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

· Rank 1 Transmit diversity schemes:
· CDD (or PSD), FSTD and TSTD (for both 2 and 4 transmit antennas)
· Rank 2 Transmit diversity schemes:
· SFBC (only for 2 transmit antennas), SFBC + PSD (or CDD) and SFBC + FSTD (for 4  transmit antennas)
In this contribution, we provide performance comparison of CDD, FSTD and SFBC under the agreed assumptions. We also provide results by assuming a fixed precoding for the transmit diversity schemes.
2 Transmit diversity schemes
In this section, we describe the precoding schemes applied to transmit diversity signals. The details on precoding are provided in [1]. It should be noted that the precoding is fixed and therefore there is no need for any additional signalling to indicate the precoding. We used fixed Fourier-based 2x2 and 4x4 precoders for the case of 2-Tx and 4-Tx antennas case. 
2.1 CDD Precoding
We assume that CDD is implemented in the frequency-domain. In this case, the composite precoder combines CDD delay based phase shifts with the Fourier-based precoding as below. We consider the 2 transmit antenna case here:
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In case of CDD transmit diversity transmission for the case of 2 transmit antennas, the normalized symbol column matrix S containing the same symbols is multiplied with the transpose of the composite precoding matrix C to give a column vector T of symbols transmitted from the 2 physical antennas. The symbols transmitted from the two physical antennas, T1 and T2 are given as below.
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Note that here the signal is delayed (or phase shifted) before precoding, this means that we introduce frequency selectivity across the virtual antennas and not across the physical antennas. Also, the same result is achieved if instead of using transpose of the composite matrix, we obtain the composite precoder with CT=P X D instead of C=D X P as below.
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In case of CDD transmit diversity transmission for the case of 4 transmit antennas, the normalized symbol column matrix S containing the same symbols is multiplied with the transpose of the composite precoding matrix C to give a column vector T of symbols transmitted from the 4 physical antennas as below.
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If we make the assumption that φ2 =2 φ1, and φ3 =3 φ1, then the expression above simplifies to:
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We can see from the above 2-Tx and 4-Tx cases that the combination of CDD with a precoder leads to a scheme which amplitude modulates the different antennas with orthogonal signals. 

2.2 SFBC Precoding

In case of SFBC for 2-Tx antennas case, the symbols transmitted from the two antennas and two adjacent subcarriers are given as:
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Where T11 and T21 denote the symbols transmitted from antenna 1 and 2 on the first subcarrier and T12 and T22 denote the  symbols transmitted from antenna 1 and 2 on the second subcarrier within a group of 2 subcarriers.
2.3 FSTD Precoding

FSTD can be seen as a time varying precoder. In case of FSTD 2-Tx antennas case, the symbols transmitted from the two antennas and two adjacent subcarriers are given as:
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Where T11 and T21 denote the symbols transmitted from antenna 1 and 2 on the first subcarrier and T12 and T22 denote the symbols transmitted from antenna 1 and 2 on the second subcarrier. Note that here we apply FSTD to the input of the virtual antennas and not the physical antennas.
In case of FSTD transmission for the case of 4 transmit antennas, the symbols transmitted from 4 transmit antennas on four subcarriers are given as:
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3 Link Performance

3.1 Simulation Assumptions

The simulations assumptions are inline with the agreed scenario for transmit diversity simulations for the common control channels in the RAN1#46 meeting in Tallinn meeting. The simulations assumptions are summarized in Table 1. 
Table 1 Link Simulation Assumptions

	Parameter
	Value

	Transmission  Bandwidth
	10 Mhz

	NFFT
	1024

	Used sub-carriers
	75 (3 RBs)

	Sub-carrier spacing
	15 kHz

	Subframe duration
	0.5ms

	Number of OFDM symbols per sub-frame
	5 (data)

	Number of sub-channel (RB)
	3

	RB size (sub-channel)
	25 tones

	Channel Model
	SCM (Macro Urban)

	Antenna spacing
	4*Lambda

	Mobile Speed
	120 Km/Hr

	Convolutional Code
	1/3, K=9

	Modulation
	QPSK

	HARQ
	None

	CDD Delay
	128 samples

	Transmit Diversity Scheme
	CDD, SFBC, FSTD

	Baseline
	1x2

	Number of RX antenna
	2

	Channel Estimation
	Ideal


3.2 Link Simulation Results

The link performance for the case of 2-Tx antennas is given in  Figure 1 and Figure 2 for the case of precoding and no-precoding. The performance for 4-Tx antennas with and without precoding  is given in Figure 3. The link results are summarized in Table 2 below. The performance of CDD is improved by 0.1dB and 0.5dB with precoding for the case of 2-Tx and 4-Tx respectively. However, the performance of FSTD is degraded by 0.1dB and 0.5dB with precoding for the case of 2-Tx and 4-Tx respectively. It can also be observed that performance of SFBC is improved by about 0.1dB with precoding. We note that the best of CDD and FSTD schemes, that is, CDD with precoding and FSTD without precoding perform similarly. SFBC provide 0.2-0.3dB gain over FSTD and CDD for the case of 2-Tx antennas.
Table 2 Transmit diversity schemes link performance comparison

	Transmit diversity scheme
	Gain (dB) at 1% BLER (2-Tx)
	Gain (dB) at 1% BLER (4-Tx)

	
	Without

Precoding
	With

Precoding
	Without

Precoding
	With

Precoding

	Baseline (1x2)
	0
	0
	0
	0

	CDD
	0.9
	1.0
	1.3
	1.8

	FSTD
	1.0
	0.9
	1.8
	1.3

	SFBC
	1.2
	1.3
	N/A
	N/A
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Figure 1 Link performance of CDD, SFBC and FSTD transmit diversity schemes for 2-Tx antennas case without precoding
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Figure 2 Link performance of CDD, SFBC and FSTD transmit diversity schemes for 2-Tx antennas case with precoding
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Figure 3 Link performance of CDD and FSTD transmit diversity schemes for 4-Tx antennas case with and without precoding
4 Conclusion
We provided link performance comparison of transmit diversity schemes for the case of common control channels under the agreed assumptions. 

· We noted that precoding improves performance of both SFBC and CDD schemes. In particular, the performance of CDD is improved by 0.1dB and 0.5dB with precoding for the case of 2-Tx and 4-Tx respectively. 
· We also noted that the best of CDD and FSTD schemes, that is, CDD with precoding and FSTD without precoding perform similarly. 
· SFBC provide 0.2-0.3dB gain over FSTD and CDD for the case of 2-Tx antennas. 
Both CDD and FSTD schemes scale with the number of transmit antennas. The SFBC scheme does not scale with the number of transmit antennas until unless it is combined with other schemes such as CDD and FSTD. 

The CDD scheme provides various advantages over SFBC in the sense that it can be combined with spatial multiplexing to improve performance at both low and high mobile speeds [1].  At low UE speeds, CDD can provide scheduling gains by increasing channel frequency selectivity. At higher mobile speeds CDD provides additional transmit diversity while supporting spatial multiplexing [2]. In the light of CDD scalability with number of transmit antennas and its applicability to shared data channel supporting spatial multiplexing, we propose to select precoded-CDD for control channels.
5 References 
[1] Samsung, R1-070131, “MIMO Precoding for E-UTRA Downlink”.
[2] Samsung, R1-070136, “Transmit diversity performance for the shared data channel”.
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