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1. Introduction
For generic frame structure, reference symbols (RS) structures for MBSFN in mixed carrier case has been determined [1], however, the reference symbols structure for MBSFN transmission in mixed carrier for TDD with alternative frame structure has not been discussed. This paper examines the performance of several different pilot patterns for MBSFN transmission in mixed carrier case for TDD with alternative frame structure, where we assume that only one 0.675ms subframe is used for MBSFN transmission and therefore the channel estimation must be performed using only the RS in this single subframe.  

2. Pilot Patterns
Fig. 1 shows the pilot pattern for generic frame structure, where the pilot densities of MBSFN is 1/2th in frequency domain, which is because the frequency selectivity experienced by a MBSFN channel is much larger than the unicast environment. Furthermore, it is assumed that only the first two OFDM symbols in each subframe are used for unicast transmission. As shown in Fig. 1, red RS is for unicast and blue RS for MBSFN.
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Fig. 1 pilot pattern (generic frame structure)
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Fig. 2 pilot patterns considered for TDD with alternative frame structure (long CP)
Due to that the pilot densities of MBSFN is just up to the channel frequency selectivity, the pilot pattern for TDD with alternative frame structure has the same pilot density as in Fig. 1. The 5 MBSFN pilot structures considered in this paper are shown in Fig. 2, where we can see that there is not the OFDM symbols reserved for unicast transmission, which is based on the proposal in [2]: the DL control signaling is only transmitted in two downlink timeslots, i.e. the first downlink timeslot after UL/DL switching point and TS0, and spans all downlink OFDM symbols in each timeslot. Therefore, our proposal is: MBSFN should not be transmitted in TS0 and the first downlink timeslot after UL/DL switching point, which is similar to the one agreed at last meeting for generic frame structure: MBSFN should not be transmitted in sub-frame 0 and 5. Due to no unicast transmission in the sub-frame used for MBSFN transmission, no common reference symbols is contained in that sub-frame also. Furthermore, the kind of design avoids the conflict issue of normal CP/extended CP for the generic frame structure mentioned in [3] and provide a clean structure.
Finally, it is noted that the pilot patterns considered in Fig. 2 (i.e. for TDD with alternative frame structure) have the same MBSFN RS overheads 12.5% as Fig. 1(i.e. for generic frame structure).

3. Simulation Results
Some link level simulation results are given in this section. The channel models used in this paper is given in [4], which is also used in [5][6] for generic frame structure. Other simulation parameters are given in Table 1 and simulation results are shown in Figs. 3-6. From these figures we can see that the pattern (3) in Fig. 2 has the better performance, therefore, it is recommended that the pattern (3) in Fig. 2 as the RS design for MBSFN in the mixed mode for TDD with the alternative frame structure. 
Table 1 Simulation Parameters
	Bandwidth
	1.6 MHz

	Number of used subcarriers
	24

	Subcarrier spacing
	15 kHz

	Subframe length (TTI)
	0.675 ms

	Symbol duration
	Useful part
	66.67 µs

	
	CP length
	16.67 µs

	Modulation and coding schemes
	QPSK, R=1/2

	
	16QAM, R=1/2

	Channel coding 
	Turbo code 

	Antenna configuration
	1 at transmitter, 2 at receiver

	UE speed
	30 kmph, 350 kmph

	OFDM symbol timing
	Ideal

	Channel estimation
	MMSE

	Carrier frequency
	2.6GHz
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Fig. 3 BLER for QPSK, TU 30kmph
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Fig. 4 BLER for QPSK, TU 350kmph
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Fig. 5 BLER for 16QAM, TU 30kmph
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Fig. 6 BLER for 16QAM, TU 350kmph
4. Conclusions

This paper discussed the pilot pattern of mixed carrier MBSFN transmission for TDD with alternative frame structure. It is recommended that pattern (3) in Fig. 2 as the RS structure for MBSFN in the mixed mode for TDD with alternative frame structure.
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