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1. Introduction

Downlink MIMO discussions for LTE-Advanced triggered the issue whether to define a specific 8 Tx transmit diversity (TxD) scheme for UEs supporting DL transmission from eight transmit antenna ports. Several companies have argued that 8 Tx TxD is unlikely to show gains and hence to be justified in practice [2, 6, 9]. In this contribution, we provide a link level performance analysis of 4-port Rel’8 TxD vs. a candidate 8-port TxD scheme [3] in a relevant scenario, i.e. with realistic channel estimation and accounting for the 8-port reference signal overhead.
2. Discussion
The main use cases for transmit diversity are situations where closed-loop precoding cannot be applied, i.e. for instance:
· When UE feedback is unreliable due to very low geometry and/or moderate to high UE velocity;
· To transmit common channels (PBCH, PDCCH or BCCH) which do require full cell coverage.
LTE-Advanced will define reference signal (RS) support for up to eight antenna ports. The way forward on RS for DL-MIMO and CoMP [4] agreed during RAN1#55bis states explicitly that Rel’8 transmission schemes continue to be supported in LTE-Advanced, and that includes Rel’8 transmit diversity (2 Tx SFBC and 4 Tx SFBC-FSTD). Rel’8 TxD is needed for backward compatibility purposes (i.e. for PBCH, PDCCH and BCCH reception) and demodulation is performed with 2- or 4-port Rel’8 common reference signals (CRS) depending on applied TxD. Moreover, Rel’8 TxD can be operated on eight physical antennas, if for instance Rel’8 CRS & data are virtualized over those.
Proposed 8-port transmit diversity often builds on existing TxD schemes [3, 8, 10]. The resulting 8-port TxD does not intrinsically have higher diversity order. Nevertheless, small performance improvement over Rel’8 TxD may still be achieved through channel coding which benefits of available spatial diversity. Proponents of 8-port TxD argue on such improvements as well as on the efficient use of power amplifiers (PA). In order to be beneficial system-wise, the gains of 8-port TxD should overcome the high RS overhead required for demodulation [9]. Related to PA utilization, antenna virtualization techniques allow full usage of available PAs, transparent operation wrt. Rel’8 UEs, while bringing additional diversity gains and still keeping Rel’8 CRS overhead [2, 7, 9]. 
3. Simulation results
We have investigated the performance of the 8 Tx SFBC-FSTD transmit diversity scheme proposed in [3]. LTE Rel’8 four-port TxD serves as reference. The Rel’8 CRS pattern (14.3% max. overhead) was used for 4 Tx TxD (either four physical- or virtual antennas over 8 physical antennas). The RS pattern in [5], “8CRS symbol 6” (23.8% overhead), was assumed as 8-port CRS pattern used for 8 Tx TxD demodulation. Simulation assumptions are summarized in Table 1 in the Appendix.
Figure 1 depicts the block error rate (BLER) performance as a function of the signal-to-noise (SNR) ratio for a fixed MCS (QPSK 1/3). Similarly to [3], we observe that 8 Tx TxD provides up to 0.5 dB gain at 1% BLER with respect to Rel’8 TxD over four physical antenna ports. Virtualization of the four Rel’8 antenna ports over the 8 physical ports by means of cyclic delay diversity (CDD) allows reducing the gap down to 0.25 dB. Note that neither the CDD delay nor the coherence bandwidth of the channel estimator was tuned. Hence potentially further improved performance may be achieved for Rel’8 four-port TxD virtualized over 8 physical antennas. It is also expected that the difference in performance will diminish the higher the MCS class gets and because of HARQ (not used in these simulations). Figure 2 shows the achieved throughput as a function of the SNR for each of the compared TxD schemes. Although 8 Tx TxD shows slightly better BLER performance, the latter does not compensate for the overhead of 8-port CRS which are required for data demodulation. Thus, the throughput in Figure 2 remains smaller compared to Rel’8 TxD which only requires four-port CRS for demodulation.
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Figure 1 BLER vs. SNR performance of four- and eight-antenna transmit diversity.
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Figure 2 Throughput vs. SNR performance of four- and eight-antenna transmit diversity.
4. Conclusions

In this contribution, we have discussed the choice of transmit diversity scheme for LTE-Advanced with eight antenna ports. On the basis of provided simulation results, we conclude that it is not justified performance-wise to introduce a new transmit diversity scheme for eight antenna ports in LTE-Advanced. Consequently, we propose that:

· RAN1 agrees on the choice of LTE Rel’8 transmit diversity for LTE-Advanced with eight-antenna ports.
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Appendix – Simulation assumptions
Table 1 Simulation assumptions

	Parameter description
	Value / Comment

	Transmission bandwidth
	10 MHz

	Channel model, UE velocity, spatial correlation
	3GPP TU – 30 km/h, spatially uncorrelated

	Antenna configuration
	A. 4 physical Tx / 2 Rx antenna ports
B. 4 virtual Tx over 8 physical Tx / 2 Rx antenna ports
C. 8 physical Tx / 2 Rx antenna ports

	Antenna virtualization parameters
	B. CDD applied to paired physical antenna ports (signal & Rel’8 CRS), CDD delay set to 8 samples (=0.52 s)

	Transmit diversity scheme
	A. Rel’8 SFBC-FSTD over 4 physical antenna ports

B. Rel’8 SFBC-FSTD over 4 virtual antenna ports

C. 8 Tx SFBC-FSTD in [3] over 8 physical antenna ports

	Common reference signal configuration
	A. 4-port Rel’8 CRS (14.3% overhead)

B. 4-port Rel’8 CRS (14.3% overhead)

C. 8-port CRS pattern in [5]: “8 CRS symbol 6” (23.8% overhead)

	PDCCH / PDSCH configuration
	3 / 11 OFDM symbols per sub-frame

	Number of allocated PRBs
	50

	Channel coding (PDSCH)
	Rel’8 turbo coding, CBRM

	Modulation, code rate
	QPSK, 1/3

	HARQ
	Not used

	Transport block size (data + 24-bit CRC)
	A. 3867 bits

B. 3867 bits

C. 3333 bits

	Detector
	MRC receiver

	Channel estimation for demodulation
	Ideal channel estimation or 2D realistic channel estimation on CRS











