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1. Introduction
The study on channel model for high frequency spectrum was agreed in RAN Plenary #69 [1]. The aim is to develop a channel model which enables both a feasibility study and the development of a framework for the use of high frequency spectrum ranging from 6 GHz to 100 GHz. The new channel model should cover a wide frequency range and support a wide bandwidth, be applicable to large antenna arrays, and support new features to be developed in a 5G system. The new channel model also needs to work side by side with the existing 3GPP channel model below 6 GHz [2]. Compared with the frequency range below 6 GHz, the higher frequency channel exhibits some new features, including attenuation due to foliage, rain and atmosphere absorption, blocking by objects (including the user’s own body), stronger spatial and temporal correlation [3]
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[5]. Many companies have expressed their opinions on modeling of these additional features in RAN1#84[6]
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[8]. In this contribution we discuss how to handle the blocking effect and spatial correlation in the channel model.
2. Blocking effect
Propagation at frequencies above 6 GHz  is more dependent on LOS or individual specular paths than diffusion. Consequently blocking by static objects (such as light poles, billboards, or houses) or moving objects (such as vehicles, people, or the user’s own body) becomes more prominent as the carrier frequency increases. Due to their very different nature, blocking by static objects and blocking by moving objects have different properties and affect the system performance differently. The system features targeting mitigation of these two kinds of blocking effects are also different. It is therefore necessary to treat them separately and build different models.
2.1.1. Blocking by static objects
Blocking by static objects can be modeled by incorporating such effects into shadow fading. Because in reality such blocking often casts a shadow in a given area, the spatial consistency needs to be properly modeled. The spatial correlation can be accounted for with proper correlation distances of the relevant channel parameters. Because different types of objects have different sizes, it is necessary to study whether such blocking can be modeled as a single random variable, or whether multiple random variables are needed. It is possible that small objects like light poles can be modeled by one random variable, and large objects like buildings can be modeled by another random variable, each with proper variance and correlation distance.  Because blocking always decreases the signal strength, it may be necessary to assign a negative mean to the corresponding Gaussian random variable. 
Proposal 1: Blocking by static objects can be modeled by at least one additional shadow fading term with a negative mean. It is FFS whether two random variable with different correlation distances shall be used to model blocking by different sized objects. 
2.1.2. Blocking by moving objects
Moving objects like vehicles on the street, pedestrians , or the user’s own body may block the LOS path or a significant specular path between the eNB and the UE and cause a significant drop of the received signal. This may temporarily degrade the user experience or even cause an outage. Such dynamic blocking should be properly modeled to allow proper system design to mitigate the negative effect.  It is important for assessing schemes like beam tracking, and inter-site and inter-frequency handovers. Fortunately because the distance between different cell sites is usually much larger than the correlation distance, inter-site correlation can be safely ignored. However because it is likely that the transmission in the mmW range will be used jointly with traditional low frequency (<6 GHz) channels, it is more important to model the intra-site, inter-frequency correlation in order to evaluate inter-frequency handovers.

Proposal 2: Blocking caused by moving objects shall be studied.

Proposal 3: Intra-site, inter-frequency correlation needs to be taken into account, including the correlation between above 6 GHz and below 6 GHz frequencies.   

Blocking can be very different in different scenarios even when caused by the same type of object.  For example, blocking due to by people walking may be different for indoor and outdoor scenarios. In small indoor space such as a small conference room, the person causing the blocking is typically close to the UE and moves at a slow speed, leading to blocking in the order of a second. In the outdoor scenarios, the person causing the blocking can be much far away and may move at a faster pace, causing a shorter blocking in a fraction of a second. The blocking caused by the user’s body, including user rotation, is likely to have different properties and should be modeled separately. Different models or different parameters need to be developed for different scenarios, even for the same type of moving object. Specific dynamic blocking scenarios can be determined to include duration, attenuation, and interval. These parameters can be drawn from relevant studies.  Blocking by moving objects can be classified into a few categories, as shown in the following table.

Table. 1 Blocking by moving objects and applicable scenarios.
	
	UMa
	UMi
	Indoor hotspot
	Indoor office space

	Moving vehicles
	Y
	Y
	N
	N

	Pedestrians
	Y
	Y
	Y
	Y

	User’s own body
	Y
	Y
	Y
	Y


Proposal 4: Define separate models for blocking caused by moving objects in different scenarios. 

