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1  Introduction

The channel model requirements for the next generation radio propagation channels are defined mainly based on two separate factors:

· Scenarios from the environment and user perspectives
· Technology components to provide the required services
The scenarios are not handled here. This document is concentrated on the technology components like higher frequencies and wider bandwidths, together with much larger array antennas in terms of number of elements and in terms of physical size with respect to the wavelength. 

There are already many documents that list requirements for the new channel model including the email discussion done in the reflector after the September 2015 kick–off meeting [1], METIS report [2] or SIG White Paper [3], just a few to mention. This contribution discusses some of those requirements according to the relevance. Throughout the document the requirements are discussed comparing the 3GPP 3D model [4], which is here referred to as the stochastic model, and the map–based model [5]. In this discussion the possible combination of map–based + stochastic model is not elaborated, though such a combination may overcome many difficulties the single models have. A combined model is presented in cite [6].  
2  Requirements
2.1 Requirements Presented in Literature

There are plenty of lists of requirements for the next generation radio propagation channel presented. The next table is a combination of lists from documents [2], [3] and [7]. Note that the listing in [3] states that no–one of the included requirements is fulfilled in the 3GPP 3D channel model for frequencies above 6 GHz. The green symbol  means that the item is ok and the red symbol  means either the model does not fulfil the requirement or is not known how to implement. The column naming is straightforward; 3GPP 3D refers to the current 3GPP 3D model, Stochastic Extended is the extension of the current 3GPP 3D model for frequencies above 6 GHz including new requirements from the next generation radio and the column Map–Based to the map–based model in [2] or [3]. The source column indicates with letters where the line item is taken from; w refers to the white paper [3], m refers to the deliverable [2] and i refers to [7]. 
	Requirement
	Source
	Current 3GPP 3D 
	Map–Based
	Comments

	Scenarios

· Support of new scenarios 
	wm
	
	
	

	Frequency range
· 0.5 GHz – 100 GHz
· Consistency of channel model parameters between different frequency bands
	wm
	


	

	(see Sect 2.2)


	Bandwidth
· ~100 MHz BW for below 6 GHz, 2 GHz BW for above 6 GHz
	w
	
	
	 

	Spatially consistent

· Spatial consistency of LSPs with fixed BS

· Spatial consistency of LSPs with arbitrary Tx / Rx locations (D2D / V2V)

· Fair comparison of different network topologies

· Spatial consistency of SSPs
· UDN / MU Consistency
· Distributed antennas and extremely large arrays

· Dynamic channel (smooth evolution of SSPs and LSPs)
	wmi
	












	






	(see Sect 2.4)


	Extremely large arrays beyond stationarity interval

· Spherical waves

· High angular resolution down to 1 degree (beamforming)
· Accurate modelling of Laplacian PAS

· Very large arrays beyond consistency interval

· Polarization characteristics of antennas 
	wmi
	








	





	(see Sect 2.3)
(see Sect 2.3 & 2.4)
Lapl. approx. not needed in map-based
(see Sect 2.3)
(see Sect 2.5.2)

	Dual mobility

· Dual Doppler

· Dual angle of arrival (AoA)

· Dual Antenna Pattern (mobile antenna pattern at both ends of the link)

· Arbitrary UE height (e.g. different floors)

· Spatially consistent multi-dimensional map
	wm
	








	




	(see Sect 2.4.2)

	LOS probability 

· Spatially consistent LOS probability / LOS existence
	w
	
	
	(see Sect 2.4.1)

	Specular and diffuse propagation

· Reflection

· Scattering

· Diffraction
	wm
	




	


	(see Sect 2.5.1)

(see Sect 2.5.1), map​-based contains diffuse

                          type scattering (surface tile)

	Path calculation
· Frequency dependent path loss model

· Multiple NLOS cases
· Frequency dependence of number of paths 
	wm
	



	


	3GPP 3D only up to 6 GHz


	Shadowing / Blockage
· Log-normal shadowing

· Body shadowing
· Blockage modelling
	wmi
	



	


	(see Sect 2.8)
(see Sect 2.8)

	Drop concept 
· Block stationarity
	w
	
	
	APs and UEs can be dropped on the map of the map-based model and virtual motion can be supported.

	Correlation 
· LSP correlation
	w
	
	
	(see Sect 2.4.2)

	Mesh networks
	wm
	
	
	3GPP 3D is designed mainly for cellular deployment

	Dynamic modelling (non-stationary)

· Real motion 

· Massive MIMO

· Multiuser MIMO
	wmi
	




	


	(see Sect 2.3)
(see Sect 2.3)

	Compatibility

· Backward compatibility

· Computational complexity
	w
	

	


	(see Sect 2.7)
(see Sect 2.6)


