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1 Introduction

This contribution provides discussion on the physical propagation features for higher frequency bands according to measurements including aspects of path-loss, shadow fading, large and small scale parameters in the context of the measurement environment.  The proposal is to ensure that modelling tools are firmly based on measurements made in realistic deployment environments and including the typical practical physical propagation parameters of these environments.  

The 3GPP Spatial Channel Model (SCM) [1] and the ITU based model [2] [3] have been instrumental in the development and evaluation of technologies for LTE.  These models have provided modelling support for a number of developments including MIMO.  The recently developed 3D-UMi and 3D-UMa channel models have provided additional capability to include the elevation dimension to permit evaluations of multi dimensional antenna systems.  These previous channel models, however, were designed and evaluated for operation at frequencies up to about 6 GHz.  With the forthcoming availability of millimetre wave (mmWave) spectrum for mobile services, it is important for 3GPP to develop additional channel models that are validated for operation at frequencies above 6 GHz up to approximately 100 GHz.  The new models are necessary to ensure accurate performance evaluation of possible future technical specifications at these higher frequency bands and over a representative set of practical environments and scenarios of interest.

2 Propagation Zone modelling activities for 5G 
Extensive research is ongoing worldwide, to develop useful channel models for radio propagation at frequencies above 6 GHz (e.g. especially in bands near 28, 38, 60 and 73 GHz).  At these frequencies the radio wavelengths are of the order of the size of many objects in the environment and thus the details of the environment have a much more significant effect on the propagation characteristics than at lower frequencies.  Among the most influential elements to the propagation are metal features (e.g. door frames, lamp-posts, fixtures etc.) that reflect the millimetre waves.  Such objects are ubiquitous, but are largely invisible at longer wavelengths (i.e. below ~6 GHz). 

Extensive use of mmWave channels is expected for both indoor and outdoor scenarios for high traffic conditions.  It should be understood in developing channel models that, given that the propagation environment is not “free space” (i.e. there are no objects near along the path near the transmitter or receiver) then the propagation conditions are largely defined by the physical environment.  Hence a good understanding of the environment and its details are a necessary part of (accurate) channel propagation models.  Generally in this context it is expected that the mmWave radio bands are most practical for link ranges of ~100 metres or less due to RF power emission constraints and path-loss.  Here we discuss some of these physical environmental conditions and illustrate with some measurements and ray-tracing analysis.  The new propagation models must include not only path-loss and distance, but also maintain spatial consistency and accurately depict small scale temporal effects including delay and angle spread, etc.  

The following Table 1 provides a classification of the basic mmWave deployment scenarios and their propagation environment conditions and their nominal dimensional parameters.  The purpose of this table is to outline these environments with their generic dimensions.  The dimensions will affect the model parameters, particularly effects such as angle spreads (due to room sizes for example) and the delay spread (also due to distances to reflecting surfaces and objects in the environment).  The proximity to potential blockers and moving reflectors will also affect the dynamic blocking and reflecting conditions.  It has been observed in experiments, for example, that people and vehicles will typically act both as blockers and reflectors for mmWave radio signals and thus may both impede and improve transmission conditions. 
Table 1  Environmental parameters (for > 6 GHz generic - scenarios)
	Scenario
	Environment 

Typical UE height ~1.5 meters Above Ground Level (AGL) or Above Floor Level (AFL) when in-building.
	Dimensions/parameters        (typical)

	1) Long range (suburban)
	Outdoor
	ISD > 100 metres, BS height above rooftop.

	2) UMa (Urban macrocell)
	Outdoor
	ISD ~ 100 metres BS height at rooftop.

	3) UMi (Urban open square)
	Outdoor
	ISD < 100 metres BS height below rooftop.  Open area with typical traffic area width ~ 50 metres.

	4) UMi (Urban Microcell)
	Outdoor
	ISD < 100 metres BS height below rooftop typically street canyon width ~ 15 metres.

