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1 Introduction
Previous evaluations [1] showed that, the cell search time could become shorter using blind detection of the FH mode, than encoding an FH indicator in the S-SCH. This conclusion was based on that the CP length was assumed to be known, which makes it possible to use any subframe for blind detection.

In this contribution we compare the cell search performance when the FH indicator is encoded into the S-SCH and the case where FH mode is blindly detected from the RS. We assume again that the blind detection scheme may utilize all subframes. However, since the CP length in an arbitrary subframe is generally unknown, it therefore also needs to test all the hypotheses under the assumption of either short or long CP.   

2 Simulation Assumptions
2.1 Detection of DL RS frequency positioning mode

2.1.1 Decoding from S-SCH 

The frequency position mode can be encoded with one bit in the S-SCH. Thus, the second cell search step comprises detection of group ID, frame synchronization and RS hopping mode. Since there are 170 group IDs, 2*170=340 hypotheses have to be tested from the S-SCH, in order to find frame timing and group ID. Including the FH mode information in the S-SCH, the number of hypotheses in step 2 is doubled to 680. 
2.1.2 Blind detection from DL RS 

The frequency position mode can be blindly detected from the OSs in the third step of the cell search. After the second step, the group ID has been detected
, which means that if FH is used, the hopping sequence x(j) is uniquely determined by the group ID. Therefore, four hypotheses remain to be evaluated; 

H0: Short CP and there is no FH, i.e. x(j)=0.


H1: Short CP and there is FH, with x(j) defined according to the detected group ID.

  H2: Long CP and there is no FH, i.e. x(j)=0.


H3: Long CP and there is FH, with x(j) defined according to the detected group ID.

For each of these hypotheses, the subcarriers are demodulated according to the positions described by the respective hypothesis. Only RS from antenna 0 (i.e., R0) are utilized. Thereafter, correlation detection is done with the OS (detected from the P-SCH in step 1), for all these sets of demodulated subcarriers, respectively. Based on these correlation values the FH mode is then determined.
We will also evaluate the blind detection algorithm assuming the extended set of OS [2]. This only means that there are 3 candidate OSs that are correlated in the above hypothesis testing (instead of just one OS) and that also the OS index has to be detected. 
If the frequency position of the FH pattern according to H1 or H3 is the same as the frequency position according to x(j)=0 in the given subframe i, the sequence index of the OS may still be correctly detected, but the frequency positioning mode cannot be detected. For such situations, the blind detection has to be performed on a subsequent subframe for which 
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2.2 S-SCH structure
To provide for sufficient number of codewords in step 2, two S-SCH sequences are multiplexed in one S-SCH symbol. Here, we consider Hadamard sequences modulated with a Golay complementary sequence. These pairs of sequences are selected so that diversity combining between consecutive S-SCH symbols is possible, see [3]. When blind FH mode detection is considered, a total of 340 unique pairs of sequences are used, each pair being transmitted in one S-SCH symbol. Thereby, group ID and frame timing can be detected from only one S-SCH symbol. When the FH mode is detected from the S-SCH, 2*340=680 unique pairs of sequences are used. 

Three different cases are evaluated, comparing the both FH detection schemes, for different numbers of OSs. In [2] we have proposed an extended set of OSs for encoding cell specific information, which is considered by Case 3 in these simulations.
Table 1. Simulation cases.
	
	Number of indices in S-SCH
	Number of OS

	Case 1 (S-SCH)
	680
	3

	Case 2 (blind)
	340
	3

	Case 3 (blind+OS)
	340
	9


Case 3 includes also the antenna configuration and thus conveys more information than Case 1 and Case 2.  
Table 2. S-SCH symbol parameters

	Sequence
	Hadamard modulated with Golay complementary sequence

	Number of occupied subcarriers
	64

	Number of sequences/S-SCH symbol
	2

	Sequence length
	32


2.3 Simulation setup
Link level simulations are performed to determine the cell search time. The cell search scheme contains three steps; the first obtains symbol timing and index detection from the P-SCH, the second step decodes frame timing and a group ID from the S-SCH (and the FH indicator for Case 1). For Case 2 the third step detects the FH mode and for Case 3 also the orthogonal sequence modulated on to the reference signals. Case 1 has no third step. Frequency offset estimation is performed in the second step, utilizing the periodicity of the P-SCH signal. Two cases of frequency offset are evaluated; 
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ppm, reflecting neighbour cell search and initial cell search, respectively. A list of essential assumptions is contained in Table 3.
Table 3. Simulation setup

	Sampling rate
	1.92 MHz

	fc
	2 GHz

	Number of TX/RX antennas
	1/2

	Channel
	TU 6-path, 3km/h

	CP length
	fixed (short)

	RS power boost 
	0 dB

	Frequency offset error
	Uniformly distributed in [-200,200] Hz and [-10,10] kHz

	Interference
	AWGN

	P-SCH sequence
	Zadoff-Chu (2x periodic signal)

	P-SCH detection
	1-part replica based


The cell search time is taken as the performance measure, and is defined as the time needed to obtain timing and detect the cell ID and hopping mode. After each step, we assume an ideal verification logic, such that the cell search continues to the next step only if the current step is finished correctly. After step 1, the symbol timing must be within a timing error tolerance zone of two samples and the correct P-SCH signal detected. After step 2, frame timing and the group ID have to be correct (and FH mode for Case 2). There is no requirement on residual frequency offset estimation error. After step 3, the the frequency hopping mode has to be detected, and for Case 3 also antenna information should be correct. The minimum cell search time in these simulations is 5 ms (for finding timing, because the P-SCH appears every 5ms) plus 0.5 ms (for getting the S-SCH and reference symbols), i.e., in total 5.5 ms.
The S-SCH and OS detection is done by plain correlation, i.e., no differential decoding is performed at the receiver and non-coherent detection is applied.
The FH patterns are simulated by generating random variables between 0 and 5 in each subframe. 
3 Numerical Results

Figs.1 shows the 90th percentile cell search times for the different simulation cases with 
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ppm frequency offset.  From these results we conclude that the blind detection scheme performs slightly better than the S-SCH encoding scheme. Also Case 3 has almost the same performance as Case 2. 
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Figure 1. The 90th percentile cell search times times for 
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Fig. 2 contains the results for 
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ppm frequency offset and the same conclusions can be seen.
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Figure 2.The 90th percentile cell search times times for 
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4 Conclusions 

The results show that the blind algorithms for the detection of the frequency-hopping of the DL RS, can provide the same or even better performances than encoding of the corresponding information by using S-SCH. 

Therefore we conclude that there is no need to transmit DL RS FH indicator.
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� We also assume that the CP length of the SCH subframe is known (or that it can be correctly estimated) but is unknown in all other subframes.
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