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1 Introduction
The two-dimensional downlink reference signal (DL RS) sequence is generated by a symbol-by-symbol product of a two-dimensional pseudo-random sequence (PRS) and a two-dimensional orthogonal sequence (OS) [1]. The cell search procedure detects by a cell ID, the two-dimensional DL RS sequence (i.e., the PRS and the OS), so that it could subsequently be used in the channel estimation for the detection of the BCH. However, additional cell-specific information may also be useful for improved BCH demodulation, e.g., the transmit antenna configuration, the cyclic prefix length etc. Thus, if such information could be provided from the cell search, it is envisaged that more reliable BCH detection would be possible. 
In this contribution, we extend the set of orthogonal reference signals such that the OSs also encode cell-specific information while simultaneously still maintaining the orthogonality properties of despreading as described in [2]. Numerical evaluations are performed to investigate the impact on cell search performance. 
2 Cell-specific Information Encoded by RS Sequences
The outcome of the cell search procedure includes a cell ID and according to [3], there is a one-to-one relation between the cell ID and the {PRS, OS} combination. In addition to the PRS and the OS, the cell search could include additional cell-specific information. For example that could be the number of transmit antennas [4]

 REF _Ref152741570 \r \h 
[5]

 REF _Ref152741572 \r \h 
[6]

 REF _Ref152741573 \r \h 
[7] of the cell, which would allow for more sophisticated diversity reception of the BCH. The current working assumption includes 170 PRSs and 3 OS, which gives 510 cell IDs. Considering 4 values for the number of transmit antennas of the cell, the total number of indices to detect would equal 170*3*4=2040.

The cell ID information is partly obtained from the S-SCH and partly from the DL RS. In [8], it was shown that faster cell search time was achieved by detecting 170 group IDs in the second cell search step and 3 OSs the third step, rather than detecting all 510 cell IDs directly from the S-SCH and not using any reference signals. Hence, to increase the amount of cell-specific information contained in the cell search without further drastically increasing the number of group IDs in the second cell search step, the OSs should also encode cell-specific information.  
Within the SCH bandwidth, in 1 OFDM symbol there are 12 subcarriers dedicated to reference symbols, which would make it possible to construct up to 12 OSs. However, the current assumption defines 3 OSs [1], with a period of 3 and they become repeated 4 times to get a length of 12. To provide for an increase of cell-specific information in the cell search, we can therefore define up to 12 OSs of length 12 which can be used to encode the additional cell-specific information.   
3 Orthogonal Reference Signal Sequences

The two-dimensional orthogonal reference sequences
[image: image1.wmf]2
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 defined in Sec. 5.6.1.1 in [1] are designed such that orthogonality can be achieved by despreading 3 closely located reference symbols from either one or two OFDM symbols, see [2]. The two-dimensional reference sequences [1] can be regarded as being derived from 3 one-dimensional orthogonal sequences. In particular, we note that these 3 one-dimensional sequences can be described by the rows (or columns) of the following orthogonal matrix
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The two-dimensional sequences [1] are obtained by repetition and cyclic shifts of the rows from (1) and are described by the 12x2 matrices
[image: image3.wmf]k
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 The first column in 
[image: image5.wmf]k
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contains the symbols mapped to a first OFDM symbol for orthogonal sequence k. Similarly, the second column in 
[image: image6.wmf]k

S

contains the elements mapped to a second OFDM symbol for orthogonal sequence k. The second column contains a cyclically shifted version of the first column, which provides for the orthogonality of despreading as described in [2]. If there are more than 3 cells of a Node B, OS reuse is employed, see [2].
To generate 12 OSs, we shall start the OS design from a 12x12 orthogonal matrix 
[image: image7.wmf]12
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. More specifically, to maintain the same orthogonality properties of despreading, we utilize 
[image: image8.wmf]3
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as a foundation for constructing
[image: image9.wmf]12
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.  The 12 one-dimensional orthogonal sequences are obtained as the rows of the following orthogonal matrix
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(2)
Now we can repeat the two-dimensional OS design using (2) instead. Thus 
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are obtained from row k+1 of (2). This gives the two-dimensional sequences described by
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Cell-specific information is encoded by dividing the set of 12 OSs into 4 subsets, where each subset describes cell-specific information. If we define the subsets
[image: image16.wmf]4
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 the index k of 
[image: image17.wmf]k
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 represents the cell-specific information, e.g., the number of antennas
. The division of the set of OS into subsets is done so that exactly the same orthogonality properties of despreading from [2] are preserved for the 3 OSs within a subset. For any k, it can be verified that the sign of an element in any position of
[image: image18.wmf]m
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is the same for all 
[image: image19.wmf]k
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Î