	5) UMi (O2I)
	Outdoor -> Indoor
	ISD < 100 metres BS height below rooftop plus building penetration/propagation loss.

	6) Indoor  office
	Indoor  (typical 1 floor)
	ISD ~ 10 metres, BS at ceiling or top of wall.  Open office, closed office, walls ~ 3 metre ceiling, 10 metre rooms.

	7) Indoor mall
	Indoor (typical multi-floor – atrium)
	ISD ~ 20 metres, typical multi-floor atrium, walls or ceiling mounted BS ~ 10 metre ceiling 25 metres areas irregular.

	8) Stadium
	Indoor (typical large volume) high ceiling or open top.  

May include concessions stands and parking/transit facilities 
	ISD ~ 20 meters large volume, high ceiling (or open).  High density seating and corridors.  High peak traffic volume.  Area ~100 metres dimension. Football field 100x70 metres plus parking/transit areas.


This table is illustrative, it does not necessarily imply that 8 or more models are required, but simply outlines that, across the variety of potential mmWave deployment scenarios, there are different characteristic environmental scenarios and these may influence the modelling parameters.  There may be more of less than 8 categories of model parameter suites.  One modelling option, for example could be a single “model” formula that includes some detailed dimensions for individual scenarios.  

Among the environment dimensions include the regions of Line of Sight (LOS) and non-Line of Sight (NLOS) conditions and the antenna heights of transmitters, receivers and blockers.  The regions being considered prime for 5G deployments above 6 GHz include UMa, UMi and indoor (home, office, mall/atrium, stadium).   The table shows some of the (general) dimensions in these areas.  Note that in all areas, of course, the ground is always an important environmental parameter (e.g. reflector) as it is everywhere.  Equally important are the walls of buildings or rooms.  Some rooms or corridors, for example provide a “wave-guide” like propagation environment with consequent low path-loss
.  However, other apparently similar rooms or corridors may exhibit no such preferential propagation as their walls are transparent to the mmWave signals (i.e. wood, glass or plaster-board material) and do not provide constructive reflections.  Windows may also be mmWave transparent or high attenuators depending on the reflective coatings that may be applied for building thermal control and fire protection.   Doors may also be reflective if constructed of metal or transmissive if made of wood, or attenuating if they contain layers of structural or fire retarding materials.  In the indoor environment ceilings also have a significant effect on the propagation environment, as does furniture and clutter in the room or people and vehicles outdoors.    

These observations highlight the efforts that are necessary in order to establish a new channel model that can be utilized for mmWave transmissions for 3GPP evolution.  As part of these efforts, important new scenarios and channel modelling are to be developed for 5G. This contribution encourages members to conduct measurement campaigns in a variety of scenarios that may assist in better developing a helpful 5G mmWave channel propagation model.  In effect the environmental classifications of Table 1 delineate a number of what may be considered generic physical zones for modelling the mmWave signal propagation.  
Many 3GPP members and other researchers have started and continue to conduct measurement campaigns, with the goal to collect various measurement data in various deployment scenarios and frequency bands and explore propagation characteristics for higher frequency.  These measurements have as their goal the characterization of pertinent channel model parameters in the typical scenarios of interest, including path-loss, LOS-NLOS transition, outdoor to indoor penetration loss, geometry-induced blockage, geometry-induced shadow fading, temporal shadow fading, and additional losses (atmosphere losses, small objects, foliage, etc.), angular, delay and dispersion characteristics.  The new 5G channel model should provide realistic and high accuracy radio propagation models with low computational complexity that are true to the physical effects of propagation in each scenario of propagation.
3 Channel modelling effects of propagation zones
3.1 Scenario physical propagation conditions
As a consequence of shorter wavelengths as the carrier frequency increases, the radio propagation must be modelled with an understanding and consideration of a number of physical effects that occur in the real environment.  A deployment scenario, perhaps involving up to a hundred meters of propagation transmission distance with short wavelengths, will encounter multiple different physical transmission effects.  It is helpful if these physical effects are understood and considered in the overall transmission model to accurately reflect the behaviour of the radio propagation in the environmental conditions.

