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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the last meeting the way forward document on the channel temporal evolution R1-163480 [1] proposes a method for time evolution of delay and angles. The proposed method is some form of drifting of the cluster parameters delay, angle of arrival, zenith of arrival, angle of departure and zenith of departure. 

The method for the time evolution of angles was proposed for single interaction clusters in R1-161617 [3] and originally in Wang2015 [2]. In the way forward document [1] an adoption was proposed to be considered for a more general case. However, it appears this adoption heavily depends on the distance  and  corresponding to the 2D and 3D distances between BS and UE. In case of multiple interactions and large values of distance  and  the angular change, in particular at the UE, might be too small. 

In the following we present simulation results considering this method. From these results it is obvious that this method can only be used for a short distance travelled. In the way forward document (R1-163480) there is currently no proposal for the length of valid distance intervals.

[bookmark: _Ref450301853]Time Evolution Simulation of Way Forward (R1-163480)
We generate one drop for time instance  at a distance of 20 m and a second drop at 150m for a 3GPP 3D UMi LOS scenario to obtain the relevant LSP parameters and generate the delays and directions according to the original steps in 3GPP TR 36.873. We use the same random number initializations when generating the delays and directions, only the LSP are according to a spatially consistent map. We let the channel evolve according to the proposal in R1-163480 summarized below. 



We chose to use a velocity of 1m/s and a direction of 45 degrees. We plot the time/distance evolution of cluster delays and azimuth angles.

Note that from the above equation it is not clear if  and  are considered fixed or if they are updated with respect to the movement of the UE. In the following show some differences for those two cases. 
Time Evolution for m at 
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[bookmark: _Ref450814637]Figure 1: Cluster delays versus time with a velocity of 1m/s.
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[bookmark: _Ref450814645]Figure 2: Cluster angles for azimuth of departure and arrival versus time with a velocity of 1m/s. The distances  and  are kept fixed and are obtained only once for the inial drop.
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[bookmark: _Ref450301272]Figure 3: Cluster angles for azimuth of departure and arrival versus time with a velocity of 1m/s. Updating  and  for each time step.
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[bookmark: _Ref450814648]Figure 4: Cluster angle change rates of azimuth of departure and arrival versus time with a velocity of 1m/s stay constant with fixed distances  and  from the initial drop.
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[bookmark: _Ref450301275]Figure 5: Cluster angle change rates of azimuth of departure and arrival versus time with a velocity of 1m/s. Updating  and  for each time step.
Comparing Figure 2 and Figure 3 we clearly see the different behavior. We observe that for short  the effect on the change rate in Figure 5 is actually quite substantial where as in Figure 4 the change rate stays constant. 
We try to sketch the different behavior in Figure 6. 


[bookmark: _Ref450818927]Figure 6: Considering fixed angle change rates versus varying ones to fixed movement distances and the resulting “virtual” trajectories of the UE due to the mobility model. Note for large distances between BS and UE the difference will be negligible.

Note from Figure 3 and Figure 5 we see that the further we move, the angles start to be stabilizing and the change rates of the angles become smaller. This makes sense like in our case when the UE moves away from the BS. Although one might expect to move towards some of the scatterers. In this case the angle change rate should possibly increase, however, as  is only increasing in our simulations it appears this model can not captured this.

Proposal 1: Considering these results we may define a maximum distance of movement for the time evolution before a new spatially consistent realization is drawn. The max. movement maybe in the range of a few meters, e.g. 5m. This distance however may depend on the distance 

