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1. [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. At the RAN1#84 meeting, channel modeling requirements were discussed and agreed in [2]. It was proposed jointly by 10 companies in [9] that a list of additional features should be reflected in the new channel model. Then it was merged into the WF on channel methodologies [10] which was cosourced and supported by 27 companies. It was accepted as a working assumption [3] with only the last bullet being added to include the investigation of detailed modeling for map-based, stochastic or hybrid methodologies. Both the proposals in [2] and [3] agreed that extension of existing 3GPP 3D model with spatial consistency should be considered.  This is useful to support massive MIMO, mobility and beam tracking. In the joint proposal [8], three alternative approaches are discussed for spatial consistency.
In this contribution, we identify the required features of spatial consistency, and verify the geometry stochastic approach in [8] with measurements and simulations.
2. Required Features of Spatial Consistency
Spatial consistency means that channel realizations including large-scale parameters (LSPs) and small-scale parameters (SSPs) would need to vary in a continuous and realistic manner as a function of position in geometry. Two features of spatial consistency are important. Firstly, user equipments (UEs) sharing similar locations should have correlated LSPs, and the LSPs should be crucially dependent on UE’s position instead of random allocation in each drop as done in 3GPP 3D model. Moreover, the path loss including shadow fading should vary smoothly as UE moves in geometry, even in a drop duration. This is particularly important to the evaluation of multiuser MIMO or multiuser beam-forming techniques. Secondly, SSPs in a drop (e.g. angle, power, and delay) should be dynamically changing with position. More accurately, the new model realizes time-variant angles and cluster death and birth as UE is moving which is important to evaluate mobility and beam tracking for 5G communications.
The first feature is straightforward and is actually accepted in [2]. In order to support the second feature, channel measurements are taken in a street canyon in Chengdu city. The real scenario and the scenario map are shown in Fig. 1. Both transmitter and receiver are in bore-of-sight range, i.e. LOS channels. Dense measurements with distance interval of 0.2 m are taken in a range of 2.8 m. 
    
Fig. 1 The street canyon in Chengdu, real scenario (left) and the scenario map (right)

The channel sounders are configured as follows. The carrier frequency is 73GHz with bandwidth 2GHz. The transmitter is 6 m high and the receiver is 1.8 m high. Antenna horns are used for both transmitter and receiver. The Half-power beam width (HPBW) of the transmit horn and receiver horn in azimuth are 55o and 10o, and 10o and 10o in zenith, respectively. Transmitter horn is fixed to 0o in azimuth and -10o in zenith. Receiver horn sweeps horizontal direction with 5o, and -5o, 0o in vertical direction. Antenna pattern is decoupled from channel during data processing.
[image: ][image: ]
Fig. 2 The route vs sub-path delay (left) and  sub-path AoA (right)

The route vs sub-path delay (left) and sub-path AoA (right) is shown in Fig. 2. Five points, whose delay are in around 325o and power is very low, are excluded from the figure. Observation is that the sub-path delays are drifting with distance but relative delay is still constant. Some sub-paths are disappearing or newly appearing between two neighboring position. This means that relative delay of cluster can be modelled as a constant value in a drop, but cluster birth and death is necessary in modelling.
The angle resolution is 5o due to the limits of channel sounder. Observation is that the angles of every sub-path are changing smoothly. The changing rate of strong sub-path (red points) is in range of 2o ~ 5o per meter. Weak sub-path (blue points) has similar changing rate as the strong sub-path. This means that cluster angles should be time-variant as UE moves.
Proposal 1: UEs sharing close-by locations should have correlated LSPs including path loss and shadow fading. SSPs in a drop (e.g. angle, power, and delay) should be dynamically changed with position including time-variant angles and cluster death and birth.

3. Spatial Consistency Model
Geometry based stochastic approach for spatial consistency might be the suitable solution to extend 3GPP 3D model with small changes. The modified procedures for the new model based on 3GPP 3D model in [4] is summarized as follows. 
· 3GPP model step 1 and 2: Pre-compute the LSPs for each grid, grid shape can be rectangular with side length of spatial consistent distance. See sub-section 3-C.
· 3GPP model step 3 and 4: Every UE takes the LSPs of the grid that the UE locates. See sub-section 3-C. Calculate the path loss based on UE’s position. See sub-section 3-A and 3-B.
· 3GPP model step 5: Add the decision of cluster birth and death. If yes, take the procedure of cluster birth and death in sub-section 3-E.
· 3GPP model step 11: Update the angles based on sub-section 3-D at the beginning of the step.
A. Geometry position

