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1. Introduction
For multi-cell MBMS transmission, a technique was proposed in [1][4] on a "cell-specific reference signals with group scrambling", in order to allow use of cell-specific reference signals in multi-cell MBMS transmission instead of cell-common reference signals . In those contributions, a sub-carrier grouping approach was employed for differential modulation, to be able to use RF combining of signals from multi cells. 

Additionally, we have proposed a "Cyclic Shifted Delay with sub-carrier grouping scheme” in [3]. This proposal is intended to avoid the channel estimation performance degradation which occurs when CSD transmission is applied with a larger spacing between consecutive reference symbols as may be likely in LTE under some TR25.814 scenarios.

Even though these proposals are different, their approach has some similarities, as follows:

· consider a sub-carrier group which  consists of contiguous sub carriers including one or more reference signal sub-carrier.

· process the incoming signal as a sub-carrier group unit with its included reference sub-carrier.  

· [1] demodulate the differentially coded data sub-carriers in the group

· [3] interpolate the channel estimates for  the data sub-carriers within the group
Because of the similarities of these two approaches, it is an obvious question whether elements of one can be of benefit to the other. In this contribution, we propose to apply the "CSD with sub-carrier grouping scheme" of [3]  to the case of multi-cell MBMS in addition to the unicast case, combined with the cell-specific group scrambling and  use of the reception scheme of [1][4]. We will show that by using the scheme proposed in this contribution, we can maintain not only the diversity gain for the Inter-Cell case but also get a significant diversity gain for the Inter/Intra sector case.
2. Cell-specific reference signals with group scrambling and with CSD with sub-carrier group
2.1. Multi-cell MBMS with group scrambling case
2.1.1. Inter-Cell Case

In this section, we describe, as background, how to get diversity gain in the case that we apply group scrambling for sub-carrier grouping, to multi-cell MBMS. As shown in Figure. 1, a constant phase rotation, which is defined by cell-specific scrambling codes (i.e. a=a1,a2,a3,a4… and b=b1,b2,b3,b4…), is applied to the reference symbols and MBMS data within one sub-carrier group. We refer to this process as ‘group-scrambling’. Since the reference symbol and data symbols in the same sub-carrier group are multiplied by the same scrambling code, the received signal from multiple surrounding cells is equivalent to the pilot and data multiplied with the “combined” scrambling code of the surrounding cells. Thus, the data can be equalized using the composite pilot, which is a sum of the pilots from the surrounding cells, including the effect of channel responses, without de-scrambling or separation of each cell-specific code.
The group scrambling process introduces additional transmit diversity gain compared to the ‘conventional’ MBMS with cell-common reference signals. Due to group-scrambling, signals transmitted from different cells combine in different ways within each sub-carrier group. This de-correlates the effective channel responses for the sub-carrier groups, especially ones in close proximity in the frequency domain.
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Figure 1 Multi-Cell MBMS with group scrambling (Inter-Cell case)
2.1.2. Intra-Cell Case
As we mentioned in the previous section, the group scrambling process introduces additional transmit diversity gain at cell-edge UE. However, at a UE at the sector-edge within the same cell, correlations between different sub-carrier groups become high, because the same scrambling code is multiplied, as shown in Figure 2. Thus we cannot get the transmit diversity effect in this case.
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Figure 2 Multi-Cell MBMS with group scrambling (Inter-Sector case)
2.2. Proposed Scheme
In this section, we describe the proposed scheme. We propose to apply the CSD with sub-carrier group scheme described in detail in [3], to the case of multi-Cell MBMS with group scrambling, so as to introduce additional transmit diversity gain for the UE even at the sector-edge. In this proposed scheme, we add the two phase rotations at the same time -  one rotation is defined by a cell-specific group scrambling code according to [1]; and the other rotation is defined  according to [3], as follows - a different phase sequence Cm　(m represents the number of sector, k represents the number of sub-carrier) described as
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is a design parameter in [3], which corresponds to the time delay in the time domain representation. SGnum is the number of sub-carriers included in one sub-carrier group, i.e. the sub-carrier group width. Thus we can make the equivalent channel after CSD encoding flat across one sub-carrier group.

In this proposed scheme, since the reference and data in the same sub-carrier group are multiplied by the same scrambling code and the same phase sequence Cm, the received signal is equivalent to the pilot and data multiplied with the “combined” scrambling code of all surrounding cells. Thus, the data can be equalized using the composite pilot, which is a sum of the pilots from surrounding cells including the effect of channel responses, without de-scrambling or separation of each cell-specific code.

Moreover, the proposed scheme introduces additional transmit diversity gain both at cell-edge and sector-edge, compared to the ‘conventional’ MBMS with cell-common reference signals in [1]. Due to group-scrambling and CSD with sub-carrier group, signals transmitted from different cells combine in different ways within each sub-carrier group. This de-correlates the effective channel responses among the sub-carrier group, especially ones in close proximity in the frequency domain.

