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1. Introduction
In [1], Texas Instruments proposed a structure for the downlink synchronization channel (SCH). For multi-antenna node B, the time switched transmit diversity (TSTD) is proposed as it is demonstrated in [2] that TSTD outperforms SFTD. Another candidate of transmit diversity scheme for SCH is the cyclic delay diversity (CDD) as pointed out in [3]. 
In this contribution, we present some simulation results to compare to performance of TSTD and CDD for the following cell search aspects:

1. Timing acquisition using the 2x repetitive structure and the M-part replica-based timing detection (see [4]). Note that the autocorrelation-based detection is not simulated since its performance does not depend on transmit diversity scheme (see [2]). 
2. SSC decoding
For the two aspects above, we found that TSTD offers better performance than CDD. 
2. SCH Setup and Simulation Assumptions 
We assume the P-SCH placement in [1]. That is, the primary SCH (P-SCH) symbol is repeated four times within one frame and the four symbols are uniformly spaced. The non-repetitive and 2x repetitive SCH structures are simulated. Timing acquisition is performed using the 2-part replica based method (consistent with [4]). The secondary SCH (S-SCH) follows the design in [1] where a part of pilot sub-carriers are used for transmitting the secondary synchronization code (SSC) that carriers the cell specific information.  

The agreed link level numerology in [5] for 1.25 MHz is applied. Additional simulation assumptions are given in Table 1.
	Parameter
	Assumption

	Bandwidth
	1.25 MHz

	Channel Models
	Typical Urban 3 kmph

	No. TX antennas
	2, 4: same for all Node B’s in network

	No. RX antennas
	2

	Spatial correlation (Node B, UE) 
	0%

	Frequency offset 
	±5 ppm (maximum):  frequency offset is modeled as a uniform random variable

	Valid timing detection region
	CP width

	SNR definition
	Per sample (= geometry)


Table 1: Simulation Assumptions
For CDD, a cyclic delay of D samples is introduced between the two adjacent antennas. Three different values of D are simulated: 1, 2, and 4. The composite frequency domain single-input channel due to CDD can be written as follows:
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 denotes the channel associated with the p-th transmit and q-th receive antennas at the k-th sub-carrier, and N denotes the FFT size. As evident from (1), increasing D up to a certain value (
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) tends to increase the frequency selectivity. This results in the following:

· Increase in frequency diversity gain 
· When channel estimation is required for coherent demodulation, this may lead to some degradation in the quality of the channel estimate. This is true especially when the pilot sub-carrier spacing is chosen to barely cover the coherence bandwidth of the (single-antenna) channel. CDD further increases the coherence bandwidth of the composite CDD channel. The degradation in the channel estimate will further reduce the potential gain of CDD. In the context of cell search, this holds during the decoding process of the cell-specific information (SSC). However, this is true in general whenever CDD is applied.
· In the time domain, the P-antenna CDD introduces (P-1) secondary strong paths in the composite CDD channel. These additional strong paths may result in some confusion in determining the correct timing during the timing acquisition process via the primary SCH (P-SCH).
Unlike CDD, TSTD does not increase the frequency selectivity as the spatial diversity gain is obtained via non-coherent averaging across multiple P-SCH symbols within a frame. Hence, it is expected that TSTD results in better performance for timing acquisition. 
For SSC decoding, although CDD has higher diversity gain than TSTD, the low coding rate applied to the SSC reduces any potential performance difference between CDD and TSTD due to diversity gain. On the other hand, the performance loss due to channel estimation is expected to be higher for CDD. The net effect is not clear and needs to be simulated.  
For performance comparison, timing detection error rate (TDER) vs. SNR is used.
3. Simulation Results
In this section, we present the results for timing acquisition and SSC decoding.
3.1. Sub-frame timing acquisition on P-SCH with 2-part replica-based detection 
Figures 1 and 2 depict the timing acquisition performance for the non-repetitive and 2x-repetitive structures, respectively. The results for one- and two-frame averaging are given. The following can be observed from the simulation results:
· CDD tends to perform worse when the cyclic delay parameter D is increased especially for 4 transmit antennas. This is consistent with the fact that increasing D further increases the frequency selectivity of the channel as well as the distance between the additional strong paths in the composite CDD channel.  Notice that with 4 transmit antennas and D=4, error floor occurs even when the 2-part replica-based detection is used. 
· TSTD outperforms the best of CDD (with D=1) by 1-2.5 dB when the 2-part replica-based detection is used with ±5ppm frequency offset. The same trend holds in the absence of frequency offset.
From these results, we can conclude that TSTD is superior than CDD for timing acquisition. Note that the valid detection timing region is defined to be one CP width. We expect that the difference in performance becomes more significant when a narrower valid timing region is used.
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Figure 1. Symbol timing detection for TSTD and CDD: 2x-repetitive SCH structure 
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Figure 2. Symbol timing detection for TSTD and CDD: 2x-repetitive SCH structure 
3.2. Decoding of cell-specific information (SSC) on S-SCH
The S-SCH generation is depicted in Figure 3. In this contribution, we assume that convolutional coding is used as shown in Table 2 for two different SSC lengths. The performance of TSTD and CDD are compared in terms of the detection error probability for NTXA, cell ID, and BW.
[image: image12.png]CELL ID
9 bits

