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1. Introduction
DL common channels have a single or limited number of MCS(s) and cannot take the benefit of HARQ operations. Thus, the transmit diversity plays a critical role in keeping a low error rate of these channels. In this document, we discuss a proper transmit diversity design for the following DL common channels:    

· P-SCH/S-SCH

· CCCH (P-BCH)

2. Transmit Diversity for P-SCH/S-SCH
The transmit diversity for P-SCH/S-SCH should be designed in consideration of both the cell search procedure and the potential channel estimation performance for CCCH. 

It is desirable to have the same diversity scheme for P-SCH and S-SCH as the P-SCH is likely to be used as the channel estimation reference for the S-SCH.

Currently, there are three candidate schemes being discussed:   
· TSTD: Time Switched Transmit Diversity, where each time instance of PSC/SSC hops among the available antennas. When Node B has only one Tx antenna, TSTD falls back to a natural no-diversity mode. When Node B has multiple Tx antennas, available antennas for PSC/SSC transmission may be either the 1st and the 2nd antennas or all the Tx antennas.  

· PVS: Precoding Vector Switching, where each time instance of PSC/SSC is transmitted by using different precoding vectors alternately. PVS and TSTS have the same structure except that all PAs can be used to transmit each time instance of PSC/SSC in the PVS. 
· FSTD: Frequency Switched Transmit Diversity, where every kth (k = 0, 1, .., Nt -1) tones of the PSC/SSC are transmitted by using the kth transmit antenna. All PAs are used to transmit each time instance of PSC/SSC. The FSTD on 2 Tx antennas in the virtual antenna domain is equivalent to the CDD with a delay of a half of the symbol length.
Among the three schemes, we regard the TSTD and PVS as the same (or at least the same type of) transmit diversity scheme, as the PVS is equivalent to the TSTD in the virtual antenna domain and the virtual antenna implementation is a Node B implementation issue. Thus, TSTD/PVS is called Virtual Antennal TSTD (V-TSTD) hereafter. The virtual antenna may contain a frequency varying component (e.g., CDD based implementation) [2].
FSTD has a few potential issues:

· It is hard to design a PSC optimized to both a single Tx antenna and multiple Tx antennas

· It may restrict the UE synchronization method. In order not to degrade the synchronization performance, the FSTD prefers using auto-correlation based synchronization as the matched filtering based synchronization may suffer from multiple peaks originating from the FSTD signal structure in an OFDM symbol period.
· FSTD suffers from a larger channel estimation loss than the V-TSTD as a given number of frequency tones allocated to PSC/SSC are evenly divided to estimate multiple spatial dimensions.    

In consideration of above potential issues of the FSTD, we recommend using V-TSTD as the Tx diversity scheme for PSC/SSC.
2. Transmit Diversity for CCCH
In terms of cell search perspective, it is desirable to use the transmit diversity scheme for the CCCH which does not need the information on the number of transmit antennas in advance. Either the same diversity scheme between the SCH and CCCH or CDD may be a proper choice for the purpose. In this contribution, we focus on the former case: 

Currently there are two proposals for the bandwidth of the CCCH:

· 72 tones (1.08 MHz) for all system bandwidth
· 72 tones if system bandwidth is smaller than 5 MHz, and 300 tones (4.5 MHz) if system bandwidth is 5 MHz or larger [1]

If 1.08 MHz bandwidth is used for the CCCH, the synchronization channel (PSC/SSC) can be a relevant channel estimation reference for the CCCH. In addition, DL RS (CPICH) may be used to further improve channel estimation.
If 4.5 MHz bandwidth is used for the CCCH, the synchronization channel is not enough to provide the channel estimate for the CCCH demodulation. In this case, we should use the DL RS (CPICH) as the channel estimation reference and may use the PSC/SSC to further improve the channel estimate. 

In order to support both cases, we propose adopting the V-TSTD for both the CCCH/SCH. Depending on the slot location within the CCCH TTI, the UE is aware of the virtual antenna that was used for transmission in the slot. Therefore, it can use the CPICH transmitted from that virtual antenna for channel estimation. 
3. Conclusions

In this contribution, we proposed a transmit diversity scheme for DL common channels. 
For the P-SCH/S-SCH transmission, we propose adopting the virtual antenna domain TSTD (V-TSTD).
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