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New study on channel model for frequency spectrum above 6 GHz was approved in RAN#69 [1]. This contribution discusses the requirements and scenarios for new channel model based on findings in Globecom 2015 White Paper [2].
2. Requirements for new channel model
The requirements of the new channel model that will support 5G operation across frequency bands up to 100 GHz are outlined below:
1. The new channel model must accommodate a wide frequency range up to 100 GHz.  The joint propagation characteristics over different frequency bands will need to be evaluated for multi-band operation, e.g., low-band and high-band carrier aggregation configurations. 
2.  The new channel model must support large channel bandwidths (up to 2GHz), where:
a. The individual channel bandwidths may be in the range of 100 MHz to 2 GHz and may support carrier aggregation.
b. The operating channels may be spread across an assigned range of several GHz
3. The new channel model must support a range of large antenna arrays, in particular:
a. Some large antenna arrays will have very high directivity with angular resolution of the channel down to around 1.0 degree.
b. 5G will consist of different array types, e.g., linear, planar, cylindrical and spherical arrays, with arbitrary polarization.
c. The array manifold vector can change significantly when the bandwidth is large relative to the carrier frequency. As such, the wideband array manifold assumption is not valid and new modeling techniques may be required. It may be preferable, for example, to model arrival/departure angles with delays across the array and follow a spherical wave assumption instead of the usual plane wave assumption.
4. The new channel model must accommodate mobility, in particular:
a. The channel model structure should be suitable for mobility up to 350 km/hr.
b. The channel model structure should be suitable for small-scale mobility and rotation of both ends of the link in order to support scenarios such as device to device (D2D) or vehicle to vehicle (V2V).
5.  The new channel model must ensure spatial/temporal/frequency consistency, in particular:
a. The model should provide spatial/temporal/frequency consistencies which may be characterized, for example, via spatial consistence, inter-site correlation, and correlation among frequency bands. 
b. The model should also ensure that the channel states, such as Line Of Sight (LOS)/non-LOS (NLOS) for outdoor/indoor locations, the second order statistics of the channel, and the channel realizations change smoothly as a function of time, antenna position, and/or frequency in all propagation scenarios. 
c. The spatial/temporal/frequency consistencies should be supported for simulations where the channel consistency impacts the results (e.g. massive MIMO, mobility and beam tracking, etc.).  Such support could possibly be optional for simpler studies.
6.  The new channel model must be of practical computational complexity, in particular:
a. The model should be suitable for implementation in single-link simulation tools and in multi-cell, multi-link radio network simulation tools. Computational complexity and memory requirements should not be excessive. The 3GPP 3D channel model [3] is seen, for instance, as a sufficiently accurate model for its purposes, with an acceptable level of complexity. Accuracy may be provided by including additional modeling details with reasonable complexity to support the greater channel bandwidths, and spatial and temporal resolutions and spatial/temporal/frequency consistency, required for millimeter-wave modeling.
b. The introduction of a new modeling methodology (e.g. Map based model) may significantly complicate the channel generation mechanism and thus substantially increase the implementation complexity of the system-level simulator. Furthermore, if one applies a completely different modeling methodology for frequencies above 6 GHz, it would be difficult to have meaningful comparative system evaluations for bands up to 100 GHz.
[bookmark: _Toc436774893]3. Typical Deployment Scenarios 
The traditional modeling scenarios, UMa UMi and indoor hotspot (InH), have previously been considered in 3GPP for modeling of the radio propagation in bands below about 6 GHz. Naturally, the new channel models should capture accurately the propagation characteristics for these and other existing (e.g., suburban) modeling scenarios. In addition, some new modeling scenarios of interest are expected, in order to capture emerging use cases above 6GHz, e.g., backhaul, D2D, V2X, stadium, etc.  The new preliminary channel models presented in [2] focuses on a selective set of 5G scenarios and encompasses the following cases:
3.1 Urban Micro (UMi) Street Canyon and Open Square with outdoor to outdoor (O2O) and outdoor to indoor (O2I)
[image: ]
Figure 1. UMi Street Canyon
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Figure 2. UMi Open Square
A typical UMi scenario is shown for street canyon and open square in Figures 1 and 2, respectively. The cell radii for UMi is typically less than 100 m and the access points (APs) are mounted below rooftops (e.g., 3-20 m). The UEs are deployed outdoor at ground level or indoor at all floors.
3.2 Indoor (InH) – Open and closed Office, Shopping Malls 
The indoor scenario includes open and closed offices, corridors within offices and shopping malls as examples. The typical office environment has open cubicle areas, walled offices, open areas, corridors, etc., where the partition walls are composed of a variety of materials like sheetrock, poured concrete, glass, cinder block, etc. For the office environment, the APs are mounted at a height of 2-3 m either on the ceilings or walls. The shopping malls are generally 2-5 stories high and often include an open area (“atrium”). In the shopping-mall environment, the APs are mounted at a height of approximately 3 m on the walls or ceilings of the corridors and shops. The density of the APs may range from one per floor to one per room, depending on the frequency band and output power The typical indoor office scenario and shopping malls are shown in Figures 3 and 4, respectively.
[image: ]
Figure 3. Typical Indoor Office
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Figure 4. Indoor Shopping Malls
3.3 Urban Macro (UMa) with O2O and O2I
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Figure 5. UMa Deployment
The cell radii for UMa is typically above 200 m and the APs are mounted on or above rooftops (e.g. 25-35 m), an example of which is shown in Figure 5. The UEs are deployed both outdoor at ground level and indoor at all floors. 
	
