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1. Introduction

Candidate IMT-Advanced Radio Interface Technologies should be evaluated using specific guidelines provided by the ITU [1]. These guidelines include a set of test environments (indoor, microcellular, base coverage urban, and high speed), each represented by a deployment scenario (indoor hotspot, urban micro-cell, urban macro-cell, and rural macro-cell). The deployment scenarios are characterized by e.g. different inter-site distances and propagation models. 

In order to enable meaningful analyses of performance results for these scenarios, and eventually agree on representative performance figures for LTE, it is important that the deployment scenarios are implemented in the same way by all involved parties.  To facilitate this, this paper provides some basic radio characteristics for the different deployment scenarios. More specifically, coupling loss and downlink wideband SINR (‘geometry’) results are presented, both as distributions over users and as a function of distance to the serving base station. 
2. The ITU IMT-Advanced Deployment Scenarios

A summary of some parameters relevant for the purpose of this paper is provided in Table 1. Note that this is a selected sub-set of the parameters in [1]. 
3. Additional Models and Assumptions

In order to generate the desired results, some additional assumptions on items not covered by ITU guidelines are necessary. These are presented in Table 2. Some comments on these assumptions follow below.
The handover margin is implemented such that that a random cell is selected from a subset of cells with pathgains within 1dB from the best cell.

The assumption on uncorrelated fading and LoS between sites is based on the reference to the WINNER II [2] channel model in M.2135 [1] , section 1.3.2.1, step 4: “Generate correlated large scale parameters, i.e. delay spread, angular spreads, Ricean K factor and shadow fading term like explained in § 3.3.1 (Correlations between large scale parameters) of reference*”, where * points to the WINNER II channel model [2]. In turn, § 3.3.1 of [2] reads: 

“Correlation properties of links from the same MS to multiple BSs (inter-site) were investigated in Phase I of WINNER project [WIN1D54]. The results showed rather high correlation for one measurement route and quite low for another. The amount of measurement data was limited, so that we could not specify correlation other than zero. 

The inter-site correlation of shadowing fading is also investigated in the literature for the outdoor macrocell scenarios: in [Gud91],[PCH01] and [WL02], the authors proposed that the inter-site correlation is a function of the angle between BSs directions being seen from the MS (q ); while in [Sau99] author studied the dependence of the inter-site correlation on the distance between BSs, BS d . Although some correlations could be found in the references afore, the results could not show clear correlation behaviour between different BS:s. Although we also believe that such correlation most probably exists in many scenarios, at least between Base Stations near each other, at this point we decided to let the correlation be modelled as zero.”

Finally, the in-car penetration loss experienced by a terminal, which is log-normally distributed N(9,5), is assumed to be the same to/from all base stations, i.e., one single random number per mobile terminal is drawn.
Table 1. ITU deployment scenarios.
	Test environment
	Indoor
	Microcellular
	Base coverage urban
	High speed

	Deployment scenario
	Indoor hotspot scenario
	Urban micro-cell scenario
	Urban macro-cell scenario
	Rural macro-cell scenario

	BS antenna height
	6 m, mounted on ceiling
	10 m, below rooftop
	25 m, above rooftop
	35 m, above rooftop

	Total BS Tx power
	24 dBm for 40 MHz,
21 dBm for 20 MHz
	41 dBm for 10 MHz, 44 dBm for 20 MHz
	46 dBm for 10 MHz, 49 dBm for 20 MHz
	46 dBm for 10 MHz, 49 dBm for 20 MHz

	Terminal power class
	21 dBm
	24 dBm
	24 dBm
	24 dBm

	Minimum distance 
	>= 3 m
	>= 10 m
	>= 25 m
	>= 35 m

	Carrier frequency
	3.4 GHz
	2.5 GHz
	2 GHz
	800 MHz

	Outdoor to indoor loss
	N.A.
	See M.2135, Annex 1, Table A1-2
	N.A.
	N.A.

	Outdoor to in-car loss
	N.A.
	N.A.
	9 dB (LN, 
σ = 5 dB)
	9 dB (LN, 
σ = 5 dB)

	Layout
	Indoor floor
	Hexagonal grid
	Hexagonal grid
	Hexagonal grid

	Inter-site distance
	60 m
	200 m
	500 m
	1 732 m

	User distribution
	Uniform
	Uniform, 50% indoor, 50% outdoor 
	Uniform, 100% in vehicles
	Uniform, 100% in high-speed vehicles

	BS noise figure
	5 dB
	5 dB
	5 dB
	5 dB

	UT noise figure
	7 dB
	7 dB
	7 dB
	7 dB

	BS max antenna gain 
	0 dBi
	17 dBi
	17 dBi
	17 dBi

	BS antenna pattern parameters
	omni
	Horizontal: (3dB( 70º and Am = 20 dB 
Vertical: (3dB ( 15º and Am = 20 dB
Combined: Am = 20 dB

