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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 this contribution, an overview of scenarios for 5G channel model focused on above 6 GHz is presented especially based on deployment environment and propagation characteristics.  

Scenarios for 5G channel modeling
Recently, the discussion on 5G scenarios and service requirements has been carried out in many organizations and projects. For example, it is identified by ITU-R [2] that three major usage scenarios, i.e., enhanced mobile broadband, ultra-reliable and low latency communications and massive machine type communications, should be included for IMT for 2020 and beyond. In the meantime, according to NGMN’s white paper, 5G will support countless emerging use cases with a high variety of applications including both mobile broadband and machine type communications [3]. NGMN has developed twenty five use cases for 5G which are grouped into eight use case families. The diverse usage scenario and challenging service requirements mentioned above lead to requirement that a wide range of scenarios have to be modeled. Additionally, METIS defined a number of scenarios and test cases for 5G in [4].
Recently, a white paper on 5G channel model is released where several key scenarios identified by major operators and vendors are presented [5]. While in [4], more general scenarios consist of a number of deployment environments, link types and link topologies are studied as below.
Deployment environments
· Indoor: an indoor environment targeting BSs at offices and/or in hotspot based on stationary and pedestrian users.
· Office: typical environment is comprised of open and closed areas with walled offices, corridors etc. A general solution is to deploy the BSs on the ceiling to serve the surrounding users. In some area, ling-of-sight (LoS) link between BS and user is available, while in other area, the LoS link may be blocked by intervened objects such as walls, doors, furniture, or even moving users. Note that in this scenario, direct communication between adjacent users is also possible, thus the propagation characteristic of the direct link between users would significantly impact the link performance. Similarly, if dedicated backhaul resource is not available for some BSs, direct backhaul communication between BSs with dedicated backhaul resource, e.g., fiber, and those without dedicated backhaul resource is expected. In this case, propagation features of the link between two stationary BSs, i.e., backhaul link, should be considered. Furthermore, in some case, the indoor BSs may also provide service to outdoor users with low to middle mobility, thus additional penetration loss due to glass or outdoor wall may further weaken the signals.
· Shopping mall: typical environment is often multiple-story high and may include open ceiling in the middle shared by several floors. In this scenario, BSs are usually deployed on the columns nearby the open area and on the ceiling. Those BSs on the columns may be located on a higher position in order to provide wider coverage especially in the open area, and in the same time may also cover some users in each floor. While for the BSs on the ceiling, the major target is to provide service to the users in each floor and room. In this scenario, backhaul link between BSs and direct device-to-device (D2D) link may also exist.
· Urban micro: an urban micro-cellular environment with higher user density focusing on pedestrian and slow vehicular users.
· Street canyon: the BSs are often mounted below rooftop levels of surrounding buildings. In this scenario, pedestrian and slow vehicular users are expected in outdoor, while stationary users are more likely to be located in indoor, thus communication links from outdoor BS to users located in both outdoor and indoor exist. For the outdoor BS to indoor user, additional penetration loss is expected, while for the outdoor BS to outdoor user, either LoS or NLoS link may co-exist due to the different location and relative position of BS-UE links. Similarly, in this scenario, backhaul links between BSs and D2D link are also possible. 
· Open area: the BSs are often below rooftop level and pointing toward open area such as a city or station square. In this scenario, users are typically located outdoor other than indoor, and both LoS/NLoS links exist depending mainly on its transmitter (Tx) / receiver (Rx) distance and intervened objects. Since in open area, the density of users may be quite high especially at some special event, thus blockage due to dynamic moving users around may significantly affect the quality of the received signals. In this case, some temporary BSs may be deployed to improve the signal strength, and thus potential backhaul transmission is expected. Similarly, D2D communication may be also popular in this open area particularly on an open festival. 
· Urban macro: an urban macro-cellular environment targeting continuous coverage for pedestrian up to fast vehicular users. In this scenarios, BSs are typically deployed above the rooftop level to provide wide coverage, and the users are located outdoor, indoor, and in some cases in cars. For the links between outdoor BSs to indoor or in-car users, additional penetration loss is expected. Backhaul links between BSs are also possible as the BSs are located at high position, the links are likely to be LoS. In addition, D2D links including either outdoor user to outdoor user, outdoor user to indoor user, and indoor user to indoor user, or even to in-car user, vehicle-to-vehicle (V2V) communication may also exist due to the deployment of traffic safety service. Therefore, V2V (similar to outdoor user to outdoor user, but at high speed), and vehicular-to-infrastructure (V2I) links should also be considered.
· Venues
· Stadium: a half-open environment where BSs are deployed below the ceiling and users are stationary and around the open ceiling in the middle of the stadium. Similarly, backhaul link between BSs and direct device-to-device (D2D) link may also exist.
· Gym: similar to stadium but is a closed environment.
· Rural macro: an rural macro-cellular environment targeting ubiquitous service for pedestrian up to fast vehicular users. In this scenario, BSs are usually deployed above the rooftop and even surround buildings to provide very wide coverage. As user are located outdoor, indoor and in-car, thus multiple link topologies based on the users’ location. 
· Highway: both enhanced mobile broadband and traffic safety services are likely to be deployed in this scenario. Therefore, BS-UE and V2V/V2I links will co-exist.
· High speed train: in this scenario, one solution is to deploy relay stations (RSs) on the top of the train to keep backhaul communication with BSs, and then forward the data to the users in the train. Thus, BS-RS (similar to BS-UE as RS is moving) link and RS-UE (similar to BS-UE) link should be considered.
Link types
· Cellular base station to user equipment (BS-UE): BS is stationary, while UE can be stationary or mobile. It can be used to include BS-RS link taking RS as a special UE with high mobility, and RS-UE link as RS is similar to BS and the Tx/Rx is relatively stationary. Furthermore, V2I can be also taken as a special BS-UE link.
· Backhaul BS-BS: BS is stationary for both Tx and Rx sides.
· Device-to-device (D2D): device can be stationary or mobile for both Tx and Rx sides. V2V can be regarded as a special D2D, where the relative speed of Tx and Rx is quite high.

