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1. Introduction
The PBCH may be transmitted using 1, 2 or 4 antenna ports and – since the base station does not explicitly signal the antenna configuration via the synchronization channel – the UE is required to decode the PBCH without the assistance of base station antenna configuration information acquired during SCH decoding.  This may be done either by a) detecting the antenna configuration and then decoding the PBCH using the detected antenna configuration or by b) attempting to decode the BCH under each of the three hypothesized antenna configurations, i.e. 1, 2, or 4 antenna ports.  Within approach a) there are several methods that may be employed. In [1] a phase rotation between REs in adjacent symbols is used to encode antenna configuration.  An alternative method based on despreading received reference symbols conditioned on each of the antenna configuration is studied in this contribution.  A simple algorithm is evaluated via simulation in terms of antenna configuration misdetection rate for various channel conditions, observation intervals, and SNR.  Based on these results a conclusion about the applicability of this approach is drawn and some alternatives for the antenna configuration detection problems are outlined.

The performance of antenna configuration detection based on reference symbol energy is evaluated analytically in [1].
2. Algorithm Description
The detection algorithm is based on the symbols received at those resource elements which under some hypothesized number of antennas contains reference symbols.  Since the minimum deployment bandwidth is 72 subcarriers, there are 72/6=12 reference symbols (RS) per antenna port per OFDM symbol.  Define 
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are formed by despreading the 12 received RS observations with the reference symbol sequence across three subcarriers in the frequency domain.  Despreading over three subcarriers in the frequency domain minimizes the intercell interference received from cells with orthogonal reference symbol sequences.  The index 
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 represents a frequency bin while the index 
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 indexes the symbols in the observation interval
.  These statistics can be expressed 


[image: image9.wmf](

)

(

)

(

)

(

)

(

)

2

0

1

,3,;186,,,;

3

ptttshifttt

q

zftrfqnsxfqvnpvlnps

*

=

=++++

å


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.1)

where 
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and 
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In these equations 
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, are shifts in the frequency and symbol indices respectively of the 
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th reference sequence in  as specified in Section 6.10.1.2 of [3].  
The antenna port detection algorithm calculates an energy for each 18 subcarrier-wide frequency bin antenna by first coherently averaging 
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 symbols and then non-coherently averaging the resulting 
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Averaging over frequency bins then gives an energy measure for each antenna:
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Let the three hypothesizes of one, two, and four antenna ports be denoted 
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 respectively.  The algorithm used the following, ad hoc, criteria to detect the number of antennas:
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This is illustrated in Figure 1.
3. Simulation Results

The detection algorithm described above was evaluated through simulation.  Simulation assumptions are given in Table 1.  

3.1. Single vs. Two Antenna Port Detection

Assuming hypothesis 
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 is in force, the probabilities of misdetection 
[image: image24.wmf](

)

ˆ

|

nn

PHHH

¹

 were calculated versus the thresholds 
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.    Considering first detection of either one or two antennas, the misdetection errors  
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 are functions of the threshold 
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  (reference symbol energy erroneously detected on antenna port 2) decreasing with increasing threshold and 
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 (reference symbol energy not detected on antenna port 2) increasing with increasing threshold.   In the subsequent plots the maximum of these two probabilities is plotted versus 
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3.1.1. Moderate SNR Region 
Figure 2 and Figure 3 compare the maximum misdetection rate for  
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 for TU and flat channels at speeds of 3, 30, and 300 km/h,
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, and an observational interval of 
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 subframes. Due to limited simulation duration, estimates of misdetection error rates below .001 are not reliable and are therefore not plotted.  The worse case misdetection rate occurs in the  3 km/h flat channel drops from .12 to .05.  Some degradation at 300 km/h is observed, however misdetection is still below .001.

Comparisons between 
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 for observation intervals of 10 and 20 subframes are given in Figure 4 through Figure 7.  No improvement in the flat 3 km/h channel is seen however with increased observation time however the misdetection rate can be reduced to below .01 for all channels with 20 subframes of averaging and a choice of 
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 as long as the threshold is in the range 
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 (see Figure 7).  This in turn requires that the long term gain of the channel can be estimated to within about +/- 1 dB. 
3.1.2. Low SNR Region 

