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1 Introduction

A Study Item (SI) to study channel models for frequency spectrum above 6 GHz was agreed in the RAN Plenary#69 meeting in Phoenix in September 2015 [1]. The aim of the SI is to develop a channel model to enable feasibility studies for 5G using high frequency spectrum ranging from 6 GHz to 100 GHz.  A further aim of the SI is to consider possible implications of the new channel model on the existing 3D channel model for below 6 GHz.
In the RAN1 #84 meeting, two Way Forwards were discussed in terms of requirements and scenarios for 5G channel model. In [2], several high level requirements for channel model were agreed. Additionally, in the same meeting, different channel model methodologies were compared [3]. That comparison concluded that none of the existing channel model is perfect for 5G studies. The same contribution also proposed further analysis and development on map-based, hybrid, and stochastic models. 

The agreed requirements for the channel model are as follows [2]:

· Channel model SI should take into account the outcome of RAN-level discussion in the ‘5G’ requirement study item

· Complexity in terms of Description, Generating channel coefficients, development complexity and Simulation time should be considered. 
· Support frequency range up to 100 GHz. 

· The critical path of the SI is 6 – 100 GHz

· Take care of mmW propagation aspects such as blocking and atmosphere attenuation.
· The model should be consistent in space, time and frequency
· Support large channel bandwidths (up to 10% of carrier frequency)

· Aim for the channel model to cover a range of coupling loss considering current typical cell sizes, e.g. up to km-range macro cells. Note: This is to enable investigation of the relevance of the 5G system using higher frequency bands to existing deployments.
· Accommodate UE mobility

· Mobile speed up to [500] km/h. 

· Develop a methodology considering that model extensions to D2D and V2V may be developed in future SI.
· Support large antenna arrays

3GPP 3D channel model [4] has been mentioned as a candidate for starting point in the channel model discussion, e.g., in [5] and [6] (including a list of essential features). The proposal [6] was taken as a working assumption. Contribution [7] in Malta analyzed the suitability of that framework into the 5G system simulations, and found 17 deficiencies from the 3GPP 3D channel model. This contribution focuses on the improvements related to the Deficiencies #4, #5, and #13:
· Deficiency #4: Spatial Consistency
· Deficiency #5: Large Array Support
· Deficiency #13: Drop Concept (Block Stationary Channel)
The deficiencies #4 and #5 are directly related to the agreed requirements (spatial consistency, large arrays). The deficiency #13 is important because of #4 and #5, and due to the working assumption (beam tracking). 

2 Background 
The working assumption [6] on channel model methodology in Malta meeting says following, among others:

· “The channel model in this SI should be based on the stochastic modeling methodology that is used for the 3D spatial channel model of TR 36.873, but with additional features >6GHz in the next page to fulfill the agreed requirements in R1-161142 and the agreed scenarios in R1-161145.”
· “Investigation of detailed modelling including map based or hybrid or stochastic methodologies for some scenarios, e.g., open square, indoor, is recommended.”
It also says that “The spatial consistency which involves the evolutionary features and the correlation of channels between adjacent UEs or links on the large and small scale. This is useful for support of massive MIMO, mobility and beam trackings”.
To emphasize the importance of the spatial consistency, we also refer to [8].

Figure 1 shows different directions how to achieve suitable 5G channel model into 3GPP. Different input material provides useful learning and information. Since it was proposed as working assumption to start from the 3GPP 3D model, and other good candidates are available as well, it is suggested that some useful input is taken from the available models.
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Figure 1. 3GPP 5G channel modeling.

As mentioned earlier, the existing 3GPP 3D channel model has some deficiencies. The deficiencies #4, #5, and #13 discussed in this paper are related to the GSCMs (like 3GPP 3D) only. For example, METIS map-based model is inherently spatially consistent, and it supports large array and dynamic simulations. To solve these three deficiencies of the 3GPP 3D model, fixing the physical locations of scatterers onto a map (2D or 3D coordinates) would be very beneficial. In other words, solving the deficiency #13 will solve the #4 and #5.
3 Improvements to the Framework

Let us consider a case of three users: A, B, and C (Figure 2). Users A and C are far away from each other. They may assume independent clusters. However, the users A and B are located nearby. The current 3GPP-3D model assumes independent small scale parameters (SSPs), which lead to non-physical situation, and too optimistic MU-MIMO throughput evaluations. Figure 3 illustrates the thinking of spatially consistent case in which all or some of the clusters are shared between nearby users.
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Figure 2. The problem of independent clusters of nearby users (current GSCM).
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Figure 3. Shared clusters (necessary improvement).

Since the users far away from each other (the users A and C from the example above) can see independent SSPs, they can be modeled independently. Figure 4 depicts the situation in which a high number of users are “dropped” onto a 2-dimensional map. Each user has a ring around, and the radius of that ring is equal to the correlation distance (or stationarity interval). If another user is located inside that ring, the spatial consistency has to be taken into account. Otherwise, current method of random SSPs is acceptable.
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Figure 4. Dropping of users.

In the case of nearby users, the clusters should be interpolated between the users. There are five “user centric” options and one “cluster-centric” option for that, namely.

User centric options a1-a5:
· Option a1: User B takes the N nearest clusters (N is the number of clusters defined per scenario)
· Option a2: User B takes the N strongest clusters (N is the number of clusters defined per scenario)
· Option a3: User B takes the clusters seen in the nearby area (constant maximum distance)

· Option a4: Percentage of overlap of the areas around the users defines the percentage of shared clusters

· Option a5: Linear interpolation of parameters between two user locations
Cluster centric option b1

· Option b1: User B sees the clusters if it is located in the visibility region of the cluster.
Proposal 1: User centric Option a2 (User B takes the N strongest clusters, N is the number of clusters defined per scenario) is selected as a working assumption..
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	a) User centric options
	b) Cluster centric options


Figure 5. User centric and cluster centric options.

The interpolation can be done along a route of the user, or based on a “grid”.
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	a) No grid: Calculate new cluster information at each route point separated by consistency interval. Interpolate clusters between the two route points.
	b) Grid model (GGSCM): Calculate new cluster information at each grid point. Interpolate clusters between the four grid points.


Figure 6. Interpolation along a route or between grid points.

Proposal 2: Grid model is selected as a working assumption.
In each method discussed in this section, the locations of the clusters have to be defined in (x,y) or (x,y,z) coordinations. In the case of single bounce, the cluster is located on the locus of an ellipse defined by AoA, AoD, and delay  (see Figure 7, SBC, single bounce cluster). In the case of multi-bounce, the same locus defines upper bound of the distance of the cluster, i.e. the cluster can be anywhere in the segment between Tx (or Rx) and the locus (see Figure 7, FBC/LBC, first/last bounce cluster). A distribution for that cluster location could be uniform between the two ends of said segment.
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Figure 7. Location of a cluster.

4 Conclusions
Different methodology approaches were discussed above. It is proposed that – if 3GPP 3D channel model is selected as starting point – the extensions include cluster interpolation between fixed grid points. Defining the cluster/scatterer physical location into a coordinate system will enable solution for the deficiencies #13 (drop concept/block stationary channel), #4 (spatial consistency), and #5 (large array support). RAN1 members are encouraged to perform further studies on the cluster locations and interpolation of clusters between the grid points.
Proposal 1: User centric Option a2 (User B takes the N strongest clusters, N is the number of clusters defined per scenario) is selected as a working assumption.

Proposal 2: Grid model is selected as a working assumption.
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