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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.
On the other hand, in the 3GPP RAN1 #48bis meeting, the SFBC was adopted as the TxD scheme for PDCCH and PDSCH. Thus, in the spirit of minimizing the number of TxD schemes, either the V-TSTD or the SFBC may be considered a promising TxD candidate for the CCPCH.  

The TxD performance of the CCPCH is dependent on the TTI of the CCPCH. We assume that the CCPCH payload is transmitted only on the preambles in each radio frame and it spans two radio frames (i.e., TTI = 20ms) and 1.08MHz bandwidth (72 tones). In this document we compare the link performance of the following three TxD schemes for CCPCH in the 2x2 antenna configuration:   
· V-TSTD: Time switched transmit diversity with virtual antenna matrix
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. PSC, SSC, and CCPCH use the first Tx antenna in the even numbered frames and the second Tx antenna in the odd numbered frames. The PSC, SSC, and the corresponding CPICH are used for channel estimation. The constant modulus virtual antenna matrix enables a full utilization of available PAs for V-TSTD transmission. 
· TSTD: Time switched transmit diversity with virtual antenna matrix
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, which is equivalent to the time switching in the physical antenna domain. PSC, SSC, and CCPCH use the first Tx antenna in the even numbered frames and the second Tx antenna in the odd numbered frames. The power spectral density of PSC and SSC is only a half of that of the case of V-TSTD. The PSC, SSC, and the corresponding CPICH are used for channel estimation.
· SFBC: Two modulation symbols are transmitted after Alamouti coding over two consecutive tones in the physical antenna domain. Only CPICH is used for the channel estimation of the first and the second Tx antennas.
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

· 1.25MHz BW – uncorrelated TU – 3km/h and 120km/h
· Channel estimator span – 2 slots (1 subframe containing preamble with 1.08MHz observation BW)
· Signal detection – LMMSE
· Payload size – 100 and 150 information bits
	Slot duration
	0.5 ms

	Subframe duration
	1 ms

	Symbols / Subframe
	14

	FFT size
	128

	Tone spacing
	15 KHz

	Guard tones per symbol
	56

	Pilot Allocation
	See TS 36.211. [2]

	Channel coding
	Convolutional, K=9

	Modulation order
	QPSK


Table 1
Evaluation Numerology 
3. Simulation Results
Figures 1-2 compare the BLER performances among V-TSTD, TSTD, and SFBC in the 3km/h TU channel with perfect and imperfect channel estimations. We assumed that Node B is equipped with individual PAs for different antennas, where power sharing among antennas is not supported. Figure 1 and Figure 2 show the payload size of 100 bits and 150 bits, respectively. Figures 3-4 show the same comparisons in the 120km/h TU channel. We have the following observations:

· With perfect channel estimation, V-TSTD and SFBC show almost the same performances in the 3km/h and TSTD shows around 3 dB worse performance than the others due to the reduced psd per data symbol. We conclude that there is no noticeable difference in diversity gain between V-TSTD, TSTD, and SFBC in the 3km/h TU channel. On the other hand, in the 120 km/h, SFBC shows 1-2dB better performance than V-TSTD with the perfect channel estimation. Compared to the 3km/h, the performance of SFBC slightly improves and that of V-TSTD degrades in the high speed. 

· With imperfect channel estimation, which determines the actual system performance, V-TSTD outperforms SFBC by 2dB in the 3km/h, which originates from the significantly improved channel estimation of the V-TSTD due to the utilization of PSC and SSC as well as the CPICH. The performance of TSTD is worse than that of SFBC by about 1dB as a mixed effect of the better channel estimation and the reduced psd of the data symbol. In the 120km/h, the gap between V-TSTD and SFBC decreases but V-TSTD still shows the better performance.
· With imperfect channel estimation, in order to achieve 1% BLER for the worst-case channel speed, V-TSTD and SFBC require about -7dB and -5.7dB SNR for the payload size of 100 bits and about -5.5dB and -4.5dB SNR for the payload size of 150 bits.  
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Figure 1
BLER vs. geometry (2x2, 3km/h TU, Payload size = 100 bits)
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Figure 2
BLER vs. geometry (2x2, 3km/h TU, Payload size = 150 bits)
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Figure 3
BLER vs. geometry (2x2, 120km/h TU, Payload size = 100 bits)
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Figure 4
BLER vs. geometry (2x2, 120km/h TU, Payload size = 150 bits)

4. Conclusions

In this contribution, we compared V-TSTD and SFBC for the TxD scheme for CCPCH. With imperfect channel estimation, the V-TSTD with constant modulus virtual antenna matrix outperforms SFBC due to the improved channel estimation utilizing the PSC and SSC signals in addition to the CPICH. 

Another benefit of V-TSTD for CCPCH is that we can reduce the number of hypotheses in the cell search procedure by removing the uncertainty on the number of Tx antennas. V-TSTD enables a transparent decoding of CCPCH regardless of number of Tx antennas.
Therefore, we recommend using the V-TSTD as the TxD scheme for CCPCH. 
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