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1 Introduction
In Kobe, it was decided to adopt SFBC/FSTD for 4-Tx TxD systems as a way forward [1]. In the system with four Tx antennas, the energy per RE (EPRE) for RS and EPRE for data could be different since only two transmit antennas transmit their respective RS in the same OFDM symbol while for data, all four transmit antennas are active in all OFDM symbol. Data puncturing and data suppression are the two possible ways to boost EPRE for RS and improve the channel estimation performance. In this contribution, we propose a RE mapping scheme for SFBC/FSTD, which helps improving the channel estimation without or with less data suppression/puncturing.
2 System Description

Here, we consider a downlink wireless communication system that consists of four transmit antennas. The receiver is a UE exploiting two receive antennas. The SFBC/FSTD transmit diversity scheme with the following code matrix is considered. Note that in this matrix, each row represents one transmit antenna and different columns represent different REs (adjacent in the frequency direction).

· Combined SFBC/FSTD 
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---(EQ-1)
The equivalent channel equation for this scheme over the four adjacent sub-carriers k to k+3 is:
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Assuming that the channel coefficients do not change very quickly over frequency, the equivalent channel is orthogonal and hence, a simple Alamouti decoder performs similarly to the optimal receiver. Note that SFBC/FSTD achieves a diversity order of four through channel coding while keeping a simple structure similar to 2×2 Alamouti codes. 

3 Simulation Parameters

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

· Number of total sub-carriers = 601 (including DC)
· TTI size = 2 sub-frames = 1 msec = 14 OFDM symbols

· FFT size = 1024

· Sampling frequency = 15.36 MHz

· Carrier frequency: 2 GHz

· Channel model: uncorrelated TU 30 km/h and 350 km/h
· Cyclic Prefix: 72 samples

· Data channel assignment: All the data tones within 6 RBs that are distributed evenly over the 10 MHz bandwidth (6 RB out of possible 50 RBs).

· Channel estimation: based on RS from the current sub-frame and the first two symbol of the next sub-frame. 

· Receiver: Alamouti decoder
· Symbol constellation: QPSK and 16-QAM.
· Channel coding: Turbo code of rate 1/3, 2/3 and 4/5.
· RS: Scattered reference symbol density of 6 subcarriers as specified by working assumption as shown in Figure 1 and Figure 2 for 4-Tx transmission. In these two Figures, P1, P2, P3, and P4 represent a RS for transmit antennas 1, 2, 3 and 4, D12 and D34 represent Alomouti pairs from antenna 1/2 and antenna 3/4 respectively. Here, we propose two antenna/resource allocation modes.
· Mode-1: For all OFDM symbols there are equal number of data tones allocated to all 4 antennas: in OFDM symbols with allocated RS (OFDM Symbols 1, 2, 5, 8, 9, 12) two pairs of D12 and two pairs of D34 in each RB, and in other OFDM symbols without RS allocated, three RE pairs for each antenna pair are allocated. With this configuration, each RS has 3 dB lower EPRE than the data. Higher RS EPRE are achievable only by data puncturing/suppression. With this resource allocation, in each sub-frame, there are at most 36 RE pairs allocated for each Tx antenna pair 1/2 or 3/4 in any RB.
· Mode-2: It is similar to mode-1 except that in OFDM symbols 1, 2, 5, 8, 9, 12, the RE pairs are not distributed evenly between the antennas as shown in Figure 2. With this allocation, within each RB, at most 34 RE pairs are assigned to antennas 1/2 and 38 pairs to antennas 3/4. Although the RE allocation in mode 2 is uneven by about 6%, it allows the RS from all antennas to have the same EPRE as the data, without need of any data puncturing/suppression. 
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Figure 1: Data/RS pattern for 4-Tx transmission (mode-1)
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Figure 2: Data/RS pattern for 4-Tx transmission (mode-2)
4 Link Level Simulation Results
4.1 Performance with moderate speed values
Figures 3 and 4 show the performance of SFBC/FSTD using QPSK and 16-QAM modulations in a 4-Tx system. The channel simulated is TU 30 km/h.  The data channel consists of all the data tones except the first two OFDM symbols in 6 RBs, which are distributed evenly over the entire bandwidth. Channel estimation is based on the RS in the current subframe and the first two OFDM symbols of the next subframe. Depending on whether mode-1 or mode-2 data/RS allocation is used, the EPRE of the RS is either 3dB lower or equal to the EPRE of the data. Although the data allocation with mode-2 shows little impact on the performance with perfect channel estimation, it does increase the channel estimation quality and thus performance with channel estimation as shown in the figures. The performance is improved by up to 0.7 dB using mode-2 data allocation. Note that in addition of this, extra RS power boosting up to 1.7 dB is available with suppression or puncturing of two data REs in each of OFDM symbols 1, 2, 5, 8, 9 and 12.
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Figure 3: Data channel performance in TU 30 km/h.
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Figure 4: Data channel performance in TU 30 km/h.
4.2 Performance with very high speed values

Figures 5 and 6 show the performance of the same system as in Figures 3 and 4 except that the mobile speed is 350 km/h. At this very high speed, getting an accurate channel estimation is very difficult. As mode-2 provides 3 dB more EPRE for RS, it improves BLER performance with channel estimation by about 1 dB over mode-1 in different coding and modulation schemes.
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Figure 5: Data channel performance in TU 350 km/h.
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Figure 6: Data channel performance in TU 350 km/h.

5 Performance Comparison and Conclusion

Simulation results in this contribution show that channel estimation errors may result in more than 2 dB degradation in the performance of LTE 4-Tx open loop transmit diversity scheme. RS boosting can improve the quality of channel estimation but at the expense of data RE suppression. With the LTE 4-Tx RS pattern, there is only 3 dB null power stealing available for RS boosting. This is equivalent to 3 dB lower EPRE for RS tones compared with data tones. However, with data/RS allocation manipulation, this can be increased to 6 dB without any data puncturing or suppression, resulting in equivalent EPRE for data and RS. Table 1 shows the gain of such an allocation in BLER performance in dB. This type of data/RS allocation could work with other methods such as data puncturing/suppression to increase EPRE for RS and thus improve channel estimation performance, especially at extreme high speed. 

Table 1: The The performance gain of mode-2 over mode-1 with channel estimation for 4-Tx SFBC/FSTD scheme (in dB) 

	
	QPSK
	16QAM

	
	1/2
	2/3
	4/5
	1/2
	2/3
	4/5

	30 km/h
	0.7
	0.4
	0.4
	0.4
	0.4
	0.4

	350 km/h
	0.9
	0.9
	0.8
	0.9
	0.8
	0.9
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