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1 Introduction
The number of Tx antennas is critical information for UE, as it is necessary to further decode data transmission correctly after the initial access. It was agreed at the Orlando meeting that the number of Tx antennas is not explicitly indicated in any broadcast channel or synchronization channel.  Instead the UE must determine the number of Tx antennas from other indications.  

In this contribution we discuss the ways to improve the reliability of the blind detection of  Tx antenna configuration.
This contribution is the update of R1-073309.  
2 Issues on the blind detection of the number of Tx antennas
Since the synchronization channel does not carry any antenna configuration information, the number of the Tx antennas can only be obtained from other channels, such as the pilot channel or broadcast channel’s structure. 

The FDM based orthogonal pilot/reference signal (RS) has been defined in LTE. By detecting the appearance of the RS REs corresponding to the respect Tx antenna, the Tx antenna configuration can be determined. However the reliability of such blind detection method is not enough for cell edge UEs.  Therefore other detection schemes must be developed to improve the antenna configuration detection performance. In the appendix we show that even with extremely optimistic assumptions the reliability of correctly determining the number of Tx antennas just from the RS is much worse than the P-BCH performance.
In LTE, for more than one Tx antenna case SFBC based transmit diversity schemes will be applied to the P-BCH (primary broadcast) channel which is transmitted every 10 ms.  The P-BCH contains vital information the UE requires to access the system, and is protected by a very low coding rate as well as a 16 bit CRC.  It is expected that after P-BCH reception the UE will know the number of Tx antennas in the cell although this information is not be explicitly signalled by P-BCH.
There are three different possibilities that the UE must test for; 1 Tx transmission, SFBC transmission and SFBC-FSTD transmission.  However according to the current design it is hard to detect the number of Tx antennas accurately only based the hypothesises of the different transmit diversity schemes.  This is because each transmission schemes has a large portion of the signal which can be considered as a subset of the other schemes.  As illustrated below, between SIMO and the SFBC transmission fully half of the transmission (Tx 1) is identical.  This is also true to a lesser extent between SIMO and SFBC-FSTD where the first two signals are unchanged.  Because the coding rate of the P-BCH is extremely low (≈1/14), UE’s with even moderately good channels will be able to correctly decode the P-BCH using the incorrect number of transmit antennas.  
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3 Approaches to improve the reliability of the blind detection

In order to reduce the false detection rate the actual transmitted signal should change when the number of receive antennas change.  This change can be accomplished in one of those ways mentioned below.
1) With a change of RE mapping:

By changing the RE mapping of PBCH depending on the number of Tx antennas, it is very unlikely to get a false detection if the RE re-order is not correctly done on the Rx side.  The simplest manor for this to be achieved would be for the RE assigned to RS be used when not occupied by RS.  i.e. a 1 Tx system would transmit using the RE normally assigned to RS for Tx 2, 3 and 4, as well as the normal P-BCH channel RE.  This could be realized by a pre-defined random permutation (interleaving), a cyclic shift similar to that proposed to indicate the P-BCH TTI in R1-072759.  
2)  With the introduction of a scrambling sequence

By applying a scrambling sequence which depends on the number of Tx antennas to the transmitted bits, the possibility to decode the P-BCH using the wrong scrambling sequence and receiver structure is significantly reduced. 
3) Modify the Alamouti mapping format
The transmit diversity schemes could be modified to be 
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This would reduce the similarity between different schemes.  However it would require the modification of the current working assumption.  This method can be seen as a specific example of a scrambling sequence combined with a remapping sequence.    
4) Use some type of reliability measure in the decoding of the P-BCH

In this method all 3 versions of PBCH corresponding to the different Tx antennas are decoded and some measurement of decoding reliability is taken from the decoder.  This could be as simple as the minimum weight at the output of the Viterbi decoder.  The hypotheses with the stronger reliability measure is assumed true.  This increases the complexity of the receiver slightly, as the decoding of each hypothesis must always be performed even after the first successful CRC pass.  

Some of the above detection methods can be applied together to further improve the performance. Within these options we believe that either an RE remapping or scrambling sequence can achieve the desired affect with very little complexity.  A specific scheme is proposed in the next section which allows for a low complexity method to determine the number of Tx antennas without decoding the P-BCH multiple times.
4 An example of the proposed scheme

In this section we will show a simple approach to detect the number of Tx antenna based on the specific scrambling sequences and RE mappings of such scrambling sequence. This helps the reduction of the number of calculations performed at the UE and improves the effectiveness of the P-BCH CRC.

The basic premise is to take advantage of the significant amount of repetition within the P-BCH coding structure to indicate the number of Tx antennas.  If we place repeated symbols close to each other in either the frequency or time domain and use BPSK modulated scrambling sequences then a simple correlation between the adjacent repeated BCHs can be used to detect the number of Tx antennas.  

