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1. Introduction

In RAN1#48, the reference signal structure for MBMSFN subframe was agreed to as shown in Figure 1 [1].  In this structure, only the first reference signal is present for unicast transmission.  In this contribution, performance of unicast control channel is evaluated for this structure and also for a revised structure with second unicast reference signal present.  Simulation results show that performance gain with additional reference signal is small (less than 0.5 dB).  Therefore, it is proposed to keep the current reference structure for MBSFN.
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Figure 1.  Reference signal structure for mixed carrier MBSFN.
2. L1/L2 Control Channel Performance
For the analysis, a control channel of size 46 bits is used and the control channel is distributed in frequency across the first OFDM symbol (n=1).  This control channel size corresponds to the example shown in [2] for DL non-persistent scheduling grant.  In general, only the first reference signals located at the first OFDM symbol of each subframe should be used for channel estimation to allow maximum micro-sleep time.  However, performance with additional second unicast reference signals is evaluated here for comparison.  The channel estimator used is the IDFT channel estimator across frequency followed by a Bayesian weighting of the time taps.   Detailed description of this channel estimator can be found in [3].  Although in practice the effective coding rate of the control channel will be based on the number fixed size control channel elements used, for this analysis only coding rates of R=1/2 and 1/3 are evaluated.  Tail-biting convolutional coding is used with results shown for 3 and 350 km/h.  Other relevant simulation parameters are provided in Table 1. 
Performance for unicast control channel in MBSFN subframe is shown in Figure 2. At low vehicular speeds, the gain from using two reference signals at the 1% control channel BLER is approximately 0.4-0.5 dB.  At very high vehicular, the gain is approximately 0.1 dB since in this case n=1 is assumed.  With larger n the gain may be larger.  From the results shown, it is seen that additional second unicast reference signals in the MBSFN subframe do not provide substantial performance gain for the control channels.
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Figure 2.  Unicast control performance in MBSFN subframe (TU, 3 km/h).
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Figure 3.  Unicast control performance in MBSFN subframe (TU, 350 km/h).

3. Conclusion
In this contribution, performance of unicast control channel in MBSFN subframe is evaluated.  Results show that one reference signal is sufficient to decode the control channel and performance gain from using the second reference signal is small (less than 0.5 dB).  Therefore, it is proposed to keep the current reference structure for MBSFN.
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Table 1.  Simulation parameters.

	Parameter
	Assumption

	Carrier Bandwidth
	5 MHz

	TTI Duration
	1.0 ms

	Number of Subcarriers
	300

	Subcarrier Spacing
	15 KHz

	Symbol Duration
	66.67 s

	Cyclic Prefix Duration
	16.67 s

	OFDM Symbol Timing
	Ideal

	Control & Pilot Overhead
	1 OFDM symbol

	Propagation channels
	TU (3 & 350 km/h)

	Channel Estimation
	One RS: DFT w/Bayesian threshold

Two RSs: Averaged/Interpolated channel estimates (found using DFT w/Bayesian threshold) at both RSs

	Modulation and Coding
	QPSK, R=1/3
QPSK, R=1/2

	Channel Coding
	Tail-biting convolutional coder, K=9

	# of TX antennas
	1

	# of RX antennas
	2






























































































































































































































































