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1. Introduction
In a multicast/broadcast single frequency network (MBSFN), transmissions from individual cells combine to construct a single multipath channel from the network to the mobile device. This contribution presents multipath intensity profiles (MIPs) derived from system simulations for the ‘worst’ 5% and 10% of users (based on an SINR-related metric). These MIPs can be used to define the link level channel models needed for the comparison of reference signal structures.

2. Simulations

System parameters used in this contribution can be found below in Table 1. L1 parameters are detailed as the reference L1 parameters (RLP) in [1].

	Parameter
	Units
	Value

	Carrier Frequency
	MHz
	2000

	Inter Site Distance
	m
	1732 (Case 3)

	Bandwidth
	MHz
	5

	Penetration Loss (PL)
	dB
	20

	Cell Layout
	
	Hexagonal grid, 37 cell sites, 3 sectors per site

	Path Loss
	dB
	128.2 + 37.6log10(d(km))

	Lognormal Std Dev.
	dB
	8

	Inter-Site Shadow Corr. Coeff.
	
	0.5

	Intra-Site Shadow Corr. Coeff.
	
	1

	Channel Model
	
	Typical Urban (TU)

	BS transmit power
	dBm
	43

	BS # Antennas
	
	1

	BS Ant. Pattern
	
	LTE  - R1-050669, Table 2

	BS Ant. Gain
	dBi
	14

	BS Ant. 3dB Beamwidth
	degs
	70

	BS Ant. Front-Back Ratio
	dB
	20


Table 1 – System simulation parameters.

Figure 1 and Figure 2 show the average power of each arriving ray relative to the strongest arriving ray, versus delay in samples assuming a 7.68MHz sampling rate
. 

In order to obtain these figures 5000 users were dropped randomly within the inner two rings of the simulated network. Using the Mutual Information per Bit (MIB) for QPSK modulation as a ranking measure, the average power density profile was recorded for the worst 5% and 10% of users. Rays with average relative powers less than -30dB are assumed to be of negligible importance and were omitted. 
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Figure 1- Multipath Intensity Profile for worst 5% of users.
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Figure 2 - Multipath Intensity Profile for worst 10% of users.

Figure 1 and Figure 2 indicate a similar MIP for both the 5% and 10% worst users. Not surprisingly, the calculated root mean square delay spread is also similar with a value of 3.3s for the worst 5% of users and 3.2s for the worst 10% of users. It may therefore be sufficient to consider only a single MIP for MBSFN channel modeling.

3. Conclusion

The multipath intensity profiles for the worst 5% and 10% of users have been presented for the purpose of defining the channel model necessary for the comparison reference signal structures for E-MBMS MBSFN modes. The generated profiles are quite similar, indicating only one profile may be needed for the assessment.  MIP values of both sets are provided in tabulated form in the Appendix.
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5. Appendix: Channel MIP Tables

The channel MIP is tabulated below. Note that the ray powers in dB are normalized by the strength of the strongest ray and the ray delay is measured in samples assuming a 7.68MHz sampling rate.

                      Table 2  Tabulated MIP for worst 5% of users
	Ray Number (in Samples)
	Normalized Power (in dB)
	Ray Number (in Samples)
	Normalized Power (in dB)
	Ray Number (in Samples)
	Normalized Power (in dB)
	Ray Number (in Samples)
	Normalized Power (in dB)

	1
	-4.1998
	41
	-12.5639
	81
	-18.7115
	121
	-24.6797

	2
	-2.9579
	42
	-11.7492
	82
	-18.1522
	122
	-24.1117

	3
	0
	43
	-11.2308
	83
	-18.7571
	123
	-25.8517

	4
	-10.4715
	44
	-11.2027
	84
	-18.4679
	124
	-24.7006

	5
	-2.3076
	45
	-11.0884
	85
	-19.8660
	125
	-25.7177

	6
	-9.3122
	46
	-10.8654
	86
	-19.1563
	126
	-25.4927

	7
	-2.1676
	47
	-10.9675
	87
	-20.4099
	127
	-26.0465

	8
	-8.5879
	48
	-12.2839
	88
	-19.1918
	128
	-25.9084

	9
	-3.7752
	49
	-12.4815
	89
	-19.6841
	129
	-26.9180

	10
	-8.9369
	50
	-12.9108
	90
	-19.0806
	130
	-26.0257

	11
	-4.7989
	51
	-12.7816
	91
	-18.7996
	131
	-25.9554

	12
	-8.7350
	52
	-13.8760
	92
	-19.7925
	132
	-25.8450

	13
	-7.8664
	53
	-13.6114
	93
	-20.6519
	133
	-26.6715

	14
	-3.5730
	54
	-14.3129
	94
	-20.7494
	134
	-25.8900

	15
	-7.3303
	55
	-14.2931
	95
	-21.2169
	135
	-26.3147

	16
	-8.3191
	56
	-14.9656
	96
	-20.6817
	136
	-26.0725

	17
	-8.4451
	57
	-14.9273
	97
	-22.0608
	137
	-27.0912

	18
	-8.7578
	58
	-14.7391
	98
	-21.7264
	138
	-28.6020

	19
	-4.5352
	59
	-15.8632
	99
	-22.4354
	139
	-28.1002

	20
	-8.8972
	60
	-15.9860
	100
	-22.4530
	140
	-28.6367

	21
	-9.3760
	61
	-16.5278
	101
	-22.7235
	141
	-28.0829

	22
	-9.6634
	62
	-16.4444
	102
	-22.1983
	142
	-28.0119

	23
	-9.6066
	63
	-16.5125
	103
	-22.3813
	143
	-28.3695

	24
	-9.2260
	64
	-17.5057
	104
	-24.0406
	144
	-28.6676

	25
	-6.6093
	65
	-17.4181
	105
	-23.4327
	145
	-29.6592

	26
	-7.6377
	66
	-17.4234
	106
	-23.9205
	146
	-28.7870

	27
	-10.2235
	67
	-17.0395
	107
	-23.7698
	147
	-28.4492

	28
	-10.4262
	68
	-17.2420
	108
	-23.9674
	148
	-28.4301

	29
	-10.4009
	69
	-16.2871
	109
	-23.9048
	149
	-28.2544

	30
	-10.4556
	70
	-17.2543
	110
	-24.2372
	150
	-30.0206

	31
	-10.7503
	71
	-18.1229
	111
	-23.5343
	
	

