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1 Introduction

In this contribution, we focus on scrambling technique of reference signal in the multicast and broadcast single frequency network (MBSFN) system for TS 36.211 [1]. For enhancing the receiving ability in the cell boundaries, the transmitters could use the scrambling technique to have the better receiving gain in the receiver side. The subcarrier group scrambling [2] would scramble with the patterns in an OFDM symbol. The symbol group scrambling provides diversity from Node-B keeping channel estimation with lower complexity.
2 Cell Edge Problems of Multicell MBSFN 
In multicast and broadcast systems, when the UE receives the signal in the edge of the Node-B, the channel response is shown as Figure 1. When channel response ha is similar to - hb, the combination effect of channel response, ha + hb, in UE side will be flat and wide coherent bandwidth fading channel response due to small delay spread. 
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where p is the reference signals indicating the channel response. In additional, because the low receiving signal magnitude caused by destructive interference will be not larger than the threshold value of the signal detector in UE side, the detection of signals will be fail and the channel decoder of receivers cannot correct error bits. For preventing the low and flat channel response in SFN of OFDM communications systems, the diversity technique should be used to create the diversity of channel response.
For improving the channel response and preventing the destructive interference from short delay spread of two transmitted signals, which is equivalent to wide coherent bandwidth, at the boundaries of transmitters in SFN, time-dimension group scrambling and grid group scrambling techniques are proposed to increase the diversity gain. Time-dimension group scrambling technique provides the pilot values are the same in one OFDM symbol to make channel estimation easily and generate the time diversity for solving slow fading channel effect.
2.1 Grid Group Scrambling Technique of Reference Signal for MBSFN

In slow fading channel environment, the channel response changes slowly with time. In cell edge, the destructive interference could happen and take long time in slow fading channel. Otherwise the channel coding techniques could not have effect to the system performance because the channel responses are almost the same in different time interval. To generate the diversity and prevent the long time destructive interference from the Node-B transmitters in SFN cell edge, the scrambling symbol group by symbol group with channel interleaver can increase the diversity of the transmitting signal in single frequency network of the multicell MBSFN system. Grouping several symbols, 
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Figure 1. Cell edges problem of multi-cell MBMS 
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Figure 2. Channel response of frequency dimension group scrambling

transmitters are suggested to use the channel interleaver (FFS) to interleave the encoded information. The signal bits through channel interleaver can prevent the consecutive error due to fading channel response. The scrambling technique groups several OFDM symbols and then product each group with one scrambling pattern, which is a normalized random complex number. 

[2], [3] and [4] mentioned that grouping subcarriers to scramble subcarrier groups. Although frequency dimension group scrambling can increase the transmitting diversity, the channel response of one subcarrier group will keep unchanged in slow fading channel in different OFDM symbol. If the channel response of one subcarrier group is lower than the threshold of receiver detector, the following channel responses of different OFDM symbols will keep bad channel response. The receiving ability of UE cannot be improved in this condition as shown in Figure 3. And the channel coding cannot also increase the diversity gain. To improve this condition, the OFDM frame could be divided into several subcarrier groups in an OFDM symbol group. If the several symbols and several subcarriers can be grouped into grid structure and scramble with a scrambling pattern, the time dimension and frequency dimension diversity gains can be both increased after channel decoder as shown in Figure 4. In UE side, channel responses of grid groups are
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where gta0, gta1, gfa0, gfa1, gtb0, gtb1, gfb0 and gfb1 are scrambling patterns which are normalized random complex umbers. The destructive interference caused by slow fading and fast fading channel response in cell edge will be prevented. The channel interleaver/deinterleaver after/before channel encoder/decoder is also suggested in LTE transceiver to enhance the diversity gain of grid group scrambling technique.
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Figure 3. Grid group scrambling for increase diversity gain in edges of Node-B.
3 Simulation Results

