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1 Introduction
For low mobility UE, it is clear that close-loop precoding transmittion will be used in LTE based on codebook. The UE will feedback CQI, rank and PMI information to the Node B and Node B will determine the final selection of the rank and codeword. That applies to transmission in all ranks. For medium and high mobility UE, it is however not complete clear if the similar precoding structure should be used or should only partially be used.  The scenarios for UE with medium and high mobility are quite different from UE with low mobility, and the major difference is due to the aging channel, which leads to PMI feedback being out of dated. That’s why these scenarios are often referred as open-loop as compared with the close-loop. 

To solve the above problems raised from medium/high mobility UE transmission (or open-loop transmission), different approaches have been submitted, but yet to be fully looked at and discussed. In ‎[1], some simulation were presented, which shows that using transmit diversity (TxD) such as SFBC would provide better performance than simply using fixed precoding for open-loop rank-1 transmission. In ‎[2], a cyclic PMI  selection scheme was proposed, which, for a small groups of REs or each RB, cyclically select the codeword through the codebook. The simulation shows that this cyclic PMI selection could provide better performance than the scheme without such cyclic selection for rank-2 transmission in 4x2 systems. In ‎[3], some simulation results are reported on that double SFBC scheme are superior than the spatial multiplexing (SM) for open-loop rank-2 transmission. Similar benefit of double SFBC are mentioned in ‎[4]. 

In this contribution, which is a resubmission of [7], more simulation are illustrated for open-loop transmission, which include the comparison of rank-1 transmission between TxD with precoding matrix hopping (PMH, which is similar as the cyclic PMI selection proposed in ‎[2]). For rank-2 transmission, PMH is compared with SM with fixed PMI as well as with double SFBC with antenna hopping. The simulations include both 2-tx and 4-tx scenarios. Some observation can be made through these results as follows:

1) For rank-1 transmission, TxD with SFBC or SFBC+FSTD outperforms PMH in both 2-tx and 4-tx setup. Therefore, TxD should be used for open-loop rank-1 transmission. 

2) For rank-2 transmission, with and without PMH makes no difference for 2-tx transmission and MMSE decoder.  For 4-tx, double SFBC provides the overall best performance among the schemes being evaluated, However, PMH does improve the performance of fixed PMI especially at low coding rate. Therefore, PMH could be a good choice if considering its simpler receiver complexity.  
2 System Description

We consider a downlink wireless communication channel that consists of two (2-Tx) or four (4-Tx) transmit antennas. We assume that the receiver is a UE exploiting two receive antennas. The following open-loop schemes are considered. Note that in the following matrices, rows represent different transmit antennas and columns represent different tones separated in frequency.

· Rank-1 transmission in 2×2 system
· Alamouti space-frequency block code, (SFBC)
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· Precoding matrix hopping (PMH): The precoding matrix periodically alternates over six possible rank-1 precoding matrices for 2-tx systems. In this scheme, different possible precoding matrices are being used periodically by different data tones.

· Rank-2 transmission in 2×2 system
· Spatial multiplexing (SM)
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· Precoding matrix hopping (PMH): The precoding matrix periodically alternates over three possible rank-2 precoding matrices for 2-tx systems. In this scheme, different possible precoding matrices are being used periodically by different data tones ‎[2]. When large delay CDD ‎[5] is employed, the same precoding matrix is used for two adjacent subcarriers. This is done to use all six precoding/delay possible combinations.

· Rank-2 transmission in 4×2 system
· SFBC+FSTD
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· Precoding matrix hopping (PMH): The precoding matrix periodically alternates over 16 possible rank-1 precoding matrices for 4-tx systems.

· Rank-2 transmission in 4×2 system
· Double SFBC with antenna hopping, It should be mentioned that antenna pairs rotate over 3 different pairing options ‎[6].
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· Precoding matrix hopping (PMH): The precoding matrix periodically alternates over 16 possible rank-2 precoding matrices for 4-tx systems. When large delay CDD is employed, the same precoding matrix is used for two adjacent subcarriers. This is to use all 32 precoding/delay possible combinations.

3 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 60 km/h

· Cyclic Prefix: 72 samples
· Data RB assignment: Three RBs distributed over the 10 MHz band.