	32
	-10.8305
	72
	-17.7864
	112
	-24.9358
	
	

	33
	-11.2691
	73
	-18.0091
	113
	-23.4640
	
	

	34
	-11.7712
	74
	-17.8775
	114
	-23.9411
	
	

	35
	-11.3495
	75
	-18.6838
	115
	-23.7669
	
	

	36
	-11.7571
	76
	-18.2274
	116
	-23.7122
	
	

	37
	-11.7238
	77
	-18.7937
	117
	-23.8428
	
	

	38
	-12.3685
	78
	-17.4174
	118
	-23.1288
	
	

	39
	-8.1136
	79
	-17.3580
	119
	-23.2461
	
	

	40
	-11.6659
	80
	-16.8732
	120
	-22.8698
	
	


                                   Table 3 Tabulated MIP for worst 10% of users
	Ray Number (in Samples)
	Normalized Power (in dB)
	Ray Number (in Samples)
	Normalized Power (in dB)
	Ray Number (in Samples)
	Normalized Power (in dB)
	Ray Number (in Samples)
	Normalized Power (in dB)

	1
	-4.1531
	41
	-12.9140
	81
	-19.2588
	121
	-25.3803

	2
	-3.0020
	42
	-12.7113
	82
	-19.6421
	122
	-25.4497

	3
	0
	43
	-12.4602
	83
	-19.0876
	123
	-25.9480

	4
	-11.3614
	44
	-11.9686
	84
	-19.8503
	124
	-25.7363

	5
	-2.2421
	45
	-11.9198
	85
	-20.1895
	125
	-26.6408

	6
	-10.1290
	46
	-11.7588
	86
	-19.9905
	126
	-26.6050

	7
	-2.3752
	47
	-12.1159
	87
	-20.2622
	127
	-27.1879

	8
	-9.4447
	48
	-13.2180
	88
	-20.2106
	128
	-27.3849

	9
	-3.9330
	49
	-13.4669
	89
	-20.0998
	129
	-27.9667

	10
	-9.3863
	50
	-13.8049
	90
	-20.1371
	130
	-27.1137

	11
	-5.1423
	51
	-13.9663
	91
	-19.5996
	131
	-26.8958

	12
	-9.4688
	52
	-14.5764
	92
	-21.0125
	132
	-26.9790

	13
	-9.6539
	53
	-14.7043
	93
	-21.3556
	133
	-28.2691

	14
	-3.8574
	54
	-15.5112
	94
	-21.6011
	134
	-27.2428

	15
	-9.4208
	55
	-15.4296
	95
	-21.6631
	135
	-27.5276

	16
	-9.7542
	56
	-15.8709
	96
	-21.9847
	136
	-26.9468

	17
	-10.3604
	57
	-15.8945
	97
	-22.7183
	137
	-28.6630

	18
	-10.4927
	58
	-15.6097
	98
	-22.8408
	138
	-28.7931

	19
	-5.1522
	59
	-17.3101
	99
	-23.1403
	139
	-29.5403

	20
	-10.4775
	60
	-16.9532
	100
	-23.6746
	140
	-28.9957

	21
	-10.4086
	61
	-17.1921
	101
	-23.0821
	141
	-29.3225

	22
	-10.4960
	62
	-17.0548
	102
	-23.3195
	142
	-28.8296

	23
	-10.4095
	63
	-16.7470
	103
	-23.4819
	143
	-29.1442

	24
	-10.5952
	64
	-17.2721
	104
	-24.8551
	144
	-30.1979

	25
	-6.7969
	65
	-17.9321
	105
	-24.8670
	145
	-30.6153

	26
	-8.2039
	66
	-17.7231
	106
	-24.6818
	146
	-30.4540

	27
	-10.9648
	67
	-17.4523
	107
	-24.5932
	147
	-29.8690

	28
	-11.3409
	68
	-17.7843
	108
	-24.2659
	148
	-30.1292

	29
	-11.6531
	69
	-17.2767
	109
	-24.7816
	149
	-30.1831

	30
	-11.3079
	70
	-18.3166
	110
	-24.5242
	150
	-31.5580

	31
	-12.0993
	71
	-18.4044
	111
	-24.9383
	
	

	32
	-11.7623
	72
	-18.1560
	112
	-24.9949
	
	

	33
	-12.4312
	73
	-18.5634
	113
	-24.6261
	
	

	34
	-12.4568
	74
	-18.9191
	114
	-24.5409
	
	

	35
	-12.6080
	75
	-18.8034
	115
	-24.6505
	
	

	36
	-12.8853
	76
	-19.2908
	116
	-24.5985
	
	

	37
	-13.1228
	77
	-19.1549
	117
	-24.9941
	
	

	38
	-13.2564
	78
	-18.3204
	118
	-24.1547
	
	

	39
	-8.4615
	79
	-18.2177
	119
	-24.0878
	
	

	40
	-12.8102
	80
	-18.2697
	120
	-24.3444
	
	






































� While chip spaced sampling does not allow full representation of the channel structure, the level of detail provided may be sufficient for sufficiently accurate comparison of downlink reference signal structures.
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