



3GPP TSG RAN WG1 Meeting #49bis
R1-073025
Orlando, USA, June 25-29, 2007
Source:
Ericsson

Title:
Transmit Diversity for Primary BCH in E-UTRA DL
Agenda Item:
5.3
Document for:
Discussion and Decision
1. Introduction

Different transmit diversity approaches considered for the primary broadcast channel (P-BCH) are the space-frequency block code (SFBC) based approaches and the pre-coded vector switching approach (PVS).  ‎[1]‎[2].  The P-BCH is transmitted using the center 72 OFDM tones (1.08 MHz bandwidth), which provides limited frequency diversity.  As an alternative, the P-BCH can be transmitted over 4 radio frames so that it spans 40 ms, allowing for some form of temporal diversity.  We consider the following approach for P-BCH transmission.

The P-BCH is transmitted in one of every ten subframes, using 72 OFDM subcarriers.  If the symbols in a normal OFDM subframe are numbered from 1 to 14, the P-BCH payload is placed in symbols 4, 5, 8 and 9, except for where common pilot reference symbols are located.  The P-BCH codeword is repeated in the subsequent three P-BCH subframes that are spaced 10 ms apart.  In each P-BCH subframe, a different (random) bit scrambling is applied.  At the receiver, the transmitted data is detected each P-BCH subframe and are soft-combined prior to decoding.

The two transmit diversity approaches considered for the 2x2 antenna configuration are described below.

· SFBC: Space-frequency block coding uses two modulation symbols placed in consecutive tones and encoded over two transmit antennas via Alamouti coding.  Channel estimation uses the common reference symbols from the two physical antennas used for transmission.

· PVS: Pre-coded vector switching uses switched transmission in the virtual antenna domain.  This is implemented by applying one of the following precoding vectors 
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 in each P-BCH subframe.  The secondary sync channel (S-SCH) in the corresponding subframe is used for channel estimation, and is assumed to have the same pre-coding applied as for P-BCH.  
The two above transmit diversity approaches are compared for use on the P-BCH.
2. Simulation Parameters

We compare block error rate (BLER) performance under the following conditions summarized in Table 1 below.  Common pilot patterns from‎[3] are used for channel estimation when SFBC is transmitted, while the S-SCH is utilized for channel estimation when PVS is transmitted.  One issue is the power level of the S-SCH symbols relative to the BCH data symbol power.  Values of 0 dB, 3 dB and 6 dB have been  used in the simulations.
	OFDM Parameters
	1.25 MHz (72 sub-carriers in 1.08 MHz + DC)

	Number of OFDM symbols/subframe
	14

	Antenna setup
	2x2

	Channel Model
	TU; noise limited environment

	UE speed
	Speed = {3, 120, 350} km/h at 2 GHz carrier freq.

	Multi-antenna receiver
	MRC receiver

	Channel estimation
	2D MMSE plus noise covariance estimation

	Antenna pair correlation
	Uncorrelated

	Modulation
	QPSK

	Channel coding
	Rate 1/3 convolutional code

	Information word size
	144 information bits, plus 16 CRC bits

	S-SCH to BCH symbol power
	0 dB, 3 dB, 6 dB

	Common reference symbol to BCH power
	Approximately 6dB, corresponding to 18.5% of the total power across all resource blocks.


Table 1: Link level simulation parameters

3. Performance Results
The performance of the two transmit diversity schemes is shown in Figure 1 through Figure 4.  The first figure shows the block error rate (BLER) for SFBC when the BCH uses a 10 ms TTI compared to a 40 ms TTI.  As observed in the figure, for the 10 ms TTI, the low-speed case has the best performance while high speed suffers most from poor channel estimation.  For the 40 ms TTI, two improvements are observed: 1) a roughly 6dB gain due to the soft-combining of four BCH transmissions, and 2) a diversity gain noticeable by the change in slopes of the higher-speed cases.

In Figure 2 through Figure 4, the PVS and SFBC approaches are compared for speeds 3 km/hr, 120 km/hr and 350 km/hr, for various levels of the S-SCH symbol power.  The performance of the PVS approach is affected by the quality of the channel estimate at each speed, as observed.  Relative to SFBC, which has a common reference symbol to BCH symbol power of approximately 6 dB, the performance of PVS matches SFBC when the S-SCH pilot symbol power is between 3 and 6 dB.  The absolute performance also depends on speed, and performance is best at moderate speeds (when channel estimation is still reliable and diversity is also obtained).
4. Conclusions
Two transmit diversity approaches have been compared for the P-BCH and it is observed that temporal diversity plays a large role in the available performance.  For the approaches considered, the quality of the channel estimate also affects performance.  These two aspects are traded off with each other, temporal diversity is low in slow fading and channel estimation is poorer in high fading, and both approaches follow the same trends with speed.  PVS has a slight advantage in performance when the reference to data power can be made comparable to that of the common reference signal.
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Figure 1: Performance with BCH duration of 10 ms and 40 ms
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Figure 2: 2x2 PVS vs. SFBC performance, 3 km/hr
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Figure 3: 2x2 PVS vs. SFBC performance, 120 km/hr
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Figure 4: 2x2 PVS vs. SFBC performance, 350 km//hr
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