. Thus, the same orthogonality conditions as in [2] are obtained in the cells of a Node B, when the OSs are chosen from one of the subsets
[image: image20.wmf]k

W

. That is, when the cells of a Node B have the same number of antennas. If the allocated OSs to a Node B would be chosen from more than one
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, it can be seen that orthogonality may be still obtained for many cases and depends on which 3 elements that are despread. 
In the UE, the OS can be detected by correlating the demodulated 2-D sequence with all 12 possible 2-D sequences
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. Then, the UE should identify the subset to which the detected OS belong, in order to extract the cell-specific information. For a detected sequence l, the subset is found by 
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4 Cell Search Performance
To evaluate the impact on cell search performance, link level simulations are performed to determine the cell search times. 
4.1 Simulation setup

The cell search scheme contains three steps (Approach 1); the first obtains symbol timing from the P-SCH, the second step decodes frame timing and a group ID from the S-SCH and the third step detects the orthogonal sequence modulated on to the reference signals. More details of the scheme are described in [8]. A list of essential assumptions is contained in Table 1.

Table 1. Simulation setup
	P-SCH
	2x periodic Golay complementary sequence

	S-SCH
	Hadamard sequences modulated with a complementary Golay sequence

	# S-SCH sequences
	64

	# Group IDs
	170 or 680

	# Orthogonal sequences 
	3 or 12

	Sampling rate
	1.92 MHz

	fc
	2 GHz

	# of TX/RX antennas
	1/2

	Channel
	TU 6-path, 3 km/h

	CP length
	short

	RS power boost
	3 dB

	Residual frequency offset estimation error
	Uniformly distributed in [-200,200] Hz


The interference is modelled as white noise and non-coherent detection is used. For modelling frequency offsets, a residual frequency offset error of 0.1 ppm (200 Hz at 2 GHz carrier frequency) is introduced, which is modelled according to the WCDMA requirements on UE frequency accuracy [9].
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. 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. After step 2, frame timing and the group ID have to be correct. After step 3, the detected orthogonal sequence has to be correct. The minimum cell search time in these simulations is 5 ms (for finding timing) plus 5 ms (for getting the first S-SCH) plus one slot (for getting the second S-SCH), i.e., in total 10.5 ms.
4.2 Numerical results
Two cases with 2040 indices are simulated; the one proposed above using 170 group IDs and 12 OS, but also a reference case where the cell-specific information is solely detected from step 2 such that it contains 680 (=170*4) group IDs but only 3 OS. Additionally, the current assumption of 510 cell IDs is evaluated, where the number of group IDs is 170 and the number of OSs is 3.

Fig. 1 shows the distribution of the cell search time at an SNR=-10 dB. It can be seen that for the higher percentiles, a shorter cell search time is obtained for the case (170,12) than for (680,3). Thus, very many group IDs in the second step tend to increase the cell search time. The same effect was observed in [8], where a two-step cell search scheme (Approach 1a) gave worse performance. The shortest cell search time is achieved for the (170,3) case, which is expected since the total number of indices is 4 times less. 
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Figure 1. The distribution of cell search time at an SNR=-10 dB. For 2040 indices, a faster cell search time is obtained if 12 OSs are used.  

Fig. 2 shows the distribution of the cell search time at an SNR=0 dB. The same observations as done in Fig. 1 also can be found here. 
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Figure 2. The distribution of cell search time at an SNR=0 dB. For 2040 indices, a faster cell search time is obtained if 12 OSs are used.  
In conclusion, the cell search time increases slightly when including additional cell-specific information, i.e., increasing the number of indices from 510 to 2040 but it is minimized by using 170 group IDs and 12 OS rather than 680 group IDs and only 3 OS. Hence, for the best performance, cell-specific information should be encoded onto the reference signals.
5 Conclusions 
Additional cell-specific information, such as antenna configuration, could be obtained from the third step of the cell search by increasing the number of OSs. The constructed set of 12 OSs can encode 2 additional bits and thereto it includes the 3 current OS [1]. 
By dividing the set of 12 OSs  into 4 subsets 
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, exactly the same orthogonality properties are obtained from despreading as was given in the original OS design [2], when the OSs in the cells of a NodeB are chosen from one of these subsets.  

We propose that the OSs 
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are included into Sec. 5.6.1.1 in TS 36.211.
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� If, e.g., there are only 3 antenna configurations, one of the subsets does not need to be used. Alternatively, 4 subsets could in that case be used to provide 1-bit extra cell-specific information for one of the 3 antenna configurations.
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