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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN Plenary#69, it was agreed that 3GPP would need to study performance and feasibility of using high frequency spectrum above 6 GHz for further evolution beyond LTE-Advanced and for technology advancement towards 5G [1]. The aim is to develop a channel model to enable feasibility study and developing framework of using high frequency spectrum ranging from 6 GHz to 100 GHz. In addition, possible implication of the new channel model on the existing 3D channel model for below 6 GHz should also be considered. In [2][3][4], we have analyzed the scenarios, requirements and key new features that should be studied in 5G channel model, in order to more accurately describe the radio propagation characteristics of 5G system.
In this contribution, we further analyze the spatial consistency feature and its potential impact on the overall system performance.  

Spatial consistency
Spatial consistency means 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. The current most commonly used channel models are drop based, which means that the scattering environment is randomly created for each link. Therefore, the corresponding performance of spatial techniques like MU-MIMO is exaggerated, which is not the case in reality. Furthermore, as the density of links is expected to increase, it is even more important to model these links in a consistent manner. It is also useful to support mobility and beam tracking evaluation.
When two users (or a single user in two different time instants) are located nearby, they may see partially the same clusters. Figure 1 illustrates that kind of situation: all three users share the same elevation of departure (EoD). Random angle of elevation per user would lead to overoptimistic simulation results. Therefore, we need more deterministic angle of elevation – or at least a methodology for creating shared clusters for the stochastic model.
[image: ]
Figure 1 – Multiple users share the same cluster (same elevation angle of departure).
Another example is shown in Figure 2. The 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 leads to non-physical situation, and too optimistic MU-MIMO throughput evaluations.
[image: ]
Figure 2 – The problem of independent clusters of nearby users.
The following simulation clarifies the impact of spatial consistency on MU performance. The simulation was done with two different channel model: A stochastic channel model, and a METIS map-based channel model. With stochastic channel model, the path angles per user are random. With map-based model, the path angles are calculated from the geometry. The map based simulation shows a strong impact of the distance between UEs on the system performance. The simulations used the following assumptions: Number of base station antennas NTX = 256, carrier frequency = 30 GHz, number of users NUE = 4, channel rank per UE = 2. The results are shown in Figure 3. The importance of spatial consistency is obvious.
[image: ]
Figure 3 – Achievable data rate with and without spatial consistency.
Additionally, a ray tracing simulation was done with a commercial ray tracing tool Wireless Insight, provided by Remcom. The scenario is shown in Figure 4. The transmitter (Tx) is located in the bottom of the figure, and the receiver (Rx) between the buildings. The Tx has 200 elements (but we consider only one of them), and the Rx has 100 elements (but we consider only two of them, namely elements #1 and #50). Both of them are uniform linear arrays (ULA) with constant half wavelength element spacing. The frequency is 3.5 GHz. The impulse responses (Figure 5) and frequency responses (Figure 6) are slightly different. The differences are not only due to random phases of multipath components, but also the positions of path delays are different.
[image: ]
Figure 4 – Ray tracing scenario.
[image: ]
Figure 5 – Impulse response.
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Figure 6 – Frequency response.

[bookmark: _GoBack]In summary, we propose,
Proposal: Spatial consistency should be studied in 5G channel model.

[bookmark: _Ref129681832]Conclusions
In this contribution, we analyzed the spatial consistency feature and its potential impact on the overall system performance, based on which the following proposal was drawn.
Proposal: Spatial consistency should be studied in 5G channel model.
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