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1. Introduction

For E-MBMS transmission it has been accepted by most companies that use the cell-common scrambled pilot structure [1], especially in SFN area for RF combining. On mixed carrier mode, the E-MBMS TTIs are time-division-multiplexed with unicast TTIs, in order to avoid ‘gap’ of channel estimation within the unicast frame resulting from the use of those E-MBMS specific pilots [5], the E-MBMS subframe should include unicast-type pilots with cell specific scrambling code which are mapped to the same position at that unicast frame. The cell-common scrambled pilot signals structures with those additional cell specific scrambled pilot symbols for E-MBMS transmission have been investigated in [6]-[9]. However, they are mostly concentrated on the single-antenna E-MBMS transmission scenario. 

This paper presents two candidate reference signals, i.e., pilot signals structures for multi-antenna E-MBMS transmission based on the cell-common scrambled pilot signals structure considering time-division-multiplex with unicast services. The performance comparison is based on link-level simulations and the preferred cell-common reference signal structure for multi-antenna E-MBMS transmission on mixed carrier mode is given. 
2. Pilot Signals Structures for Multi-antenna E-MBMS Transmission

On mixed carrier mode, those cell-specific pilot signals should be transmitted in the case of E-MBMS TTIs. On the one hand they are used to avoid ‘gap’ for unicast channel estimation in E-MBMS TTIs, on the other hand those unicast pilots are needed for CQI measurements. At the same time the first OFDM symbol of every TTI has to be reserved at least for unicast L1/L2 control signalling. The orthogonality of pilot signals from different transmit antennas is obtained utilizing time-division-multiplex and frequency-division multiplex. Based on the above principles, we next present two candidate pilot signals structures for multi-antenna E-MBMS transmission on mixed carrier mode. 
2.1 Several proposed pilot signals structures

Two candidate pilot signals structures for multi-antenna E-MBMS transmission are proposed and shown in Figs. 1(a) – 1(d). The TTI length is set to be 1.0ms and two subframes are included [10]. In Figs. 1(a) – 1(b) two kinds of pilot signals, one is cell-specific and the other is cell-common, have the same totally time-frequency densities 27.78% but different scattered positions, for both antennas along frequency, staggered or alongside, for per antenna along time, comb-type or staggered. In Figs. 1(a) a staggered structure along frequency of two antennas with per antenna comb-type pilot signals along time is designed and has totally 16.7% overhead just considering cell-common pilot signals. Whereas in Figs. 1(b), an alongside structure along frequency of two antennas with per antenna staggered pilot signals along time is presented and has the same cell-common pilot signals overhead. In order to increase the E-MBMS traffic transmission efficiency, just those pilot signals positioned at 1th symbol interval are considered for unicast channel estimation and CQI measurement. The corresponding pilot signals structures are described in Figs. 1(c) – 1(d) after the deletion of pilot signals for unicast at last third row in per subframe. From Figs. 1(a) and Figs. 1(c), the cell-common pilot signals for E-MBMS have the same structure which is denoted by ‘Pattern-A’, the corresponding pilot signal structure in Figs. 1(b) and Figs. 1(d) is denoted by ‘Pattern-B’.
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Figure 1: Pilot Signals Structures of multi-antenna in E-MBMS TTI
2.2 Simulation conditions and results

In this section the BLERs of the two kinds of patterns for Typical Urban channel are simulated. Table 1 lists the simulation parameters. The pilot signals are inserted in both subframes of per TTI using pilot signal structure described in section 2.1. QPSK and turbo coding are used. Two-branch spatial multiplexing is adopted for MIMO transmission scheme. Additionally, ideal FFT timing detection is assumed. In the simulations, real channel estimation is implemented using dual linear interpolation in per TTI for all the pilot signals patterns for fair comparison. 

Table 1: Simulation parameters

	Parameters
	Setting

	Bandwidth
	5 MHz

	FFT size
	512

	TTI length
	1.0 ms

	Cyclic prefix
	16.67 us

	Modulation scheme
	QPSK

	Turbo encoding
	Code rate 1/3

	Channel estimation
	Dual linear interpolation, along frequency firstly

	Turbo decoding
	Max-log-MAP algorithm, max. 8 iterations

	Antenna configuration
	2 x 2

	Channel model
	Typical Urban

	UE velocities
	30 km/h, 120 km/h, 350 km/h

	Transmission scheme
	MIMO


Figure 2, Figure 3 and Figure 4 show the BLERs of the proposed pilot signals structures at 30 km/h, 120 km/h and 350 km/h for QPSK modulation. Overall, ‘Pattern-A’ has better BLER performance than ‘Pattern-B’. About 0.25 dB is achieved at BLER=10-2 with UE velocity of 30 km/h and 120 km/h for ‘Pattern-A’ comparing with ‘Pattern-B’. Also, the similar gain is obtained at BLER=10-1 with UE velocity of 350 km/h for ‘Pattern-A’ comparing with ‘Pattern-B’ and the gains are more remarkable as the increase of SNR. The obtained performance gains when comparing ‘Pattern-A’ with ‘Pattern-B’ are mainly due to the staggered structure along frequency of two antennas thus extra frequency diversities gains are achieved and the gains are more remarkable as the increase of UE velocities. 
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Figure 2: BLERs of the pilot signals structures
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Figure 3: BLERs of the pilot signals structures
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Figure 4: BLERs of the pilot signals structures
3. Conclusions
In this document, the link-level BLER performances for two candidate pilot signals structures in E-MBMS TTIs have been studied. It was found that ‘Pattern-A’ described in section 2.1 give better performance in terms of BLER than the other pattern. We summarize the discussion in this document as follows. For multi-antenna E-MBMS transmission when considering the mixed carrier mode, comb-type pilot signals structures per antenna with staggered positions of two antennas is a better choice compared with staggered pilot signals structures per antenna with alongside positions of two antennas under the same time-frequency pilot densities.
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