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1 Introduction
In the LTE standard, a closed loop precoding communication can improve the overall throughput of the system as well as user throughput for low speed users. It also allows rank adaptation based on channel matrix rank. However, for high mobility UE, such closed-loop precoding schemes may not maintain their performance due to channel aging. Under such circumstance, a higher rank open-loop scheme for high-geometry, high-mobility users could improve the overall cell throughput by bringing higher bandwidth efficiency to those users. In this contribution, we study the effect of mobile speed on the performance of 2-Tx and 4-Tx closed loop schemes. From the simulation reported here, it can be noticed that closed-loop precoding will only benefit UE will low mobility, for UE with medium and high mobility, open-loop transmission shows the better performance. From these observations, it is therefore worth claiming that open-loop transmission is equally important as closed-loop transmission and worth the efforts to design a good system. This contribution is a resubmission of [4].
2 Simulation Parameters

The following parameters are used to simulate the performance of these schemes, unless otherwise is specified.
· Channel bandwidth = 10 MHz

· Number of total sub-carriers = 601 (including DC)
· Sub-frames = 1 msec = 14 OFDM symbols

· FFT size = 1024

· Sampling frequency = 15.36 MHz
· Carrier frequency: 2.0 GHz
· Channel model: uncorrelated TU 3 and 30 km/h
· Cyclic Prefix: 72 samples
· Data RB assignment: Five adjacent RBs.
· Channel estimation: Perfect.
· Receiver: MMSE for 2-layer transmission and MRC for 1-layer transmission.
· Symbol constellation: QPSK, 16-QAM
· Channel coding: Turbo code of rate 1/2
· Feedback granularity: One precoding matrix per five adjacent RBs.
· Feedback delay: 3 sub-frames. 
· Feedback period: every sub-frame.

3 Link Level Simulation Results
Figure 1 compares the performance of 2x2 open loop SFBC and rank-1 closed loop transmission for a 3 km/h user. It also depicts the performance of the closed loop system with a short delay CDD. As shown in the figure, for this low speed user, closed loop transmission provides around 1 dB gain over SFBC.
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Figure 1: Performance of rank-1 transmission in 2x2 TU 3 km/h channel.
Figure 2 provides the performance of the same system at 30 km/h. While SFBC transmission slightly benefits from the temporal diversity compared to 3 k/h case, the closed loop scheme suffers from channel aging and therefore is outperformed by open loop transmit diversity.
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Figure 2: Performance of rank-1 transmission in 2x2 TU 30 km/h channel.
Figure 3 and Figure 4 show the performance of open loop and closed loop rank-2 transmission in a 2x2 system at 3 and 30 km/h, respectively. Both small and large CDD are simulated. These results are compared with open loop SM where a fixed precoding matrix independent of the channel coefficients is selected. Simulation results show that open loop SM with large delay CDD performs as well as closed loop with large delay CDD, when MMSE decoder is used. However, short delay CDD cannot perform as well in low or medium speeds. Note that although short delay CDD does not provide a significant gain in the link-level performance, it improves the scheduling efficiency especially in frequency non-selective scenarios. Such scheduling results in higher cell throughput and higher user throughput for low speed UEs.
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Figure 3: Performance of rank-2 transmission in 2x2 TU 3 km/h channel.
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Figure 4: Performance of rank-2 transmission in 2x2 TU 30 km/h channel.
Figure 5 and Figure 6 show the performance of open loop and closed loop rank-1 transmission in a 4x2 system at 3 and 30 km/h. Simulation results show that at low speed closed loop transmission outperforms open loop SFBC/FSTD by about 2 dB. Again, similar to the 2x2 case, as the mobile speed increases, channel aging results in lower closed loop performance and at 30 km/h, open loop SFBC/FSTD outperforms closed loop scheme with or without small delay CDD.
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Figure 5: Performance of rank-1 transmission in 4x2 TU 3 km/h channel.
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Figure 6: Performance of rank-1 transmission in 4x2 TU 30 km/h channel.
Figure 7 and Figure 8 show the performance of open loop and closed loop rank-2 transmission in a 4x2 system at 3 and 30 km/h. These figures show the performance of double SFBC with antenna hopping and PMI permutation as open loop schemes. The PMI permutation scheme is similar to the one proposed in ‎[3] which rotates the precoding matrices over sub-carrier. Simulation results show that at low speed closed loop transmission outperforms open loop double SFBC with antenna hopping as well as PMI permutation by about 2 dB. Again, similar to the 2x2 case, as the mobile speed increases, channel aging results in lower closed loop performance and at 30 km/h, open loop schemes outperform closed loop scheme.
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Figure 7: Performance of rank-2 transmission in 4x2 TU 3 km/h channel.
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Figure 8: Performance of rank-2 transmission in 4x2 TU 30 km/h channel.
4 Comparisons 

The following table shows the gain in dB that closed loop precoding offers over open loop schemes at 3 and 30 km/h. BLER target is 0.01.
Table 1: Relative performance gain of precoding closed loop over open loop transmission.

	
	2-Tx
	4-Tx

	
	Rank-1 SFBC
	Rank-2 SM, LD CDD
	Rank-1, SFBC/FSTD
	Rank-2,  DSFBC
	Rank-2, PMH, CDD

	QPSK 1/2
3 km/h
	1
	0
	2
	1.9
	1.6

	16QAM 1/2
3 km/h
	0.7
	0
	1.9
	3
	2.5

	QPSK 1/2
30 km/h
	-1.7
	0
	-2
	-1.5
	-1.0

	16QAM 1/2
30 km/h
	-1.5
	0
	-2
	-2.5
	-1.7


Simulation results provided in this contribution show that at low speed, closed loop communication provides a consistent gain over open loop transmission except for 2-tx rank-2 systems. At high speed, channel aging degrades the performance of the system and open loop schemes outperform their closed loop counterparts.
5 Conclusion
Based on the simulation results provided in this contribution, closed loop communication is only beneficial for low speed users. For these users, PMI and MCS selection as well as rank adaptation based on instantaneous channel coefficients improve the user and cell throughput. For medium and high speed users, open loop transmission schemes perform better than closed loop schemes. Therefore, some focus should also be concentrated on open-loop transmission to define a good system. Through our extensive study, we found in ‎[1]

 REF _Ref178561854 \n \h 
‎[2] that for open-loop transmissions, rank adaptation is also needed to switch between rank-1 TxD and rank-2 SM transmission. This kind of rank adaptation could be based on long term SINR or instantaneous SINR. The similar signalling as closed-loop can be re-used for this purpose..
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