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1. Introduction
At RAN 1 #46 meeting, there are many contributions about comparing the performance of down link transmit diversity schemes for common control channels[1][2][3]. 

Moreover, we should consider not only the performance but also other aspects like [4][5].

This paper presents our views on the aspects, e.g. UE complexity, overheads, needs to know the number of Tx antenna, because they are also important factor for LTE design as well as performance.
2. Comparison of DL TxD schemes for common control channel

We present our views on several aspects that is important to comparing the downlink transmit diversity schemes.

UE complexity (SISO decoder)
In Rank 1 schemes, i.e. CDD and FSTD, SISO decoder may be used for any number of transmit antennas. On the other hand, in Rank 2 schemes, i.e. SFBC (space-frequency block codes), SFBC+PSD, SFBC+FSTD (frequency switched transmit diversity), a SISO decoder cannot be used. So the UE complexity of decoding can be reduced in Rank 1 scheme.
For example, received signal of SFBC on subcarrier k and k+1, is denoted as:
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In this case, we need additional calculation in decoding process, compared with SISO decoder as follows.
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This process requires NI order of multipliers per a symbol, where N is the number of subcarriers and I is the number of Rx antennas.

UE complexity(Channel Estimation)
In SFBC, CSI may be estimated through the same procedure in MIMO, by using FDM Reference symbols.

Also in FSTD, CSI may be estimated through the same procedure in MIMO or SISO.

In CDD, we proposed that we can reduce the complexity of channel estimation process in UE side when we apply subcarrier grouping to CDD and keep high correlation within the same subcarrier group[6].

Overhead
In SFBC, we need double number of RS, than SISO case, because of FDM reference symbols.
Whereas, in CDD and FSTD, we may estimate CSI by the same number of RS as SISO case.

We think it may have a big impact on throughput when SFBC is used as transmit diversity scheme for L1/L2 control channel.

Needs to know  the number of Tx antennas

In SFBC, we need to know the number of Tx antennas before decoding.
Whereas, in CDD and FSTD, we may decode received signal without knowing the number of Tx antennas.

We think this may have a big impact on Cell search procedure when SFBC is used as transmit diversity scheme for BCH.
Soft combining (Inter-cell/Inter-sector)
In CDD, we can get additional diversity gain by setting independent parameters in each Node B without any coordination, e.g. preparing several delay values.
In FSTD, we have to consider frequency allocation to each antennas, to get additional diversity gain.
In SFBC, it is difficult to get additional diversity gain because we have to prepare different codes.

Scalability

CDD and FSTD are easily scalable to more than 2 Tx antennas.

We summarized our views on down link transmit diversity schemes for common control channels as follows.

Table 1: comparison of DL TxD schemes for common control channels (2 Tx antenna)
	
	Rank1
	Rank 2

	
	CDD
	FSTD
	SFBC

	UE complexity
	SISO decoder
	Usable
	Usable
	Not

	
	Channel Estimation
	Can be reduced
	Average
	Average

	Overhead
	Same as SISO
	Same as SISO
	Double

	Needs of # of Tx antennas
	No need
	No need
	Need

	Soft combining
	Easy
	Average
	Difficult

	Scalability
	Good
	Good
	Bad


Table 2: comparison of DL TxD schemes for common control channels (4 Tx antenna)
	
	Rank1
	Rank 2

	
	CDD
	FSTD
	SFBC+PSD
	SFBC+FSTD

	UE complexity
	SISO decoder
	Usable
	Usable
	Not
	Not

	
	Channel Estimation
	Can be reduced
	Average
	Average
	Average

	Overhead
	Same as SISO
	Same as SISO
	Double
	Double

	Needs of # of Tx antennas
	No need
	No need
	Need
	Need

	Soft combining
	Easy
	Average
	Difficult
	Difficult

	Scalability
	Good
	Good
	Bad
	Bad


3. Conclusion
In this paper, we compared downlink transmit diversity schemes for common control channel. 

We preferred Rank 1 scheme, i.e. CDD or FSTD, rather than Rank 2 scheme, i.e. SFBC, considering the aspects, e.g. UE complexity, overhead, needs to know the number of Tx antennas, because they are important for LTE design as well as performance.
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