4. Conclusion
Based on discussions in clauses 2 and 3, the followings are proposed:
Proposal 1: The new channel model should meet the requirements listed in clause 2.
Proposal 2: Target deployment scenarios in this SI include UMi Street Canyon, UMi Open Square, UMa, Indoor Office and Indoor Shopping mall scenarios.

References
[1] 3GPP, RP-151606, New SID Proposal: Study on channel model for frequency spectrum above 6 GHz, Samsung, Nokia Networks.
[2] 3GPP, R1-160704, A. Ghosh, ed., “5G channel model for bands up to 100 GHz”, Globecom 2015. Available for download via: http://www.5gworkshops.com/5GCM.html
[3] 3GPP, TR36.873 (V12.2.0), “Study on 3D channel model for LTE,” July, 2015.
form change history:
2013-12-06 v1.14.1 modified §11 to read: <FamilyName>, <GivenName>, (If the person is new to 3GPP work, give full contact coordinates, in particular, email address.)
2013-10-03 v1.14.0 removal of embedded help text
v1.13.2: adds tdoc header
v1.13.1: minor changes resulting from discussions at CT#41 & SA#41
v1.13.0: mods to enforce linkage amongst stages 1, 2, 3
draft mods Scarrone-Meredith 2008-07 ff
v1.12.1: removes revision marks following approval at SP-29
v1.12.0: includes provision for Study Items (SP-29)
v1.11.0: includes those changes from v1.8.0 agreed at SP-25.
	v1.10.0: full circle
v1.9.0: a clean sheet
v1.8.0: includes comments from SA#24 
v1.7.0: includes comments from RAN, CN and T #24; also includes “early implementation” data
v1.6.0: includes comments made during review period prior to TSGs#24
v1.5.0: includes comments made at TSGs#23 (Phoenix)
v1.4.0: offered to SA#23 for approval
v1.3.0: offered to CN#23, RAN#23 and T#23 for comments
DRAFT4 v1.3.0: 2004-03-09: Incorporation of comments from Leaders list
DRAFT3 v1.3.0: 2004-02-19: Incorporation of comments from MCC members
DRAFT2 v1.3.0: 2004-01-29: Complete redraft:
v1.2.0: 2002-07-04: "USIM" box changed to "UICC apps"
2003-05-28: spelling of “rapporteur” corrected
2002-07-04: "USIM" box changed to "UICC apps"

image2.jpeg




image3.emf

image4.jpeg




image5.jpeg




image1.jpeg




