay of 3 TTI = 3 msec is considered in the all the simulation results presented in this contribution. According to the simulation results, TTI length of 1 msec with feedback update of once per TTI (1000 updates/sec per sub-channel) and sub-channel bandwidth of 24 tones provides closed loop gain for speeds of up to 30 km/h with reasonable feedback overhead. In this case, the gain of closed loop system over the best open loop system is about 1.5 dB at the speed of 30 km/h (worst case scenario).
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