Due to the reciprocity of the channel, link type can be extended to other pairs, e.g., from Tx-Rx to Rx-Tx. However, in order to avoid redundant description, we only take Tx-Rx link type as example. 
Link topologies
· Outdoor to outdoor (O2O): to indicate the link where the Tx and Rx are both located outdoor. As for traffic safety services, the antennas are typically deployed outside the vehicles, V2V link can be considered as O2O. 
· Outdoor to indoor (O2I): including outdoor to in-car. In this way, outdoor BS to indoor users and in-car users can generally be denoted as O2I.
· Indoor to indoor (I2I): including in-car to in-car. In this way, indoor BS/UE to indoor BS/UE and in-car UE to in-car UE can be denoted as I2I. Note that RS-UE link may also be denoted as I2I as RS may have multiple sets of antennas, and use those in the train to serve the users.

Due to the reciprocity of the channel, link topology can also be extended to other pairs, e.g., from Tx2Rx to Rx2Tx. However, in order to avoid redundant description, we only take Tx2Rx link topology as example.

Note that a number of scenarios may exist due to the potential combination of multiple deployment environments, link types and topologies, which can be summarized in the following table.
Table 1 – Summary of potential scenarios for above 6 GHz channel model
	Scenario ID
	Deployment environment
	Sub-environment
	Link type
	Link topology

	1
	Urban macro
	Urban macro
	BS-UE
	O2O

	2
	
	
	BS-UE
	O2I

	3
	
	
	BS-BS
	O2O

	4
	
	
	UE-UE (V2V)
	O2O

	5
	
	
	UE-UE
	O2I

	6
	
	
	UE-UE
	I2I

	7
	Urban micro
	Street canyon
	BS-UE
	O2O

	8
	
	
	BS-UE
	O2I

	9
	
	
	BS-BS
	O2O

	10
	
	
	UE-UE
	O2O

	11
	
	
	UE-UE
	O2I

	12
	
	
	UE-UE
	I2I

	13
	
	Open area
	BS-UE
	O2O

	14
	
	
	BS-BS
	O2O

	15
	
	
	UE-UE
	O2O

	16
	Indoor hotspot
	Office
	BS-UE
	I2I

	17
	
	
	BS-UE
	I2O

	18
	
	
	BS-BS
	I2I

	19
	
	
	BS-BS
	O2I

	20
	
	
	UE-UE
	I2I

	21
	
	Shopping mall
	BS-UE
	I2I

	22
	
	
	BS-UE
	O2I

	23
	
	
	BS-BS
	I2I

	24
	
	
	BS-BS
	O2I

	25
	
	
	UE-UE
	I2I

	26
	Venues
	Stadium
	BS-UE
	I2I

	27
	
	
	BS-BS
	I2I

	28
	
	
	UE-UE
	I2I

	29
	
	Gym
	BS-UE
	I2I

	30
	
	
	BS-BS
	I2I

	31
	
	
	UE-UE
	I2I

	32
	Rural macro
	Highway
	BS-UE
	O2O

	33
	
	
	BS-UE
	O2I

	34
	
	
	UE-UE (V2V)
	O2O

	35
	
	
	UE-UE
	O2I

	36
	
	
	UE-UE
	I2I

	37
	
	High speed train
	BS-UE (BS-RS)
	O2O

	38
	
	
	BS-UE
	O2I

	39
	
	
	BS-UE (RS-UE)
	I2I

	40
	
	
	UE-UE
	I2I

	Etc.
	Etc.
	Etc.
	Etc.
	Etc.


 
From the table we can see that urban micro can be used to describe the environment for outdoor hotspot, while office and shopping mall can be used to model the indoor hotspot. Venues including stadium and gym can be regarded as a kind of special indoor hotspot scenario. Furthermore, urban macro and rural macro are used to describe the outdoor coverage scenario, where new scenarios and services including traffic safety and high speed train may be deployed. All of the scenarios are quite important for future 5G system in terms of capacity/coverage/mobility/reliability/latency and so on, which are expected to be significantly impacted by the propagation characteristics. Therefore, it is proposed to include all scenarios mentioned above in the scope of 5G channel model.
Proposal: Scenarios including urban macro, urban micro, indoor hotspot, venues, rural macro, etc., should be studied in the scope of 5G channel model.

[bookmark: _Ref129681832]Conclusions
In this contribution, we provided an overview of scenarios for 5G channel model and the following proposals were drawn.
[bookmark: OLE_LINK4]Proposal: Scenarios including urban macro, urban micro, indoor hotspot, venues, rural macro, etc., should be studied in the scope of 5G channel model.
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