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1. Introduction

This contribution reports results to support the choice of transmit (Tx) diversity scheme for the primary broadcast channel (P-BCH). The diversity options studied are:
1. Space-frequency block codes (SFBC) together with (cell-specific) reference signal (RS) based channel estimation for P-BCH demodulation.
2. Precoding vector switching (PVS).
This contribution investigates which of the two solutions provides with the best detection performance for the P-BCH.
2. Transmit diversity and channel estimation for P-BCH
Simulation studies have been conducted with the parameters specified in Table 1. Dual antenna SFBC and PVS transmissions are considered, and single antenna case is studied as well. Four different channel estimation options are investigated for P-BCH demodulation. Ideal channel knowledge at the UE serves as reference case. Transmit diversity schemes and channel estimation parameters are summarized in Table 2. Refer to [2] for further information on the benefits and drawbacks for each of the considered combination of transmit diversity and channel estimation technique.

In this contribution the assumption is that the P-BCH occurs once per 10 ms frame in sub-frame #0 together with the P-SCH and S-SCH. P-BCH is time domain multiplexed (TDM) to three OFDM symbols in sub-frame #0: slot #0 symbol #4 and slot #1 symbol #0, 1. The multiplexing structure of the P-BCH is addressed in detail in [3]. The P-BCH transmission consists of four self-decodable bursts (no interleaving over consecutive sub-frames) within a P-BCH transmission time interval (TTI) of 40 ms set according to the current working assumption. Self-decodable P-BCH entities together with a constant content over the P-BCH TTI allow for temporal soft-combining of up to four received bursts if needed for successful detection. 
Table 3 provides with detailed channel coding and symbol mapping parameters chosen for simulation. A tail-biting convolutional code (CC-TB) at rate R=1/3 with constraint length L=7 is chosen. Code repetition is applied with a factor of 2. Thus, each P-BCH burst is encoded at rate 1/6. Temporal soft-combining from up to four received P-BCH burst brings the achievable code rate down to 1/24, which allows the P-BCH to fulfil detection and coverage requirements even with a single transmit antenna [4]. 
Assuming two receiving antennas, link level performance of P-BCH in terms of block error rate (BLER) is shown in Figures 1-4 for a single transmit antenna and in Figures 5-8 for dual antenna SFBC and PVS transmit diversity. Low to high mobility scenarios are investigated, with UE velocities ranging from 3 km/h to 350 km/h. The results may be analyzed as follows, depending on the number of transmit antennas:

1. Single transmit antenna: At low UE velocity (3 km/h), all the considered channel estimation schemes perform close together in terms of BLER, except channel estimation with RS over a single sub-frame which suffers from a low pilot symbol density. At low to moderate velocities (3-30 km/h), channel estimation with RS over two consecutive sub-frames achieves better or equal performance compared to when S-SCH is used as phase reference for P-BCH demodulation. At high to very high velocities (120-350 km/h), S-SCH and combined RS + P- & S-SCH channel estimation outperform the other considered schemes.
2. Two transmit antennas: At low to high velocities (3-120 km/h), both PVS with combined RS + P- & S-SCH channel estimation and SFBC with RS channel estimation over two consecutive sub-frames have very close performance around wrt. 1% BLER cut-off point and outperform PVS with S-SCH channel estimation as well as the other considered options. PVS and S-SCH channel estimation improves in high to very high UE velocity scenarios (120-350 km/h) because of the TDM allocation of P-BCH next to S-SCH. Nevertheless, SFBC with RS channel estimation over two sub-frames still perform almost identically in similar conditions. At 350 km/h, PVS with combined RS + P- & S-SCH channel estimation has slight advantage over SFBC thanks to the high pilot symbol density. 
Table 1 Simulation parameters
	Transmission bandwidth
	1.25 MHz

	IFFT size
	128

	Number of used sub-carriers
	 72

	Sub-carrier spacing
	15 kHz

	Occupied bandwidth
	1.080 MHz

	TTI length
	1 ms (14 OFDM symbols)

	Modulation
	QPSK

	Channel model
	3GPP TU

	UE velocity
	3, 30, 120, 350 km/h

	Physical resource block (PRB) bandwidth
	12 sub-carriers, 180 kHz

	Number of PRBs for P-BCH
	6

	Receive diversity
	2 receive (Rx) antennas

	Detector
	Maximum likelihood


Table 2 P-BCH transmit diversity and channel estimation parameters.
	Time diversity
	Soft-combining 4 P-BCH bursts within 40 ms