Because of the transient nature of blocking by moving objects, it is important to model the dynamics, or the evolution of the channel with time. The birth/death process of specular paths and clusters could be important. However, it is very difficult to study such time varying process. An alternative is to design deterministic blocking process that can be used for simulating specific users. We believe it is FFS whether the birth/death process of specular paths and clusters need to be modeled.      
Proposal 5: It is FFS whether the birth/death process of specular paths and clusters need to be modeled.      
However, given the importance to model the blocking caused by moving objects, it is difficult to come up with a reasonable estimate of the probability of these events. Many of the studies were conducted in artificial environment with staged actors and do not represent the real world [7]
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[8]. Such probability is also highly scenario and location dependent, and differs greatly between a user standing by a busy street and a user in a quiet neighborhood. These events are transient in nature, and when looking in the (spatial-temporal) long term, represent only a very small probability. If an indoor user has his LOS path blocked on average once every 2 minutes, and every blocking lasts 1 second, this represents a probability of less than 1%. As a consequence, these transient effects may not cause significant degradation to the traditional performance metrics such as average cell throughput, delay, or even the 5 percentile performance. It may be best to study such effect in separate, specific simulations for individual UEs with typical blocking processes. Separate link level simulation targeting the behavior under the situation of dynamic blocking is more suitable than traditional system level simulation. 
Proposal 6: Define specific dynamic blocking scenarios for separate simulation of individual UEs.
3. Spatial consistency

Spatial consistency refers to the fact that the channel evolves continuously through time and space. This coincides with human intuition to the physical world in the large scale and has also been observed from numerous channel measurement campaigns[9]
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[11]. For a UE that moves through space, and for multiple adjacent UEs that are served by a same eNB simultaneously, it is important to capture the continuous evolution of the channel. Modeling spatial consistency is important when evaluating MU-MIMO capacity. Modeling spatial consistency properly is also important for large antenna array and distributed antennas. Spatial consistency can be measured by introducing spatial correlation into the channel parameters. As the cell size continues to shrink and the user density continues to rise, we will find more UEs within the channel correlation distance.  In 5G systems both high frequency carriers and carriers at frequencies below 6 GHz. are likely to be used jointly. The high frequency carrier provides high throughput, while the low frequency carrier provides support for high mobility, robustness through shadows and blocking, and possibly control signaling for the high frequency carrier. It is important to model the consistency between the high and low frequency carriers as well. 

Proposal 7: Spatial consistency shall be included in the channel model to capture the channel evolution through space, time and frequency.  

When evaluating schemes involving multiple cell sites, such as CoMP, inter-site CA and handover, the channel under study may involve multiple cell sites and multiple UE locations. To simulate the joint channels involving so many eNB and UE locations with the ray tracing method is extremely time and memory consuming and is thus impractical. Without resorting to ray-tracing method, spatial consistency can be introduced by incorporating proper cross-correlation between channel parameters during generation. We introduce a methodology for incorporating both cross-correlation of the channel parameters at a single UE site and spatial correlation of the channel parameters across multiple UE sites in two steps [10]. This method requires cross correlation between different eNBs, different UE locations and different channel parameter types. Simulation can be used to estimate these cross correlation parameters.

Assume a set of k parameters may be used to describe the channel between a UE and an eNB. To model the channels between one UE and m base stations, km parameters are necessary. Each of the m eNBs will be assigned k pre-generated maps of channel parameters. These N=km maps describe the k parameters for all possible UE locations for the m base stations in a Px × Py sized grid. For each UE location i, the autocorrelation matrix 
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between the N parameters can be computed from the UE location with respect to the m eNBs. When the inter-site correlation can be ignored, 
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is a block diagonal matrix.  After computing the Cholesky decomposition 
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is an iid column Gaussian random vector with zero mean and unit variance of length N. This procedure needs to be repeated Px × Py times to get the channel for all the UE locations. 

To introduce the spatial correlation between the Px × Py UE locations, a two dimensional filter h(x,y) is applied to each of the N parameters individually. Assuming that w(x, y) and Sw(fx, fy) are the desired spatially correlated data and the corresponding power spectral density, where 
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 the variance of the input parameter, the filter h(x, y) is given by 
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is the two-dimensional inverse Fourier transform function. 

This method is computationally effect and is scalable to large networks.
Proposal 8: Consider incorporating spatial consistency in the channel model with a two step approach. 
4. Conclusions
We have discussed possible approaches to model blocking and spatial correlation in the high frequency channel model. Blocking caused by static objects and by moving objects need to be modeled separately. We also presented a scalable methodology for incorporating spatial correlation in the stochastic model.    Our proposals are summarized as below:
Proposal 1: Blocking by static objects can be modeled by at least one additional shadow fading term with a negative mean. It is FFS whether two random variables with different correlation distances shall be used to model blocking by different sized objects.
Proposal 2: Blocking caused by moving objects shall be studied.

Proposal 3: Intra-site, inter-frequency correlation needs to be taken into account, including the correlation between above 6 GHz and below 6 GHz frequencies.   
Proposal 4: Define separate models for blocking caused by moving objects in different scenarios. 

Proposal 5: It is FFS whether the birth/death process of specular paths and clusters need to be modeled.      
Proposal 6: Define specific dynamic blocking scenarios for separate simulation of individual UEs.

Proposal 7: Spatial consistency shall be included in the channel model to capture the channel evolution through space, time and frequency.  
Proposal 8: Consider incorporating spatial consistency in the channel model with a two step approach. 
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