It is helpful to consider the overall propagation in the context of different physical zones of propagation that may occur in the physical environment.  The overall propagation path may involve transit through multiple zones that may be categorised as follows (see also Figure 1):  
· Zone 1 (close range free space)  

Propagation is dominated by the direct path with few reflections as the transmitter and receiver are very close together.    (Note that often this condition doesn’t happen in the outdoor environments as the UE doesn’t typically get very closer to the base station antenna in relation to other elements of the environment due to antenna heights. But in the indoor environment, particularly the indoor office, direct close-range conditions may be a common occurrence for UE close to the BS. )  

· Zone 2 (LOS/scattered/waveguide) 

Propagation is dominated by the direct path and significant close reflections.    (This is a common propagation condition for most of the typical short and medium range paths for both indoor and outdoor scenarios.  The strong reinforcing reflections lead to better than “free space” path loss similar to within a wave-guide.)

· Zone 3 (NLOS/occulted//scattered) 

Propagation is mainly by the reflections with the direct path energy greatly diminished or occulted, and these are attenuated by distance.  (This is a common propagation condition for most of the path at longer ranges for both indoor and outdoor scenarios where there may be blockage.)

· Zone 4 (distant NLOS) 

Propagation is dominated by a small number of long paths that are either not occulted or are a result of a strong reflection. (This is a common propagation condition the longer ranges where the signals and reflections are weak.)  

· Zone 5 (too distant)

The illustration (Figure 1) also shows a fifth zone in which the signals have become too weak to be useful either through numerous multiple reflections, distance, corners or occultation.  In this zone communications is generally impractical.  (This is beyond the practical link budget limits.)
The LOS/NLOS and physical zones are defined by the geometry and dimensions of the deployment scenario.  Propagation may involve multiple physical environmental effects.  Some ranges (e.g. really close in) may involve only one zone (LOS).  In the NLOS, by definition, the received signals are a result of reflections from the environment and so will depend on dimensions and path lengths for angle of arrival and delay spread etc. parameters of the model.  If the model parameters are extracted from composite measurements across multiple scenarios of differing dimensional parameters, they will yield “averaged” parameters that may not be typical of any particular environment.  Measurements and the associated models should exhibit “spatial consistency” across common propagation conditions, but may shift markedly when transitioning between conditions (i.e. around corners or behind occulting objects).  In some physical zones, wide open spaces or absorbing materials may create a deficiency of reflections.  The parameters may also have temporal variation due to motion of UE or other things or people in the environment.  
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Figure 1. Illustration of multiple physical transmission effects
In each region there is always the possibility of physical blockage or occultation.  Because of the small wavelengths, many typical objects in the environment (e.g. people, furniture, machinery, office equipment, etc.) are of a size that they completely block the direct signal, leaving the receiver with little except whatever reflections that may be available.  This is shown in the illustration of Figure 1 as typically as Zone 3 or 4 but it may occur anywhere along the path.  Also in some instances, there may be penetration loss for signals into interior rooms or through walls.  In some physical zones, wide open spaces or absorbing materials may create a deficiency of reflections.  The zone size depends on the wavelength, the dimensions and details of the environment, and the antenna beam widths.  Not all zones may exist in every deployment environment or signal path.  Typically, the signal propagation may experience multiple physical effects on its propagation journey and so the “zones” may overlap in space.  It is helpful if measurement campaigns include some of the physical dimensions of the measurement area as these will help to compare the results of programs in similar scenarios of differing sizes.  

