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1. Introduction
High-speed Multimedia Broadcast Multicast Service (MBMS) will be provided using soft-combining reception from multiple cell sites in the E-UTRA with OFDM based radio access. The single-frequency network for MBMS (MBSFN) will be the major application environment. Thus, a cell-common reference signal (RS) structure for MBSFN was agreed upon as shown in Fig. 1 in [1]. However, for the channel quality indicator (CQI) measurement and decoding of the control signaling bits for the uplink, a cell-specific RS for unicast is necessary in the MBMS sub-frame. Therefore, this contribution investigates the RS structure for unicast transmission in the MBMS sub-frame. More specifically, we clarify the following two issues (please see Fig. 1).
· Whether or not the second RS symbols at the 4-th OFDM symbol position are necessary

· Whether or not RSs for the 3rd and 4th antennas are necessary
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Figure 1 – RS structure for MBMS and unicast transmission in MBMS sub-frame
2. Investigation on Necessity of Second RS Symbols
2.1. PER Performance of L1/L2 Control Channel

We first investigate the necessity of the 2nd RS symbols from the average PER performance assuming the L1/L2 control channel. Table 1 gives the simulation parameters. The transmission bandwidth is 10 MHz. We employed QPSK data modulation and tail-biting convolutional coding assuming the channel coding rate of R = 1/3 with the repetition factor of 1, 2 and 4. We mapped the orthogonal reference signal of each transmitter antenna using the interval of six sub-carriers irrespective of the transmit diversity scheme. A cyclic shift of 128 samples was added to the common control channel of Transmit antenna #2 to achieve a sufficient frequency diversity gain in the CDD scheme. The six-ray Typical Urban (TU) channel model was assumed with the fading correlation between adjacent transmitter and receiver antennas of zero. The maximum Doppler frequency was set to 5.55 Hz. At the UE receiver, actual channel estimation based on a two-dimensional minimum mean squared error (MMSE) channel estimation filter using orthogonal reference signals allocated within a 1-msec transmission sub-frame and maximal ratio combining (MRC) were employed for antenna combining.

Table 1 - Link level simulation parameters
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Figure 2 shows the average PER performance of the L1/L2 control channel using only the 1st RS and 1st plus 2nd RSs as a function of the average received SNR per receiver antenna. When only the 1st RS is used, the RS separation in frequency domain is 6 sub-carriers, and when both the 1st and 2nd RSs are used, it becomes 3 sub-carriers. Thus, it is anticipated that accurate channel estimation in the frequency domain is possible by using an additional 2nd RS. Figure 2 shows that by using the 2nd RS in addition to the 1st RS, the required average received SNR at the average PER of 10-2 is reduced by approximately 0.5 dB compared to the case using only the 1st RS. Assuming a low received SNR region where a low channel coding rate is used, the reduction in the transmission power is almost identical to that for the bandwidth, i.e., the number of symbols. Thus, the reduction in the transmission power of 0.5 dB for the L1/L2 control symbols corresponds to the reduction of 0.5 dB in the L1/L2 control symbols, i.e., approximately 10%. However, the radio resources of the L1/L2 control symbols are 2/12 = 16.7% at most. Thus, the transmission power reduction of 0.5 dB for the L1/L2 control symbols leads to the reduction of only 1.7% in the data symbols of the shared data channel. We consider that the gain using the 2nd RS in addition to the 1st RS is small from the viewpoint of the PER of the L1/L2 control channel. 
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Figure 2 – Comparison based on PER performance of L1/L2 control channel
2.2. Influence of CQI Measurement Error 
We investigate the influence of CQI measurement error on the user throughput of the shared data channel. Table 2 gives the major parameters in the system-level simulation, which follow the agreed parameters in the 3GPP [2]. We employ a three-sectored nineteen-hexagonal cell layout model with a sector antenna beam pattern with a 70-degree beam width. We set the inter-site distance (ISD) to 500 m, and the corresponding cell radius is 289 m. The locations of the UEs are randomly assigned with a uniform distribution within each sector. However, we set the minimum distance between a Node B and a UE to 35 meters. The propagation model follows a distance-dependent path loss with the decay factor of 3.76, lognormal shadowing with the standard deviation of 8 dB, and instantaneous multipath fading. It is assumed that the distance-dependent path loss is constant during the throughput measurement period while the shadowing and instantaneous fading variations are added. The penetration loss of 20 dB is included. The correlation values between the cell sites and that between sectors are 0.5 and 1.0, respectively. The six-ray Typical Urban (TU) model was assumed for the multipath delay profile and the maximum Doppler frequency of fD = 5.55 Hz (corresponding speed of 3 km/h at a 2-GHz carrier frequency). At the UE, we assume two-branch antenna diversity reception.
Figure 3 plots the cumulative distribution function (CDF) of the user throughput considering the influence of CQI measurement error using only the 1st RS or 1st plus 2nd RSs. The CQI measurement error influences the resource block (RB) assignment error and modulation and coding scheme (MCS) selection error. The curve with ideal CQI measurement is also given as a reference represented as the dotted line. The figure shows that the gain using the 2nd RS in addition to the 1st RS is slight. 
Table 2 – System level simulation parameters 
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Figure 3 – Comparison based on influence of CQI measurement on user throughput
In summary, we conclude that the gain from using the 2nd RS in addition to the 1st RS is small. Thus, only the 1st RS is sufficient for unicast transmission. 

3. Investigation on Necessity of RSs for 3rd and 4th Antennas
We investigate the necessity for RSs for the 3rd and 4th antennas (streams) from the viewpoint of PER of the L1/L2 control channel assuming CDD. Figure 4 plots the average PER performance using two-stream and four-stream CDD using the radio parameters in Table 1. The PER using one-stream transmission is given as a reference. The RS overhead is included into the calculation for the horizontal axis. The figure shows that the average PER performance of the four-stream CDD is worse compared to that for the two-stream case due to the increasing RS overhead (= 50% within two OFDM symbols). Thus, we conclude that two-branch transmit diversity is suitable for the L1/L2 control channel. Accordingly, RSs for the 3rd and 4th antennas are unnecessary.
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Figure 4 – Comparison based on PER using 2-stream and 4-stream CDD

4. Conclusion

This contribution presented the RS structure for unicast transmission in the MBMS sub-frame. Our conclusions based on the simulation results are as follows.
· The gain of using the 2nd RS in addition to the 1st RS is small. Thus, only the 1st RS is sufficient for unicast transmission. 
· Two-branch transmit diversity is suitable for the L1/L2 control channel. Accordingly, RSs for the 3rd and 4th antennas are unnecessary.
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