Time Evolution for m at  
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[bookmark: _Ref450133391]Figure 7: Cluster delays versus time with a velocity of 1m/s.
Apparent in Figure 7 is as well that the earliest component, corresponding to our LOS, coincides or maybe even crosses the delay of a cluster, depending on the initialization and moving directions. In case we simulate for a longer period this cluster may as well obtain a negative delay, meaning we would have approached the cluster and passed by it. For this case we would actually expect the angles to start changing more rapidly. However this is not visible in Figure 9. 
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[bookmark: _Ref450302520]Figure 8: Cluster azimuth of departure and arrival versus time with a velocity of 1m/s. Updating  and  for each time step.
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[bookmark: _Ref450299213]Figure 9: Difference of azimuth of departure and arrival versus time with a velocity of 1m/s. Updating  and  for each time step.
Note that the angle change rate is rather small, for this larger distances. We observe as well that even when updating the distances  and  for each time step the change rates are quite stable. Thus for large distances  the change rates can be considered constant for a larger moving distance. 
This indicates that the simulated cluster centers appear as well to be very far away from UE and BS. This is clear when looking at the proposed angular change rates of the way forward document R1-163480 [1] summarized in Section 2.
In particular for the UE, which would be placed surrounded be objects confined by the width of streets and squares, or via rooftop heights these change rates appear rather small for these larger distances. See further comments on that in Section 3.
[bookmark: _Ref450742612]Other Cluster Modeling Concepts
Although the concept of the clusters in the COST2100 channel model is not directly comparable to the 3GPP model. One thing to mention is that in the COST2100 a distinction between different types of clusters and how they are placed is done. 
For instance there is always a so called “local cluster” surrounding the UE. This cluster represents the scattering objects in the near vicinity around the UE. The size of this cluster is typically defined via the cluster delay spread. 
In the outdoor scenarios COST2100 defines additional clusters. The so called “single clusters” (single bounce). These are geometrically placed from BS side. The placement is via the angular spread at the BS by picking a random direction to the cluster and some exponentially distributed distance between the BS and the single cluster center. 
Additionally the so called “twin clusters” exist. These clusters appear to be somewhat similar to the concept in 3GPP except that they are actually defined via geometric locations. The twin clusters are typically considered in indoor environments. The placement is done similar to the single clusters except for the additional “twin” cluster placement from the UE side. The parameters of the exponential distribution of the distances from UE or BS to the cluster centers are somewhat similar. This leads to symmetry between the BS and UE cluster distances. 
Observation: The COST 2100 distinguishes between cluster types some of them might lead to very “asymmetric” behavior of distances between BS – cluster distances and UE – cluster distances. Considering Figure 10 this will lead to “asymmetric” angular changes at BS and UE. The current proposed method, however, will provide only symmetric angular changes.

Angular Change Rates
For this investigation we consider only the azimuth angular change rates for given distance ranges between the center of the antenna array and an interaction point. The interaction point might correspond to the center of a cluster seen from UE or BS or in case of the line of sight path the center of the other antenna array. The largest angular changes are to be obtained when the UE moves perpendicular to the direction towards the interaction point. In this case we obtain the angular change as

where  is the considered velocity,  the time interval, and  is the distance between the center of the array and the interaction point.
In our analysis we consider  m/s,  s as a normalized representation. We present in Figure 10 the curves for multiple distance ranges to provide an overview of the angular changes. 
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[bookmark: _Ref450566492]Figure 10: Angular change with respect to distance between antenna array center and interaction point (or for LOS between UE and BS array centers).

Proposed Modified Method to Accommodate Local Cluster alike Behavior

Proposal 2: Consider an asymmetric behavior for the angular changes to model local cluster angular change rates. 

For the angle changes at the BS we consider the same equations as previously proposed. 
		(1)
 		(2)
However, for the UE side we propose to follow somewhat the concept of the local cluster and utilize the cluster delays (excess delays) for the generation of the angle changes as:
 			(3)
 			(4)
where  is the speed of light and 
For the delay of the LOS component set the delay via the geometry.
Note the above equations are according to the new Tdoc “Dynamic modeling for time evolution” of Huawei presented in Meeting #85 and deviate from [1] and [3] in the arrival angles with a minus in front of the terms. 
Following the above proposal we present the results for the time varying AoA and AoD for the previous distances.

Time Evolution for m at  
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Figure 11: Cluster azimuth of departure and arrival versus time with a velocity of 1m/s. Proposed method for  .

[image: ][image: ]
Figure 12: Difference of azimuth of departure and arrival versus time with a velocity of 1m/s. Proposed method for  .


