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1. Introduction

Multimedia-broadcast multicast-service (MBMS), which enables broadcast messaging services and high-speed video streaming services, is considered to be a very promising service in the E-UTRA. High quality-reception at the cell edge and wide area provisioning for MBMS are necessary. This is achieved through soft-combining of the received signals transmitted from multiple cells with inter-cell synchronous operation, i.e., single frequency network (SFN) operation through high frequency diversity gain [1]. Meanwhile, Node B has two antennas since two-branch antenna diversity reception is mandatory in the uplink. Thus, two branch transmit diversity at the Node B may improve the received quality for the MBMS signal in the downlink. Therefore, this contribution presents an investigation on transmit diversity gain for the MBMS signal assuming soft-combining reception in the E-UTRA downlink. 
2. Simulation Configuration
In the contribution, we compare the Space-Time Block Code (STBC), Space-Frequency Block Code (SFBC), and cyclic delay diversity (CDD) schemes presuming soft-combining reception for the MBMS channel. Table 1 shows the major radio parameters used in the simulation. The simulation parameters are the same as those given in [1]. In the evaluation, we employed a 3-sectored 19-hexagonal cell layout model as shown in Fig. 1. As the propagation model, we took into account only distance-dependent path loss and the corresponding propagation delay assuming a six-ray Typical Urban (TU) channel model with the fading correlation between adjacent transmitter and receiver antennas of 0. The maximum Doppler frequency was set to 5.55 Hz. The inter-site distance (ISD) was set to 1732 m corresponding to the cell radius of 1000 m. We assumed that the measured UE was located near the cell-boundary (975-m away from the Node B and on the way to a vertex of the hexagonal cell) with geometry at the 95% cumulative distribution function (CDF) of the ratio of the measured average received signal-to-interference plus noise power ratio (SINR). At this location, the root mean squared (r.m.s) delay spread is 2.02 sec, which corresponds to the worst case from the viewpoint of the delay spread. By using the measured channel model for the 19-cell model, we measured the packet error rate (PER) performance for the MBMS channel. We set the Cyclic Prefix (CP) length to 16.67 sec. We added inter-cell synchronization error, in which we assumed a uniform distribution within ± 3 µsec [2].
We assumed two transmitter antennas at all Node Bs. The cyclic shift of 64 samples was added to the MBMS channel of transmit Antenna #2 in the CDD scheme. A common reference signal is mapped every three sub-carriers onto the second, fifth, eighth, and eleventh OFDM symbols (Structure B in [1]) for a single-antenna transmission and CDD case. On the other hand, orthogonal reference signals are needed to demodulate and decode the MBMS channel in the STBC/SFBC scheme. In our simulation, we evaluated the following two cases. 

· Case 1: The reference signal interval of all the transmit diversity schemes is assumed to be the same. This means that the density of the reference signals in STBC/SFBC becomes double compared to that for CDD and a single antenna transmission in order to generate a frequency division multiplexing (FDM) based orthogonal reference signal. The overhead of the reference signals for CDD and STBC/SFBC becomes 11.1% and 22.2%, respectively. 

· Case 2: The total overhead of the reference signals of all the transmit diversity schemes is assumed to be the same, i.e., 11.1%. The reference signals are mapped every six sub-carriers for the STBC/SFBC scheme.

We applied 16QAM data modulation to all transmission schemes, and applied Turbo coding with the coding rate of 0.53 for single-antenna transmission and CDD, and 0.6 for STBC/SFBC in order to achieve the same spectrum efficiency of 1.15 bit/sec/Hz in Case 1. Meanwhile, the same Turbo coding rate of 0.53 can be employed irrespective of the transmit diversity schemes in Case 2. At the UE receiver, we assume a two-branch receiver diversity configuration. Actual channel estimation based on a two-dimensional MMSE channel estimation filter and maximal ratio combining (MRC) was employed for antenna combining.

Table 1 – Simulation parameters
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Figure 1 – Channel model
3. Simulation Results
Figure 2 shows the average PER performance with various transmit diversity schemes for the MBMS channel when the reference signal interval of all the transmit diversity schemes is identical (Case 1). Figure 2 shows that the average PER performance using STBC or SFBC is degraded compared to single antenna transmission. This is because sufficient frequency diversity gain is provided by soft-combining the received signals of MBMS channel and the decreasing channel coding gain due to a channel coding rate that is higher than that for the single-antenna case exceeds the transmit diversity gain of STBC/SFBC. On the other hand, CDD can reduce the required average received SINR after soft-combining by approximately 1 dB compared to that with STBC. This is  because the transmit diversity gain in CDD contributes only to an increase in the received SINR after soft-combining, since the channel coding rate is identical to that of the single-antenna transmission due to the same reference signal overhead.
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Figure 2 – Comparison of transmit diversity schemes for MBMS channel with multi-cell transmission
assuming the same reference signal interval for each transmitter antenna (Case 1)
Figure 3 shows the average PER performance of various transmit diversity schemes when the reference signal overhead of all the transmit diversity schemes is the same (Case 2). The figure shows that the CDD scheme achieves better PER performance compared to STBC/SFBC. This is because the channel estimation error in STBC/SFBC is increased compared to that for the single-antenna transmission or CDD since the channel gain of each transmit antenna is estimated separately, while the channel gain is directly estimated from the RF-combined signal in CDD. Accordingly, the increased channel estimation error offsets the transmit diversity gain in STBC/SFBC. Based on these results, we recommend that delay diversity including CDD should be applied to the transmit diversity scheme in the MBMS channel with inter-cell synchronous operation.
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Figure 3 – Comparison of transmit diversity schemes for MBMS channel with multi-cell transmission
assuming the same reference signal overhead for two transmitter antennas
4. Conclusion

This paper investigated two-branch transmit diversity gain for the MBMS channel with soft-combining reception assuming SFN operation. Based on the simulation results, we conclude that the CDD scheme is the most promising as the transmit diversity scheme for MBMS. 
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