2.2 Spectrum Related Requirements
The World Radiocommunication Conference (WRC) in its Resolution COM6/20 [8] invited ITU-R to study the frequency range between 24.25 GHz and 86 GHz for IMT-2020, i.e. for the 5G purposes. On the other hand, it is widely recognized that the bandwidth for the new services shall be high compared to the current systems. These above–mentioned high frequencies make it possible to reserve very wide service bandwidth. Possibly also several bands are reserved. Thus the model to be used has to be wide in the sense of bandwidth; it should be also frequency dependent, i.e. reflect properly and consistently variation of propagation channel effects across frequency bands. Either option (a band with very high bandwidth or several bands) is well–managed in the map–based model because all the interactions as well resulting path losses are defined in frequency dependent format. 
It is separately stated that the above–mentioned is valid also for models below 6 GHz and above 6 GHz. The one and the same map–based model works for both lower and higher frequency ranges. There propagation effect like reflection, diffraction, scattering and blocking are modelled with well-established text book formulas covering the full range of frequency bands of interest.
The existing empirical path loss models can be extended to millimetre waves. It is possible to parameterize the existing GSCMs to a higher frequency band with extensive radio channel measurement campaigns sampling the range of frequency bands. However, a method to continuously and consistently parameterize other dimensions of a GSCM to a wide frequency range has not been introduced. Here is given a simplified example to illustrate the claim. One can measure and extract, e.g., Ricean K-factor and all other parameters (about 50 of them) for, e.g., 30 GHz and 60 GHz. A method to interpolate or otherwise determine parameters for 45 GHz is not available, to the knowledge of the authors. Direct linear interpolation is probably not appropriate, because all parameters are not expected to be linearly dependent on frequency. 
2.3 Large Antenna Arrays and Massive MIMO
Current channel models assume plane wave propagation and confined antenna array size, i.e. the propagation characteristics are same over the antenna dimensions. Only phase difference is caused due to different locations of antenna elements and direction of arrival/departure. This doesn’t support very large antenna arrays experiencing varying shadowing across array elements as well as varying delay and angular behaviour due to non–planar waves. Further, in current GSCMs the structure of clusters with 20 equal gain sub-paths may give too optimistic simulation results with massive MIMO when the sub–paths are resolvable in the angular domain as shown in Section 5.11 of [2]. An improvement to the latter problem is sketched in Section D14.1 of [2] but all its details are not resolved.
Both the above mentioned issues are solved in the map–based model. Channel parameters can be calculated consistently to different antenna locations of a very large array and non–stationary path parameters are supported. All interaction points, as well as Tx and Rx antenna elements, have coordinates and spherical waves in three-dimensional space are inherently accounted for.

2.4 Mobility and Spatial Consistency 

The ITU–R document [7] states further that the upcoming channel model has to support non–stationary characteristics of the propagation channel arising from UE motion and non–stationary environment (e.g. moving people causing communication link attenuation or full blockage). 
An evident increment to the current modelling is to allow both link ends to move. While the stochastic model is drop–based — scattering environment is randomly created for each link — the performance of spatial techniques like MU–MIMO is exaggerated because the model assumes independent scatterers also in the case of nearby mobiles. The problem for the consistency with traditional GSCMs models is that it is difficult to achieve because neither cluster locations nor visibility regions are defined. The map–based model as a deterministic model with a global coordinate system overcomes this difficulty. 
The term spatial consistency means that the channel evolves smoothly without discontinuities when the TX and/or RX moves or turns. It also means that channel characteristics are similar in closely located links, e.g. two close-by UEs seen by the same base station. 
2.4.1 LOS/NLOS condition

Channel models characterize many dimensions and phenomena of the radio channel. Unquestionably the most important quantity on a link performance is the received power level. This quantity is mostly affected by the overall pathloss. Empirical pathloss models are typically defined separately to LOS and NLOS conditions. Usually LOS condition provides higher Rx power, i.e. lower pathloss, compared to NLOS condition. Thus the condition whether the link is in LOS or in NLOS has a high impact on performance. 

In the GSCMs LOS/NLOS condition is drawn randomly utilizing given LOS probability distribution. This method doesn’t provide spatially consistent LOS/NLOS condition for different links. In the map-based model variation of LOS/NLOS and transition to and from LOS are consistently modelled by a map.

2.4.2 Dual mobility and correlation of channel parameters

Consistent modelling of closely located links is a challenge. In a GSCM for cellular systems, where one end of the link is always fixed, auto- and cross-correlation properties of large scale parameters, e.g. shadowing can be modelled by pre-calculating a look-up table, with desired distribution and correlation characteristics, to indicate the parameter value in each point of the simulated area. In dual mobility when both ends of the link can be at arbitrary locations or can be moving, the size of a look-up table would make this approach unfeasible. The mentioned characteristics are inherently supported by the map–based model without any excessive generation multidimensional correlated random parameter sets.
2.5 Propagation related requirements

