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1. Introduction

In order to enable a good design of the E-MBMS channel and a proper choice of its various parameters, as well as the beta values for EESM link-to-system mapping, the ability to conduct adequate link-level simulations is central. This, in turn, requires a link-level channel model that captures the multipath richness arising from the SFN operation. (Besides E-MBMS, the need for such a link-level model extends to any other channel with SFN operation.) 

A discussion on link-level SFN channel modeling was initiated in [1]. In this contribution, we elaborate on the guidelines put forth in [1] focusing on 5-MHz macro-cellular (1.7-Km ISD) systems. We show that:

· A standard TU channel is insufficient to properly model the SFN behavior.

· The channel model should depend on the number of sectors being SFN combined.

· Models constructed on the basis of 3 TU clusters, with suitable relative delays and power levels, are good candidates for SFN link-level channel modeling.
2. Characterization of Multipath Richness in SFN Systems

One of the guidelines in [1] is to base the characterization of the link-level SFN model for MBMS only on those users whose geometry (average SINR) is in the vicinity of the worst 5%. These are the users that determine the performance sustainable with 95% coverage. Accordingly, throughout this contribution only those users within (1 dB of the 5% value of the geometry cumulative distribution are considered (cf. Fig. 1). Henceforth, these are referred to as tail users. We concentrate on full 57-sector SFN combining, which departs the most from a single TU channel. A system simulator compliant with [2] is used. The simulation parameters are detailed in Table 1.

Table 1. System simulation parameters.

	Parameter
	Value

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	Number of used tones
	300

	Noise figure
	9 dB

	Channel model (per sector)
	TU 3 Km/h

	Number of transmit antennas
	1

	Number of receive antennas
	2

	Maximum receiver SNR
	30 dB

	Layout
	Hexagonal grid, 19 cells, 3 sectors per cell

	Inter-Site Distance (ISD)
	1.732 Km

	Minimum distance between UE and Node B
	35 m

	Sector antenna pattern
	70º sectored beam

	Path loss
	128.1 + 37.6 log10(d)

	Shadow fading standard deviation
	8 dB

	Shadow correlation between cells/sectors
	50% / 100%

	Penetration loss
	20 dB on all users

	Number of SFN-combined sectors
	57
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Figure 1. Tail users: geometries that are considered for the results in this contribution.
A first question to resolve is whether the tail users are found in specific locations or areas within each cell. We address this point in Fig. 2, which clearly evidences that that is not the case. Because of shadow fading, a large number of locations in the system can correspond to tail users.
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Figure 2. Density of sector locations within (1 dB of the 5% geometry cumulative distribution.
A good measure of the increase in multipath richness arising from the SFN operation can be obtained by evaluating the spread of the EESM equivalent SINR. This is the quantity that directly determines the FER performance, and its spread relates directly to the amount of diversity in the channel.

Fig. 3 depicts the density distributions of the EESM equivalent SINR, relative to its mean value, for tail users. The case of a full 57-sector SFN system, with a TU channel per sector, is compared with the case of a single TU channel. For each drop in the system simulator giving rise to a tail user, 1000 channel realizations where generated, each consisting of a separate TU channel from each of the 57 sectors. These 57 TU channels linearly combine at the receiver into a composite SFN channel. The EESM equivalent SINR over 300 tones of each such realization (normalized by its mean over the 1000 realizations) is stored. Similarly, the EESM equivalent SINR of a channel of the same exact geometry but with only a single TU multipath profile (also normalized by its mean over the 1000 realizations) is stored. The accumulation of both EESM equivalent SINRs over a large number of tail user drops yields the density distributions in Fig. 1.
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Figure 3. Density distributions of the EESM equivalent SINR relative to its mean value for tail users. Full 57-sector SFN system vs. single TU channel.

3. Cluster Modeling Approach

The most immediate approach to bridge the diversity gap evidenced between the composite SFN channel and a single TU channel is by using a channel model consisting of several TU clusters with suitable relative delays and power levels. In order to assess the number of clusters that may be needed in such an approach, Fig. 4 plots a histogram (taken over tail users) of the number of sectors whose power contribution at the receiver is less than 10 dB from that of the strongest sector. 

