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1. Introduction
In meeting #46 four different approaches were identified as possible candidates for a search flow, where the majority of the companies supported  “approach 1” [1]. Within “approach 1”, two different alternatives, illustrated in figures 1 and 2, were identified for the location of the SSCH symbol. 

· Alternatives for placement within the sub-frame-pair (FFS)

· Subframe-apart: P-SCH is placed in the last OFDM symbol of the first sub-frame and S-SCH in the last OFDM symbol of the second sub-frame (Figure 1)

· There is no need to detect the CP-length blindly

· There might be issues with coherent detection of the S-SCH due to the larger separation in time

· Consecutive symbols: P-SCH is placed in the last OFDM symbol and S-SCH in the second last OFDM symbol of the first sub-frame  (Figure 2)

· Blind detection of CP-length needed

· Coherent detection of S-SCH is possible

· More flexibility for TDD as the last OFDM symbol in the second sub-frame can be used for guard time

In this contribution we compare the group-ID detection performance with the two alternatives. We conclude that the “concecutive symbols” alternative works better: the peformance degradation with this configuration due to the CP-length ambiguity is insignificant, while the degradation with the “subframe-apart” configuration due to inaccurate coherent detection of the SSCH is non observable at 120 km/h but fairly large at 350 km/h.
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Figure 1: P-SCH is placed in the last OFDM symbol of the first sub-frame and S-SCH in the last OFDM symbol of the second sub-frame
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Figure 2: P-SCH is placed in the last and S-SCH in the second last OFDM symbol of the first sub-frame

2. Simulation Method and Parameters
Group ID detection includes timing detection from the PSC symbol, frequency-offset estimation and channel estimation from a following PSC symbol, and index detection from the nearest SSC symbol. 
We chose the GCL sequence given by eq.(1) both for PSC and SSC sequences: 
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(1)
We also experimented with exponential wave for the SSC, resulting in an interesting (but perhaps obvious) observation.
We adopted Motorola’s approach [2] to simulate an asynchronous network by a single cell plus AWGN interference, and a synchronous network by a 19-cell, 3-sectors/cell layout depicted in fig 3, and picking two cell-edge UE locations (A and B, where B is a worst-case geometry scenario).  In the multi-cell layout, a correct detection corresponds to correct time and index detection of any of the cells. To speed-up the simulation, only the 8 strongest cells were explicitely simulated while all the other (all weaker by at least 20 dB relative to the strongest cell) were simulated by AWGN. Table 4 lists other sync-network parameters.
Table 1 : Common simulation parameters
	SCH bandwidth 
	1.25 MHz 

	System bandwidth
	5 MHz

	Number of SCH sub-carriers
	75

	Carrier frequency
	2 GHz

	Number of PSCH symbols for timing detection
	1 (one per frame)

	Number of SSCH symbol for index detection
	1 (one per frame)

	Number of TX/RX antennas
	1/2

	Carrier frequency offset between Node-B and UE
	0 and 5ppm

	Channel model
	TU

	Vehicle speed
	3, 120 and 350 km/h

	Inter-cell-interference model for asynchronous system
	AWGN

	Inter-cell-interference model for synchronous system
	19 synchronous nodeB’s, 3 sectors/cell

(see fig 3)                    


Table 2 : P-SCH symbol parameters
	Sequence 
	GCL (eq. 1) 

	Number of occupied sub-carriers (L in eq.1)

(every other subcarrier)
	37

	Prime number of GCL sequence (NG in eq. 1)
	37

	Index number 
	3


Table 3 : S-SCH symbol parameters
	Number of occupied sub-carriers (L)
	75

	Prime number of GCL sequence (NG)
	79

	Number of indices provided by GCL sequence index
	64
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Fig 3: Network layout and two UE locations for evaluations [borrowed from 2]
Table 4 : General system parameters for synchronous SCH

	Cellular layout
	Hexagonal grid, 19 cell sites,

3 sectors per site

	Inter site distance
	500m

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB

front-to-back ratio

	Antenna Bore-sight points
	Flat side of cell

	Distance-dependent path loss
	L=128.1 + 37.6log10(R),

R in kilometers


3. Simulation Results

3.1. Single-cell, AWGN interference (async network)
The following 6 figures correspond to coherent index detection. They show that the degradation due to CP-length ambiguity is negligible, whereas the degradation due to a subframe separation between the PSC and SSC is very significant at 350 km/h (although neglibile up to 120 km/h). SNR here is defined over the full 5 MHz band.
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The following 2 figures correspond to index detection by difference-encoding and DFT [3]. The results show that this detection method is less sensitive to the Doppler, but overall performs worse than the coherent detection.
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The following 2 figures correspond to SSC-sequence of exponential-wave rather than GCL, and index-detection by DFT. Like for the GCL, there are 64 sequences, occupying  75 subcarriers. The TU30 figure (left) shows that exponential-wave is inappropriate with a CP-ambibuity, and for an obvious reason: time-shift of an exponential-wave symbol is approximately equal to an index shifting (a cyclic time-shift would be exactly equivalent to an index-shift). The TU350 figure (right) shows that exponential-wave performs poorly also at high Doppler, apparantely for a similar reason: the small channel-mismatch between the PSC and SSC is enough to fool the detector.
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3.2. Multi-cell, synchronized network 

The following figures show the group-ID detection with a coherent detector in UE locations A and B. The SINR at these locations are 2.7 dB and -3.9 dB, respectively. The results indicate that the relative performance of the two SSCH-location alternatives (concecutive to PSCH and subframe-apart) is similar in this case to the single-cell, AWGN case.
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4. Conclusions

We conclude that the “concecutive symbols” alternative works better: the peformance degradation with this configuration due to the CP-length ambiguity is insignificant, while the degradation with the “subframe-apart” configuration due to inaccurate coherent detection of the SSCH is fairly large at 350 km/h (although non-observable at 120 km/h). This result has been confirmed with both sync and async network models.
We also observe that the exponential-wave sequence for the SSCH performs poorly compared to GCL with either CP-length ambiguity or with sub-frame separation at high speeds.
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