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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. At the RAN1#84 meeting, it was proposed jointly by 10 companies in [2] that a list of additional features should be reflected in the new channel model. Then it was merged into the WF on channel methodologies [3] which was cosourced and supported by 27 companies. It was accepted as a working assumption [4] with only the last bullet being added to include the investigation of detailed modeling for map-based, stochastic or hybrid methodologies. In [5][6][7], 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 is crucial in 5G simulations. Spatial consistency means that the channel evolves smoothly without discontinuities when the transmitter, receiver, or scatterers move. It also means that the channel characteristics are similar in closely located links, e.g., two close-by UEs seen by the same base station. Spatial consistency is also important in evaluation of very large arrays and distributed antennas. Furthermore, comparison of different network topologies and cell sizes would require spatially consistent channel.
The current most commonly used channel models (geometry-based stochastic channel models, GSCMs) are drop based, which means that the scattering environment is randomly created for each link. Therefore, the corresponding performance simulation of spatial techniques like MU-MIMO gives overly optimistic results, which do not reflect 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.

Spatial consistency of large scale parameters 
In the GSCMs spatially consistent correlation of large scale parameters (LSPs), e.g. shadowing or angle spread, could be defined by pre-calculating a map of LSPs for each physical location (x, y, z) of the simulated world. If both TX and RX are located in a random location, the required map is 6-dimensional (6D) in which the TX location is determined by (x1, y1, z1) and RX location by (x2, y2, z2). Since all combinations of TX and RX could be possible, the calculated map should be 6D (x1, y1, z1, x2, y2, z2). This would lead to a memory problem very quickly. For example, if the number of possible positions in x and y axes is 500 and the number of possible positions in z axis is 50, the number of the elements in the 6D-map is 500^4*50^2 = 1.5625*10^14. This is too much in practice. A more advanced method is needed.

Observation 1: Spatial consistency of large scale parameters is important.
Spatial consistency of small scale parameters
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).

Observation 2: Spatial consistency of small scale parameters is important.

Spatial consistency for very large arrays and distributed antennas

In addition to spherical wave effect and angular resolution problem related to large arrays, very large arrays may see different propagation effects in two ends of the array. Minimum size of an extremely large array is not defined accurately, but one may say that the array size is larger than the stationarity interval of the channel. All small scale parameters such as angle of arrival, delay, Doppler, polarization, may be different along the array. Also large scale parameters such as shadowing and blockage may concern only a sub-set of antenna elements in the array. This phenomenon is illustrated in Figure 2. This will happen even more likely with distributed antennas. It is crucial to understand the length of the stationarity interval, i.e. the maximum distance in which the channel can be assumed to be stationary. Additionally, the propagation characteristics during the transition from the stationary channel to totally independent channel would also affect the system performance.

[image: ]
Figure 2 – Very large array.

Observation 3: Spatial consistency is important for evaluation of very large arrays and distributed antennas.

Fair comparison of different network topologies and cell sizes
If different network topologies such as cellular, D2D and mesh networks are simulated with different channel model methodologies and/or independent parameterization, the results are not comparable. Therefore it is important to use the same environment and same layout for all of them. Likewise, comparison of different cell sizes (macro-cell, micro-cell, pico-cell) is fair only if the channel model is consistent between them. 

Figure 3 illustrates a scenario in which multi-hop mesh network may be used to improve the cellular network performance. Capital letters “A” and “B” refer to base stations, and the numbers 1 … 5 to users. Red arrow means that the radio link is too weak for communication (shadowed, blocked), and the green arrow represents a good communication link. The left figure a) shows the situation in which the shadowing or blockage is modeled as a random variable. Every user 1 … 5 can be connected to both base stations A and B via ad hoc repeaters. Similarly, every user can be connected to any of the other user, and the base stations can be connected to each other. The right figure b) shows the situation in which the shadowing or blockage is spatially consistent. In that case, user 5 cannot be connected to any base station. It can communicate only with user 4 and 3. Similar problem concern users 4 and 3 as well. Users 1 and 2 can communicate with both base stations, but not with users 3, 4, 5. This example proves that spatial consistency is important for network level studies as well. Note that in both a) and b) the radio link quality between users is the same, and the number of good links between base stations and users is the same (i.e. the blockage/shadowing rate is the same). 
The example focused on the shadowing and blockage only, but the same issue applies for other propagation phenomena as well.
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	a) spatially inconsistent shadowing / blockage
	b) spatially consistent shadowing / blockage


Figure 3 – Spatial consistency in network topology evaluation.

Observation 4: Spatial consistency is important when comparing the different network topologies.

Spatial consistency of multi-user (MU) case
Another example is shown in Figure 4. 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 lead to non-physical situation, and too optimistic MU-MIMO throughput evaluations. Figure 5 illustrates the thinking of spatially consistent case in which all or some of the clusters are shared between nearby users. 
[image: ]
Figure 4 – The problem of independent clusters of nearby users (current GSCM).


[image: ]
Figure 5 – Shared clusters (necessary improvement).

Observation 5: Spatial consistency is important for evaluation of MU-MIMO performance.

