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1. Introduction
In this contribution we examine whether transmit antenna diversity is needed for E-MBMS. Although it has been extensively shown that broadcast channels for unicast TTIs benefit from transmit antenna diversity, this is not necessarily the case for E-MBMS because typically E-MBMS offers considerable multi-path diversity. The network is assumed to be synchronized and have 2 transmit antennas per Node B since more transmit antennas are not ensured in LTE. The objective is to determine through analytical link level results whether it is preferable to use the additional Node B antennas for transmit diversity or spatial multiplexing.
SFBC is chosen as the evaluation method because it provides the maximum frequency diversity gains for two transmit antennas. Cyclic delay diversity (CDD) was not considered as in the channels of interest (low multi-path diversity), SFBC provides better performance despite the additional pilot overhead. However, as CDD can be applied on one antenna basis, it is rather irrelevant to the comparison between SFBC and spatial multiplexing. The SFBC performance is evaluated with respect to two pilot formats that were analyzed in detail in an accompanying contribution [1]. 

We show that transmit diversity can be marginally beneficial only for very low multipath diversity channels. Such channels may occur even for E-MBMS in cases that the UE receives substantially most of the received signal power from a single Node B (Pedestrian A type channels). However, the gains, when they exist, are small and spatial multiplexing should be preferred over multiple antenna transmit diversity as it was also shown in [2].
2. E-MBMS Reference Signal Structures for 2 Transmit Antennas
The examined reference signal structures are presented in Figures 1 and 2. Their attributes and E-MBMS applicability were analyzed in detail in [1] together with their performance for a single transmit antenna. The same attributes are maintained for SFBC. To satisfy the frequency spacing requirement of 2 sub-carriers for the pilot, FDM multiplexing is used. The overhead of the format in Figure 1 is 33.33% while the overhead in Figure 2 is 50%. 


[image: image1]
 Figure 1: E-MBMS TTI with SFBC and pilot format 1. 
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Figure 2: E-MBMS TTI with SFBC and pilot format 2.

3. E-MBMS Performance with and without Transmit Diversity
The set of signal strengths and delays (drop) used in the evaluation are provided in the Appendix of [1]. Additional simulation assumptions are given in Table 1. Transmission occurs from 19 cell sites (57 sectors) and there is no preceding or succeeding MBMS TTI for pilot interpolation. As in the single transmit antenna case, both these assumptions provide the worst setup for the performance of format 1 relative to format 2. A smaller number of transmitting cells will lead to a smaller number of paths thereby benefiting format 1 that has a lower pilot overhead. Possible interpolation will further decrease the significance of the larger pilot overhead. The absence of other E-MBMS TTIs for pilot interpolation has a similar effect and penalizes the performance for format 1 more than it does for format 2. 
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	Case 1 in Table 1 of [3]

	Bandwidth
	5 MHz (2.6 GHz)

	Channel Model
	TU6, Ped. A, 3 Kmph

	E-MBMS Channel
	Rate 1/2 Turbo Code, 6 OFDM symbols 

	Antenna Configuration
	1 and 2 Tx SFBC at Transmitter, 2 at Receiver

	Channel Estimation
	Time Interpolation/Averaging
	Linear – Doppler dependent coefficients

0-25 Kmph, 25-120 Kmph, >120 Kmph

	
	Frequency Interpolation
	Least Squares

	Buffering for Channel Estimation
	Single E-MBMS TTI (between unicast TTIs)


Table 1: Simulation Assumptions Pilot Format Performance Evaluation.
For both pilot formats, time interpolation was performed first followed by frequency interpolation. Time interpolation was based on simple averaging or linear interpolation, depending on the UE speed. Frequency interpolation was based on the least-squares method. 

To reduce the load of presented simulation results, only case 1 in Table 1 of [3] (site-to-site distance of 500 m) is considered in this contribution. The results are similar and the conclusions the same for the other site-to-site distances (both for 1000 m and 1732 m).

The SNR values for the performance are considered relative to the largest pilot overhead case corresponding to SFBC with pilot format 2 (Figure 2). The performance for the remaining cases is shifted to the left (lower SNR values) by an amount equal to the overhead differential.
Other pilot formats may provide a better performance versus overhead tradeoff for two transmit antennas and the presented results may be viewed as a lower performance bound for SFBC. The format in Figure 1 was selected based on the optimum performance versus overhead tradeoff for each individual antenna [1]. 

Figures 1 and 2 show the FER with and without transmit diversity (SFBC) for QPSK modulation under large (TU6) and small (Ped. A) multipath diversity and under large (UE close to cell edge) and small (UE close to cell center) sector diversity. Figures 3 and 4 show the respective FER values for 16QAM.
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Figure 1: FER for 1 and 2 Tx Antennas (SFBC). Pilot Formats 1 and 2. QPSK, Drop 1.
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Figure 2: FER for 1 and 2 Tx Antennas (SFBC). Pilot Formats 1 and 2. QPSK, Drop 2.
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Figure 3: FER for 1 and 2 Tx Antennas (SFBC). Pilot Formats 1 and 2. 16QAM, Drop 1.
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Figure 4: FER for 1 and 2 Tx Antennas (SFBC). Pilot Formats 1 and 2. 16QAM, Drop 2.
For SFBC, pilot format 2 is inappropriate due to its excessive overhead. We assume that the target FER is in the range of 5%-10% with the additional assumption that an outer RS code will reduce the FER into lower desired values. 
For QPSK, SFBC provides small performance gains relative to 1 transmit antenna, for the FER range of interest, only for UEs that are very close to the unicast serving Node B and experience very low multipath diversity (Pedestrian A channel). In all other cases, SFBC leads to performance losses which may be substantial. For 16QAM, similar trends apply as for QPSK but also, the relative SFBC performance becoming slightly worse due to the sensitivity of the 16QAM soft decisions to the normalization by the combined channel estimates from the two transmit antennas. The case against SFBC is therefore somewhat strengthened for 16QAM.

4. Summary and Conclusions
We have presented link level performance results for E-MBMS with 1 and 2 transmit antennas using SFBC. For SFBC, the pilot format in Figure 1 was shown to be substantially superior to the one in Figure 2 further indicating the redundant overhead associated with the latter [1].      
SFBC provides minimal performance gains relative to 1 transmit antenna for a target FER around 5%-10% for UEs located close to the unicast serving Node B and experience very low multipath diversity. In all other cases, SFBC leads to substantial performance losses. As the gains of SFBC are either very small or non-existent for FER values of interest, it is recommended to employ spatial multiplexing. The gains of spatial multiplexing over SFBC in terms of coverage were also shown in [2].    
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