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1. Introduction
The text proposal agreed at the last meeting in Athens, on E-MBMS reference signal structure for TR 25.814 [1], states that the following approaches are to be considered to provide channel estimates of multi-cell MBMS transmission:
· Cell-common reference signals (transmitted only in the sub-frames in which MBMS is transmitted).
· Cell-specific reference signals, together with group scrambling (hereinafter called “cell-specific reference signals with GS”).
In multicast system, the performace of cell edge is more important, since all the UEs have to receive the same signals in general. The earlier simulation results show that each reference signal structure has approximately the same PER performance at cell edge with 10MHz bandwidth [3].
In this contribution, we have evaluated the 5MHz and 1.25MHz bandwidth case under the standard 19-cell network model. The simulation results indicate that the cell-specific reference signals with GS shows even better performance than cell-common reference signals as the bandwidth become narrower. Moreover, the cell-specific reference signals with GS is also robust against larger delay spread conditions [2]. From the view point of the above performance aspects, we strongly prefer cell-specific reference signals with GS.
2. Reference Signal Structure for MBMS
2.1 Basic structure and the principle of cell-specific reference signals together with group scrambling
In this section, we briefly explain our proposed reference signal structure: cell-specific reference signals together with group scrambling [2].
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Figure 1: Proposed reference signal structure for MBMS
Figure 1 and Figure 2 show a basic structure of group scrambling and the principle, respectively. As shown in Figure 1, sub-carriers on which MBMS data are transmitted are divided into several sub-carrier groups. Each sub-carrier group contains at least one reference symbol, and each reference symbol is scrambled with a cell-specific scrambling code. MBMS data in each group are also scrambled with the same cell-specific code as the one used for the reference symbol(s). More precisely, reference symbol(s) and MBMS data in each group are rotated by the same amount as that of the cell-specific scrambling code, as illustrated in Figure 2. We refer to this process as ‘group-scrambling’. Since the pilot and data in a group are multiplied by the same scrambling code, 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 pilots including the effect of channel responses, without de-scrambling or separation of each cell-specific code. In other words, the scrambling process is transparent to the UE.
Regarding channel estimation of this structure, frequency domain interpolation or averaging cannot be applied across different groups, since the “combined” scrambling code is actually unknown at the UE. In order to enable frequency domain averaging within a group, at least two reference symbols are needed per group[2][3]. In this case, reference symbols in the same group can be averaged or interpolated in the frequency domain to enhance channel estimation capability. This improves performance especially under large delay spread environments at the expense of an additional reference symbol overhead. The exact number of reference symbols and the position in each group are FFS.
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Figure 2: Group scrambling Procedure
The group scrambling process introduces additional transmit diversity gain compared to ‘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 decorrelates the effective channel responses among the sub-carrier group, especially ones in close proximity in the frequency domain. For instance, assuming the number of dominant cells are three, there will be 64 (relatively speaking, 16) possibilities of “composite” channel response at each sub-carrier group with quadri-phase scrambling code even if the channel is perfectly flat. This diversity can then be exploited by channel coding.
2.2 Robustness against narrow bandwidth
When the MBMS is operated with a narrow bandwidth, the performance of  ‘conventional’ MBMS with cell-common reference signals degrades due to poor frequency diversity gain. However, the proposed scheme still has a good performance and the loss in performance compared to the narrow bandwidth system is not as profound, due to its inherent transmit diversity gain.
2.3 Robustness against large delay spread
Cell-specific reference signals with GS is also robust against larger channel delay spreads. Under such conditions, frequency diversity gain can be increased in the case of cell-common reference signals as well. However these gains are offset as the channel estimation performance degrades due to a narrower coherent bandwidth. As a result, the BLER performance of cell-common reference signals eventually becomes worse as the delay spread increases. On the other hand, channel estimation is limited within a group by its nature in the case of the cell-specific reference signals with GS. As a result the BLER performance of cell-specific reference signals with GS remains almost unchanged under larger delay spread conditions.
2.4 Time domain interpolation
Time domain interpolation is applied to each sub-carrier group using cell-specific reference symbols in the adjacent uni-cast sub-frames, as shown in Figure 3. The performance further improves by means of enhanced channel estimation accuracy. Although such a time domain interpolation is not feasible in some cases, the cell-specific reference signals with GS is suitable when a carrier is shared between MBMS and uni-cast traffic.
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Figure 3: Time domain interpolation
3. Simulation Condition
We evaluated the cell edge performance of each reference signal structure under the conditions summarized in Table 1. In multicast system, each performance should be compared at the cell-edge, since it is more strict condition than cell-interior area where UE receiver can obtain a high signal to noise ratio. In general, the MBMS signals are transmitted with the power to satisfy the cell-edge UE. Similar to earlier contributions [3][4], we considered a multi-cell SFN environment. Therefore we used the same channel model as described in Table 2 in [3]. 
In order to compare the performance under the same reference signal overhead, each reference signal structure in this simulation is defined as shown in Figure 4. We considered the deployment scenario where a carrier was shared between MBMS and uni-cast traffic. Thus, in the case of cell-common reference signal, additional cell-specific reference signal is needed for cell-specific CQI measurement and channel estimation of the L1/L2 control channel. In order to perform these procedures reasonably, we employed 50% of the cell-specific reference signals used in uni-cast sub-frames [3]. Note that in the case of cell-specific reference signal with group scrambling, no additional cell-specific reference signal is needed. 