NTXA
2 bits

BW
3bits

-

Coding

=

14 bits

BPSK
mapping

SSsC
| ——_—.
length-L

OFDM modulation
on pilot tones
(center 1.25-MHz)





Figure 3. S-SCH generation

	No. coded bits (L)
	Convolutional coding (CC)

	80
	Rate 1/4 K=7 with 6 tail bits 

	100
	Rate 1/5 K=7 with 6 tail bits


Table 2: Coding schemes for SSC
Channel estimation is performed on the P-SCH within the same sub-frame as the S-SCH. Hence, only 1 OFDM symbol can be used to derive the channel estimates needed for the SSC decoding. The same SNR is assumed for the P-SCH and S-SCH. Least square channel estimation is used and the length of the time domain channel estimate is optimized for TSTD and CDD separately as we expect that CDD channel is somewhat longer than TSTD. 
Figures 4, 5, and 6 depict the detection performance of NTXA, cell ID, and BW, respectively. Here, we show the performance of CDD with D=1 and 4 only. The performance of CDD with D=2 is in between that of D=1 and D=4. Notice that TSTD outperforms CDD (with D=1) by approximately 2.5dB for NTXA detection. The performance difference increases for cell ID and BW detection by approximately 1-1.5dB. From the results in Figures 4, 5, and 6, it can be inferred that the effect of channel estimation error is quite prominent in the operating SNR region for SSC decoding. It is expected that the performance difference decreases for higher SNR/geometry although TSTD ill still outperform CDD. 
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Figure 4. NTXA detection performance
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Figure 5. Cell ID detection performance
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Figure 6. Data bandwidth size detection performance
As mentioned above, only one SCH symbol is available to derive the channel estimate for SSC decoding. For very low UE speed such as 3-kmph, it is possible to obtain better channel estimates by averaging over multiple P-SCH symbols (two adjacent P-SCH symbols are separated by 5 sub-frames = 2.5ms). However, this is not possible during the initial downlink synchronization since a UE speed estimate is not available for the UE. Using multiple P-SCH symbols for channel estimation may result in serious degradation at higher mobility. Using multiple P-SCH symbols is possible only during handover. Since the UE possesses the mobility information, correct decision regarding the averaging length can be made. Hence, significant performance improvement can be obtained in low mobility scenarios.  
4. Conclusions
In this contribution, we simulated the time switched transmit diversity (TSTD) and the cyclic delay diversity (CDD) for cell search. The two transmit diversity schemes are compared in terms of timing acquisition (via P-SCH) and SSC decoding performance. The following conclusions are obtained:
· Timing acquisition performance: TSTD outperforms the best of CDD (with D=1) by 1 to 2.5 dB when the 2-part replica-based detection is used with ±5ppm frequency offset. The same trend holds in the absence of frequency offset. CDD artificially introduces more strong paths in the composite CDD channel which results in higher probability of false timing detection.
· SSC decoding performance: TSTD outperforms the best of CDD (with D=1) by 2.5 to 4 dB for the detection of cell-specific information. The resulting composite CDD channel tends to be more sensitive to channel estimation error especially in the low SNR region where SSC decoding is expected to perform.
Note that the same observation regarding the timing acquisition performance was also made in [6].
In light of the results presented in this contribution, we recommend that TSTD be used as the transmit diversity scheme for downlink synchronization channel (SCH). 
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