Simulation results
Impact of spatial consistency on MU performance
The following simulation clarifies the impact of spatial consistency on MU performance. The simulation was done with two different channel models: 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 6. The observable data rate without spatial consistency may lead to a very different and possible erroneous conclusion of proposed techniques. The importance of spatial consistency is obvious.
[image: ]
Figure 6 – Achievable data rate with and without spatial consistency.

Observation 6: Spatially consistent channel model affects system performance.

Channel characteristics of two nearby users
Additionally, a ray tracing simulation was done with a commercial ray tracing tool Wireless Insight, provided by Remcom. The scenario is shown in Figure 7. 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 8) and frequency responses (Figure 9) are slightly different. The differences are not only due to random phases of multipath components, but also the positions of path delays are different. The figures depict the situation where channels are quite similar, but not exactly. The two users share the same clusters at least partly, but their parameters are different due to the different location. The transition from pure stationary channel to totally independent channel may be long, and should be sufficiently modeled.
[image: ]
Figure 7 – Ray tracing scenario.
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	Figure 8 – Impulse response.
	Figure 9 – Frequency response.




Observation 7: When the channel model is spatially consistent, the users close to each other will see almost similar channels, but the users at a distance from each other will see different channels.

[bookmark: _GoBack]In summary, we propose,
Proposal 1: The Observations 1 – 7 should be taken into account in the channel modeling study. 
Proposal 2: Large scale parameters should be spatially consistent.
Proposal 3: Small scale parameters should be spatially consistent.
Proposal 4: The channel model should support very large arrays and distributed antennas in spatially consistent manner. 
Proposal 5: The channel model should support comparison of different network topologies. 
Proposal 6: The channel model should support evaluation of MU-MIMO performance. 

[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 observations were made, and the proposal was drawn.
Observation 1: Spatial consistency of large scale parameters is important.
Observation 2: Spatial consistency of small scale parameters is important.
Observation 3: Spatial consistency is important for evaluation of very large arrays and distributed antennas.
Observation 4: Spatial consistency is important when comparing the different network topologies.
Observation 5: Spatial consistency is important for evaluation of MU-MIMO performance.
Observation 6: Spatially consistent channel model affects system performance.
Observation 7: When the channel model is spatially consistent, the users close to each other will see almost similar channels, but the users at a distance from each other will see different channels.

Proposal 1: The Observations 1 – 7 should be taken into account in the channel modeling study. 
Proposal 2: Large scale parameters should be spatially consistent.
Proposal 3: Small scale parameters should be spatially consistent.
Proposal 4: The channel model should support very large arrays and distributed antennas in spatially consistent manner. 
Proposal 5: The channel model should support comparison of different network topologies. 
Proposal 6: The channel model should support evaluation of MU-MIMO performance. 

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref409101664][bookmark: _Ref412961601]References
[bookmark: _Ref433117068]Samsung, Nokia Networks, “New SID Proposal: Study on channel model for frequency spectrum above 6 GHz”, RP-151606, 3GPP RAN Plenary#69.
[bookmark: _Ref445325734]Samsung, AT&T, CMCC, Ericsson, Huawei, Intel, KT Corporation, Nokia, NTT DOCOMO, Qualcomm, “Joint contribution on additional features for >6GHz channel model”, R1-160591, Malta, Feb. 14-18, 2016.
[bookmark: _Ref445325746]Samsung, “WF on Channel modeling methodology”, R1-161149, Malta, Feb. 14-18, 2016.
[bookmark: _Ref445339222]Samsung, “WF on Channel Modeling Methodology”, R1-161150, St Julian’s, Malta, Feb. 15 - 19, 2016.
[bookmark: _Ref440472830]Huawei, HiSilicon, “Scenarios for 5G channel model,” R1-160295, Malta, Feb. 2016.
[bookmark: _Ref445340211]Huawei, HiSilicon, “Requirements for 5G channel model,” R1- 160761, Malta, Feb. 2016.
[bookmark: _Ref445340213]Huawei, HiSilicon, “New features for 5G channel model”, R1-160305, Malta, Feb. 2016.

image3.emf
A

B

1

2

3

4

5


image4.emf
A

B

1

2

3

4

5


image5.emf
A

C

B


image6.emf
A

C

B


image7.emf
0 5 10 15 20 25 30

0

10

20

30

40

50

60

70

Blockdiagonalizationprecodingperformancesfor30GHz,N

TX

=256,

N

RX

=4,N

UE

=4,ChannelrankperUE=2,StreamsperUE=1

SNR(dB)

A

c

h

i

e

v

a

b

l

e

R

a

t

e

(

b

p

s

/

H

z

)

Stochastic channel model

Map-based channel, 100m between UEs

Map-based channel, 1m between UEs

spatially

consistent

channel

spatially

inconsistent

channel


image8.emf
TX1-RX1

TX1-RX50


image9.png
TX1-RX1
TX1-RX50

©
°

8

a8

-105

-130

-135

6

L}
v

x 10

Delay [s]





image10.png
File Edit View Inset Tools Desktop Window Help

NEES | MANOUDEL- S0 eD

-90

—TX1->RX1
—TX1->RX50

-95

-100

-105

H(f) TX > RX

-110

-115

-120
35 3.52 3.54 3.56 3.58 3.6

Frequency [Hz] x10°





image1.emf

image2.emf
antenna array


