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1. Introduction
This contribution examines potential benefits from extending the intra-Node B unicast RS orthogonality principles [1] to MBSFN. RS orthogonality, and hence corresponding interference minimization, is in this case advantageous for UEs in Node Bs located at the edge of MBSFN service zones where adjacent Node Bs carry different data content. Figure 1 illustrates such an example where it is assumed that differently colored Node Bs transmit different data content. 
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Figure 1: MBSFN Groups of Node Bs and Service Areas
2. Orthogonal RS among Different MBSFN Zones
As UEs located at Node Bs at or near the border of different MBSFN zones experience interference from adjacent Node Bs carrying different data content, the operating SINR can become small as signals with different data contents constitute interference and they should obviously not be combined. More importantly, the interference on the desired RS from the RS transmitted by interfering Node Bs should be randomized or eliminated as it is critical for the MBSFN operation to obtain accurate channel estimates and avoid including incorrect channel components. For CDMA based systems, this is less of an issue as the channel estimate is obtained by averaging the scrambled RS over many chips, thereby sufficiently suppressing interference. This is not the case in EUTRA MBSFN as the corresponding averaging is over a small number of sub-carriers and OFDM symbols.

The above issue can be addressed through the straightforward extension to MBSFN zones of the existing intra-Node B orthogonal RS generation applied to unicast transmissions to avoid corresponding interference for UEs located near the border of two cells of the same Node B. As UEs located near the edge of one MBSFN service area typically experience dominant interference from at most two different service areas, the RS in each such SFN-MBMS area can simply be applied a phase shift as for the unicast case. Figure 2 repeats the unicast concept for the current MBSFN RS structure.
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Figure 2: Orthogonal MBSFN RS Structure for one Service Zone.
3. Performance Evaluation
The BLER performance with random and orthogonal RS scrambling codes is evaluated considering the usual 19 Node B layout where a UE experiences desired signal transmission only from its own Node B and another 9 Node Bs. The basic simulation assumptions are given in Table 1.
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 Node B sites, 3 cells per site

	Inter-site distance
	Case 1

	Bandwidth
	5 MHz (2.0 GHz)

	Channel Model
	TU

	MCS
	QPSK, r=1/2, 1/3

	Antenna Configuration
	1 x 2

	Channel Estimation
	Time Interpolation
	Averaging

	
	Frequency Interpolation
	Least Squares


Table 1: Simulation Assumptions Pilot Format Performance Evaluation.
Two approaches are considered to evaluate the MBSFN performance near the edge of a service zone. The first treats the interference as AWGN and obtains link level BLER curves. The second considers hundreds of random UE drops in the cell of interest, explicitly models the desired signal and interference and computes the BLER CDF for potential MCS as a measure for coverage.

As both the desired signal component and the interference a UE experiences depend on its location, the interference is abstracted as AWGN into the SINR term in order to quickly obtain BLER curves without having to consider hundreds of different drops. This provides optimistic results for the random RS scrambling case as dominant interfering channel profiles are omitted. The BLER is then obtained as the ensemble average over several UE drops to capture several multipaths profiles a UE may experience.
Figure 3 presents the BLER for RS with orthogonal and random scrambling. Depending on the operating SINR, orthogonal RS scrambling provides gains in the order of 1 dB. As these gains represent an average for AWGN-modeled interference, in many individual realizations the actual gains will be substantially larger.  
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Figure 3: BLER with Random and Orthogonal RS Scrambling.
Coverage results for certain MCS as shown in Figure 4. Assuming a target BLER of around 10% (and that an outer RS code brings the effective BLER below 1%), it can be observed that having orthogonal RS among MBSFN regions can improve the data rate. This is an obvious consequence from having approximately 1 dB at the link level.
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Figure 4: BLER CDF at Edge of an MBSFN Region with/out Orthogonal MBSFN RS .
4. Conclusions
This contribution examined the potential gains from extending the principle of intra-Node B RS orthogonality to MBSFN zones with different data content transmission. It is shown that having orthogonal RS scrambling provides gains in the order of 1 dB over random scrambling. These gains translate to supported data rate improvements for a given coverage and it is recommended that the intra Node B RS orthogonality is extended to MBSFN for different service zones.       
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