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Introduction

Different transmit diversity schemes have been proposed for the downlink control channel and include space-frequency block codes (SFBC), frequency switched transmit diversity (FSTD), and cyclic delay diversity (CDD) ‎[1].  With two-antenna transmission, evaluations of link-level performance show that the Alamouti-based SFBC performs better than both CDD and FSTD in noise-limited environments ‎[2]
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‎[3]
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‎[4].  Initial system level results also favor SFBC over CDD [6].

One key aspect in deciding which approach to choose is its robustness to non-ideal propagation conditions and impairments that arise in deployment.  The case of spatially correlated channels has been considered in [5] and [6], with CDD showing a significant loss in performance compared to either SFBC or FSTD.  When four antennas are available for transmission, the combination of SFBC and another transmit diversity technique looks to be more powerful than one transmitting with one approach alone, and again has better performance in correlated channels relative to CDD.

In this contribution the SFBC and CDD approaches are further evaluated when there is significant residual frequency offset present.  The approaches are evaluated via link simulation with practical channel estimation.  Further, CDD results are presented when channel estimation is performed when the pilots also undergo the CDD process.  Additionally, confirmation of the performance of four antenna transmit diversity is presented for CDD and the combination of SFBC and FSTD.

Performance Results

We compare block error rate (BLER) performance when there is a residual frequency offset ranging from 0 Hz to 1000 Hz present.  The frequency error is assumed to arise from the same source, so a common frequency offset is present from all transmit antennas from the same base station.  However, only a fixed frequency offset, and no phase noise is modeled.  The residual frequency error is assumed to be present after compensating for any bulk frequency offset, and the residual frequency values considered are for reference (rather than something to be further cancelled).  Results are obtained using the same link simulation parameters described in ‎[2], and are summarized in Table 1 below.  Common pilot patterns from [1] are used for channel estimation.

	OFDM Parameters
	20 MHz (1200+1 sub-carriers, 2048 FFT)

	Number of symbols/subframe
	7

	Antenna setup
	2x2 and 4x2

	Channel Model
	TU

	UE speed
	Speed = 3 km/h

	Multi-antenna receiver
	MRC receiver

	Channel estimation
	MMSE channel estimate

	Antenna pair correlation
	Uncorrelated


Table 1: Link level simulation parameters

BLER results are shown in Figure 1 for SFBC and CDD for two-antenna transmission.  The notation TCTN denotes that true (i.e. known) channel and noise estimates are used in the simulation, while the notation ECEN denotes that those quantities are estimated.  Over the range of frequencies considered, SFBC has up to a 2 dB loss in SNR while CDD has up to a 3 dB loss compared to when no frequency offset exists.  The relative loss in SNR for CDD compared to SFBC, due to the residual frequency offset, is shown in Figure 2.  Observe from the figure that there is a loss of 0.25 dB when no residual frequency offset is present, and this rises to {0.35, 0.45, 0.65, 1.05} dB when the residual frequency error is {250, 500, 750, 1000} Hz, respectively.  Having a good frequency compensation scheme is clearly important for maintaining good CDD performance.

A common pilot pattern is used for channel estimation.  The currently decided upon approach is to have one pilot corresponding to one transmit antenna in each pilot tile.  Consequently, there is no expected performance advantage of using the same CDD approach for pilots from the different transmit antennas.  There is further no transmit power savings available from using this pilot scheme.  However, the pilots can still use the same CDD approach and the phase rotation from the structured channel estimate (i.e where the CDD phase rotation is applied at the receiver) does not need to be applied for detecting the CDD data stream (the realized channel needs to still be formed from the sum of the individual channel estimates, though).  The performance for this approach is shown in Figure 3.   This figure shows that there is only a slight loss at the highest frequency offsets compared using pilots with no CDD phase adjustment.  Thus, using a structured channel estimate works well as long as the CDD phase rotation is known at the receiver. 

When four antennas are available for transmission, the CDD approach uses all four transmit antennas to provide higher-order diversity reception.  Additional diversity is achieved by the coded data stream taking advantage of the extra spatial channels as they are used to create channel variations across sub-carrier frequencies.  A similar effect is created for SFBC by using different pairs of antennas for different SFBC blocks.  Such antenna hopping results in the transmitted data stream using all available spatial channels, and provides additional diversity performance for the coded data stream.  The performance for these two approaches are shown in Figure 4 for both the CDD and SFBC-FSTD, and compared to the corresponding two-antenna diversity schemes.  Performance for both true and estimated channels is shown, and the same diversity performance is achieved for both approaches.  Figure 5 compares the performance of the two four-antenna schemes and the advantage again goes to the SFBC-FSTD approach, as noted in the referenced literature.

Conclusions

A comparison of space frequency block coding (SFBC) combined with frequency-switched transmit diversity (FSTD) has been made with cyclic delay diversity (CDD) for four-antenna transmit diversity at the link level.  These results show that SFBC-FSTD compares favorably to CDD and confirms the performance results presented previously by various companies.  Further, SFBC is shown to be more robust compared to CDD for cases where residual frequency error exists at the receiver, as it was previously shown that SFBC also more robust when spatial correlation exists in the propagation channel.

The argument that CDD scales better with an increasing number of transmit antennas is a specious argument.  In fact, the same SFBC detection approach is used for either two or four transmit antennas, and only a pre-determined antenna hopping pattern is required.  With the designated 3GPP pilot patterns, the SFBC-FSTD approach has the advantage for coverage-limited performance.  For interference-limited environments, the ability to mitigate interference depends on the accuracy of the impairment covariance estimate and the number of dominant interferers.  The former may be a problem given the small number of samples to compute the impairment estimate as well as the time-varying nature of the interference.  The latter is subject to any interference avoidance techniques that may be implemented.  Consequently, based on the above results as well as those previously presented, the clear recommendation is to choose SFBC and SFBC-FSTD as the transmit diversity approach. 
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a) SFBC Transmit Diversity

[image: image2.png]2 Ix,2 Rx, TU, Uyclic Delay Ix. Div.
10 —

——TCTN

—&—ECEN, Foff =0 Hz
—E— ECEN, Foff = 250 Hz
—— ECEN, Foff = 500 Hz
—#—EGEN, Foff = 750 Hz.
—— ECEN, Foff = 1000 Hz

-6 -5 —4 -3 —2 -1 0 1 2 3
Et/No (dB)





b) Cyclic Delay Diversity
Figure 1: Performance of SFBC and CDD when frequency error is present
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Figure 2: SNR loss of CDD over SFBC vs. frequency offset
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Figure 3: Performance of CDD when pilots have the same CDD phase
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a) Cyclic Delay Diversity
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b) SFBC - FSTD

Figure 4: Four antenna transmit diversity performance
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Figure 5: Two and four antenna transmit diversity performance