The simulation follows faithfully the parameters of TS 36.211 [1]. An OFDM system with 16-QAM modulation over two equal-path channel, two 6-taps Typical Urban (TU6) channel and the channel model of multi-cell structure mentioned in [2] are considered in the simulation. Each tap of the TU6 channel is generated by Jake’s model, and the power delay profile is shown in Table I. The system bandwidth is 10MHz, which is divided into 1024 sub-carriers, and the sub-carrier spacing is 15 kHz. A coding rates R=1/3 and constraint length K=4 of the Turbo code are specified as channel encoder and the iterative MAP decoding algorithm (8 iterations) is used to correct the random error due to channel. The detail simulation parameters are listed in Table II. Moreover, the frame structure and pilot position are described as TS 36.211. Two channel estimation scenarios, perfect channel estimation and pilot symbol assisted modulation (PSAM), are used to evaluate the bite error rate (BER) performance among no group, frequency group and grid group scrambling methods. Fig. 4 shows that the BER performance of grid group scrambling with perfect channel information and large frequency dimension group number in 2 single paths channel model. It shows that the grid group scrambling technique can provide additional diversity gain and lower BER. In Figs. 5 and 6, the multiapth TU-6 and 3 cells channel models are simulated. The BER of grid group scrambling technique is lower than that of frequency dimension group scrambling techniques but the spreading delay of TU-6 and 3-cell channel models is larger than that of 2-single-path channel model. The destructive interferences are not worse than that of the 2-single-path channel model. The BER performance of grid group scrambling in 3-cell channel model did not get the large advance over the BER performance of others.

With less frequency dimension groups and more time dimension groups, the channel interleaver should interleave more OFDM symbols to prevent the consecutive errors in channel-encoded bits. Number of subcarriers in one frequency group is 100 and the number of OFDM symbols in one time group is the number of symbols in a time slot, where the number of symbols is 12. The simulation results in Figs. 7 and 8 show that the grid group scrambling technique can provide more receiving gain than frequency dimension group scrambling technique can for preventing the slowing fading channel effect with perfect channel information. By comparing the results in Fig.4 and Fig.7, the offered gain of grid group scrambling technique with large number of frequency groups is better than that with small number of the frequency groups.

With channel estimation algorithm of linear interpolation in frequency domain and continuously using the channel state information from the symbol with pilot in time domain, the simulation results are illustrated in Fig. 9. It shows that grid group scrambling technique also keeps the better BER performance in channel estimation algorithm with 100 subcarriers in one frequency group and 12 OFDM symbols in one time dimension group.

Table I. The power delay profile of TU6 channel.

	
	Tap1
	Tap2
	Tap3
	Tap4
	Tap5
	Tap6
	unit

	Delay
	0
	0.2
	0.5
	1.6
	2.3
	5
	(s

	Power
	-3
	0
	-5
	-6
	-8
	-10
	dB


Table II. Simulation parameters for 3GPP LTE Simulink/ Matlab simulation platform.

	System Bandwidth
	10MHz

	Number of subcarriers
	600

	Number of subcarriers in a group
	30 and 100

	Time interleaving size
	12 and 4 OFDM symbols

	Subcarrier space
	15KHz

	Symbol Ddration
	Useful data: 66.67sec

	
	Guard interval: 16.67sec

	Subframe length
	1 msec with 2 time slots (12 OFDM symbols)

	Channel coding/ decoding
	Turbo code (K=4, R=1/3)

/MAP decoding (8 iterations)

	Modulation
	16QAM

	Channel Estimation
	1. Perfect channel information

	
	2. Frequency domain with linear interpolation

Time domain following channel information from RS symbol

	UE speed
	30Km

	Channel Model
	1. 2 single paths 

2. 2 TU-6 channel model

3. 3 cells (9 sectors) channel model
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Figure 4. Simulation results of grid and frequency group scrambling techniques with larger frequency group number and perfect channel information in 2 equal single paths channel model.
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Figure 5. Simulation results of grid and frequency group scrambling techniques with larger frequency group number and perfect channel information in 2 TU-6 channel model.
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Figure 6. Simulation results of grid and frequency group scrambling techniques with larger frequency group number and perfect channel information in 3 cells channel model.
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Figure 7. Simulation results of grid and frequency group scrambling techniques with smaller frequency group number and perfect channel information in 2 equal single paths channel model.
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Figure 8. Simulation results of grid and frequency group scrambling techniques with smaller frequency group number and perfect channel information in 2 equal TU-6 paths channel model.
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Figure 9. Simulation results of different group scrambling with smaller frequency group number and channel estimation of linear interpolation in frequency domain and continuously using the channel information in time domain.
4 Summary
MBSFN has receiving problem in cell edges because of the destructive interference caused by the possible channel model and SFN. For additional transmitting gain, grid group scrambling is proposed. The channel response with grid group scrambling in UE side can overcome the destructive interference in slow fading channel response. 
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