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1 Introduction

The MBMS SFN Area is discussed in recent RAN3 meetings and some basic assumptions are accepted in [1]. Multi-cell MBMS Synchronization Area is also introduced and which is capable of supporting one or more SFN Areas. For some reasons, the services may be allocated different resources in different area. In RAN1#47, the performance of partial SFN is discussed [2], which might be similar to the cell edge performance of the scenario that the whole SFN is clustered into multiple non combinable areas. In this document, the combining of different resource blocks is discussed as an effective method to join the clustered SFN.
2 Discussion

2.1 Clustering of SFN
Suppose there are N available resource blocks for E-MBMS multi-cell transmission, where F= {F1, F2, …, FN}. One E-MBMS service uses subset resource blocks of the total resource block pool. Different E-MBMS services may have different resource blocks and different guard areas, so different cells may have different available resources for the new E-MBMS service. When the same resource block can not be available over all the cells in the Maximum resource block, the E-MBMS SFN has to be clustered, and then different resources are allocated in different areas for certain E-MBMS service. There are two aspects need to be considered for the boundary cells:

1. The cells on the boundary only gain from the neighbouring cells belonging to the same frequency/time resources of the same service.

2. The boundary cells may experience interference from other E-MBMS services using the same frequency/time resources. Thus interference coordination needs to be used.
Suppose there are two available frequencies for E-MBMS, frequency 1 and frequency 2. As shown in Figure 1, service 1 is carried on frequency 2 and service 2 is carried on both frequency 1 and frequency 2.
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Figure 1 Clustering of SFN
Considering two deployment scenarios, they are scenario without inter-resource block combining and with inter-resource block combining.  Figure 2 shows the SNR CDF results of the above scenarios. If there is no inter-resource block combining, the cell edge SNR for 90% coverage is approximately -0.5dB. The SNR of inter-resource block combining capable scenario is about 5.8dB, which shows around 6dB gains. For 95% coverage, the relative gain is around 7dB. This reasonable, because two of nearest cells are left as guard area for the scenario without inter-resource block combining, while for inter-resource block combining, all of them contribute signals.
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Figure 2 Geometry CDF of scenario 1 and scenario 2

2.2 Details of Inter-resource block combining of E-MBMS

According to the above analysis, the boundary performance improved much by inter-resource block combining. The proposed combining scheme is inter-frequency combining, where the signals from different cells are carried on different subbands. While for RF combining, the same subband is used for the signals from two cells. 

It should be noted that Inter-frequency combining brings no additional complexity for UE because the two subbands carrying the signal are tightly synchronized.
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Figure 3 Principle of inter-frequency combining
The link level performance is shown in Figure 4. Inter-frequency combining has 0.7~0.8dB gains over RF combining. The gain comes from better frequency diversity of the two frequencies. 
Therefore the coverage of boundary cells of the frequency clusters will be further improved.
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Figure 4 Link level performance of inter-freq combining with delay difference
3 Conclusion

In this document, the E-MBMS inter-resource block combining for E-MBMS is discussed. It is shown from the simulation that the cell edge Geometry will be improved by at least 3dB. Furthermore, according to the simulation, inter-frequency combining has around 0.7~0.8dB gain over RF combining. Therefore, inter-frequency combining is an effective way to join the areas with different resource blocks. As a consequence, applying the combining scheme as outlined in this document impacts the UE. 
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Annex: simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 57 cells

	Inter-site distance
	1732m

	Min distance from UE to site
	35m

	Path loss
	Path loss = 128.1 + 37.6*log(R)

	Penetration loss
	20dB

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Correlation b/w sites for shadow fading
	0.5

	Correlation b/w sectors for shadow fading
	1

	eNodeB antenna gain + cable loss
	14dBi

	Antenna front to back ratio
	20dB

	Horizontal antenna pattern 
	70 degrees (-3dB) beamwidth 

	Vertical antenna pattern loss
	Considered

	Carrier Frequency / Bandwidth
	See Table A.2.1.1-1 in 25.814 ]

	Maximum BS TX power
	43dBm

	Bandwidth
	5MHz

	Sub-carrier spacing
	15KHz

	Total number of sub-carriers
	301

	Antenna configuration
	1x2

	Power offset of the two sites
	(0, 0)dB

	Relative delay of the two sites
	11.666us

	FFT size
	512

	TTI
	1 ms

	CP
	Long CP

	Channel
	TU 30km/h

	Modulation
	16QAM

	Coding
	1/2 Turbo coding

	Channel estimation
	perfect
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