Geometry positions of UE, scatters, and BS are the fundamental information of 3GPP 3D model, and are fixed in a drop. Actually the position of UE is time variant as UE is moving. Suppose the moving speed of UE is v and moving direction is  in global coordination system (GCS), the position of UE at time t is given by

,						(1)


where  is the distance between BS and UE at previous time t0. Notice that the time interval  can be a sub-frame duration as used in 3GPP.
B. Time-variant Path loss
The path loss is crucially depending on the position of UE or distance between BS and UE. Since BS’s position is fixed at XBS = (0, 0, hBS)T, the distance between BS and UE at time t is

.										(2)
With the path loss model for above 6 GHz or 3GPP path model for sub-6GHz, the path loss at time t can be updated accordingly. The correlated shadow fading in different positions are discussed in section 7.2.1 in 3GPP 3D model [4]. The correlated shadow fading is given by

, 								(3)

where , dcor is the correlation distance of shadow fading, F1 and F2 are the shadow fading allocated in two neighboring grids.
C. Position-based Large-scale Parameters (LSPs)
3GPP 3D model allocate LSPs randomly for each UE. Two UEs may have much different LSPs although they are close in locations. The fact is the LSPs of the two UEs should be similar which leads to channel impulse response with high correlation. In order to circulate the problem, we divide each cell under a BS’s coverage into multiple grids. Each grid is spatial consistent in sense of large-scale fading characteristics. Each grid is configured with a set of LSPs following the given probability density function defined in 3GPP 3D model. Grid centre is assumed as the location in calculating LSPs. In the step to generate the LSPs for a UE channel, it firstly checks which grid the UE locates, and then take the LSPs of the corresponding grid to the UE channel. In this way, UE sharing the same grid will have the same LSPs. 


Fig. 3 LSPs generation procedure

Fig. 3 illustrates the procedure to generate LSPs where red texts are the new steps based on 3GPP 3D model [4]. Notice that the grid-based LSPs are calculated only once and are saved as a table. Most LSPs of UEs are taken from the table. Thus, the computational complexity of LSPs is lower than 3GPP 3D model.
D. Time-variant Angle
Variant angles are introduced for each ray including azimuth angle of departure and arrival (AoD, AoA) and zenith angle of departure and arrival (ZoD, ZoA) in [5] [6]. Since UE’s position at time t is available, the angles can be updated with transmitter and receiver information in the global coordination system (GCS). Linear approximation is an efficient way to reduce complexity with acceptable errors. The linear method for variant angles are generally formulated as [5]

,						 (4)

where the sub-index “Angle” represents AoA, AoD, ZoA, or ZoD in 3GPP 3D model.  is the slope which describes the changing ratio of time-varying angles. For LOS cluster, the expression of AoD and ZoD slopes are given by [5]

,		 					     (5a)

.		   					     (5b)
For NLOS cluster with one reflection ray, the model can be simplified by introducing a virtual UE which is the mirror image of UE based on the reflection surface. The simplified slopes in NLOS channel are given by [5]

	 						(6a)

	    						(6b)



where is the angle of the reflection surface and it can be deduced from the initial  and .
E. Cluster Birth and Death
Cluster birth and death are assumed to happen at the same time in order to keep a fixed number clusters as defined in 3GPP 3D model. Scatters are assumed to be independent with each other. In this sense, cluster birth and death can be modeled with Poisson process if looking the rate of cluster birth/death in time.  Accurately, the cluster birth/death will happen at time t with the probability

