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1 Background

There have been some discussions in RAN1 regarding delay spread and possible channel models for MBSFN deployment. Simulations of a network in [1] indicate that the delay spread is dominated by network cell dimension rather than channel type. The median RMS delay spread varies from 2 (s in 1 km radius cells to 20 (s in 10 km radius cells.
Another analysis of delay spread vs. inter-site distance in [2] indicate that the 95th percentile of delay spread does note exceed 27 (s. This is taken as a rationale for a proposed 33 (s channel estimation window.
This contribution brings further analysis of the topic of channel models for MBSFN and also proposes what such models could look like.
2 Analysis
Similarly to what is done in [1], a simulated multi-cell layout is used to derive statistics for delay spread in an MBMS Single Frequency network. Both an Urban and a Rural scenario are studied, with the following parameters used.
Urban scenario:
· 37.6*log(d) path loss

· 8 dB shadow fading, inter-site correlation 0.5

· ITU Pedestrian B channel model

· ISD = 500m, hexagonal pattern of 1321 omnidirectional sites in a circular area with 10 km radius

· 1000 users uniformly distributed in a 3x3 km area

Rural scenario:
· 34.1*log(d) path loss

· 8 dB shadow fading, inter-site correlation 0.5

· Rural Area (GSM 05.05) channel model

· ISD = 5000m, hexagonal pattern of 365 omnidirectional sites in a circular area with 50 km radius

· 1000 users uniformly distributed in a 30x30 km area

The resulting delay profiles are taken from the simulations and analysed as summarised in Figures 1 to 3. Figure 1 shows the distribution of RMS delay spread over the users in the MBSFN deployment. Another way of measuring the delay spread is the delay window size and number of taps needed to capture 90% of the power. Figure 2 illustrates the distribution if Delay Window needed to capture 90% of the power. Similarly, Figure 3 shows the number of rake fingers needed to capture 90% of the power.
Some basic observations can be made from the analysis:
· The RMS delay spread for the rural scenario roughly matches the result in [1] for the same Inter-site Distance (ISD) of 5000m. The system analysed in this contribution is larger (50 km radius) than in [1], which probably explains the slightly higher delay spread observed.
· In terms of cell size vs. delay spread, the results also matched [2] quite well.

· It is noted that the rural scenario is much more challenging than the urban. Cell size is the critical parameter, as also observed in [1].

· A relevant channel model for the rural case based on the analysis presented here would have around 10-30 taps spread over 15-40 microseconds in order to capture a sufficient part of the energy.
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Figure 1 RMS Delay Spread distribution
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Figure 2 Distribution of Delay Window needed for 90% Power capture.
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Figure 3 Distribution of number of fingers needed for 90% Power capture.
3 Proposed Rural Area delay profiles 

Two example channel models were derived from the Rural Area case simulated above – one with medium delay spread and one with high delay spread.

The medium delay spread profile is taken from the simulated Rural Area profile realization corresponding to the 50% value in the RMS delay spread distribution. The 30 strongest taps were extracted from that realization and normalized to the strongest tap. The resulting 30-tap channel model is listed in Table 1 and it has an RMS delay spread of 10.2 (s. Note that the delay spread is lower than the 50% value in Figure 1 (13 (s) since the model is truncated to the 30 strongest taps.
Table 1 Medium delay spread Rural MBSFN channel model.
	Tap delay 
[(s]
	Relative power [dB]

	0.0
	     0

	0.3
	    -8

	0.5
	   -16

	9.6
	   -10

	9.9
	   -17

	11.5
	   -24

	12.0
	   -25

	14.8
	   -25

	15.1
	   -28

	15.4
	   -28

	16.7
	    -8

	16.9
	   -16

	17.2
	   -24

	22.1
	   -24

	22.7
	   -18

	26.3
	   -25

	28.4
	   -21

	28.6
	   -24

	32.0
	   -21

	33.3
	   -26

	33.6
	   -28

	37.2
	   -26

	37.5
	   -26

	37.8
	   -27

	39.8
	   -27

	40.4
	   -27

	43.0
	   -25

	48.7
	   -28

	98.7
	   -28

	103.9
	   -23


The high delay spread profile is taken from the simulated Rural Area profile realization corresponding to the 90% value in the RMS delay spread distribution. The 30 strongest taps were extracted from that realization and normalized to the strongest tap. The resulting 30-tap channel model is listed in Table 2 and it has an RMS delay spread of 15.3 (s. Note that the delay spread is lower than the 90% value in Figure 1 (20 (s) since the model is truncated to the 30 strongest taps.
Table 2 High delay spread Rural MBSFN channel model.
	Tap delay 
[(s]
	Relative power [dB]

	0.0
	    -3

	0.3
	   -11

	0.5
	   -19

	1.3
	     0

	1.6
	    -8

	2.6
	    -6

	2.9
	   -13

	9.6
	   -10

	10.9
	   -12

	11.2
	   -14

	15.6
	   -16

	16.1
	   -19

	16.7
	   -12

	18.5
	   -18

	18.8
	   -20

	25.0
	   -13

	25.3
	   -21

	26.0
	   -20

	26.8
	    -8

	27.1
	   -16

	31.5
	   -18

	41.1
	   -21

	43.5
	   -19

	43.8
	   -18

	44.0
	   -21

	46.4
	   -20

	49.5
	   -20

	54.9
	   -20

	56.3
	   -17

	103.9
	   -15


4 Summary

This contribution has shown an analysis of delay profiles for Urban and Rural area based on simulations of a multi-cell network. Two example Rural Area models were derived based on the results.
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