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1 Introduction
The P-BCH antenna configuration can be encoded by using a subset of three DL RS Orthogonal Sequences (OSs) from an extended set of 9 OSs [1]. The disjoint subsets of OSs should be used for different cell identities. In [2] we have shown that such an encoding has better performances than the encoding of the same information by using S-SCH signals.

In this paper we compare the performances of encoding by using OSs with the performances of blind detection of the number of transmit antennas from the DL RS. 
2 Encoding of antenna configuration by an extended set of OSs

To encode the 3 antenna configurations on the RSs, in total 9 OSs, denoted by S0 to S8, are needed, which are grouped into 3 sets. Such an extended set of 9 OSs is given in Appendix. 
Table 1 contains the mapping of identities and antenna configurations to the OSs. The index k obtained in the 1st step of the cell search from the P-SCH determines one out of 3 possible identities IDk, k=0,1,2.

                              Table 1. Encoding of antenna configuration and cell identities 
	Number of transmit antennas

	
	NTX=1
	NTX=2
	NTX=4

	Identity
	ID0
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	ID1
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	ID2
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The first column contains the 3 OSs that are the current working assumption, whereas columns 2 and 3 contain OSs from an extended set. 
For OSs within any column, the orthogonal despreading properties for channel estimation of [3]3] hold. In other words, if the cells within a NodeB have the same antenna configurations, the corresponding OSs will have the same orthogonal dispreading properties as the OSs from [3].

For OSs within any row, the OSs are orthogonal not just over their whole period (i.e., length 12), but also over the successive segments of length 3. Hence, the OSs within a row could be detected by partial correlation over 3 RS symbols as well.  
3 Detection of antenna configuration

3.1 Detection from the set of extended OSs

The identity index k obtained from the P-SCH determines to which row in Table 1 the deployed OS belongs. Define the 3 sets 
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. The 3rd cell search step then comprises detection of the OS by correlating the demodulated RS symbols with the 3 respective candidate OSs from the given set 
[image: image12.wmf]k
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. Hence there are only 3 hypotheses to be tested in step 3, described by 3 orthogonal sequences. Based on the computed correlations, the OS is detected and thus also the number of antennas is found. 
The detection of the OS and the antenna configuration can always be performed using only the RS demodulated from antenna 0 (i.e., 
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) in the SCH subframe. Due to lower power per antenna, this may incur some loss if there are 2 or 4 transmit antennas deployed. However, performance may be improved by utilizing also RSs from other antennas (i.e., 
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and 
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), by non-coherently adding correlation values from the different antennas. Thereby, more energy is captured and better correlations are obtained for the 2 and 4 TX cases.   
3.2 Blind detection 
In the blind detection case, 3 OS are used and the OS is explicitly detected by the identity index
 obtained in the 1st step of cell search from the P-SCH. The remaining problem in step 3, is thus to detect on which antennas the OS is transmitted. First, it should be noted that just coherently adding reference signals from different antennas in order to integrate signal energy is less suitable, as the channels are uncorrelated and unknown. Therefore, we will consider a blind detection scheme which determines the presence of a signal by comparing a correlation output (i.e., received signal energy) to a reference noise level, for each antenna individually. The number of antennas will then be found by a hypothesis test based on the individual antenna detections.

To detect the number of antennas, correlation computations are performed between the detected OS and the demodulated symbols (in the SCH subframe)  located at the RS symbol positions of antenna 0, 1, 2 and 3, respectively (i.e., 
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). 
Let 
[image: image21.wmf]3

,

2

,

1

,

0

,

=

i

i

r

 denote the magnitude of the correlation between the OS and the symbols obtained from demodulating the RS positions of antenna i. The
[image: image22.wmf]i
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is computed by non-coherently averaging the correlation value from the different OFDM symbols
  carrying RSs within the SCH subframe. 
To determine a reference noise level, the same correlation procedure is applied, but on frequency positions that are shifted one subcarrier, on the corresponding random data symbols. Let 
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 denote the magnitude of the correlation between the OS and the symbols obtained from demodulating the non-RS positions of antenna i. 
The number of antennas is determined by the following hypothesis test:
 if 
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NTX=1
elseif  
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  NTX=2
else


 NTX=4

 end
where 
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is a margin that should be chosen to optimize the performance. A large value of 
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will make false detections of RSs that are not transmitted less probable, however, at the same time it would also make detection of RS that are transmitted, less probable. Hence, there is a tradeoff how to choose the margin and how to balance the detection performance between the hypotheses. The hypothesis test starts by evaluating the 1 antenna case, as in that case the RSs have the highest SNR, and it would be possible to test a very accurate hypothesis. Then if it fails, it proceeds to the 2 antenna case, which has lower SNR, and tests a less demanding hypothesis, and if also that fails, it always selects 4 antennas.  
4 Simulation Assumptions
Link level simulations are performed to determine the detection probability of the antenna configuration in the 3rd cell search step. Detection is done using only the RSs within an SCH subframe. Only the third step is evaluated, perfect timing synchronization is assumed and a non-compensated residual frequency offset of 
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ppm is applied. A list of essential assumptions is contained in Table 2.
Table 2. Simulation setup