	Transmit diversity
	1. 1 transmit (Tx) antenna

2. 2 Tx antenna SFBC

3. 2 Tx antenna PVS; precoding vector ([1 1], [1 -1], [1 j] or [1 -j])/sqrt(2) switches every 10 ms

	Channel estimation
	1. Ideal channel knowledge (all simulations cases)

2. Real 2D estimator using reference symbols (RS) over 1 sub-frame (all simulation cases).

3. Real 2D estimator using RS over 2 consecutive sub-frames (all simulation cases).

4. S-SCH sequence (72 subcarriers) used as phase reference for P-BCH demodulation (in 2 Tx PVS simulations cases).

5. RS over 1 sub-frame together with P- & S-SCH sequences (2 x 72 subcarriers) used as phase reference for P-BCH demodulation (in 2 Tx PVS simulations cases).


Table 3 P-BCH channel coding and symbol mapping parameters simulated in this contribution.
	P-BCH allocation 
	# of PRBs
	Channel code
	# of soft-combining
	Effective rate (Reff)
	# of coded bits
	# of information + CRC bits

	Sub-frame #0:
Slot #0, symbol #4     & Slot #1, symbol #0,1
	6
	CC-TB, R=1/3, L=7 & code repetition by 2
	4
	1/24
	288
	48
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Figure 1 P-BCH link level performance at 3 km/h UE velocity; 1 Tx transmission; temporal soft-combining of up to 4 consecutive P-BCH bursts over the 40 ms P-BCH TTI; channel estimation: ideal, with reference symbols over 1 or 2 sub-frames, S-SCH based, combined use of RS & P- & S-SCH as phase reference. Vertical line indicates the 98% coverage reliability threshold for EUTRA simulation case 3 [1].
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Figure 2 P-BCH link level performance at 30 km/h UE velocity; 1 Tx transmission.
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Figure 3 P-BCH link level performance at 120 km/h UE velocity; 1 Tx transmission.
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Figure 4 P-BCH link level performance at 350 km/h UE velocity; 1 Tx transmission.
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Figure 5 P-BCH link level performance at 3 km/h UE velocity; 2 Tx PVS vs. 2 Tx SFBC transmission; temporal soft-combining of up to 4 consecutive P-BCH bursts over the 40 ms P-BCH TTI; channel estimation: ideal, with reference symbols over 1 or 2 sub-frames, S-SCH based, combined use of RS & P- & S-SCH as phase reference. Vertical line indicates the 98% coverage reliability threshold for EUTRA simulation case 3 [1].
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Figure 6 P-BCH link level performance at 30 km/h UE velocity; 2 Tx PVS vs. 2 Tx SFBC transmission.

[image: image7.emf]-16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6

10

-2

10

-1

10

0

SINR [dB]

Coded BLER

P-BCH, 40 ms TTI, R

eff

=1/24, 2 Tx PVS vs. 2 Tx SFBC / 2 Rx, 3GPP TU-120

 

 

PVS: ideal channel

PVS: RS(1 subfr.)

PVS: RS(2 subfr.)

PVS: S-SCH

PVS: RS(1 subfr.) + P- & S-SCH

SFBC: ideal channel

SFBC: RS(1 subfr.)

SFBC: RS(2 subfr.)

Case 3 98% coverage threshold


Figure 7 P-BCH link level performance at 120 km/h UE velocity; 2 Tx PVS vs. 2 Tx SFBC transmission.
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Figure 8 P-BCH link level performance at 350 km/h UE velocity; 2 Tx PVS vs. 2 Tx SFBC transmission.

3. Discussion and conclusions

The overall conclusion is that the additional improvement in channel estimation performance provided by the usage of synchronization signals as phase reference is not significant in case of 2 Tx antennas. It should be noted that this gain will be dependent on the overall system design and it might even not be possible to use the synchronization signals as a phase reference. Moreover, usage of both RS and synchronization signals in channel estimation requires the UE to know the number of Tx antennas. Usage of synchronization signals as additional phase reference brings gains when only 1 Tx antenna is used, but naturally it is possible to utilize this gain independently of the Tx diversity scheme chosen for 2 and 4 Tx antennas. Hence, for 2 Tx antennas, we propose to choose SFBC as transmit diversity scheme, assuming 1 signalling bit (one Tx antenna / more than one Tx antenna) is conveyed by the S-SCH. For 4 Tx antennas SFBC-FSTD should be used and the UE should detect the number of Tx antennas (2 or 4) blindly.
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