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Introduction

Different transmit diversity approaches considered for the control and data channels with two transmit antennas primarily focused on space-frequency block codes (SFBC) and cyclic delay diversity (CDD) ‎[1].  While numerous contributions have shown the advantages of SFBC and CDD, the performance of SFBC has shown to be more robust in the face of varying modulation and coding schemes, varying propagation models and practical transmitter and receiver implementations.  This motivated the decision in RAN1 meeting #48bis of selecting SFBC based transmit diversity for L1/L2 control and shared data channels.
Another issue that arises in the design of four-antenna transmit diversity is that the implementation of the Alamouti code used in SFBC for 2 Tx transmit diversity does not map directly onto four transmit antennas.  This opens the possibility for again to consider CDD and frequency-space transmit diversity (FSTD) approaches in combination with SFBC.  However, the practical issues do not disappear in the face of additional transmit antennas, and similar trends in performance are expected, and are indeed observed, as in the two-antenna transmit diversity case.

Considered here are two approaches applicable for four-antenna transmit diversity – SFBC + FSTD and SFBC + phase shift diversity. Phase-shift diversity (PSD) is the generalized CDD approach described in ‎[2].  Combining CDD directly with SFBC results in SFBC streams that interfere with each of the other streams, and this is due to the representation of the delay in the frequency domain.  In order not to generate this self-interference, the phase shifts are quantized so that the same phase is used for each pair of symbols in the same SFBC block.  Combining SFBC with FSTD results in SFBC blocks that hop over different pairs of antennas, similar to that described in ‎[3].  We see that the underlying physical diversity mode is obtained via the use of SFBC, and the coding across the various subcarriers with different fading additionally improves diversity performance.  In FSTD, the additional fading is obtained by hopping over the various antennas, while additional “fading” is created via PSD approach. 
Performance Results

We compare block error rate (BLER) performance under a number of different conditions.  Results are obtained using the same link simulation parameters described in ‎[4], and are summarized in Table 1 below.  Common pilot patterns from [1] are used for channel estimation.  In all simulations, practical channel and noise covariance quantities are estimated.  

The performance for a low coding rate scenario is shown in Figure 1 and Figure 2.  These figures show the performance for a TU channel in 20 MHz bandwidth and different antenna correlations.  A rate 1/3 turbo-code is used.  SFBC+PSD and SFBC+FSTD are compared.  Additionally, the decided two-antenna transmit diversity scheme SFBC is shown to get a feeling of the gains of going from two to four transmit antenna diversity.  In the uncorrelated case, the two combined approaches SFBC+PSD and SFBC+FSTD have a similar performance advantage over the other four-antenna, transmit diversity approaches.  In correlated fading, the SFBC+FSTD approach has a clear advantage compared to SFBC+PSD. This is natural considering that blind beamforming schemes like PSD and CDD generally suffer from puncturing loss problem, as discussed in ‎[5]. 

	OFDM Parameters
	20 MHz (1200 sub-carriers + DC)

	Number of symbols/subframe
	7

	Antenna setup
	4x2

	Channel Model
	TU; noise limited environment

	UE speed
	Speed = 3 km/h

	Multi-antenna receiver
	MRC receiver

	Channel estimation
	MMSE channel estimate; noise covariance estimation 

	Antenna pair correlation
	Uncorrelated and fixed correlation of 0.9


Table 1: Link level simulation parameters

Discussion

The use of four-antenna, transmit diversity approaches are considered for the data and control channels, respectively, and the difference in performance between the transmit diversity schemes that use SFBC combined with PSD/CDD and FSTD are considered.  The performance follows similar trends as that for two-antenna transmit diversity approaches that use SFBC and CDD, namely the approaches that do not rely on CDD for improved diversity performance are more robust to wider range of practical issues and considerations.  As previously shown in ‎[5], the CDD approaches degrade more when higher code rates are used and when practical impairments (e.g. frequency offset) are considered.  As the complexities of the SFBC+FSTD and SFBC+PSD approaches are similar, the clear choice for four-antenna transmit diversity is the SFBC+FSTD approach.
For simplicity, it is preferable if the BCH, L1/L2 control and shared data channel all support the same transmit diversity mode and we therefore prefer the use of SFBC+FSTD for all these channels. 

The gains from diversity is however not the only factor to consider. Perhaps even more important is to ensure that all four power amplifiers (PAs) are fully used and emitting power into the channel in an appropriate manner. One way of ensuring full PA use is to transparently map the existing 2 Tx antenna transmit diversity mode to 4 Tx antennas by some frequency varying unitary matrix. This is however not an attractive approach as such matrix multiplication needs to be performed over the whole bandwidth and over all OFDM symbols in order to be transparent. Since the BCH possibly occupies only a fraction of the bandwidth, the frequency variations have to be fairly fast so that the BCH alone experiences one complete cycle of the frequency varying unitary matrices.  Such fast artificially introduced frequency variations will have a serious detrimental impact on the other channels in the system, limiting the gains of frequency dependent scheduling and harming channel estimation. This clearly speaks in favor of standardizing transmit diversity also for the 4 Tx case. Otherwise, we are left with the option of 2 Tx transmit diversity and may then face a 3 dB performance/coverage loss at the cell edge due to only being able to utilize two out of the four PAs.

Conclusions

Motivated by performance evaluations, the need to fully utilize all PAs and simplicity, we recommend the following for the E-UTRA downlink

· The transmit diversity mode needs to be standardized

· The same transmit diversity scheme should be used for BCH, L1/L2 control and shared data channels.

· SFBC+FSTD should be the technique used for transmit diversity. 
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Figure 1: Rate 1/3 turbo-code, uncorrelated antennas
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Figure 2: Rate 1/3 turbo-code, antenna correlation = 0.9
