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1 Introduction

At RAN1 #51 meeting, it was agreed to "Adopt the unicast CP structure and RS sequence type for the first and second (in case it is a unicast one) symbol of MBSFN sub-frames ". However, it was not agreed how to use the spare samples between the last unicast symbol and the first MBSFN symbol, when the CP used for MBSFN is not default CP.
In this contribution, three possible usages of the spare samples will be discussed; they are leaving blank, extra long CP of the first MBSFN symbol, and cyclic postfix of the last unicast symbol. Link-level simulation results will be provided.

2 The usage of the spare samples 
There are three possible usages of the spare samples:
Option 1:
To leave the spare samples blank;
Option 2:
To transmit extra extended cyclic prefix of the first MBSFN symbol;
Option 3:    To transmit cyclic postfix of the last unicast symbol (Figure 1). 
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Figure 1  To transmit cyclic postfix of the last unicast symbol
It is observed that Option 1 is not preferable due to the transient power amplifier switching.

The performance can be improved by UE combining the extra samples with the corresponding part. For Option 2, the gain is added to PMCH, while for Option 3, the gain is added to PDCCH. Due to the lack of unicast RS in the MBSFN subframe, it is worth to do the combination to improve the detection of PDCCH.
In the following sections, link-level simulation result is provided to show the performance gain brought by Option 3. 

3 Simulation Result 
The link-level simulation with various coding rates and different number of unicast symbols for PDCCH was performed. In the simulation, the combination of postfix and the corresponding part of FFT block is simple average. Please find the result shown in Table 1 and Figure 2, Figure 3. It can be seen that the gain of utilizing postfix is obvious for PDCCH detection.
Table1 The performance gain of utilizing postfix 

	Coding Rate
	1/2
	1/4
	1/8

	Gain (dB) of utilizing postfix  at BLER=0.01 (Single unicast symbol)
	0.4
	0.4
	0.4

	Gain (dB) of utilizing postfix at BLER=0.01 (Two unicast symbols)
	0.3
	0.1
	0.2
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Figure2 Performance of PDCCH detection, single unicast symbol
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Figure3 Performance of PDCCH detection, two unicast symbols
4 Conclusion

In the contribution, we listed 3 possible usages of the spare samples in MBSFN subframe. It is proposed that Option 3, to transmit cyclic postfix of the last unicast symbol, to be adopted. Link-level simulation result has been provided, showing the obvious performance gain (0.1~0.4dB) brought by Option 3 for PDCCH detection.
5 Appendix
Table 2  Simulation Parameters
	Transmission BW
	10MHz

	Carried frequency
	2GHz

	Sub-frame duration 
	1 ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	15.36 MHz

	FFT size
	1024

	Number of occupied sub-carriers
	601 (DC sub-carrier is null.)

	Number of OFDM symbols per TTI
	12

	Number of OFDM symbols per TTI for unicast PDCCH
	1 or 2

	Number of bits per PDCCH
	40 bits, CRC included

	Coding Rate
	1/2, 1/4, 1/8

	Modulation
	QPSK 

	Channel environments
	6-path Typical Urban 3km/h

	Antenna configuration
	1 transmit antenna, 2 receive antenna (MRC)

	Pilot power
	same to the power of PDCCH

	Channel Estimation
	Real CE










































































