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Introduction
At RAN4 #80bis meeting, RAN4 agreed a WF [1] on NR UE RF where includes following contents for Transmit power.
· Tx Power - EIRP
· Actual EIRP value should be studied
· How the requirement will be defined in terms of spatial coverage should be studied
· Whether a maximum allowed TRP requirement or other alternative requirements are needed or not should be studied
In this contribution, we provide our consideration on how to consider EIRP requirements from a spatial domain point of view. Note that although this contribution focus on EIRP, the consideration can be applied to EIS requirements of received sensitivity requirements.
Discussion
In general, it is said that making maximum use of beamforming gain in mmWave is essential to compensate for significantly large pass loss due to its extremely high frequencies. It would be true that the orientation of the mmWave devices is not always constant in the same manner as legacy LTE devices. Thus, ensuring EIRP of the wanted signal in a certain direction only is not suitable, considering the practical use cases. In addition, practically, whether the UEs appropriately switch the best antenna arrays from the multiple-antenna arrays implemented or use both of them in the UEs or not should be ensured. Moreover, without knowing the performance for the entire sphere of EIRP of the wanted signal, it is quite challenging to design network for mmWave.
For example, if EIRP of the wanted signal ensures in a certain direction only, even if a UE is close to the centre of the deployment area, the UE may not be able to communicate with the serving BS via mmWave due to the UE orientation as illustrated in figure 1. In addition, if what we can obtain is only the best EIRP of the wanted signal and if we design our network based on it, most of the users may not be able to communicate with the serving BS via mmWave in close to outer edge in the wider area network assuming best EIRP of the transmit power and the power transmitted by BSs will be in vain. For these reasons, it is essential to specify EIRP of the wanted signal for the sphere.
Observation 1: It is essential to specify EIRP of the transmit power requirements covering whole sphere from operation point of view.
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Figure 1: A potential issue when EIRP of the wanted signal ensures in a certain direction only.

In principle, we believe that requirements should be derived from considering both system performance and UE implementation perspectives. Although it is essential to guarantee EIRP requirements covering the whole sphere from system performance perspective, we also understand that it would be challenging to always keep the maximum EIRP performance in any directions from implementation point of view. Thus according to the amount of the challenges, some exceptions for EIRP may be allowed to some extent. 
For example, we assume a UE with two antenna array panels, which are implemented in the front and the rear of the UE. This assumption has been also used for co-existence simulation study. In this case, even if the UE has two panels, the UE may or may not use both panels at a certain time. Now we consider a case where the UE uses either of the panels at a certain time and aims to steer its main beam to BS as illustrated in figure 2. In this case, the UE may not be able to obtain the maximum EIRP because the UE is not able to select the best beam direction due to the constraint of a minimum steering angle step size as in figure 1-(a). Note that “minimum steering angle step size” means how small step size the UE can take to a certain direction. In addition, the UE may not be able to steer the main beam for certain direction due to the constraint of a maximum steering angle range as in figure 1-(b). Note that “maximum steering angle range” means how widely the UE can change the steering direction. Moreover, even if the UE is able to select the best beam direction, the UE may not be able to obtain the maximum EIRP according to beam steering direction as in figure 1-(c).  
Observation 2: Exceptions to EIRP requirements covering whole sphere are needed to some extent due to implementation constraint.
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Figure 2: Potential constraints due to UE implementation

From the above discussion, we believe that in order to specify appropriate EIRP requirements, it is essential to have a common understanding of constraints of the UE implementation as well as the necessity of system performance. In previous meetings, there were discussions that these constraints considered above depends the number of used antenna elements, position of antenna elements/panel, etc. Thus we propose followings: 
Proposal 1: EIRP of the transmit power requirements covering whole sphere.
Proposal 2: Study appropriate exceptions to EIRP requirements covering whole sphere.
Proposal 3: Provide at least following information as much as possible in the future meetings.
· The number of antenna elements and its arrangements to be implemented in mmWave devices in certain frequencies.
· Behaviours of mmWave devices when beamforming is used and not used.
· How many number of elements is used from the implemented elements at a certain time
· Where and how the antenna elements and array panel are placed in the mmWave devices
· How to cover the entire sphere by switching the antenna element group(s)

Conclusion
In this contribution, we provide our consideration on how to consider EIRP requirements from spatial coverage point of view. Our observations are as below:
Observation 1: It is essential to specify EIRP of the transmit power requirements covering whole sphere from operation point of view.
Observation 2: Exceptions to EIRP requirements covering whole sphere are needed to some extent due to implementation constraint.
Based on the above observations, our proposals are as below:
Proposal 1: EIRP of the transmit power requirements covering whole sphere.
Proposal 2: Study appropriate exceptions to EIRP requirements covering whole sphere.
Proposal 3: Provide at least following information as much as possible in the future meetings.
· The number of antenna elements and its arrangements to be implemented in mmWave devices in certain frequencies.
· Behaviours of mmWave devices when beamforming is used and not used.
· How many number of elements is used from the implemented elements at a certain time
· Where and how the antenna elements are placed in the mmWave devices
· How to cover the entire sphere by switching the antenna element group(s)

Note that although this contribution focused on EIRP, the consideration can be applied on EIS requirements.
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If EIRP of the wanted signal ensures in a certain direction only,
UE may not be able to use mmWave due to low EIRP in other directions.
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