2.5.1 Diffuse versus specular scattering

Due to the higher bandwidth and higher number of antennas both delay and spatial resolution of the receiver increases. Stochastic model assumes fixed angle of arrival/departure (AOA/AOD) with certain angular spread. The model assumes diffuse scattering, and mirror–like specular reflection is ignored. It is necessary to clarify the dominant propagation effects and differentiate between diffuse and specular scattering. It is evident that the directivity of the future wireless systems will increase indicating that the scattering topic is of high importance. In the map–based model any scattering type is implemented. 
In GSCMs all clusters have fixed positions in terms of angle of arrival and departure. The map​​–based model naturally supports specular reflection, where the reflection point moves along Tx and/or Rx motion. Realistic modelling of moving paths, due to moving reflection points, may be important in evaluating beamforming techniques and tracking. Furthermore, specular reflection may carry substantial amount of signal energy on millimetre wave frequencies. 
2.5.2 Polarisation 

The performance of MIMO systems depends strongly on correlation between the antenna branches on transmitter and receiver. In the largely used channel models (GSCM) the polarisation characteristics of the antennas are modelled correctly with radiation patterns. Also the modelling of cross–polarization power ratios with probability distributions is adequate in GSCM and based on measurements. However there is inaccuracy with the change of the polarisation state in the propagation (called also mode conversion in electromagnetics theory). The statistical approach for the signalling polarisation is — as the name says — random. And this means that the accuracy of the system simulation is far from the ideal. For example if a Tx antenna transmits 45( slanted linearly polarized signal GSCM will model all paths, except LOS, with a random elliptical polarization. This occurs because of random phase terms of the 2x2 polarization matrix. In reality propagation interactions necessarily don’t change the polarization state this dramatically.
In the electromagnetic propagation the mode conversion occurs in the interaction with the media. Regarding the radio channels the interactions are reflections, scatterings and diffractions. In the map–based model the mode conversion is taken into account and thus a multi stream (MIMO) communication system is well–simulated. 
2.6 Complexity vs. Accuracy
Simulations of wide range of propagation scenarios and network topologies set different requirements to model accuracy and complexity. For example, a massive sensor network may be based on very simple transceivers with one antenna each. For that case the model can be simplified in angular domain. On the contrary, angular information is crucial in massive MIMO simulations but the number of radio links in one simulation is limited. Therefore, the trade–off has to be decided depending on the simulation requirements or test case. 

The complexity is especially important in the context of map–based modelling because for good accuracy it is computationally heavy without appropriate simplifications and/or methods to speed–up the calculation. The main computational challenge is to define the so–called paths or links between the transceivers. A path may contain multiple interactions, i.e. reflection, scattering or diffraction points. The accuracy is better with higher number of interactions, i.e. higher number of paths. The user of a map–based software may, however, decide the degree of interactions based on the case. The second way to speed–up the calculation is to use special techniques like the propagation graphs [10]. It is intended for cases where the propagation environment is rich and thus high number of paths should be resolved for good accuracy, especially for the tail part of the impulse response. 
It should be noted also that the complexity question is in some details in favour to the map–based model. The cross–correlations needed for the 3GPP 3D model are a long list; see the table 7.3-6 in the technical report 
2.7 Backward Compatibility
Many companies in the email discussion expressed their concern about the backward compatibility due to the simulation tools. The introduction of a new modelling methodology means changes to the simulation process. This is maybe the main argument against the map–based model. 
The new channel modelling methodology is a compromise for various factors. The existing 3GPP model has some extensibility to the higher frequency bands up to 100 GHz [3] but as seen in the table above there is a significant amount of requirements not fulfilled. Thus the penalty to emphasize the backward compatibility is the lack of features and lower accuracy in the remaining items. It has been almost unanimously visioned that the coming next generation radio need not be specified backward compatible. Thus the requirement of backward compatibility of corresponding channel model is a heavy burden and not in line with the ideas on the RAT (radio access technology) specification. 
2.8 Blockage Modelling
The ray blockage is largely recognized as one of the topics needed to take into account in the new channel model. It is expected that because of small wavelength the susceptibility to blockage for the obstacles like humans looks significant. Burning through such obstacles is not a viable option. Thus any model must have some means of steering around the obstacles. 
Current GSCMs contain shadowing only as a log–normally distributed random process. They support neither static nor dynamic (time variant) shadowing/blocking due to obstacles. The map–based model enables blocking by objects. The shadowing is calculated based on the knife–edge diffraction. There the effect, being based on blocking of a path due to motion of Tx/Rx/the object, is time variant and consistent in space. For example, close by UEs may be blocked consistently by the same object. See the proposal of blocking model included in the map–based model in [11]. 
3  Conclusion

This paper has listed in the table format a large list of next generation channel modelling requirements taken from the reference documents. These are then reflected to the 3GPP 3D and map–based models. After the table some of the requirements are elaborated in more details. The analysis indicates that the use of the stochastic approach only would lead to a channel model that is mostly not fulfilling the requirements. Therefore, the better option is to turn to the approach where the map–based model is the baseline and later meetings to study the option for the hybrid modelling. 

Proposal: Analysis indicates that the stochastic channel modelling approach misses large part of the essential technical next generation radio technology requirements. The map–based modelling approach fulfils these requirements. 
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