3.2 Scenario physical propagation conditions 

The following Figure 2 shows an indoor office scenario where measurements were made at 28 GHz and that illustrate the effects of different physical propagation zones.   The photos show a typical open office environment with walls, ceilings, glass partitions and windows.  Many metal reflectors exist in this environment including window/door frames and suspended light fixtures from the ceiling.  These all contribute to a heavy reflective propagation environment.  

In Figure 3 is shown the 28 GHz path loss measurements for LOS and NLOS locations in the office environment of  Figure 2.  The chart on the left of Figure 3 shows the LOS condition, and the propagation follows closely the expected 1/d2 path loss from 4-10 meters (i.e. zone 1).  Beyond that range (10-30 meters) the path loss deviates and is significantly better than the 1/d2 .  This is indicative of the multiple reinforcing reflections typical of the wave-guide effect (zone 2).  The chart on the right of Figure 3 shows the NLOS condition.  In this example a couple of measurement points (6-7 meters) are close to the LOS condition.  Beyond that the propagation is sharply attenuated beyond the 1/d2 path loss indicative of zone 4 propagation environment.  In these illustrations the “free space” (i.e. 1/d2) path loss is indicated as a dotted line.  From these measurement examples, it can also be observed that fitting a single line (“best-fit”) model through all of the measured points would not be a good representation of the actual propagation environment.  
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Figure 2. Illustration of layout of 28 GHz indoor measurement scenario
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Figure 3. Measured indoor propagation path loss for LOS and NLOS illustrating propagation zones

The measured environment of Figure 2 and Figure 3 show a propagation environment in which the propagation zones are distinguishable.   In many more common scenarios the physical propagation zones overlap and the zones overlap.   In Figure 4 and Figure 5 is illustrated a 73 GHz ray tracing analysis of a street canyon scenario (UMi) in which the physical propagation zones overlap.   

Figure 4 shows the street canyon propagation along a street of approximately 14 metre width and a length of about 72 meters with the transmitter sited at one end of the street.  Along the street, the building separation varies and there is an entrance to a side-street/court-yard at approximately half the total distance.  

Figure 5 shows the ray-tracing analysis of this street canyon scenario.  The propagation loss follows the “free space” line (1/d2 ) out to about 30 meters.  At about this distance the reflections from the walls become significant and the propagation deviates from the expected 1/d2.   Beyond about 40 metres,  the path loss samples spread out with some deviating with lower loss indicative of the wave-guide effect of the street canyon walls, and other samples deviating with higher loss indicative of destructive interference excess loss zone.   These are indicative of both zone 2 and 3 physical propagation environments.   The spreading of the measurements above and below the free-space line is the consequence of multiple physical propagation effects and this may not be well modelled with a simple “shadowing” variance parameter.  

In the illustration of Figure 5 we have also drawn a line at about 110 dB of path loss which is about 10 dB above the noise floor for a transmitter of 2 Watts EIRP and a bandwidth of 500 MHz.   This crosses the “free space” line at about 100 meters and may be helpful when considering link budgets for system coverage in these environments.  
[image: image4.png]



Figure 4. Illustration of ray-tracing outdoor street scenario
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Figure 5. Illustration of path loss determined from ray-tracing showing overlapping propagation zones

4 Summary
In this contribution, we have outlined various application scenarios for the channel model that will support 5G activities in bands above 6 GHz up to 100 GHz.   The scenario descriptions include a number of dimensions of the regions that may be useful to parameterize the channel models.   Illustrations are also shown of measurements and ray-tracing analysis illustrating the complexity of the effects of physical propagation zones on the propagation models.   It is noted that for example that many existing channel models include propagation zone breakpoints including free space, LOS and NLOS as well as categorisation based on scenario dimensions (InH, UMi, UMa etc).    
5 Conclusions
We propose that,
Proposal: 3GPP members are encouraged to conduct measurement campaigns in a variety of frequency bands, environments and scenarios that will enable the development of new channel models to address the 3GPP 5G multi-scenario deployments. 
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� due to multiple reflections combining at the receiver as in a metallic wave-guide.





