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1 Introduction
In the RAN1#46bis meeting in Seoul, it was decided that for the common control channel(s) other than SCH, the transmit diversity scheme(s) would be selected among the following schemes.

1) non-SFBC-based: 

A. CDD (or PSD) (for both 2 tx and 4 tx antennas) (not for SCH)

B. FSTD (for both 2 tx and 4 tx antennas)

C. PVS 

2) SFBC-based (with allowing different TxD for SCH): 

A. SFBC (only for 2 tx antennas)

B. SFBC + PSD (or CDD) (4 tx antennas)

C. SFBC + FSTD (4 tx antennas)

However, in the RAN1#47 meeting in Riga, it was decided that the only common control channel will be the BCH, while the other control channels will be dedicated. In fact the following Downlink Physical channels are defined in TS.36.211

-
Physical Downlink Shared Channel, PDSCH

-
Physical Downlink Control Channel, PDCCH

-
Common Control Physical Channel, CCPCH

Based on contributions [1] and [2], we summarize in Table 1 the applicability of each transmit diversity schemes to each defined physical channel. Our goal is to find a single scheme that would be most beneficial to all physical channels.
Table 1 Applicability of certain transmit diversity schemes to certain Physical channels

	
	CDD
	FSTD
	SFBC
	Comment

	MBMS


	Provides Frequency selectivity in flat channels
	Requires 16% pilot overhead (every tone for 2Tx)

Based on [1].
	Requires 16% pilot overhead (every tone for 2Tx).
SFN not possible when some cells in the SFN area use single Tx transmission
	Little diversity gain unless the channel is very flat

	CCPCH (BCH)

	Looks like a single antenna when Precoding the Pilot. However, this could mean additional dedicated pilot overhead
	Requires 16% pilot overhead since UE does not know how many Tx Antennas. 
	Not possible unless 2 TX antennas are mandated in all cells
	BCH is the only common control channel (open loop) and only less than 1% of overhead. However 10% Power overhead.

	PDCCH /
PDSCH (Low speed)

	Beamforming & scheduling gains possible
	Antenna Selection is more relevant
	No Beamforming or scheduling gains possible
	Dedicated channels can benefit from non-Tx diversity schemes

	PDCCH /
PDSCH (High speed & delay sensitive traffic)
	Good  performance
	Good performance
	Optimum performance for 2 Tx antennas
	Dedicated channels can benefit from Tx diversity schemes

	SCH


	N/A
	N/A
	N/A
	Non-coherent reception


In addition, it is well known that Block Codes (SFBC) transmit diversity achieves the optimal spatial diversity for 2 transmit antennas. However, we note that they have the following restrictions:

1. They do not scale naturally above 2 transmit antennas

2. Data symbols need to be paired on tones and antennas.

3. They do not fully utilize frequency diversity

4. They require flat fading across paired tones

5. They cause a rank 2 interference to neighbouring cells.

2 Conclusion
In this contribution, we evaluated the applicability of transmit diversity schemes. Based on pervious analysis done in [3-11] we noticed that there is no significant performance difference between the transmit diversity schemes either for an open or a closed loop channel. Therefore, based on this analysis we conclude that:

1. SFBC is very restrictive

2. BCH is the only open loop channel and constitutes less than 1% of the overhead.

3. FSTD requires a minimum of 16% pilot overhead to operate in a transparent way for either the MBMS or the BCH.

4. It is possible to obtain significant scheduling and beamforming gains with CDD at low to medium speeds.
5. It is possible to obtain reasonable diversity gains with CDD for open loop operation at high speed

Therefore we propose to use precoded CDD as a single diversity scheme for all DL physical channels other than the SCH.
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