	Subcarrier spacing
	15 kHz

	fc
	2 GHz

	Number of TX/RX antennas
	{1,2,4}/2

	Channel
	TU 6-path, 3km/h

	CP length
	fixed (short)

	Frequency offset 
	Uniformly distributed in [-200,200] Hz 

	Interference
	AWGN


For both methods, non-coherent detection is applied as described by Table 3. For the extended OS case, the OS corresponding to the maximum correlation peak is detected, i.e., there is no threshold.
Table 3. Detection methods

	DL-RS index detection
	Non-coherent (correlation over length 12)

	DL-RS averaging between symbols
	Non-coherent


We do not assume any RS power boost and in the multiple antenna cases, we assume that the power from the nulled subcarriers is evenly distributed on all active subcarriers, i.e., that power is not specifically allocated to the RS. In case of multiple antennas, different (random QPSK) data symbols are used on each antenna respectively. 

5 Numerical Results
5.1 Extended set of OS
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Figure 1. Detection probability using RSs from antenna 0.

Fig. 1 shows the detection probability as function of SNR for different number of simulated antennas. Only the RSs from antenna 0 are used. When increasing the number of antennas to 2, there is a 
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dB, since the total power remains the same and 1 out of 6 subcarriers is nulled in the OFDM symbols containing
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Figure 2. Detection probability using RSs from antenna 0 and 1.

Fig. 2 shows the detection probability when RSs from antenna 0 and 1 are used. This improves the performance for the 2TX and 4TX cases, due to the addition of more energy. For the 1 TX case, there is a slight loss compared to Fig. 1, since the added correlation values from 
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 just contribute with noise. 
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Figure 3. Detection probability using RSs from antenna 0, 1, 2 and 3.

Fig. 3 shows the detection probability when RS from antenna 0, 1, 2 and 3 are used. This improves the performance for the 4TX case. 
In conclusion, by using RSs from two or four antennas, the detection probability can be sufficiently high for all number of antennas. It could also be possible to further optimize performance by receiver algorithms which adaptively determine how many RSs that may be needed.
5.2 Blind detection

The relative performance between the different hypotheses depends on the threshold parameter. In Table 3, the detection probability is contained for an SNR=0 dB for different values of the threshold. As can be noted, the detection probability is dependent on the 
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. In the following evaluations, we will use 
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=1.2 to have similar detection probabilities for the different antenna cases. 

Table 3. Detection probability at an SNR=0 dB.

	
	
[image: image38.wmf]D

=1
	
[image: image39.wmf]D

=1.2
	
[image: image40.wmf]D

=1.4

	NTX=1
	0.248
	0.536
	0.715

	NTX=2
	0.449
	0.637
	0.665

	NTX=4
	0.767
	0.626
	0.560


Fig. 4 contains the detection probabilities for different SNRs and the chosen
[image: image41.wmf]2
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. It can be seen that the probability is much lower than those of Figs. 1-3. From the hypothesis testing defined in Sec. 2.2, it follows that 1 TX antenna is chosen if only antenna 0 is detected. The 2 TX antenna case is chosen if any of antenna 0 or 1 are detected, but not antenna 2 and 3. The 4 TX antenna case is chosen if the 3 previous conditions are not true. That is, in the hypothesis testing, there are less stringent hypothesis tests (more options), the more antennas that are tested, which for some
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, could make it easier to detect a larger number of antennas. Thus, as can be seen for
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, better detection probabilities may be obtained for larger number of simulated antennas. For example, if no RS is detected on any antenna, the hypothesis tests results in 4 antennas. For the 4 TX antenna case, the transmit power per antenna is the lowest, which makes it possible that the first two hypothesis tests fail. Thereby, the curve for the 4 TX case in Fig. 4 becomes the better one for the lowest SNRs. 
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Figure 4. Detection probability for the blind detection scheme with 
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In conclusion, with the set of extended OSs, signal energy from several antennas can be utilized by non-coherent averaging of correlation values from different antennas, and simple maximum correlation peak detection can be applied. The blind detection scheme involves more computational complexity and a threshold choice
[image: image46.wmf]D

 , and its performance is worse. Therefore, we do not find any merit with blind detection.  

6 Conclusions 

Blind antenna detection is limited by that integration of signal energy from several antennas, as the channels are uncorrelated and unknown. Therefore, each antenna should be detected individually. 
With the extended set of OS, signal energy from several antennas can be captured by non-coherently adding correlation values obtained from the different antennas. We have shown that the orthogonal encoding of additional cell-specific information in the third stage, instead of blind detection, gives better performance.
Thus we propose to extend the set of 3 OSs currently in TS36.211 to the set of 9 OSs given in the Appendix. Then we propose to encode the P-BCH antenna configuration information by using the OSs from such extended set.
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Appendix

The complete set of 9 OSs of length 12 used for the evaluations is given below. Note that the first 3 OSs (S0, S1 and S2) are those already in the TS36.211.
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� That is, only the first column of Table 1 is used and we have � EMBED Equation.3  ���and� EMBED Equation.3  ���.


� For antenna 2 and 3 there are only 2 symbols within the SCH subframe containing RS. However, in total there are 48 RS symbols for antenna 2 and 3 together, i.e., the same number as for antenna 0 and 1, respectively.
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