We see that, in most cases, between 2 and 4 sectors contribute most of the received power, although that sometimes stretches to 5, 6 or even 7. The most typical value is 3, which appears to be a reasonable number of clusters on which to build a link-level channel model. As starting point to study the feasibility of models consisting of 3 TU clusters, we consider the one in Table 2 where the relative delays and powers of the clusters were obtained by averaging (over tail users) the delays and powers of the 3 strongest sector contributions in full 57-sector simulations. A simplified version containing only the 2 strongest clusters (cf. Table 3) is further considered.

Table 2. Link model with 3 TU clusters.

	Cluster
	Delay (s)
	Power (dB)

	1
	0
	0

	2
	4
	-5

	3
	6.5
	-1.67


Table 3. Link model with 2 TU clusters.

	Cluster
	Delay (s)
	Power (dB)

	1
	0
	0

	2
	6.5
	-1.67
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Figure 4. Number of sectors (out of 57) whose power contribution at the receiver is less than 10 dB below that of the strongest.

[image: image5.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

-10 -8 -6 -4 -2 0 2 4 6 8 10

EESM Displacement (dB)

Density Distribution

3 TU Clusters SFN-57

2 TU Clusters


Figure 5. Density distributions of the EESM equivalent SINR relative to its mean value for tail users. Full 57-sector SFN system vs. 3-cluster and 2-cluster models.
It can be seen from Fig. 5 that 3 TU clusters suffice to achieve an EESM equivalent SINR spread that perfectly matches the one for 57-sector SFN combining. The model with 2 TU clusters is also markedly better than a single TU channel, albeit noticeably different from the full SFN reference. 

4. Link-level Performance Comparisons

To further validate and compare the various channels, in this section we present some link-level simulation results obtained in accordance with Table 4.

Table 4. Link-level simulation parameters.

	Parameter
	Value

	TTI
	0.5 ms

	Channel Estimation
	Perfect

	Coding
	Turbo code

	MCS
	QPSK rates 1/3, ½ and 2/3

	Speed
	3 Km/h

	Number of transmit antennas
	1

	Number of receive antennas
	2


Fig. 6 shows the FER vs. geometry (average SNR) curve for a single TU channel alongside those obtained using the cluster models in Tables 2-3. At FER=1%, the 3-cluster model shows a 2-dB improvement over a single TU channel, the same amount by which the 3-cluster model differed from the full SFN channel in terms if EESM equivalent SNR spread. This seems to indicate that, indeed, the 3-cluster model has effectively bridged the gap between the single TU channel and the full SFN one. The 2-cluster model is about 0.5 dB away from the 3-cluster one, indicating it is still short by that much in terms of diversity. Again, this is consistent with the difference in EESM equivalent SINR spread in Fig. 4.
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Figure 6. FER vs. geometry for QPSK 1/3, ½ and 2/3. Single TU channel vs. 3-cluster and 2-cluster models.
5. Conclusions

In this contribution, we have shown that:

· A standard TU channel is insufficient to properly model the SFN behavior.

· Valid link-level models can be constructed on the basis of several TU clusters with suitable relative delays and power levels. The number of such clusters, in turn, should depend on the number of sectors being SFN combined.

· For full 57-sector SFN combining, 3 clusters suffice.

· For SFN systems involving the combination of a smaller number of sectors, simpler 2-cluster models may be acceptable.
6. References

[1] Draft discussion paper on “Channel Models for SFN based E-MBMS”, Qualcomm Europe, Motorola, Ericsson, TI, 3GPP RAN1 LTE adhoc, Cannes, June 2006.

[2] 3GPP TR 25.814 V7.0.0 (2006-06), Physical layer aspects for evolved Universal Terrestrial Radio Access (UTRA), Rel. 7.




























_1217659894.doc
[image: image1.emf]

0







0.5







1







-5







0







5







10







15







20







25







30







Geometry (dB)







Cumulative Distribution







SFN-57







5% Geometry 







+/- 1 dB












