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1. Introduction
It has been decided on the RAN1 #44bis meeting that space-time frequency block code, cyclic shift diversity and combined space-frequency block code/cyclic shift diversity (SFBC/CSD) should be considered for control channel. Since CSD cannot directly be combined with SFBC, the combined SFBC/PSD scheme is introduced in [1] to resolve this problem. 
In this contribution, we provide link level simulation results comparing the performance of CSD and combined SFBC/PSD considering control channel for four antenna NodeB’s.
2. Combined space-frequency block code / phase shift diversity

The transmit diversity technique PSD can be viewed as the equivalent scheme of CSD implemented in frequency domain. According to the discussion in [1] and [2], it can be seen that PSD is more flexible and more general, compared with CSD.
It is well know that the (full) rate 1 orthogonal SFBC does not exist when the transmit antenna number exceeds two. For four antenna NodeB’s, by combining two-antenna SFBC (Alamouti) with PSD, the rate 1 property can be maintained. Meanwhile, the new transmission method of combined SFBC/PSD is simple and scalable to different numbers of transmit antenna larger than two and the Alamouti type of decoder can always be used.

The transmission scheme of combined SFBC/PSD is illustrated in Figure 1.
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Figure 1  Transmission scheme of combined SFBC/PSD
The received signal on subcarrier k and k+1 can based on the structure in Figure 1 be written as:
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where 
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 is the phase sequence on antenna m and subcarrier k. When combined with SFBC, the phase shift should be set as changing every second subcarrier to maintain the quasi-static assumption of SFBC, that is, 
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 for e.g. k even. Under this condition, when the Alamouti type of decoder is used, two-order spatial diversity on a symbol level can be achieved. Meanwhile via varying the phase shifts on the pairs of subcarriers (changes every second subcarriers), additional frequency diversity can be obtained by channel coding.
More specifically, in combined SFBC/PSD, the phase shift sequence on the mth transmit antenna is adopted as:
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3. Simulation results
Control channel simulation results comparing pure four antenna CSD and combined SFBC/PSD are given in this section. The control channel data is multiplied with the phase sequence from equation (1), before multiplexed with pilot in the first OFDM symbol. The 5MHz bandwidth transmission parameters in [3] are used for evaluation. The other detailed simulation parameters can be found in section 6. 
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Figure 2  Performance comparison between pure CSD and SFBC+PSD considering control channel without inter-cell interference. 1/4 rate 3GPP Turbo code and QPSK modulation is used. 4 transmit antenna and two receive antenna is assumed. Es is the energy per QPSK symbol in frequency domain and the CP overhead is considered when calculating Es. N0 is the Noise power spectrum density.

It can be seen from Figure 2 that the combined SFBC/PSD provides 0.2-0.3 dB gain over pure CSD in typical urban channel.
4. Conclusion

In this contribution, the performance of the combined SFBC/PSD technique, introduced in [2] is presented. Since the combined SFBC/PSD scheme outperforms CSD, it is proposed that combined SFBC/PSD scheme should be included as a transmit diversity scheme for 4 transmit-antenna NodeBs in the study phase.
The text proposals are provided in section 5.
5. Text Proposals
The text proposals change the notation of cyclic shift diversity, which appears in three places in the TR25.814 v.1.2.2 to phase shift diversity.
----------------------------------------------- Start of the text proposal------------------------------------------------

7.1.2.4.4
Transmit diversity for SCH and BCH transmission
The SCH is the first physical channel for a UE to acquire. Thus, the SCH must be received without a priori knowledge of the number of transmitter antennas of the cell. Thus, transmit diversity methods that do not require knowledge of the number of transmit antennas can be considered for the SCH (e.g., time switched transmit diversity (TSTD), frequency switched transmit diversity (FSTD), and phase shift diversity (PSD)
7.1.1.4
MIMO and Transmit Diversity
The baseline antenna configuration for MIMO is two transmit antennas at the cell site and two receive antennas at the UE. The possibility for higher-order downlink MIMO (four TX/RX antennas) should also be considered. 
Since control channel performance can be difficult to improve through other sources of diversity (retransmission, link adaptation, etc.), open loop transmit diversity schemes should be considered for the downlink control channels. The open loop transmit diversity can also be considered for the downlink unicast traffic. Transmit diversity schemes vary with respect to their complexity and ability to support a variable number of transmit antennas. Therefore, the simplicity and scalability of transmit diversity schemes should be compared as well as their performance gains. Open loop block code-based transmit diversity, phase shift diversity, and combined space-time (or space-frequency) block code/phase shift diversity techniques should be considered.
9.1.1.4
MIMO and Transmit Diversity
The baseline antenna configuration for uplink single-user MIMO is two transmit antennas at the UE and two receive antennas at the Cell site. 
The use of both open loop transmit diversity techniques based on block codes as well as phase  shift diversity, open-loop and closed-loop MIMO techniques, e.g. spatial division multiplexing (SDM) and precoding, should be considered. For the closed-loop mode, techniques for reducing signaling overhead should be evaluated. The possibility for single user higher-order uplink MIMO (more than two TX/RX antennas) should be considered. 
----------------------------------------------- End of the text proposal------------------------------------------------
6. Appendix
Here follows a table with details of the simulator setup.

Simulation parameters
	Parameters description
	Value

	Transmission bandwidth
	5MHz

	Sub-frame duration
	0.5ms

	FFT Size
	512

	Number of sub-carrier occupied by data
	300

	Sub-carrier spacing
	15kHz

	Occupied sub-carriers by pilot in OFDM symbol 1
	100

	Occupied sub-carriers by control channel in OFDM symbol 1
	200

	Control channel codeword size
	100 bits

	Channel coding type / rate
	3GPP Turbo / 1/4

	Modulations
	QPSK

	Delay value of PSD on mth transmit antenna
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	Channel model
	GSM 6 ray TU

	Intercell interference
	None

	UE velocity
	3km/h

	Antenna configuration
	4x2

	Antenna correlation
	zero

	Channel estimation
	ideal
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