Cell edge 
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 was shown in [4] to be approximately –6dB.  Figure 8 through Figure 10 give the misdetection rate for single and dual antenna hypothesizes for 
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 and 5, 10, and 20 subframe observations times. Comparing Figure 7 with Figure 10 we see that with optimal choice of threshold, there is little to no increase in misdetection error rate in any of the channels at least at or above the .001 misdetection rate.   Performance is limited therefore not by additive noise but by the distribution in fading signal energies.  The threshold window is however reduced to 0.4 dB compared to 1 dB in the 
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case, i.e. a misdetection rate less than 0.01 can be achieved for all channels other than 3 km/h flat when 
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3.2. Two vs. Four Antenna Port Detection
The 
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 detection performance is shown in Figure 11 and Figure 12 for 
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 respectively.  Here the maximum of the conditional detection probabilities,    
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 is plotted vs. 
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 for a fixed threshold 
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 of  .22 in Figure 11 and .55 in Figure 12.   Comparing with the 
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 performance of Figure 7 and Figure 10 (also with 
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) we see similar performance with the limiting case again being the 3 km/h flat channel.  With 
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dB all other channels have a misdetection rates of less than .01.  
3.3. Discussion

With optimal choice of thresholds, the above results indicate antenna configuration misdetection rates of less than .05 can be obtained over typical channel types, Doppler rates, and SNR with a 20 subframe observation interval.  These results are however optimistic for the following reasons. 1) they rely on the UE being able to normalize its reference symbol energy measurements to the long-term  RS energy on antenna port 0.   Due to limited averaging time and the need to account for AGC gain history, the threshold used will differ from the optimum by some error.  The threshold ranges given above indicate that this error needs to be within less than 0.5 dB to obtain this performance. 2)  The threshold is SNR dependent which requires that some type of noise measurement must also be performed.  This introduces further error into the threshold calculation.  While these problems are not insurmountable, they have the potential to complicate the UE implementation.
	Parameter
	Value

	Cyclic Prefix
	Normal

	Data Modulation
	QPSK

	Data/Reference Power Ratio
	1.0

	Number of Receive Antennas
	2

	Subcarrier Spacing
	15 kHz

	Subframe duration
	1 ms

	Bandwidth
	1.4 MHz (72 subcarriers)

	
Carrier Frequency
	2.0 GHz


Table 1: Simulation Assumptions
4.   Conclusions
Given the performance limitations and potential UE complexity of the RS energy approach, other means of detecting the antenna configuration should be considered.  Contribution 3GPP R1-073970 outlines several possible approaches to condition the format of the PBCH transmission with the associated base station antenna configuration information, specifically:

1. change of RE mapping – i.e. change the mapping of PBCH codeword to OFDM symbols and subcarriers (i.e. resource elements) according to the multi-antenna configuration. This would however violate the antenna configuration invariant PBCH structure proposal of [2].

2. a scrambling sequence – i.e. scramble the PBCH codeword with different scrambling sequences, with the sequence conditioned on the base station antenna configuration. This approach would require the UE to de-scramble the log-likelihood ratios (LLR’s) arising from each hypothesised multi-antenna configuration prior to attempting convolutional decoding and CRC checking - i.e. one descrambling and convolutional decoding operation would be required per antenna configuration hypothesis.
3. PBCH CRC masking based on antenna configuration – an additional alternative approach to those described above is to condition the parity field of the PBCH CRC code on the base station antenna configuration. That is, the parity field of the PBCH information word would be generated  according to the base station antenna configuration, and then masked according to one of the three base station antenna configurations. Note also that on this alternative, by extending the number of states and therefore the number of applicable masks, further information relating to the base station antenna configuration could be encoded.
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Figure 1
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Figure 2:
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Figure 3:

[image: image67.emf]0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

10

-3

10

-2

10

-1

10

0

threshold 



max[ P(N

t,est

=2|N

t

=1) , P(N

t,est

=1|N

t

=2 ]

N

coh

 = 1, N

sub

 = 10, E

s

/N

0

 = 6 dB

 

 

FLAT, 3 km/h

FLAT, 30 km/h

FLAT, 300 km/h

TU6, 3 km/h

TU6, 30 km/h

TU6, 300 km/h


Figure 4:
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Figure 5:
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Figure 6
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Figure 7
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Figure 8
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Figure 9
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Figure 10
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Figure 11
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Figure 12




































� .  The observation interval length � EMBED Equation.DSMT4  ��� is related to the duration of the observation interval � EMBED Equation.DSMT4  ��� by � EMBED Equation.DSMT4  ��� for � EMBED Equation.DSMT4  ��� and by � EMBED Equation.DSMT4  ��� for � EMBED Equation.DSMT4  ���.  
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