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1
Introduction
In [1] the transmit diversity scheme for DL synchronization channel (SCH) and DL common control physical channel (CCPCH) were discussed. In consideration of the cell search performance and the channel estimation performance of the CCPCH, we proposed a virtual TSTD (V-TSTD) scheme for both the SCH and the CCPCH.
In this document we analyze the link performance of transmit diversity schemes proposed for the PDSCH in the 2x2 antenna configuration. The optimal transmit diversity scheme for PDSCH may be different from that of the CCPCH due to the following discrepancies:   
· CCPCH uses only a QPSK modulation and a low channel coding rate and cannot take the benefit of HARQ operations. The performance comparison in the very low SNR range (the performance of cell edge users) is critical in selecting the diversity scheme. 
· PDSCH may use QPSK/16QAM/64QAM modulation and various coding rates and can take the benefit of HARQ operation. As the low-to-medium Doppler speed users are likely to achieve a higher throughput via the spatial multiplexing/precoding rather than the transmit diversity, the performance in the high Doppler speed over a wide SNR range is an important selection criterion.     
The transmit diversity schemes compared for the PDSCH in this document are CDD and SFBC. Effective channel for the CDD is constructed at the UE by using the CPICH estimates of the two transmit antennas and the known cyclic delay value.
2. Simulation Set-up

Table 1 describes the numerology and the resource allocation for the link throughput simulation. Transmitter, channel, and receiver configurations are as follows:

· 2x2 antenna configuration
· CPICH structures in [2]

· Bandlimited white interference and noise

· 5MHz BW – uncorrelated TU – 120km/h and 3km/h
· Channel estimator length – 15 OFDM symbols

· Number of parallel H-ARQ processes – 5
· Maximum number of retransmissions – 4 (including the first transmission)
· HARQ type – Synchronous non-adaptive IR
· Signal detection – LMMSE
· Neither sub-band scheduling nor AMC 
· Data transmission bandwidth and number of data symbols – 1, 6, and 25 resource block(s), 11 OFDM symbols (4th – 14th symbols) per TTI

	Slot duration
	0.5 ms

	Subframe duration
	1 ms

	Symbols / Subframe
	14

	FFT size
	512

	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

	Pilot Allocation
	See TS 36.211. [2]

	Data Allocation
	1 RB, 6RBs, 25RBs
Localized Transmission



	Channel code rate for initial transmission
	1/3, 2/3

	Modulation order
	QPSK, 16QAM, 64QAM

	CDD Delay
	Nfft/2 and Nfft/3

	RB size
	180 kHz (12 tones)


Table 1
Evaluation Numerology 
3. Simulation Results
Figures 1-3 compare the throughput performances among CDD with delay of Nfft/2 (=256), CDD with delay of Nfft/3 (= 171), and SFBC in the 120km/h TU channel for the resource allocation of 1, 6, and 25 RBs when the channel code rate of the initial transmission is 1/3. There are three sets of comparisons in each figure – QPSK, 16QAM, and 64QAM which can be distinguished by different throughput saturation levels in the high SNR range. As we observe in the figures, CDD and SFBC provide almost the same throughput performances.

Figures 4-6 show the similar comparison results when the channel code rate is set to 2/3. We observe that SFBC tends to slightly outperform the CDD in the QPSK and 16QAM modulations but the performance difference is minimal.
In Appendix A, we showed the throughput performances in the 3km/h TU channel, which also shows almost the same performances between the two Tx diversity schemes.
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Figure 1
Throughput (kbps) vs. geometry (2x2, 120km/h TU, Data allocation = 1 RB, Code rate = 1/3)
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Figure 2
Throughput (kbps) vs. geometry (2x2, 120km/h TU, Data allocation = 6 RBs, Code rate = 1/3)
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Figure 3
Throughput (kbps) vs. geometry (2x2, 120km/h TU, Data allocation = 25 RBs, Code rate = 1/3)
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Figure 4
Throughput (kbps) vs. geometry (2x2, 120km/h TU, Data allocation = 1 RB, Code rate = 2/3)
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Figure 5
Throughput (kbps) vs. geometry (2x2, 120km/h TU, Data allocation = 6 RB, Code rate = 2/3)
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Figure 6
Throughput (kbps) vs. geometry (2x2, 120km/h TU, Data allocation = 25 RBs, Code rate = 2/3)

4. Conclusions

In this contribution, we evaluated CDD and SFBC for the potential transmit diversity scheme applied to PDSCH transmission in the 2x2 antenna configuration. Based on the simulation results using the actual channel estimation and the IR based HARQ, we found that two transmit diversity schemes provide similar performances though the SFBC marginally outperforms the CDD when the channel code rate for the initial transmission is high (e.g., 2/3).

Therefore, we need a further study to select the transmit diversity scheme for the PDSCH including the performance results in the highly correlated channel, the implementation complexity, and the others. 
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Appendix A
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Figure 7
Throughput (kbps) vs. geometry (2x2, 3km/h TU, Data allocation = 1 RB, Code rate = 1/3)

[image: image8.emf]-4 -2 0 2 4 6 8 10 12 14 16

0

500

1000

1500

Es/Nt (dB)

Throughput (kbps)

PDSCH Throughput (TU 3kph, r=1/3, 6RB)

 

 

SFBC, QPSK

CDD256, QPSK

CDD171, QPSK

SFBC, 16QAM

CDD256, 16QAM

CDD171, 16QAM

SFBC, 64QAM

CDD256, 64QAM

CDD171, 64QAM


Figure 8
Throughput (kbps) vs. geometry (2x2, 3km/h TU, Data allocation = 6 RBs, Code rate = 1/3)
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Figure 9
Throughput (kbps) vs. geometry (2x2, 3km/h TU, Data allocation = 25 RBs, Code rate = 1/3)
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