In this section, we show an example where we apply CSD with sub-carrier grouping to inter-sector antennas. Of course, we can also apply this scheme to intra-sector antennas, so as to introduce additional transmit diversity gain.
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Figure 3 Proposed Scheme 
(multi-Cell MBMS with group scrambling and CSD with sub-carrier group: Inter-Sector case)
3. Simulation results
In this section, we compare the simulation results of the proposed scheme with the other schemes, for the Inter-Cell case and the Inter/Intra-Sector case.

We can see that we can not only maintain the diversity gain in the Inter-Cell case but also get diversity gain in the Inter/Intra sector case and we can use the same reception scheme as [1] by using the proposed scheme.
3.1. Inter-Cell case

Figure 4 and 5 show the average BLER performance of MBMS data at the cell edge with UE bandwidth set to 1.25MHz and 5MHz, respectively, where the block length is 1 TTI.. We compare the following cases - multi-cell MBMS with cell-common reference, multi-cell MBMS with cell-specific group scrambling reference according to [1],  and the proposed scheme described in this contribution, in each figure.
In Summary, the performance of the 2 schemes (multi-cell MBMS with cell-specific group scrambling reference and the proposed scheme) is almost identical for the Inter-Cell Case.
Figure 4 shows that multi-cell MBMS with cell-specific group scrambling reference and the proposed scheme perform 3dB better than the multi-cell MBMS with cell-common reference. This is because correlations between different sub-carrier groups become high in the multi-cell MBMS with cell-common reference case; on the other hand, correlations between different sub-carrier groups become low in the multi-cell MBMS with cell-specific group scrambling reference case and the proposed scheme case. 
We can see the same tendency in Figure 5. In these simulations, SNR represents desired signal power, i.e. sum of signals from three adjacent cells as shown in figure 8, to Noise power ratio.
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Figure 4 SNR vs BLER performance                      Figure 5 SNR vs BLER performance
(Cell-edge, UE Bandwidth: 1.25MHz)                      (Cell-edge, UE Bandwidth: 5MHz)

3.2. Inter/Intra-Sector case
Figure 6 and 7 show the average BLER performance of MBMS data at the sector edge with UE bandwidth set to 1.25MHz and 5MHz, respectively. We compare the following cases - multi-cell MBMS with cell-common reference, multi-cell MBMS with cell-specific group scrambling reference according to [1], and proposed scheme described in this contribution, in each figure.

In Summary, the performance of the proposed scheme shows a significant improvement over the scheme in [1], multi-cell MBMS with cell-specific group scrambling reference, for the Inter/Intra Sector Case.
Figure 6 shows that the proposed scheme outperforms the multi-cell MBMS w/cell-common reference and the multi-cell MBMS w/cell-specific group scrambling reference. This is because correlations between different sub-carrier groups become high in the multi-cell MBMS with cell-common reference case and the multi-cell MBMS with cell-specific group scrambling reference case; on the other hand, correlations between sub-carrier group become low in the proposed scheme case. 
We can see the same tendency in Figure 7. In these simulations, SNR represents desired signal power, i.e. sum of signals from three adjacent sectors as shown in figure 9, to Noise power ratio.
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Figure 6 SNR vs BLER                                                Figure 7 SNR vs BLER

(Sector-edge, UE Bandwidth:1.25MHz)                           (Sector-edge, UE Bandwidth:5MHz)

4. Conclusion
In this contribution, we propose to apply the CSD with sub-carrier grouping scheme described in [3] to the multi-cell MBMS case, combined with the cell-specific group scrambling scheme and use of the reception scheme of [1][4]. By using this proposed scheme, we can not only maintain the diversity gain for the Inter-Cell case but we can get additional diversity gain for the Inter/Intra sector case.
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Appendix A: Simulation Conditions
Table 1: Simulation Parameters
	Basic Parameter
	Table 7.1.1.1-1 of  [5]

	System Bandwidth
	5MHz, 1.25MHz

	Sub-carrier spacing
	15kHz

	Sub-frame length
	0.5ms (6 OFDM symbols)

	CP length
	256 points (16.67us) (Long CP)

	Data modulation
	QPSK

	Channel coding
	Turbo code(K=4) R=1/3 Max-Log-MAP decoding (6 iteration)

	Number of Tx antenna
	1 / Sector

	Number of Rx antenna
	1

	delay value between antenna
	0 (Sector#1) / 240 (Sector#2) / 480 (Sector#3)

	Channel compensation
	MRC

	Path model
	6-ray Typical Urban

	Sub-carrier group width
	6

	Group scramble width
	6

	Position of UE
	Figure 8 (Cell-edge) / Figure 9 (Sector-edge)
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Figure 8　UE location in simulation(Cell-edge)
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Figure 9　 UE location in simulation(Sector-edge)
Appendix B: Multi-Cell MBMS with cell-common reference
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Figure 10 Multi-Cell MBMS with cell-common reference (Inter-Cell case)
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