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1. Introduction

In the last RAN4#81 held in Reno, the WF for UE RF aspects was agreed [1]. One of the open issues is to study the feasibility of defining multiple UE types.
----------------------- Start of the citation --------------------------

Study feasibility of defining multiple UE types

· UE types with different spatial coverage, e.g. smartphone, fixed mount device, laptop

· Assume smart phone as the baseline

· Full sphere is FFS. If full sphere cannot be achieved, other solutions to compensate the insufficient EIRP ranges shall be identified.

· How to categorise the UE type is FFS
----------------------- End of the citation --------------------------

This paper presents our views on the UE types and means to categorize. 
2. Discussion
2.1 Current UE types defined in 3GPP for OTA requirement
Defining different UE types for OTA requirement is not an absolutely new idea in 3GPP.  Several UE types are already defined in 3GPP TS37.144 to establish the over the air (OTA) requirements for roaming bands, including
· Handheld UE

· LME: Laptop mounted equipment, such as plug-in devices like USB dongles

· LEE: Laptop embedded equipment, such as embedded module card embedded in notebooks

Although these UE type definition is not intended for spatial coverage, it can be used as good reference to define the NR UE types. 
2.2 Potential mmWave NR UE types 
For mmWave NR, the following UE types are considered to be promising candidates:
· Smart phone (which has been agreed as the baseline)

· Laptop mounted equipment (such as plug-in devices like USB dongles)
· Laptop embedded equipment 
· Tablet embedded equipment

· Virtual Reality Glasses 
· Wearable devices like smart watch 
· Vehicular mounted device 
· Fixed Wireless Access (FWA) terminal

Proposal 1 The above UE types should be taken into account when defining mmWave NR UE categories.   

Regarding how to category the UE types, there are two possible options:
1. Based on the UE’s antenna orientation variability 
2. Based on whether a fixed portion of the UE’s radiation sphere blocked when transmitting/receiving
For option 1, the antenna orientation variability may differ a lot for different UE types. For hand-held UEs like smart phone and tablet, for example, the antenna orientation can be random both horizontally and vertically. For laptop embedded/mounted devices and vehicular mounted devices, on the other hand, the antenna orientation can be random in horizontal direction but is generally fixed in vertical direction. This can lead to different OTA sphere requirement, considering that nearly full coverage may be needed for random orientation but may not be necessary for fixed orientation. 
Option 2 is from the consideration that, for some UE types, a fixed portion of its radiation sphere is blocked and, therefore, it is not reasonable to define the OTA requirement for the blocked directions. Two typical scenarios are the virtual reality glasses and the vehicular mounted device. In case of virtual reality glasses, a portion of the radiation sphere is blocked by the human head, and in case of vehicular mounted device, a portion of the radiation sphere is blocked by the car body.
The characteristics of the above-mentioned UE types regarding the antenna orientation and radiation sphere blocking is summarized in Table 1. 
Table 1 Characteristics of different UE types
	
	Horizontal antenna orientation variability
	Vertical antenna orientation variability
	Whether a fixed portion of the UE’s radiation sphere blocked when transmitting/receiving?

	Smart phone
	Random
	Random
	NO

	Tablet embedded equipment
	Random 
	Random
	YES

	Virtual Reality Glasses
	Random
	Random
	YES

	Wearable devices like smart watch
	Random
	Random
	YES

	Laptop embedded equipment
	Random
	Generally fixed
	YES

	Vehicular mounted device
	Random
	Generally fixed
	YES

	Laptop mounted equipment
	Random
	Generally fixed
	NO

	Fixed Wireless Access (FWA) terminal
	Fixed
	Fixed
	NO


As can be seen from the table, if we only consider the antenna orientation variability, the above UE types can be divided into 3 categories. If we only consider the radiation sphere blocking, the UE types can be divided into 2 categories. If we consider both, the UE types can be divided into 5 categories. 
In our opinion, categorizing UE types based on the radiation sphere blocking is more intuitive. The purpose of defining different UE category is to differentiate the minimum OTA requirement to them, and the OTA requirement whether defined as EIRP or TRP is closely related to the radiation sphere availability. 
Proposal 2 Multiple UE categories should be defined with different spatial coverage requirement
Proposal 3 Categorize the UE types based on whether a fixed portion of the UE’s radiation sphere blocked when transmitting/receiving
3. Conclusion

This contribution studied the following promising UE type candidates:
· Smart phone (which has been agreed as the baseline)

· Laptop mounted equipment (such as plug-in devices like USB dongles)
· Laptop embedded equipment 
· Tablet embedded equipment

· Virtual Reality Glasses 

· Wearable devices like smart watch 
· Vehicular mounted device 

· Fixed Wireless Access (FWA) terminal

Based on the study, the following three proposals were proposed

Proposal 1 The above UE types should be taken into account when defining mmWave NR UE categories.  
Proposal 2 Multiple UE categories should be defined with different spatial coverage requirement
Proposal 3 Categorize the UE types based on whether a fixed portion of the UE’s radiation sphere blocked when transmitting/receiving
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