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1
Introduction
RAN4#80 approved a way forward of [1] for UE RF requirements for mmWave. The Way Forward of [1] contains the following agreements for Tx Power Related Requirements:

· Tx Power Related Requirements

· Requirement on EIRP will be introduced

· How the requirement is defined should be studied

· Whether TRP requirement or other alternative requirements are needed or not is FFS
In this contribution, we discuss what kind of aspect should be studied to proceed with EIRP/EIS in mmWave. 
2
Discussion
There was a contribution of [2] on EIRP/EIS where the following Observation 1 and 3 are provided in [2].

---------------------------------------------------Start of an excerpt from [2] ---------------------------------------------------

Observation 1: Maximum power should be defined as EIRP with a certain tolerance. This requirement would have to be met in any direction (over the whole sphere).
Observation 3. Minimum EIS should be defined in any direction (over the entire sphere) considering some tolerance
---------------------------------------------------End of an excerpt from [2] ----------------------------------------------------

We share our view on the above observations. 
2.1 EIRP/EIS and its Direction

In principle, we share the same view on the direction of EIRP/EIS mentioned in the Obervation 1 and 3 in [2]. In our understanding, making maximum use of beamforming gain in mmWave is essential to compemsate significantly large pass loss due to its 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/EIS in a certain direction only is not suitable considering the practical use cases. In addition, practically, if the UEs appropriately switch the best antenna arrays from the multiple-antenna arrays implemented in the UEs or not should be ensured. Moreover, without knowing the entire performance of EIPR/EIS, it is quite challenging to design network for mmWave. For example, if only what we can obtain is the best EIRP/EIS and if we design our network based on them, most of users may not be use mmWave in close to outer edge in the wider area network assuming best EIRP/EIS and the power transmitted by eNBs will be in vain. For these reasons, we share the same view on the direction of EIRP/EIS mentioned in the observation 1 and 3 in [2], however, how to guarantee EIRP/EIS and its side conditions need to be further discussed.
Observation 1: Guaranteeing EIRP/EIS in any orientations is essential from operational point of view.
2.2 Assumption of the number of antenna elements

To move on to the next step to determine the EIRP/EIS, it would be reasonable to have common understanding of the whole picture of UE implementation such as the implemented number of antenna elements in a certain frequencies and some constraints. One of the important information would be how many antenna elements can be implemented typically, at minimum and at maximum. In addition, how to handle the number of antenna arrays available at a certain time in devices from the implemented number of them is one of the keys to specify the requirements since mmWave devices may not always use the maximum number of implemented antenna arrays and may not have the same number of antenna arrays even if an operating band is the same. These are also fundamental information since if the devices can use four antenna elements in a certain time even if they have 16 antenna elements, they would not be able to meet EIRP/EIS to be defined based on the number of antenna arrays to be 16. From an operational point of view, seemingly it would be better to allow us to use the maximum number of antennas to obtain even higher gain from beamforming. It is, however most likely that nothing comes for free. Thus, if there are constrains in terms of UE implementation and associated trade-off, it would be better to share the information as soon as possible since without common understanding it is quite challenging to have constructive discussion in the future meetings. For instance, let us take extreme two cases. One is device to use always maximum of 16 antenna elements. The other is the implemented number of antenna elements is the same as of 16 but it is allowed to use less number of elements than 16. For the former case, the devices may be forced to have the antenna elements of 16 at one place in the device so that they may lose functions to switch to the best antenna arrays. For the latter case, they are allowed to have antenna arrays in different several places and may be able to switch to the best arrays according to the situation. Moreover, it is essential to know at least more than or equal to how many number of antenna elements is used in respective operating bands. 
Observation 2: At least he following information is essential to proceed with the discussion on EIRP/EIS.

· 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)

· How much EIRP/EIS is assumed under a certain condition 

2.3 Specification and the number of antenna elements
After the clarification of some UE implementation constraints mentioned in section 2.2, RAN4 needs to move on to the stage to specify the requirements. There are several ways to specify EIRP/EIS. 
One way is we assume at least a certain number of antenna elements are used in a certain band. The EIRP/EIS is established based on the number and obtained gain. For instance, RAN4 may specify the EIRP/EIS based on the number of 8 antenna arrays in a certain operating band to be defined in the WI phase. Note that the number is just an example. In the corresponding test, however, how many antenna elements are implemented is not asked but rather what the UEs need to do is just to satisfy the minimum requirement without declaring the number of antenna elements. The devices would use at least 8 antennas in most cases and in some cases they may use more than 8. Or they may use less than 8 but they may try to compensate for the lost gain from beamforming somehow such that increase of the input power into the available antenna elements etc.  The drawback of this way would be the selected number of antenna may become conservative while advantage of this way would be simple and allow more freedom of choices for implementations. Another is we set requirements based on the number of practically active antennas. This way is more correct than the previous one but if practical UEs switch sub-antenna arrays and the total number according to situation, it may be challenging to specify the requirements correctly. The middle way between the former and the latter may be we set the two minimum requirements in the following way. The minimum requirement of X is specified based on the number of antenna elements under the conditions that the devices in mmWave in a certain band shall always use at least more than or equal to that number. In addition, we set the other requirement of Y that based on the maximum number of antennas the device can use. In the test, the devices need to satisfy the X over the sphere. At the same time, the devices shall satisfy Y at least more than or equal to Z % of the entire sphere. This is reasonable from specification point of view, we believe. One drawback would be how to determine values of Z for example.

Although three ways are mentioned in the above, there are still other ways to reflect the relation of the EIRP/EIS and the number of antenna elements. These will be further elaborated once the UE implementation and associated constraints are clarified.
3
Conclusions

This paper shares the following four observations. 
Observation 1: Guaranteeing EIRP/EIS in any orientations is essential from operational point of view.
Observation 2: At least he following information is essential to proceed with the discussion on EIRP/EIS.

· 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)

· How much EIRP/EIS is assumed under a certain condition 

Based on the above observations, we propose the followings.
Proposal 1: 
· EIRP/EIS shall be guaranteed in any orientations.  

· The detailed conditions for EIRP/EIS and values are FFS. These should be derived from considering both system performance and UE implementation perspectives.

Proposal 2: At least the following information should be provided 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)

· How much EIRP/EIS is assumed under a certain condition 
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