Let us assume that 40 information bits are transmitted in the P-BCH.  With 4 OFDM symbols assigned to the P-BCH, even with the 4 Tx antennas RS pattern 216 RE are available.  This corresponds to a repetition of 3.6.  By assigning the repeated QAM symbols such that, when possible, subcarriers in OFDM symbol 3 and 4 and OFDM symbols 7 and 8 share the same repeated symbol, then the phase rotation between two adjacent repeated symbols is very easy to detect. Note that the phase rotation in this instance is equivalent to multiplication by +1, or -1, which is in turn equivalent to a specific bit level scrambling sequence.  To signal three different possible antenna configurations, the phase rotations are broken into two, one indicating 1 or more Tx antennas and the second indicating 2 or 4 antennas.  


[image: image7]
Figure 1: Proposed RE mapping and scrambling scheme for P-BCH
5 Simulation results

Simulations were done to evaluate the diversity loss of the above P-BCH mapping compared to the case where the RE mapping of the adjacent P-BCH transmissions is totally random, as well as the reliability of the proposed method.  We consider two methods; the first one uses 3 different scrambling sequences depending on the number of transmit antennas.  Three separate channel estimations and decoding are performed, one for each of the Tx antenna hypotheses. In addition three LLR buffers are required. If the CRC corresponding to a certain number of Tx antennas correctly passes the decoding is considered successful otherwise failure.   The second method is explained in the previous section.  The detection is performed in two stages, firstly the number of Tx antennas is detected using a simple correlation between the repeated portion of the P-BCH.  Then based on the detected information only a single receive chain is performed with 1 set of channel estimations, 1 LLR buffer and 1 Viterbi decoding.  

Table 1: Simulation parameters
	BCH transmission bandwidth
	1.25 MHz

	FFT size
	128

	Sampling frequency
	1.92 MHz

	Used sub-carriers
	72

	Channel model
	GSM TU

	Number of Tx antenna
	1, 2 or 4

	Number of Rx antenna
	2

	Channel Estimation
	FFT based

	Coding
	k=7, R=1/3 and repetition factor of 4 per frame

	Period of the P-BCH
	40 ms

	BCH information bits
	40 bits

	Constellation
	QPSK

	Tx Diversity
	None, SFBC, or SFBC-FSTD
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Figure 2: P-BCH performance for mapping schemes, 1 TX antenna TU 3km/h
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Figure 3: P-BCH performance for mapping schemes, 1 TX antenna TU 120km/h
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Figure 4: P-BCH performance for mapping schemes, 2 TX antenna TU 3km/h
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Figure 5: P-BCH performance for mapping schemes, 2 TX antenna TU 120km/h
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Figure 6: P-BCH performance for mapping schemes, 4 TX antenna TU 3km/h
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Figure 7: P-BCH performance for mapping schemes, 4 TX antenna TU 3km/h

Figure 2-Figure 7 shows that the performance of the fully scattered scheme is slightly better (0-0.2 dB) than the proposed scheme mainly due to the small increase in frequency diversity.  However the proposed scheme has much lower complexity and because only a third of the CRC checks are performed the probability of false P-BCH detection (failure of the CRC) is significantly lower. 
6 Conclusion
We propose transmitting the P-BCH in a manner similar to that shown above REF _Ref172604784 \h 
.  This allows for a simple low complexity method for the UE to determine the number of Tx antennas.  This in turn decreases the false alarm rate of the P-BCH as well as reducing the complexity of the P-BCH reception.
A.  Appendix: Detecting the number of Tx antennas from the RS.

In this section we present a thought experiment examining the ability of a receiver to detect the difference between 1 Tx antenna and 2 Tx antennas based solely on the RS.  We will begin by assuming a single tap, stationary channel.  Hence the channel for all received RS is identical.  We further assume that the UE knows that this channel is a stationary single tap channel.  Let RSi,j represent the received signal for Tx antenna j at RS position i, hj represent the channel from Tx antenna j, and ni,j AWGN with variance σ2.  Thus if the RS are present then the optimal estimate of the channel is
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where wj is AWGN with variance σ2/48.  Thus the Hypothesis test will be of the form


[image: image15.wmf]Tx

L

h

Tx

L

h

j

j

2

ˆ

1

ˆ

£

>


where L is chosen to balance the number of false positives and false negatives.  The performance of this scheme for 2 receive antennas is given in Figure 8 below.
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Figure 8:  Error rate of detection of 2 Tx antennas with optimistic assumptions.  
The performance is clearly much worse than the P-BCH performance.  (Note that we have assumed2 fully independent receiver antennas for all cases)  It could be argued that a large portion of this bad performance is driven by the single degree of freedom associated with a 1 tap channel model.  To show that even with 2 independent degrees of freedom, which can be detected perfectly at the receiver (this is equivalent to assuming the UE has perfect knowledge of second order statistics, and the channel is two equal taps with a large delay spread), the performance is still too poor to reliably use the RS to detect the number of Tx antennas.  As this must be considered an extremely optimistic scenario for RS detection we must conclude that the number of Tx antennas cannot reliably be determined using only the RS symbols.
BPSK modulated to represent 2 or 4 Tx antennas
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