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1 Introduction
In RAN plenary meeting #35, the proposed WI for MBMS LCR TDD physical layer enhancements was approved [1]. SFN operation based on UTRA LCR TDD structure has been discussed and analyzed [2]. In this contribution, we focus on the phase-rotation for each cell between sub-frames based on SFN transmission. We explain the procedure of phase-rotation for each cell and how it introduces an additional diversity gain.
In section 2, we show performance evaluations with realistic channel estimations in a RA (Rural Area) channel and a case3a-ITU channel (Appendix A).  The results clarify the potential of an additional diversity gain when rotating a random phase for each cell between sub-frames. In case of slow speed environment, we confirmed that the gain from the phase-rotation for each cell can be 4.0~5.0dB compared with non-rotating. In normal and high speed environment, we confirmed that the phase-rotation does not bring obvious gain.
2 Additional Diversity Gain Through phase-rotation for each cell
2.1 Simulation Methodology
In the simulation, we transmit the same signal in two cells (this methodology is also suitable for more cells condition). In SFN network, a random phase-rotating is added to each cell between sub-frames in one TTI by using different random seeds to generate different pseudo-random sequence for each cell. Figure 2.1 illustrates procedure of this methodology. From simulation results below, it shows that an additional diversity gain is achieved.
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Figure2.1 simulation methodology

2.2 Simulation Results

We present simulation results obtained with realistic channel estimation, and simulation results show the additional diversity gain with rotating a random phase for each cell. Two simulation examples are demonstrated in this paper. The first simulation result shows performance evaluations with realistic channel estimations in a RA channel, and the second shows performance evaluations with realistic channel estimations in a case3a-ITU channel.
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Figure2.2  RAchannel（3km/h）
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Figure2.3 case3a-ITU channel（30km/h）

From Figures 2.2, we can see that the obvious diversity gain of phase-rotation for each cell is approximately 4.0~5.0dB at a BLER of 10-2; From Figures 2.3, we can see that the result of introducing phase-rotation for each cell is the same as the result of non phase-rotation. The curve of BLER is almost overlapping between introducing phase-rotation and non introducing phase-rotation.
As shown above, by introducing phase rotation randomly man-made at the transmitters of all cells in SFN network, we can get the gain. Phase rotation changes characteristics of the channel, that is, equivalently it transform the slow fading channel into the fast fading channel in case of slow speed situation. As a result, extra interleaving benefit can be obtained. In the case of normal and high speed environment, introducing phase rotation will not affect channel as channel essentially changes very fast, so system performance will keep the same. In a word, by artificially randomly introducing different phase rotation at transmitters of all cells in SFN network, the system performance has some potential to increase.
3 Conclusion
In this contribution, we have evaluated the performances of the introducing phase-rotation for each cell between sub-frames in SFN system. According to the performance compared with non phase-rotation, it is testified that introducing phase-rotation for each cell will bring an additional diversity gain, especially in slow fading channel. In normal and fast fading channel, the additional diversity gain is not obviously. As a result, phase-rotation methodology can upgrade the whole system performances. Additionally, this methodology is very easy to implement with present protocols, and will not bring any complexity to UE.  
Therefore, Phase-rotation is a promising methodology for SFN network. We suggest capturing it as one of component in MBMS LCR TDD physical layer enhancements.
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Appendix A: Simulation Conditions
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Figure B: Structure of the sub-frame for 1.28Mcps TDD option
Simulation parameters

Table B1: Simulation parameters

	Sub-frame length
	5ms 

	Frame structure
	Fig.B

	Data modulation
	QPSK 

	Channel coding
	Turbo code (K=4)

Max-Log-Map decoding (8 iteration)

	Channel coding rate
	R=0.58(128kbps)
	R=0.44(192kbps)

	Number of Rx antenna
	1

	Channel estimation
	Steiner

	Transmission time interval
	40ms

	Path model
	10-ray Rural Area channel model(RA)/6-ray case3a-ITU

	UE speed
	3km/h/30km/h



Rural Area channel model (RA)

Channel for rural area

	Tap number
	Relative time ((s)
	average relative power (dB)
	doppler spectrum

	1
	    0
	    -5.2
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	2
	    0.042
	    -6.4
	Class

	3
	    0.101
	    -8.4
	Class

	4
	    0.129
	    -9.3
	Class

	5
	    0.149
	   -10.0
	Class

	6
	    0.245
	   -13.1
	Class

	7
	    0.312
	   -15.3
	Class

	8
	    0.410
	   -18.5
	Class

	9
	    0.469
	   -20.4
	Class

	10
	    0.528
	   -22.4
	Class


Vehicular test environment, high antenna, taped-delay-line parameters (case3a-ITU)

	Tap
	Channel A
	Channel B
	Doppler spectrum

	
	Relative delay (ns)
	Average power (dB)
	Relative delay (ns)
	Average power (dB)
	

	1
	0
	0.0
	0
	-2.5
	Classic

	2
	310
	-1.0
	300
	0
	Classic

	3
	710
	-9.0
	8,900
	-12.8
	Classic

	4
	1090
	-10.0
	12,900
	-10.0
	Classic

	5
	1730
	-15.0
	17,100
	-25.2
	Classic

	6
	2510
	-20.0
	20,000
	-16.0
	Classic
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