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1. Introduction

Currently, several possible transmit diversity schemes for DL unicast transmission are mentioned and in the end one transmit diversity scheme should be selected [1]. In [2] (and its resubmission [3]), we provided a detailed performance evaluation comparing different DL TX diversity schemes for 2 transmit antennas. 
In this contribution, we provide in addition link level performance evaluations for open loop TX diversity concepts for 4TX antennas, namely Cyclic Delay Diversity (CDD), Frequency Switched Transmit Diversity (FSTD), SFBC combined with CDD as well as SFBC combined with Frequency Switched Transmit Diversity, all mentioned in [1]. 
2. Available performance comparisons of 4 Antenna Open Loop DL TX Diversity
Open loop TX diversity has been also studied by other companies and contributed to 3GPP during the past meetings. At the beginning of this contribution, we would like to summarize some of the other contributions in order to compare our results and conclusions with those of other 3GPP members.

In [4], CDD is compared to STTD-CDD and a quasi-orthogonal STBC. The evaluations showed, that there is gain of up to 1dB of combining STBC with CDD compared to the basic CDD operation for 4TX antennas for higher coding rates (R=2/3). 
In [5], CDD is compared to STTD-CDD and STTD with antenna pair hopping for different channel profiles as well as channel coding rates. The results indicate that combining STBC with CDD or antenna pair hopping provides a performance advantage of up to 1dB. In this sense, the conclusions are well in line with the results of Samsung in [4] described above. 
A performance advantage of SFBC combined with Phase Shift Diversity (PSD) compared to CDD even for a low channel coding rate (R=1/4) is presented in [6, 7].

In [8, 9], CDD is compared to STTD-CDD and STTD-Transmit Switched Transmit Diversity for 2RX antennas, whereas in [10] only a single RX antenna is considered. The performance comparison shows, that CDD is outperformed by the combined STBC with CDD or antenna pair hopping. In contrast to the investigations in this contribution (and others), the different TX diversity modes are compared assuming a different number of occupied subcarrier in the frequency domain as well as OFDM symbols in the time domain. As a consequence, a direct one to one comparison is unfortunately not possible based on those results considering the difference in time and/or frequency diversity apparent in the individual results.
3. Simulation assumptions

The basic simulation assumptions are according to [1] and are summarized in Table 1:
	OFDM parameters
	According to [1], 10MHz case (600+1 subcarriers, FFT size of 1024)

	Number of symbols / subframe
	7 according to [1]

	Number of data symbols / subframe
	5

	Antenna setup
	4x2 (2x2 as reference using SFBC)

	Channel model
	TU, Flat Fading, SCM Urban Macro, SCM Urban Micro 

	UE speed
	v=3km/h

	Multi-antenna receiver
	MRC based 2RX receiver

	Channel estimation
	Ideal


Table 1: Basic link level simulation assumptions
The 4TX antenna OL transmit diversity concepts are compared to the 2x2 setup using SFBC, as in our 2 antenna contribution [2, 3]. For cyclic delay diversity a delay of 64 samples is assumed between neighboring transmission antenna elements. For the Frequency Switched Transmit Diversity (FSTD) we transmit through different antennas on neighboring subcarriers. The SFBC-FSTD TX diversity mode combines SFBC with antenna pair hopping in the frequency domain as also considered in [5]. In [11], the possibility to implement CDD as generalized phase hopping in order to support combined SFBC and CDD is described. We applied this implementation with a delay of 64 samples in order to simulate the SFBC-CDD combination.

In Figures 1a and 1b, the BLER behavior as a function of the SNR for QPSK modulation and R=1/3 coding for Typical Urban (TU) and Flat Fading channel profiles is illustrated. 
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Figure 1:   BLER performance of SFBC (2x2), CDD, FSTD, SFBC-FSTD and SFBC-CDD for QPSK modulation 
with R=1/3 turbo coding. Flat Fading (a) and Typical Urban (b) channel profiles

Increasing the number of TX antennas from 2 to 4 clearly improves the performance for lower BLERs. For both channel profiles, the combination of SFBC with either CDD or FSTD shows a performance improvement in the order of 0.3 to 0.4dB depending on the channel profile for this low coding rate of R=1/3. Again, FSTD and CDD show again similar performance as in the 2 antenna case presented in [2, 3] – the same behavior is also visible for the combination of these techniques with SFBCs. 

In our investigations considering OL DL TX diversity for 2TX antennas in [2, 3] we encountered a performance loss of CDD in case of correlated channels. A similar behavior is also visible for 4TX antennas as illustrated in Fig. 2a for SCM Urban Micro [12] and Fig. 2b for SCM Urban Macro [12].
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Figure 2:   BLER performance of SFBC (2x2), CDD, FSTD, SFBC-FSTD and SFBC-CDD for QPSK modulation 
with R=1/3 turbo coding. SCM Urban Micro (a) and SCM Urban Macro (b) channel models.

Due to the higher transmit antenna correlation, there is almost no difference between 2TX antenna and 4TX antenna OL TX diversity modes. Again we can see that CDD has slight problems in coping with the correlated channel case resulting in a performance loss of more than 2dB. SFBC combined with CDD shows for SCM Urban Micro only a small degradation - for SCM Urban Macro the performance loss compared to FSTD and SFBC-FSTD combination increases to 0.6dB. 

The performance of CDD and FSTD with respect to SFBCs is dependent on the underlying channel coding rate. For higher coding rates, the channel code is not fully able to realize the frequency diversity that CDD and FSTD transmissions create. This has been shown also for the case of 2TX antennas in [2,3] and we show it here in Figures 3a, 3b as well as Figures 4a and 4b for QPSK modulation with a turbo coding rate of  R=4/5. 
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Figure 3:   BLER performance of SFBC (2x2), CDD, FSTD, SFBC-FSTD and SFBC-CDD for QPSK modulation 
with R=4/5 turbo coding. Flat Fading (a) and Typical Urban (TU) (b) channel profiles.
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Figure 4:   BLER performance of SFBC (2x2), CDD, FSTD, SFBC-FSTD and SFBC-CDD for QPSK modulation 
with R=4/5 turbo coding. SCM Urban Micro (a) and SCM Urban Macro (b) channel models.

The results are in line with the conclusions related to 2 antenna TX diversity investigations in [2, 3]. The higher coding rate has the effect that 4 antenna CDD and FSTD looses compared to the combined SFBC with CDD and FSTD and is even outperformed by 2 antenna SFBC transmission. 
In case of correlated channels in Figure 4a and 4b, CDD and combined SFBC with CDD results in a big performance loss compared to 2 antenna TX diversity as well as the other 4TX open loop TX diversity modes. There is again no gain of having 4TX antennas compared to 2TX antennas due to the higher channel correlation at the transmitter end as in case of the lower coding rate of R=1/3 in Figure 2.  
4. Summary and Conclusion

In this contribution, link level performance evaluations of 4 antenna open loop TX diversity schemes for the downlink shared data channel are presented. 
The results clearly indicate that the SFBC combined with FSTD & CDD has a performance advantage of up to more than 1dB compared to basic CDD or FSTD in case of uncorrelated channels. This result is very much in line with other companies contributions related to TX diversity [4, 5, 6, 7]. 

In case of correlated channels that we additionally investigated, CDD does not function properly whereas the performance of SFBC and FSTD is not deteriorated due to the increasing channel correlation. A similar effect could also be seen for combined SFBC and CDD. When considering the results presented in this document it becomes obvious, that SFBC combined with FSTD shows the best overall performance. 
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