· 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 and 4/5

4 Link Level Simulation Results

Figure 1 compares the performance of SFBC and precoding matrix hopping in a rank-1 2x2 TU 60 km/h channel. Simulation results show that SFBC outperforms PMH in all modulation and coding rates. The difference between the performances increases as the coding rate increases.
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Figure 1: Performance of rank-1 transmission in 2x2 TU 60 km/h channel.
Figure 2 compares the performance of SM (fixed PMI) with large delay CDD and PMH with large delay CDD in the same channel but with rank-2 transmission. Simulation results show that SM with large delay CDD provides the same performance level as PMH with large delay CDD. Therefore, there is no need to introduce PMI hopping in this scenario. 
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Figure 2: Performance of rank-2 transmission in 2x2 TU 60 km/h channel.
Figure 3 compares the performance of SFBC/FSTD and PMH in a rank-1 4x2 TU 60 km/h. Simulation results show that SFBC/FSTD outperforms PMH at all coding rats and modulations and the gain increases as the coding rate increases.
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Figure 3: Performance of rank-1 transmission in 4x2 TU 60 km/h channel.
Figure 4 compares the performance of double SFBC with antenna hopping and PMH with large delay CDD in a rank-2 4x2 TU 60 km/h. It also depicts the performance of utilizing a fixed PMI for the entire band with large delay CDD. Simulation results show that double SFBC with antenna hopping outperforms PMH with large delay CDD and fixed PMI. This is because that double SFBC will maintain orthogonality between two symbols coded together with SFBC. However, in terms of complexity, double SFBC would require a more advanced decoder (like 4-fold MMSE) while PMH requires the same decoder complexity as 2-Tx SM. On the other side, it can be observed from the simulation that PMH provides diversity gain over using fixed PMI with large delay CDD. So if taking into account the receiver complexity, PMH should also be a good choice for 4x2 rank-2 transmission.   
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Figure 4: Performance of rank-2 transmission in 4x2 TU 60 km/h channel.
5 Comparisons 

The following table shows the gain in dB comparing SFBC, SFBC+FSTD and double SFBC over fixed PMI or PMH (with large delay CDD for rank-2 schemes) for different MCS, number of antennas and transmission layers. The target BLER is set at 0.01. 

Table 1: Relative performance gain of TxD, SM or double SFBC over PMH or fixed PMI.

	
	2-Tx
	4-Tx

	
	SFBC over Rank-1 PMH
	SM with CDD over Rank-2 PMH with  CDD
	SFBC+FSTD over Rank-1 PMH
	Double SFBC over Rank-2 PMH, CDD
	Double SFBC over Rank-2 Fixed PMI, CDD

	QPSK 1/2
	0.5
	-0.1
	0.5
	0.1
	0.7

	QPSK 4/5
	1
	0.2
	1
	2.4
	3.4

	16QAM 1/2
	0.5
	-0.1
	0.5
	0.6
	2.5

	16QAM 4/5
	1
	0
	1
	2.3
	4.5


Simulation results provided in this contribution show that for rank-1 transmission in both 2-Tx and 4-Tx systems, transmit diversity using SFBC or SFBC+FSTD shows a clear gain over rank-1 precoding schemes. Moreover, for 2-Tx rank-2 transmission, SM combined with large delay CDD provides the same performance as PMH with large delay CDD. For 4-Tx rank-2 transmission, double SFBC with antenna hopping outperforms PMH especially with high coding rates. The drawback is that double SFBC+FSTD requires a higher complexity decoder compared to PMH. On the other side, PMH outperforms fixed PMI at 4x2 rank-2 transmission while its decoding complexity is comparable to transmit diversity and SM decoders.

6 Conclusion

In this contribution, open-loop transmission for high mobility UE are studied. Based on simulation results shown in this contribution, we recommend using transmit diversity like SFBC or SFBC+FSTD for rank-1 transmission when the UE switches down to rank-1 in a rank adapting communication. For 4-tx rank-2 transmission, double SFBC provides overall the best performance among the schemes in comparison. However, precoding matrix hopping (PMH) could also be a good choice as it provides a relatively good performance for low coding rate while keeping a low decoding complexity. 
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