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1
Introduction

In this document, we evaluate the performance of downlink shared data control channel (SDCCH) and BCH with various transmit diversity schemes. 
Different modes of transmit diversity analyzed include:

· CDD: cyclic delay diversity, where certain cyclic delay is applied to the time domain signal from one of the transmit antennas. This is equivalent to the phase rotation in the frequency domain. Although the CDD mode may not realize the full antenna diversity in the system, it requires similar pilot overhead as in the SIMO case, because the receiver sees the effective channel from both transmit antennas.
· SFTD: space-frequency transmit diversity, where space-frequency block code is applied to the paired frequency tones over two transmit antennas.  SFTD exploits the full antenna diversity, but also requires channel estimation from both of the transmit antennas. 
The goal of this contribution is to compare the performance of CDD and SFTD with the channel estimation overhead considerations. SIMO transmissions are also considered as a reference case. 

2
Simulation Assumptions

This section summarizes detailed simulation assumptions used for the diversity analysis. 

For the SDCCH, we assume the payload size is 56 bits. For 1 ms TTI, we allocate 6 data tones for each OFDM symbol with QPSK modulation and encode using rate 1/3 convolutional code.

For the BCH, we assume the payload size is 150 bits. For 1 ms TTI, we allocate 60 data tones for each OFDM symbol with QPSK modulation and encode using rate 1/3 turbo code (with repetition).

2.1
Pilot Overhead 
In order to make a fair comparison across different diversity schemes, the same total power is allocated for pilots, such that the pilot EcIor is always -7.78 dB. 

· With SFTD, different pilot signals have to be sent from different transmit antennas. We transmit FDM pilots occupying 25 tones from each transmit antenna in each OFDM symbol. 

· With SIMO and CDD, only one effective channel needs to be estimated. To make the fair comparison, we allocated 50 tones in each OFDM symbol to transmit from the single transmit antenna in SIMO, and from 2 transmit antennas in CDD. 

With this allocation, the same power and frequency resources are allocated for all three modes of transmissions. 

2.2
Data Tone Positions

Distributed transmissions are used for all three modes of transmissions. 

· For SIMO and CDD, the data tones are uniformly distributed over the entire band. No frequency hopping is used. 

· For SFTD, the data tones are pair-wise distributed in order to maintain the same channel across frequency tones to enable space-frequency transmit schemes for every pair of frequency tones. One frequency hop is used so that after the hopping, the data tones explore the similar level of frequency domain diversity as for SIMO.  
2.3
MCS

In this set of simulations, the modulation and number of data tones are kept constant during the simulation run. No re-transmissions are allowed. The Ior/No is varied, while the pilot Ec/Ior is fixed to -7.8 dB.

	
	Modulation
	Coding
	Number of Data tones per TDM symbol
	Number of TDM data symbols used
	Payload Size
	Data Ec/Ior
	Code Rate

	SDCCH
	QPSK
	Convolutional
	6
	14
	56
	-17 dB
	1/3

	BCH
	
	Turbo
	60
	
	150
	 -7 dB
	~1/11


Table 1
MCS for SDCCH and BCH

2.4 
Numerology and Other Simulation Assumptions
Tables 2 and 3 summarize the basic system parameters for the link level evaluation. 

	Pilot tones
	FDM

	Data tones
	Interleaved

	TTI
	1.0 ms

	Channel Estimation Length
	15 OFDM symbols

	Receiver
	MMSE

	Diversity Mode
	SIMO/CDD/SFTD


Table 2
Basic System Assumptions
	Sub-frame duration
	0.5 ms

	Symbols / Sub-frame
	7

	FFT size
	512

	Useful tones
	300

	Tone spacing
	15 KHz

	Flat guard samples 

(Number of symbols)
	29 (4)

28 (3)

	Flat guard period 

(Number of symbols)
	3.78 µs (4)

3.65 µs (3)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212

	Allocation of pilot tones per antenna per symbol 
	SIMO
	50

	
	CDD
	50

	
	SFTD
	25

	Pilot Ec/Ior
	-7.8 dB


Table 3

Evaluation Numerology

The transmitter, channel, and receiver configurations are as follows:

· FDM pilots allocated in every symbol in a slot

· Control channel is transmitted FDM and uniformly spaced across the entire band (pair-wise uniformly spread for SFTD)
· Modulation – QPSK

· Bandlimited white interference and noise

· GSM TU channel – 30 kmph 

· 2 Rx antennas
· 2 Tx antenna except for the SIMO mode
4
Results
Figures 1 and 2 summarize the link level PER results for SDCCH and BCH, respectively. 
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Figure 1
SDCCH – TU 30
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Figure 2
BCH – TU 30
Based on these simulation results, we can make the following observations:

· For the perfect channel simulations, SFTD outperforms CDD and both outperform SIMO. This is expected because for a 2x2 system, SFTD provides diversity order of 4 and SIMO provides diversity order of 2. The diversity gain of CDD is somewhat between SIMO and SFTD. 

· With realistic channel estimation, the relative performance of CDD and SFTD depends on the operating SNR. For BCH with QPSK and code rate 1/11, CDD outperforms SFTD by 0.5 dB around 1% FER. For SDCCH with QPSK and code rate 1/3, SFTD outperforms CDD only marginally (around 0.2 dB). 
4
Conclusions

In this contribution, we evaluated the link level FER performance of SDCCH and BCH with different diversity schemes.
The performance of SFTD is better than CDD for SDCCH, but the performance gap is small.

 

On the other hand, the performance of CDD is clearly better than SFTD for BCH. This originates from the fact that CDD can use all the pilot resources in estimating a single effective channel, while SFTD should use them in estimating two separate channels. 
At low SNR, the channel estimation loss outweighs the diversity gain for SFTD. 
Note that BCH needs to deliver system information reliably to UEs in the very low geometry. 
The same argument applies to the choice of open loop Tx diversity scheme for cell specific E-MBMS.

The impact on SFN based E-MBMS is somewhat different. The pilot overhead for SFN based E-MBMS is ~16% for SIMO scenarios. With 2 Tx antennas, the pilot overhead with SFTD is doubled, leading to significant pilot overhead increase. From this perspective, we consider CDD as the baseline open-loop Tx diversity scheme for SFN based E-MBMS.
 

In consideration of the improved coverage of BCH, cell specific E-MBMS, reduced pilot overhead for SFN based E-MBMS, as well as the potential reduction of the hypotheses in the SCH search stage (i.e., hypotheses on the number of antennas), we propose to use CDD as the transmit diversity scheme for E-UTRA downlink control channels.

5
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