Time Evolution for m at  
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Figure 13: Cluster azimuth of departure and arrival versus time with a velocity of 1m/s. Proposed method.
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[bookmark: _Ref450302592]Figure 14: Difference of azimuth of departure and arrival versus time with a velocity of 1m/s.
As the new proposal only depends on the cluster delays (excess delays) there is no dependency direct dependency on the distances or . 
Looking at Figure 8 we see that one of the clusters has crossed the LOS component and approaches zero delay. Thus in the case we would be on top of the cluster and passing over it. This creates the rapid change rates observed in Figure 14.
Calculation of the Distance to Cluster Centers
The originally proposed time evolution method and the updated one allow calculating the distances between the mirror sources created by the randomly selected planes and the BS and UE, respectively. Note that the angle change rates are as well calculated for these mirror sources and we may consider them as the cluster centers. 
Thus the distance to the cluster centers can be obtained simply by the geometry of the corresponding triangle, see Figure 15, formed by the moved distance of the UE in a certain time interval , the above calculated angle changes  for the moved distance , the angle provided via the moving direction  and the cluster center direction . Considering all this we have a triangle with all angles known and the moved distance as one side. Using the sine law we can calculate the distance to the cluster center, see Figure 15.  
[image: ]
[bookmark: _Ref450747726]Figure 15: Sketch for the finding the distance to the cluster center.
Using the above sketch we present some results of the distances to the cluster centers using the proposed methods.
[image: ] [image: ]
Figure 16: Distances to cluster centers seen from UE and BS using the WF proposal and the updated proposal in the left and right figure, respectively. On the left figure the majority of clusters are close to distance . The right figure shows the dependency on the delays. For increasing delays (higher cluster numbers) the distances become larger.
[image: ] [image: ]
Figure 17: Distances to cluster centers seen from UE and BS using the left the WF proposal and to the right the updated one. Clearly on the left figure the majority of clusters are centered around the distance . The right figure shows the dependency on the delays for increasing delays (higher cluster numbers) the distances become larger. For small delays we still have short distances to clusters centers.


Larger Distances / Time Periods for Mobility
In order to accommodate larger traveling distances an update procedure of the parameters is required. Given the simulations results an update procedure after a few meters (approx 5 m), in an outdoor scenario seems appropriate. 
However, the de-correlation distances of some of the angles in Table 7.3-6: Channel model parameters of TR 36.873 are in a similar range. Thus upon updating after such a large distance the newly generated clusters and delays may are largely different. 
For mobility over larger distances (concatenation of results for the valid distance intervals) discontinuities in the channel responses can occur at these update intervals. To avoid the discontinuities a procedure of for fading in/out of clusters is required.

Conclusion
This contribution investigated the mobility model. 
Observation 1: It was found out that the validity of the model is very limited in space, approximately 5 meters.

Observation 2: It was found out that the delay of LOS component may coincide or even cross the delay of another cluster.

Observation 3: The drifting rate reduces over time when updating  and  at each time step where as in the other case it is fixed. This appears to be rather strong for small . Thus for small  the maximum distance the model is valid becomes shorter, where as for larger  it is longer.

Observation: The COST 2100 distinguishes between cluster types some of them might lead to very “asymmetric” behavior of distances between BS – cluster distances and UE – cluster distances. Considering Figure 10 this will lead to “asymmetric” angular changes at BS and UE. The current proposed method, however, will provide only symmetric angular changes.

Proposal 1: Considering these results we may define a maximum distance of movement for the time evolution before a new spatially consistent realization is drawn. The max. movement maybe in the range of a few meters, e.g. 5m. This distance however may depend on the distance 

Proposal 2: Consider an asymmetric behavior for the angular changes to model local cluster angular change rates.

References
[1] [bookmark: _Ref450137472]Intel, InterDigital, Huawei, HiSilicon, Qualcomm, “WF on channel temporal evolution”, R1-163480, Busan, Korea, April 11-15, 2016.
[2] Y. Wang, L. Huang, Z. Shi, K. Liu and X. Zou, “A millimeter wave channel model with variant angles under 3GPP SCM framework,” Personal, Indoor, and Mobile Radio Communications (PIMRC), 2015 IEEE 26th Annual International Symposium on, Hong Kong, 2015, pp. 2249-2254.
[3] NTT Docomo, NTT, “Discussion on Modeling of Spatial Consistency”, R1-161617, Lubeljana, Slovenia, March 14-16, 2016.
image2.png
» pu(to) = (sin (8,204 (£0)) €OS(Br,a04(t0))» SIN(By 204 (£0))SIN(Dr, 04 (t0)),
05(B,z04(to)))

» v(t)=v(cos(8, (£)), sin(B, (£0)),0)

» v is UE moving speed in the horizontal plane

» @, is UE moving direction in the horizontal plane

» d,p is 2D distance between Tx/Rx; d;, is 3D distance between Tx/Rx

» O a0ar Dn,zoar On,a0p, Bn,zop are cluster specific reflection surface angles; for LoS path, set to
0; for NLoS clusters, generate using spatially consistent random numbers with uniform
distribution U(-180, 180) with 50m correlation distance for @,, 454, @ zoa, and 100m correlation
distance for @,, 40p, Dn,zop




image3.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

0

200

400

600

800

1000

1200

1400

D

e

l

a

y

 

