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1. Introduction

In order to maximize the radio link performance by using downlink MIMO transmission, the appropriate MIMO channel transmission scheme should be selected not only for downlink shared data channel but also for other physical channel. This paper presents our views on the MIMO transmission schemes for downlink physical channels other than downlink shared data channel.

2. MIMO Transmission Method for Other Downlink Physical Channels
Our views on the MIMO transmission method for other downlink physical channels are as follows.
· MIMO diversity (transmit diversity) should be used to extend coverage for physical channels with fixed data rate
· The optimum transmit diversity scheme is different for each physical channel. However, the number of options should be minimized.
Table 1 lists the proposed MIMO diversity (transmit diversity) scheme for the respective downlink physical channels except for the shared data channel.
Table 1 – Options of transmit diversity scheme for respective downlink physical channels
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(1) Synchronization Channel (SCH)

The SCH is the physical channel for a user equipment (UE) to acquire at the initial radio link setup. Thus, the SCH must be received without a priori knowledge of the number of transmitter antennas of the cell. Thus, Time Switched Transmit Diversity (TSTD) or delay diversity including Cyclic Delay Diversity (CDD) can be applied to the SCH. In delay diversity scheme including CDD, excessive time resolution may degrade the SCH timing detection accuracy, which we have shown for random access channel (RACH) case [1],[2]. Thus, our preference is the following two candidates for SCH.

· TSTD

· Fixed pre-coding vector switching in time domain 

Figure 1 shows an example of fixed pre-coding vector switching in time domain. In this example, the SCH symbol is transmitted twice per radio frame and a predetermined pre-coding vector is multiplied to the SCH. The predetermined pre-coding vector is different for different SCHs to achieve time diversity. Although the interval of the predetermined pre-coding vector pattern is set to 10 msec in this example, this interval can be extended to several ten milliseconds.
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Figure 1 – Predetermined pre-coding vector pattern for SCH
(2) Broadcast Channel (BCH)

Any type of open-loop transmit diversity can be a candidate for BCH transmission, since the transmit diversity scheme can be informed by the SCH sequence to UE before the BCH reception. Currently, block-code based transmit diversity such as Space Time Block Code (STBC) or Space Frequency block code (SFBC), CDD, TSTD or Frequency Switched Transmit Diversity (FSTD) are candidates [3]-[10]. In four-transmission antenna case, a combination of these schemes is also considered [11],[12]. The selection of the transmit diversity scheme should be based on the following aspects.
· Achievable performance should be prioritized most.
· The transmission power resource of all transmit antennas should be efficiently utilized.
(3) Paging Channel (PCH)

Similar to BCH information, the same transmit diversity candidates can be applicable to PCH and paging indicator. Among them, we prefer CDD together with the application of soft-combining reception between cells (sectors) within same Node B for PCH [13]. We have shown the gain of CDD with soft-combining for PCH from the viewpoint of extension of coverage [13]. In the case, cell (i.e., sector)-common reference signal achieves better performance than cell-specific orthogonal reference signal. Then, CDD does not require an orthogonal reference signal between antennas within cell and this property is advantageous for soft-combining with a sector-common reference signal to reduce the overhead of the reference signal.

(4) L1/L2 Control Channel

In addition to the transmit diversity candidates applicable to the BCH, pre-coding based closed-loop transmit diversity is applicable to the L1/L2 control channel. We believe that pre-coding based closed-loop transmit diversity is advantageous for Coded block 2 [14] when multi-user MIMO is used, in order to reduce the radio resource overhead of the Coded block 2 part for multiple UEs. However, in order to use pre-coding based closed-loop transmit diversity, pre-coded dedicated reference signal is necessary in addition to the common reference signal. Therefore, further investigation is necessary.
(5) Multimedia Broadcast Multicast Service (MBMS) Channel

We prefer using delay diversity including CDD for the MIMO transmission scheme for the MBMS channel with synchronous multi-cell transmission. This is because in MBMS transmission with single frequency network (SFN) operation, a large frequency diversity gain is already obtained by soft-combining of the received signals from multiple cells. Therefore, the additional transmit diversity gain is small. If we use STBC/SFBC or FSTD is used for the MBMS channel, an orthogonal reference signal should be transmitted. Therefore, the overhead of the reference signal for these transmit diversity schemes must be doubled compared to CDD if the interval of mapping reference signal per antenna is kept constant. In this case, the channel coding rate employing STBC/SFBC scheme should be higher than that using CDD in order to achieve the same data rate due to the increased overhead of reference signal.

Figure 2 shows the comparison of average packet error rate (PER) performances between different transmit diversity schemes for the MBMS channel under the condition that the interval of reference signal of all transmit diversity scheme is the same. The simulation parameters are the same as those given in [15]. We assumed two transmit antennas at all Node B. A common reference signal is mapped every three sub-carriers onto the second and fifth OFDM symbols (Structure B in [15]) for a single-antenna transmission and CDD case while the density of reference signals becomes double in order to generate an frequency division multiplexing (FDM) based orthogonal reference signal for two transmit antennas in STBC/SFC case. Overhead of reference signals for CDD and STBC/SFBC was 11.1% and 22.2%, respectively. We applied 16QAM data modulation for all transmission schemes, and Turbo coding with the coding rate of 0.53 for single-antenna transmission and CDD and 0.6 for STBC/SFBC was employed. We can see that CDD reduces the required average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) after soft-combining by approximately 1 dB compared to that with STBC. This is because a lower coding rate thanks to the smaller reference signal overhead is applied in CDD.
Next, Fig. 3 shows the average PER performances of different transmit diversity schemes when the overhead of reference signal of all transmit diversity scheme is the same, i.e., the reference signal is mapped every six sub-carriers for STBC/SFBC scheme. In this case, the same Turbo coding rate of 0.53 can be employed irrespective of transmit diversity scheme. The other conditions are same as Fig. 2. We can see that CDD achieves better PER performance compared to STBC/SFBC. This is because the channel estimation error in STBC/SFBC is increased compared to that using single-antenna transmission or CDD and the degradation due to channel estimation error exceeds the transmit diversity gain in STBC/SFBC. Based on these results, delay diversity including CDD is preferable for the MIMO transmission scheme for the MBMS channel with synchronous multi-cell transmission.
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Figure 2 – Comparison of transmit diversity schemes for MBMS channel with multi-cell transmission
assuming the same interval of reference signal of each transmitter antenna
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Figure 3 – Comparison of transmit diversity schemes for MBMS channel with multi-cell transmission
assuming the same overhead of reference signal of each transmitter antenna

3. Conclusion

This paper presented our views on the MIMO transmission schemes for downlink physical channels other than downlink shared data channel.
· MIMO transmission for downlink physical channels other than downlink shared data channel
· Application of  transmit diversity only is suggested

· Transmit diversity schemes recommended for application to the SCH, BCH, PCH, and L1/L2 control channel are summarized.
· For MBMS channel, CDD should be applied.
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