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1. Introduction

Transmit diversity schemes for L1/L2 Control Channel in E-UTRA downlink under the 2 by 2 MIMO channel transmission were discussed in [1]. In this contribution, the plural transmit diversity schemes for common/shared control channel were compared by using computer simulation among space frequency block code (SFBC), Frequency Switched Transmit Diversity (FSTD) and cyclic delay diversity (CDD). From the results of computer simulation, CDD achieves the best performance for low channel coding rate and the conclusion of this contribution is that CDD is suitable for common/shared control channel. 

In [1], only non-spreading control channel was assumed in the simulation conditions. However, in L1/L2 control channel, CDM based multiplexing has a merit in moderating inter-cell interference due to averaging the power control effect as shown in [2].  L1/L2 channel is categorized in common/shared channel so that CDM based control signals are transmitted with above transmit diversity schemes. In CDM based multiplexing signals, the multiple access interference (MAI) due to the frequency selectivity deteriorates the transmission performance. CDD accelerates the frequency selectivity for obtaining the frequency diversity gain by using error correcting codes. Thus CDD reduces the performance improvement of the diversity schemes by MAI.  In order to reduce the MAI with keeping the diversity gain, this contribution presents the modified diversity schemes suitable for CDM based multiplexing L1/L2 control channel. The frequency selectivity mitigation technique in CDD for improving the channel estimation by blocking the frequency domain subcarriers have been proposed in [3]. In [3], the plural subcarriers are grouped and the phase shift is fixed within the group. The fixed phase of each branch can reduce the frequency selectivity so that the channel estimation error is reduced by averaging the frequency domain signals. This contribution expands this idea to decide the size of subcarrier block by the length of the spreading code for reducing the effect of MAI by mitigating the frequency selectivity within the spreading factor.
2. Transmit Diversity for L1/L2 Control Channel with CDM Based Multiplexing
In this paper, transmit diversity scheme based on CDD for L1/L2 Control Channel with two transmit antenna are discussed. The frequency domain spreading signals spread by the same control data are blocked and this blocked subcarrier is called as a spreading block. In order to reduce MAI in CDM based multiplexing, such spreading block should be allocated to adjacent subacarriers. Therefore, in this paper, we consider the blocked diversity based on CDD and FSTD. 
CDD is a transmit diversity scheme by using the different cyclic shift in each transmit antenna. This method can obtain the diversity gain using the error correcting code by increasing the frequency selectivity. However, if the frequency domain CDM multiplexing structure is applied, the strong frequency selectivity degrades the communication performance due to increasing the MAI. Therefore, here, we modify the CDD transmit diversity scheme suitable for CDM based multiplexing. Since CDD generates the frequency domain phase shift by using the time domain cyclic shift, the phase control of each subcarrier cannot be operated. Therefore, in the modified method the phase of each subcarrier is directly controlled in the frequency domain. In order to mitigate the MAI, the phase shift of each spreading block is fixed in the modified method. In this paper, we call the modified diversity scheme as blocked frequency phase shift diversity (B-FPSD). This concept is similar to blocked CDD shown in [3]. The key point of the B-DPSD for CDM system is the size of block is the same as the spreading block as follows. 

Figure 1 shows the phase shift model of the B-FPSD. In this scheme, the phase of each subcarrier in the signals of antenna 1 is fixed as the reference phase. The phase of antenna 2 is shifted for obtaining the diversity gain by using the frequency selectivity of frequency domain. In B-FPSD, in order to minimize the affect of MAI, the amount of phase shift in each spreading block is fixed as shown in Fig. 1. In this figure, the assumed number of spreading sequence is 4 and the number of spreading blocks in the channel is K. The amount of phase shift of k-th spreading block is shown as 
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. In this method, the frequency shift among the subcarriers in the spreading block is fixed so that the MAI can be suppressed at the receiver. 
In this example, the size of block is fixed as shown in Fig.1. However, the size of block should be decided as the size of spreading block or the integral multiplication size of spreading block. Therefore, if the size of spreading block is not the same due to the location of UE or the interference situation of UE, the size of block can be adjusted as the spreading block for minimizing the MAI.
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Figure 1 – Subcarrier phase patterns of the B-FPSD.
3. Conclusion
This paper pointed out the transmit diversity schemes suitable for L1/L2 control channel with CDM based multiplexing structure, which are modified from the basic CDD by using blocked phase shifting called B-FPSD. The size of frequency block is decided by spreading factor. Those schemes can mitigate the affect of increasing MAI due to the frequency selectivity caused by CDD. 
References
[1] 3GPP, R1-070857, NTT DoCoMo, Fujitsu, Institute for Infocomm Research, Mitsubishi Electric, NEC, Panasonic, Sharp, “Transmit Diversity Scheme for Common/Shared Control Channel in E-UTRA Downlink”
[2] 3GPP, R1-070885, KDDI, NTT DoCoMo, “L1/L2 Control Channel Structure with CDM Based Multiplexing in E-UTRA Downlink”
[3] 3GPP, R1-070850, Sharp, “Performance Comparison between the Conventional CDD and a Sub-carrier Grouping CDD scheme for the common control channel in the E-UTRA Downlink”













































































































































































































































































































































































































































































































































































































































































































































- 1/3 -

_1232112078.unknown