[

n

s

]


image4.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-180

-135

-90

-45

0

45

90

135

180

A

o

D

 

[

o

]


image5.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-180

-135

-90

-45

0

45

90

135

180

A

o

A

 

[

o

]


image6.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-150

-100

-50

0

50

100

150

A

o

D

 

[

o

]


image7.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-150

-100

-50

0

50

100

150

A

o

A

 

[

o

]


image8.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-3

-2

-1

0

1

2

3


image9.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-3

-2

-1

0

1

2

3


image10.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-3

-2

-1

0

1

2

3


image11.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-3

-2

-1

0

1

2

3


image12.emf
BS

UE

Constant updates of distances

Varying angle change rates

BS

UE

Variation in distance steps due 

to fixed angle change rates

fixed angle change rates BS

UE

fixed angle change rates 

and fixed distance d

2D


Microsoft_Visio_Drawing111.vsdx
BS
UE
Constant updates of distances
Varying angle change rates
BS
UE
Variation in distance steps due 
to fixed angle change rates
fixed angle change rates
BS
UE
fixed angle change rates and fixed distance d2D



image13.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

0

200

400

600

800

1000

1200

1400

D

e

l

a

y

 

[

n

s

]


image14.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-150

-100

-50

0

50

100

150

A

o

D

 

[

o

]


image15.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-150

-100

-50

0

50

100

150

A

o

A

 

[

o

]


image16.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-0.4

-0.2

0

0.2

0.4


image17.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-0.4

-0.2

0

0.2

0.4


image18.emf
0 20 40 60 80 100

Distance between antenna and IP [m]

0

10

20

30

40

50


image19.emf
0 10 20 30 40

Distance between antenna and IP [m]

0

2

4

6

8

10

12


image20.emf
0 200 400 600 800 1000

Distance between antenna and IP [m]

0

0.1

0.2

0.3

0.4

0.5

0.6


image21.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-180

-135

-90

-45

0

45

90

135

180

A

o

A

 

[

o

]


image22.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-3

-2

-1

0

1

2

3


image23.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-4

-2

0

2

4

6


image24.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-180

-135

-90

-45

0

45

90

135

180

A

o

D

 

[

o

]


image25.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-180

-135

-90

-45

0

45

90

135

180

A

o

A

 

[

o

]


image26.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-0.4

-0.2

0

0.2

0.4


image27.emf
0 5 10 15 20 25 30

Time [s] / Distance travelled [m]

-6

-4

-2

0

2

4

6


image28.png
voot | 9, bvol ¢ Vil
LN
B () B8 Fa,nonlts)

"""’s‘:‘“(dt) B=Tr-a- S'n,m(At)

Sine  fows

s ole,n,pot

AL
S5y aoa (82)) ~ sin(B)

o, = LA S ) \
ot = "7 (S, mam (4F),




image29.emf
0 5 10 15

Cluster Number

0

50

100

150

200

D

i

s

t

a

n

c

e

 

U

E

/

B

S

 

t

o

 

C

l

u

s

t

e

r

 

C

e

n

t

e

r

Distance Tx - Rx 20m

UE side

BS side


image30.emf
0 5 10 15

Cluster Number

0

50

100

150

200

D

i

s

t

a

n

c

e

 

U

E

/

B

S

 

t

o

 

C

l

u

s

t

e

r

 

C

e

n

t

e

r

Distance Tx - Rx 20m

UE side

BS side


image31.emf
0 5 10 15

Cluster Number

0

100

200

300

400

500

600

D

i

s

t

a

n

c

e

 

U

E

/

B

S

 

t

o

 

C

l

u

s

t

e

r

 

C

e

n

t

e

r

Distance Tx - Rx 150m

UE side

BS side


image32.emf
0 5 10 15

Cluster Number

0

100

200

300

400

500

600

D

i

s

t

a

n

c

e

 

U

E

/

B

S

 

t

o

 

C

l

u

s

t

e

r

 

C

e

n

t

e

r

Distance Tx - Rx 150m

UE side

BS side


image1.png
B When UE position is changed in simulation, the temporal channel evolution can
be modelled as:

* For t;=0 when UE is dropped into the network, use R1-161726 to generate
channel cluster power/delay/angles

* Update channel cluster power/delay/angles at t,+t based on UE channel
cluster power/delay/angles, moving speed and direction at t,
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