	UT antenna gain
	0 dBi
	0 dBi
	0 dBi
	0 dBi

	Simulation bandwidth
	20 + 20 MHz (FDD), 
40 MHz (TDD)
	10 + 10 MHz (FDD), 
20 MHz (TDD)
	10 + 10 MHz (FDD), 
20 MHz (TDD)
	10 + 10 MHz (FDD), 
20 MHz (TDD)

	Number of users per cell
	10
	10
	10
	10

	LoS probability
	max(0.5,min(1,exp(-(d-18)/27)))
	min(18./d,1).*(1-exp(-d/36))+exp(-d/36)
	min(18./d,1).*(1-exp(-d/63))+exp(-d/63)
	min(1,exp(-(d-10)/200))

	LoS Pathloss and shadow fading
	43.43+1.69*10*log10(d)
σ = 3dB
	35.96+2.2*10*log10(d)
σ = 3dB (outdoor)

σ = 7dB (indoor)
	34.02+2.2*10*log10(d)
σ = 4dB
	See M.2135

	Non-LoS pathloss and shadow fading
	22.13+4.33*10*log10(d)
σ = 4dB
	33.05+3.67*10*log10(d)
σ = 4dB (outdoor)

σ = 7dB (indoor)
	19.56+3.91*10*log10(d)
σ = 6dB
	See M.2135


Table 2. Additional models and assumptions
	Test environment
	Indoor
	Microcellular
	Base coverage urban
	High speed

	Deployment scenario
	Indoor hotspot scenario
	Urban micro-cell scenario
	Urban macro-cell scenario
	Rural macro-cell scenario

	BS antenna downtilt
	0º
	12º electrical
0º mechanical
	12º electrical
0º mechanical
	6º electrical
0º mechanical

	Handover margin 
	1dB
	1dB
	1dB
	1dB

	SF and LoS correlation between sites
	0
	0
	0
	0

	BS feeder loss
	2dB
	2dB
	2dB
	2dB

	User distribution
	Re-drop users within minimum distance
	Re-drop users within minimum distance
	Re-drop users within minimum distance
	Re-drop users within minimum distance


4. Results

Coupling loss and downlink wideband SINR results for the different deployment scenarios are presented in Figures 1-8. For reference, results for 3GPP case 1 are presented in Figures 9-10. Coupling loss is defined as the difference between transmitted and received power, and hence includes feeder loss, antenna gain, path loss, indoor- or in-car loss, and effects of shadow fading. Note that multi-path fading effects are not considered.   
A few comments about the results:
1. In the urban Micro scenario, It is not completely obvious from the ITU guidelines whether LoS pathloss is possible for indoor users (intuitively LoS to the building). Table A-1.3 states the LoS pathloss is “for outdoor users only”, but Table A-1.2 and note 3 indicate that the ‘through-wall’ loss should be added to the basic outdoor pathloss of the urban micro scenario, which can be both LoS and non-LoS. Discussions with the authors of the guidelines point to that the latter interpretation is correct, and that LoS propagation for indoor users is possible. Here results are presented for both interpretations, see Figure 2 and Figure 4. 

2. In general, users with LoS can be very far from the serving base station. This is especially evident in the indoor scenario, where there is a subset of users in the corner of the building connected to the base station at the other end of the building. 

3. Results with both the ITU 3D antenna model and a 2D antenna (no vertical pattern, same horizontal pattern and maximum gain) are presented. With the ITU BS antenna model, there is a subset of users close to the base station with very low SINR (about -3dB), see e.g. Figure 6. These are users below the main vertical lobe. Because of the common maximum attenuation (20dB) in all directions outside the main lobe, interference from each of the two neighbor sectors is as strong the desired signal, and the signal-to-interference ratio becomes ½ or -3dB.
5. Summary

It is proposed that:

· 3GPP members presenting simulation results for the ITU deployment scenarios should check that they produce the same (or very similar) basic results, e.g. coupling loss and wideband SINR, and later also e.g. spectrum efficiency results for basic system configurations.

· A set of assumptions complementing the ITU guidelines, enabling comparable results, are agreed in 3GPP RAN1. 
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Figure 1. Indoor hotspot.
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Figure 2. Urban Micro, 2D antenna.
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Figure 3. Urban Micro, 3D antenna.
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Figure 4. Urban Micro, 2D antenna, no LoS propagation to indoor users.
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Figure 5. Urban Macro, 2D antenna.
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Figure 6. Urban Macro, 3D antenna.
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Figure 7. Rural Macro, 2D antenna.
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Figure 8. Rural Macro, 3D antenna.
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Figure 9. 3GPP Case 1, 2D antenna.
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Figure 10. 3GPP Case 1, 3GPP 3D antenna.














































