

Page 4 of 6

3GPP TSG-RAN 1 Meeting #51-bis
R1-080379
Sevilla, Spain, 14th-18th  January, 2008
Agenda Item:
6.1.8
Source: 
Nortel
Title: 
The Reliability Improvement of the Blind Detection of the Antenna Configuration
Document for:
Discussion and Decision

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 the present reading of the standard, it is assumed that the UE will blindly decode the PBCH through several hypotheses tests, one for each number of Tx antennas.  Although the details are purely an implementation issue, the reliability of this measurement must be very high.  In [1] several ways to improve the reliability of the blind detection of Tx antenna configuration were proposed. In this contribution the blind detection performance of the antenna configuration is further studied based on the simulations.
2 Issues related to 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. 

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 a blind detection method is not high enough for cell edge UEs.  Therefore other detection schemes must be developed to improve the antenna configuration detection performance. In Appendix A, 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 PBCH performance.
In LTE, when more than one Tx antenna is present SFBC based transmit diversity schemes will be applied to the PBCH (primary broadcast) channel which is transmitted every 10 ms.  The PBCH 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 PBCH reception the UE will know the number of Tx antennas in the cell although this information is not be explicitly signalled by PBCH.
There are three different possibilities that the UE must test for; 1-Tx transmission, 2-Tx SFBC transmission and 4-Tx SFBC-FSTD transmission.  However according to the current design it is hard to detect the number of Tx antennas accurately only based on 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 1-tx SIMO and 2-tx SFBC transmission, all transmission from Tx #1 is identical.  This is also true to a lesser extent between 1-tx SIMO and 4-tx SFBC-FSTD where the first two signals are unchanged.  
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Because the coding rate of the PBCH is extremely low (≈1/14), UE’s with even moderately good channels will be able to correctly decode the PBCH using the incorrect number of transmit antennas.  The probability of correctly decoding the PBCH based on the wrong hypotheses is given in Figure 1 and Figure 2.  The details of the simulation are given in Appendix B.  For invariant RE mapping we see that the likelihood of false detections is very high, even at relatively low SNRs.   For example when a single Tx antenna is used at the transmitter, at an SNR of -5 there is a 15% chance that the P-BCH will be decoded correctly using the SFBC receiver.  For variant RE mapping, we still have a non-zero chance of false detections, with 1 in 500 users unable to correctly distinguish between 2 and 4 Tx antennas at an SNR of 0dB.  
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Figure 1:  Probability of correctly decoding the P-BCH using the incorrect Number Tx Hypothesis, invariant mapping
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Figure 2:  Probability of correctly decoding the P-BCH using the incorrect Number Tx Hypothesis, variant mapping

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 several 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-ordering is not done correctly on the Rx side.  This could be done by either mapping the PBCH in such a way that the introduction of the RS changes the RE mapping for a large number of the RE, or by introducing a shift depending on the number of Tx antennas.  However for the first approach there are still some RE mapping overlaps between the 4 Tx and 2 Tx signals.
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 PBCH using the wrong scrambling sequence and receiver structure is removed. 
3) Require the use of some type of reliability measure in the decoding of the PBCH
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 as the decoding of each hypothesis must always be performed even after the first successful CRC pass.  

4) Indicate the number of Tx antennas by information ‘outside’ of the code block

One such method was proposed in [1], in which the number of Tx antennas can be detected by a simple correlation between neighbouring subtones.  This is achieved by taking advantage of the significant amount of repetition present in the PBCH channel coding. 
5) Indicate the number of Tx antennas explicitly in the PBCH

By explicitly signalling the number ot Tx antennas, even if the incorrect hypothesis is used.  The number of Tx antennas is still determined from the information transmitted in the PBCH.
Within these options we believe that either an RE remapping or scrambling sequence can achieve the desired affect with very little complexity.    
4 Conclusion
The antenna configuration must be detected with high reliability for all of the UEs. However the present PBCH configuration does not meet this requirement. Several ways to ensure adequate blind detection performance of the number of Tx antennas have been discussed. We recommend that either Tx number specific scrambling or RE mapping be implemented to improve performance. 
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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
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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 3 below.
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Figure 3:  Error rate of detection of 2 Tx antennas with optimistic assumptions.  
The performance is clearly much worse than the PBCH 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.
B.  Appendix: Simulation Assumptions 
We assume that only one PBCH transmission has been received and that it is at a random location within the 40 ms PBCH TTI.  The mapping of data to RE is performed frequency first, thus the only difference in the RE assignment occurs on the 3rd OFDM symbol.  
Table 1: Simulation parameters
	Bandwidth
	1.08 MHz

	Channel model
	GSM TU, 3km/h

	Number of Tx antenna
	1,2, or 4 

	Number of Rx antenna
	2

	Channel Estimation
	two 1D weiner Filters based on estimated statistics

	Coding
	Tail biting convolution code

	CP size
	Short

	PBCH size
	56 info bits including CRC
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