We used a different channel estimation method for each signal structure in the frequency domain. In the case of cell-common reference signal, we estimated channel responses using an averaging filter which was optimized for a certain delay spread. In the case of group scrambling, we estimated channel responses using interpolation among reference signals in each sub-carrier group. 
In general, we assumed that channel estimation was performed within one sub-frame, i.e. no time domain interpolation, for each structure for fair comparison. However, we also considered the time domain interpolation for our proposed structure as there are some cases in which interpolation across sub-frames can be applied.
Table 1: Simulation Parameters

	Basic parameters
	Table 7.1.1-1 of [1]

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	1732m, 500m

	System bandwidth
	5MHz, 1.25MHz

	Sub-carrier spacing
	15kHz

	CP length
	16.67us (Long CP)

	Data modulation
	16QAM

	Channel coding
	Turbo code (K=4, R=1/2)

Max-Log-Map decoding (8 iteration)

	Number of Rx antenna
	2

	FFT timing detection
	Ideal

	Pilot overhead
	11.1%

	Channel estimation
	Filter averaging [cell-common],
Linear interpolation [cell-specific w/ GS]

	Pilot power offset 
	3dB (compared to data symbol)

	Path model
	6-ray Typical Urban

	UE speed
	3km/h (fD=5.55Hz)
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Figure 4: Simulation assumption of each reference signal structure
4. Simulation Results

5MHz BW case
Figures 5 and 6 show the average BLER performance of MBMS data at the cell edge (i.e. position B as defined in [3]) with ISD set to 1732m and 500m, respectively. Each figure shows that the cell-specific reference signals with GS performs better than the cell-common scheme in a higher SNR region due to the additional diversity gain provided by group scrambling. For example, the difference of required average SNR at the averaged BLER of 10-2 is 0.8dB (ISD=1732m) and 0.5dB (ISD=500m). We also note that the BLER curves intersect in the lower SNR region as cell-specific reference signals with GS does not permit averaging channel estimates different groups.
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Figure 5: Simulation results (ISD=1732m, 5MHz BW)
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Figure 6: Simulation results (ISD=500m, 5MHz BW)

1.25MHz BW case
Figures 7 and 8 show the average BLER performance of MBMS data at the cell edge with ISD=1732m and 500m, respectively. The difference of required average SNR at the averaged BLER of 10-2 becomes larger than 5MHz bandwidth case. We can see that the cell-specific reference signals with GS is better than cell-common scheme by 1.5dB (both ISD=1732m and ISD=500m).
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Figure 7: Simulation results (ISD=1732m, 1.25MHz BW)
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Figure 8: Simulation results (ISD=500m, 1.25MHz BW)

With time domain interpolation
Figures 9 and 10 show the BLER performance under 5MHz BW when time domain interpolation is applied to channel estimates obtained in adjacent sub-frames. Except for time domain interpolation, simulation conditions are the same as those used to produce Figures 4 and 5. Simulation results confirm that the performance further improves by means of enhanced channel estimation accuracy.
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Figure 9: Simulation results (ISD=1732m, 5MHz BW, w/ time domain interpolation)
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Figure 10: Simulation results (ISD=500m, w/ time domain interpolation)

5. Conclusion

In this contribution, we have evaluated the performance of each reference signal structure included in the current version of TR 25.814 [1] for multi-cell MBMS transmission. We have demonstrated that cell-specific reference signals with group scrambling performs better than cell-common reference signals at the cell edge from the view point of the robustness against the narrower bandwidth and the larger delay spread.
TR 25.913 [5] which provides the requirements for MBMS, states that additional techniques to improve cell edge performance could be used. Therefore, we believe that both the cell-specific reference signals with group scrambling and the cell-common reference signals should be considered as promising candidates for multi-cell MBMS transmission.
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