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1	Introduction 
The work item specifies the NR operation in the 52.6 – 71 GHz frequency range approved during the RAN #90 meeting [1]. In this contribution we want to initiate the discussion on the potential indoor and outdoor deployment scenarios at 60 GHz, and how the number of antenna elements depend on the UE type and deployment scenarios. 

2 Discussion
The study of a new NR frequency range opens the opportunity to provide higher data rate, due to the available wide bandwidth. However, there are several limitations on the RF components - such as power efficiency limitation, larger phase noise impairment, increase on the insertion loss, etc. - that need to be considered during the requirement definition.
These RF impairments will depend on the analysis of the deployment scenarios, as well as the corresponding UE types.

Table 1 provides a summary of the potential deployment scenarios that could be applicable for NR operating between 52.6 GHz and 71 GHz. The list contains the deployment scenarios, which are divided between indoor and outdoor, and it describes the relationship between the deployment scenario and the ISD value. The ISD values can be found in TR38.807 for these deployment scenarios. It is important to highlight the difference between the Indoor scenario that have a ISD of up 20 m, whereas the Outdoor scenarios can go up to 500m. Thus, RAN4 needs to distinguish the conditions for the deployment scenarios to discuss the requirement on the number of antennas. The number of antenna element will play an important role to cover the distance and overcome the pathloss, which differs in each scenario.
Table 1: Indoor and Outdoor Deployment
	Indoor
	Outdoor

	Deployment scenarios
	ISD
	Deployment Scenarios
	ISD

	Indoor hotspot
	20 m
	Dense Urban
	200 m

	Factory Hall
	20 m
	Urban Micro
	100 m

	Indoor D2D
	<20 m
	Urban Macro
	500 m



Observation 1:	RAN4 needs to distinguish the conditions for the deployment scenarios to discuss the assumption on the number of antenna elements.
In addition to the antenna requirements, the output power on the Tx will suffer from greater degradation, due to the worse linearity of the PA, which requires a significant power back-off. At 60 GHz the wideband increases the complexity to achieve wideband matching, while not compromising on the power gain of the wideband PA. On the Rx side, LNAs have poorer performance relative to low frequency LNAs.  LNAs suffer from low gain and high noise due to the transistors operating closer to their cutoff frequencies. Achieving enough gain comes at the cost of power consumption and area. The implication will be different depending on the form factor of the UE type.


Table 2 summarizes the UE types in FR2, it was agreed last meeting to reuse the same framework of power class naming in FR2-1 and FR2-2. Minimum peak EIRP and EIRP spherical coverage needs to consider the different UE types, since the number of antenna element will depend on the UE type and deployment scenarios. 
Table 2: UE types
	Power Class
	UE types

	1
	Fixed wireless access (FWA) UE

	2
	Vehicular UE

	3
	Handheld UE

	4
	High power non-handheld UE

	5
	Fixed wireless access (FWA) UE



For the antenna requirement the wide bandwidth will introduce new challenges to perform a high gain and directivity. Depending on the quality of the impedance matching, the energy from the transmitter to the antenna could be reflected, which results in the reduction of the radiated energy from the antenna. In addition, the impedance matching between the antenna and the transmission line becomes more difficult at wide bandwidth. Due to the antenna wideband support, the antenna gain will be compromised, either the antenna gain will degrade at the low and high edges of the frequency range, or the gain will have to be optimized for a narrower frequency range limiting the overall performance.
Proposal 1:		The number of antenna elements for the evaluation of peak EIRP and peak EIS will depend on the UE type.
For UEs supporting multiple FR2 bands, the introduction of 60 GHz will extend the UE support to a wider range up to 71 GHz. The implementation of a single device supporting all these FR2 bands will bring additional challenges in the design. In addition to the increase of the routing and increase of the line-loss, there will be integration constraints on the antenna module size to support all FR2-1 and FR2-2 bands.
Observation 2:	In addition to the increase of the routing and increase of the line-loss, there will be integration constraints on the antenna module size to support all FR2-1 and FR2-2 bands
Proposal 2:	RAN4 should limit the number of antenna elements to 4 for handheld UE type and further discuss the number of antennas for other UE types.

3	Conclusion

In this contribution, we have discussed the potential indoor and outdoor deployment scenarios at 60 GHz, and how the number of antenna elements depend on the UE type and deployment scenarios. 
In summary, we have made the following proposals and observations:

Observation 1:	RAN4 needs to distinguish the conditions for the deployment scenarios to discuss the assumption on the number of antenna elements.
Proposal 1:		The number of antenna elements for the evaluation of peak EIRP and peak EIS will depend on the UE type.
Observation 2:	In addition to the increase of the routing and increase of the line-loss, there will be integration constraints on the antenna module size to support all FR2-1 and FR2-2 bands
Proposal 2:	RAN4 should limit the number of antenna elements to 4 for handheld UE type and further discuss the number of antennas for other UE types.
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