,								(7)
where t0 is the previous time that cluster birth/death happened. The model has single parameter λc which represents the average number of cluster birth/death per second, and hence is very simple in channel simulations. The single parameter λc is essentially depending on the number of birth/death in a spatial consistency distance and UE moving speed. For cluster death, the cluster selection can be based on the cluster power from weak to strong since weak cluster is easy to change [7]. For cluster birth, new cluster can copy the cluster (power, delay, and angles) from nearest grid. The priority of cluster selection is based on the cluster power from weak to strong. When UE is moving to the neighboring grid, the clusters will be replaced by the new clusters of neighboring grid gradually and hence keep spatial consistency in sense cluster.
Proposal 2: The geometry position of UE should be updated at each time even in a drop.
Proposal 3: The path loss should be updated based on the updated position of UE even in a drop.
Proposal 4: For correlated large-scale parameters, adopt the method in section 3-C.
Proposal 5: For the angles (AoA, AoD, ZoA, and ZoD) at each time, adopt the method in section 3-D.
Proposal 6: For cluster birth and death, adopt the method in section 3-E. 
4. Channel Model Simulations
In this section, we evaluate the extended 3GPP 3D model with spatial consistency by simulations. Since time-variant path loss is obvious, we focus on the channel realization without path loss. Assuming the correlation distance to be 10 m, the channel is configured as follows: channel LSPs are generated grid-wise where each grid covers a 10 m x 10 m area. Within each grid, the SSPs change only when cluster birth/death (c.f. Sec. 3-E) occurs. The angles of clusters will also change following the time-variant angle model in Sec. 3-D. When UE moves into a new grid, all channel parameters will be updated using LSPs in the new grid.
Fig. 4 illustrates the BS location and the UE trajectory. The BS is fixed at the (0; 0), and the UE is 25 m away from the BS initially. The UE moves a distance of 10 m and it goes from one grid to another. The scenario is an urban micro (UMi) LOS. For a clear elaboration, five clusters are assumed. In the following figures, the delays and AoAs are all shown in the cluster level.
Fig. 5 provides the delay of five clusters over all the distance. The color bar reflects the normalized cluster power in dB. It can be observed that the UE goes into a new grid when the distance is close to 4 m. Before that, the birth/death happens inside one grid. When the first birth/death happens, the weakest cluster disappears and a new cluster is generated using the weakest cluster from a neighboring grid. Then, the second birth/death happens, and the second weakest cluster is replaced by the second weakest cluster from the neighboring grid. When the UE goes into a new grid, the rest three clusters take a leap to the new clusters. A closer look can be found in Fig. 6 where the PDPs in the distances from 1-4 m are depicted. The four positions are given in Fig. 4, the corresponding PDPs in Fig. 6 clearly show the whole procedure. Introducing this birth/death method is able to display certain properties of the channel. There will be disappearance of clusters when UE moves and such disappearance happens more frequently for weak clusters. Borrowing neighboring clusters is to keep certain continuity of the channel. These properties agree with measurement results in Sec. 2.
[image: C:\Users\w43780\AppData\Roaming\eSpace_Desktop\UserData\w00238471\ReceiveFile\LoS_25m_layout_v1.png][image: C:\Users\w43780\AppData\Local\Temp\Rar$DI01.000\LoS_25m_Delays.png]
      Fig. 4 UE trajectories in the simulation            				Fig. 5 Delays vs. route
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Fig. 6 Power delay profiles (PDPs) at positions of interest 		   Fig. 7 AoAs vs. route

The AoAs of clusters over all the distance are shown in Fig. 7. When the birth/death happens, the angle jump also can be observed except for the LOS cluster. From Fig. 7, the main cluster changing rate is about 2.2o per meter, and the side clusters changing rate is 1.8o per meter on average, which is consistent with the measured results in Sec. 2. The results of NLOS scenario also show similar results to the LOS case. 
The impacts of time-variant angles and time-variant path loss to the channel characteristics are investigated in [6]. Results show that the time-variant angles and time-variant path loss achieve very similar channel characteristic in aspects of power spectrum density and probability distribution of channel coefficients.
The last but important result is that the increased computational complexity by the spatial consistency model is about 7% compared to 3GPP 3D model in sense of running time. Thus, the new model is suitable for performance evaluation in 3GPP. 

5. [bookmark: _Ref129681832]Conclusions
In this contribution, a geometry stochastic approach for spatial consistency is presented. Simulation results show that the approach can well match the observation in measurements, and the increased computational complexity is small. 
In order to support spatial consistency, the following proposals are proposed.
Proposal 1: UEs sharing close-by locations should have correlated LSPs including path loss and shadow fading. SSPs in a drop (e.g. angle, power, and delay) should be dynamically changing with position including time-variant angles and cluster death and birth.
Proposal 2: The geometry position of UE should be updated at each time even in a drop.
Proposal 3: The path loss should be updated based on the updated position of UE even in a drop.
Proposal 4: For correlated large-scale parameters, adopt the method in section 3-C.
Proposal 5: For the angles (AoA, AoD, ZoA, and ZoD) at each time, adopt the method in section 3-D.
Proposal 6: For cluster birth and death, adopt the method in section 3-E. 
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