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1 Introduction

It has been decided in RAN WG1 that for the common control physical channels (CCPCH) other than SCH, the transmit diversity scheme should be selected among these candidates
 
1) CDD/PSD

2) FSTD

3) SFBC for 2 TX Node B and 
A. SFBC+FSTD for 4 TX NodeB
B. SFBC+PSD    for 4 TX NodeB

where CDD/PSD and FSTD can be used by both 2 and 4 TX antenna Node B’s and the SFBC needs an extension in the 4 TX antenna Node B case for which there are two candidates 3A and 3B. A fundamental difference among the schemes 1-3 is that CDD and FSTD introduce rapid channel variations in the frequency domain and then rely on the channel code to “collect” the diversity. The SFBC on the other hand, obtain diversity even on the raw bits due to its structure. The SFBC+PSD scheme was described in [1].
Although transmit diversity can improve the robustness of the reception, the coverage requirement of CCPCH can hardly be fulfilled using a MRC receiver with rate 1/6 channel coding as discussed in [2]. A lower rate channel coding or more advanced receiver may be needed to further improve the coverage. The benefits of intercell interference cancellation were discussed in [3] and it was then concluded that intercell interference cancellation is critical for the performance of cell edge users. 
This contribution presents link level simulation results of cell edge users using schemes 1)-3) above. A more realistic interference model provided in [4] was used to conform the agreements of Tallinn meeting and results with a realistic IRC receiver is given. Furthermore, the centre 72 subcarriers around DC is used for the CCPCH  according to the agreements in the technical specification [7]. This, more narrowband/localized transmission of the CCPCH is new compared to previous the assumptions used in [4] and [6] and leads to new results and conclusions. In a parallel contribution [8], coverage results obtained from a system level simulator are provided.
2 Simulator assumptions
It was assumed that the common control channel consists of an information block of 32 bits. After attaching 8 CRC bits, it was encoded with a rate 1/3 convolution code plus repetition of 2 to obtain the equivalent code rate of 1/6. Furthermore, QPSK modulation was used and the encoded block was distributed over the 72 centre subcarriers around DC in the first and second OFDM symbol in each TTI. To obtain better coverage of the control channel, rate 1/12 can be used as was suggested in [9] but in this study rate 1/6 was assumed. 
Two directional interfering cells are modeled and the other interferering cells are simply modeled as Gaussian noise [4]. Dominant interference ratio (DIR) values were used to generate the power of interference with the following form and distribution. In each TTI, DIR values were updated.
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Both the performance of scheme 1)~3) with MRC and IRC receivers are compared. When simulating SFBC+PSD, the phase shift step length in frequency domain are set to 12 subcarriers (one PRB) to enable the covariance matrix averaging over Q subcarriers according to the discussion in [5]. Q=12 are used for all the evaluated transmit diversity schemes. The interference covariance matrix estimation method in [6] was used here. The detailed simulation settings can be found in the appendix.
3 Results
In Figure 1 and Figure 2, the BLER performance of different transmit diversity schemes for 2 Tx antennas are compared with MRC and IRC receiver. It can be seen that FSTD shows inferior performance than other two schemes. At the same time, both MRC and IRC receiver shows similar performance in the simulated scenario.
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Figure 1 Block error rate performance of different 2 Tx transmit diversity schemes with MRC and IRC receiver under PA channel, 30 km/h UE speed.
[image: image6.emf]-10 -9 -8 -7 -6 -5 -4

10

-2

10

-1

10

0

Ior/Ioc

BLER

2Tx2Rx, IRC Vs MRC, TU30

2x2 CSD-IRC

2x2 CSD-MRC

2x2 FSTD-IRC

2x2 FSTD-MRC

2x2 SFBC-IRC

2x2 SFBC-MRC


Figure 2 Block error rate performance of different 2 Tx transmit diversity schemes with MRC and IRC receiver under TU channel, 30 km/h UE speed.

In Figure 3 and Figure 4, the BLER performance of different transmit diversity schemes for 4 Tx antennas are compared with MRC and IRC receiver. Still, it can be seen that FSTD shows the worst performance. When IRC receiver is implemented, only the SFBC+PSD scheme can achieve 0.3~0.5dB performance gain. For the other three schemes, there will be 0.1~0.2 dB performance degradation when using IRC. This is because CSD and FSTD achieve diversity by increase the frequency selectivity of the channel, it will at the same time degrade the covariance estimation performance when frequency averaging is used. See [5] for a more detailed analysis of the covariance estimation performance.
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Figure 3 Block error rate performance of different 4 Tx transmit diversity schemes with MRC and IRC receiver under PA channel, 30 km/h UE speed.
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Figure 4 Block error rate performance of different 4 Tx transmit diversity schemes with MRC and IRC receiver under TU channel, 30 km/h UE speed.

4 Conclusions

In UTRA, space time block coding (STTD) is used as the transmit diversity method for the common control channels and based on the LTE link level and system level simulation results, we suggest that space frequency block codes (SFBC) which use a similar structure as STTD are also selected for the E-UTRA CCPCH. Simulations show that SFBC provides the best BLER performance of SFBC, CDD and FSTD. 
For 4 TX antenna NodeB’s, the SFBC must be extended by combining it with either frequency switched transmit diversity (FSTD) or with phase shift diversity (PSD). The simulation results in this contribution show SFBC+PSD has 0.5~0.7dB gain over SFBC+FSTD using an IRC receiver.  
Based on these new results for the agreed CCPCH resource mapping in [7] given in this contribution and in [8], we propose that the following transmit diversity schemes are agreed in RAN1 for the E-UTRA common control channels other than SCH: 

· For 2 TX Node B:  SFBC

· For 4 TX Node B:  SFBC+PSD
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Appendix
	Parameter
	Assumption

	Carrier Frequency / Bandwidth
	2 GHz/5MHz

	IFFT size
	512

	CP length
	36x6,40x1

	Occupied subcarriers
	72 (DC is null)

	Channel model
	PA and TU

	UE speed
	30 km/h

	Antenna setup
	2x2 and 4x2

	Inter-cell interference modelling
	Two directional interfering cells are modeled as in [4] and the other interferering cells are modeled as Gaussian noise 

	Information bits
	32

	Channel coding
	3GPP Rate 1/3 convolution code

	Polynomial
	{557, 663, 711}

	Effective code rate
	1/6

	Decoder
	Max-log-MAP

	Modulation
	QPSK

	Receiver
	MRC and IRC

	Channel estimation of desired cell
	Ideal

	Interference covariance matrix estimation
	Realistic [6]

	CDD and PSD Delay
	101 for 2 TX CDD and 4Tx SFBC+PSD
75/150/225 for 4 TX CDD

	PSD phase shift
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� CDD=Cyclic Delay Diversity, PSD=Phase Shift Diversity � REF _Ref155338973 \r \h ��[1]�, FSTD=Frequency Switched Transmit Diversity, SFBC=Space Frequency Block Code
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