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1 Introduction

Control channel performance should be guaranteed because it contains information used to inform the UE how to process the downlink data transmission. The baseline antenna configuration for E-UTRA is two transmit antennas at the Node B and up to four transmit antennas can be considered. These multiple antennas should be well utilized to improve the coverage and robustness of control channel since it can hardly benefit from other source of diversity (retransmission, link adaptation, etc.).
In this contribution, we discuss some high level principles that should be considered when designing multi-antenna transmission scheme for control channel. Schemes that fulfill those criteria are discussed and simulated to show their performance.
2 Design criteria of multi-antenna transmission schemes for control channel

Considering the characteristics of control channel, some high level principles of multi-antenna transmission for control channel are listed as below:
· Only open-loop operation can be applied because UE specific feedback information cannot be used
· Must work with UEs with single receive antenna or with very low SNR

· Contained in a single OFDM symbol to enable micro-sleeping mode for power saving
· Scalable architecture is desirable for NodeBs with different number of transmit antennas
· A simple receiver with low complexity
With bullet 1 and 2, only open loop transmit diversity can be utilized for control channel. In previous RAN1 meetings, several contributions on transmit diversity schemes have been submitted to show their benefits [1]-[5].  Also, it has been agreed in [6] that “Open loop block code-based transmit diversity, cyclic shift diversity, and combined space-time (or space-frequency) block code/cyclic shift diversity techniques should be considered”. However, if control channel is multiplexed in the first OFDM symbol in a subframe (bullet 3), space-time block code (STBC) based schemes does not fit anymore. Even if, in some circumstances, control channel might appear in the first and second OFDM symbol, STBC based schemes is inefficient in resource allocation because it may be difficult to do STBC on some subcarriers in the second OFDM symbol whose "partner subcarrier" in the first OFDM symbol is occupied by pilot. Furthermore, it is desirable if the control channel, which must be received at all times, has as low complexity as possible (bullet 5) to reduce latency and for saving UE power. 
When the transmit antenna number exceeds two, the combined space-frequency block code/cyclic shift diversity scheme (recommended in [6]) cannot work smoothly as combine space-time block code/cyclic shift scheme. The quasi-static channel working assumption of SFBC collapses because CSD adds different phase shifts to adjacent sub-carriers.  A technique named combined space-frequency block code/phase shift diversity (SFBC+PSD) is introduced to solve this problem. In next section, the details of SFBC+PSD are given.
3 Combined space-frequency block code / phase shift diversity (SFBC+PSD)
3.1 PSD
The transmission scheme of phase shift diversity (PSD) is illustrated in Figure 1.
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Figure 1  Transmission scheme of phase shift diversity
Different phase sequences are used for different transmit antennas. The received signal of PSD on subcarrier k can be denoted as:
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 is the equivalent channel in frequency domain. In order to achieve frequency diversity the data needs to be coded and interleaved across the subcarriers as CSD. Actually CSD can be viewed as a special case of PSD.

If the pilot is phase shifted, it looks like single transmit antenna case to the UE. Otherwise, if the pilot is not phase shifted, the phase sequence should either be standardized or broadcasted by NodeB. The latter is proposed because when the data of different users are multiplexed in a subframe, it would unable to do correct channel estimation for those users whose data is not PSD coded if the pilot is phase shifted.

The exact phase sequence can be specified by an index or some specific value. For example, if the phase sequence on the mth transmit antenna is adopted as 
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 is a function of 
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 and the subcarrier index k. Then only 
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 (similar as the cyclic shift value of CSD) needs to be broadcasted (or standardized). Therefore, it can be concluded that the same amount of signaling overhead is needed for PSD and CSD.

3.2 SFBC+PSD

It is well know that the (full) rate 1 orthogonal SFBC does not exist when the transmit antenna number exceeds two. By combining two-antenna SFBC (Alamouti) with PSD, the rate 1 property can be maintained. Meanwhile, the transmission format of 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 SFBC+PSD is illustrated in Figure 2.
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Figure 2  Transmission scheme of SFBC+PSD

The received signal of SFBC+PSD on subcarrier k and k+1 can be denoted as:
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By setting the phase shift changes every second subcarrier, the quasi-static assumption of Alamouti codec can be fulfilled. 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. Here, the phase shift sequence on each transmit antenna is adopted as 
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 for simplicity and conformity with CSD.
4 Simulation results
Control channel simulation results comparing pure CSD and SFBC+PSD are given in this section. The control channel data is multiplied with the phase sequence before multiplexed with pilot in the first OFDM symbol. The detailed simulation parameters can be found in section 7. When SFBC+PSD is simulated, the corresponding value 
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 on each transmit antenna is adopted as 
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Figure 3  Performance comparison between pure CSD and SFBC+PSD considering control channel. 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 spectrum density.
It can be seen from Figure 3 that the SFBC+PSD transmit diversity technique provides 0.2-0.3 dB gain over pure CSD in typical urban channel.
5 Conclusion

In this contribution, the high level principles when designing the multi-antenna transmission scheme for the DL control channel in E-UTRA are summarized. A transmit diversity scheme, combined space-frequency block code / phase shift diversity is introduced for control channel and performance results are provide to show its benefits. 

Given the discussion above, transmitting diversity schemes are recommended for the DL control channel. 
For the two-antenna Node B, they are:

(1) Space Frequency Block coding [7]
(2) Cyclic shift diversity [7]
For the four-antenna Node B, they are:

(1) Combined space-frequency block code / phase shift diversity (SFBC+PSD) 
(2) Cyclic shift diversity [1],[2],[4]
 The corresponding text proposal are provided in section 6.
6 Text Proposal
----------------------------------------------- Start of the text proposal------------------------------------------------

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, cyclic shift diversity, and combined space-time (or space-frequency) block code/cyclic shift diversity or combined space-frequency block code/phase shift diversity techniques should be considered.
----------------------------------------------- End of the text proposal------------------------------------------------
7 Appendix
Here follows a table with details of the simulator setup.
Table 1 Simulation parameters
	Parameters description
	Value

	Transmission bandwidth
	5MHz

	Sub-frame duration
	0.5ms

	Symbols per Sub-frame
	7

	FFT size
	512

	CP length
	37(4),36(3)

	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

	Channel model
	GSM 6 ray TU

	UE velocity
	3km/h

	Antenna configuration
	4x2

	Antenna correlation
	0

	Channel estimation
	ideal
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