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1 Introduction
At the last RAN4 meeting, the antenna assumptions for FR2-2 were discussed. However, there was no agreement on the number of antenna elements and the number of antenna panels. This paper shows our views on antenna element number and antenna panel number again. In addition, it also provides new views for advancing the discussion.
2 [bookmark: _Toc9342659][bookmark: _Toc22735901][bookmark: _Toc22819933]Discussion
2.1 Background
In RAN4#101-e, we discussed antenna assumption for FR2-2. However, there was no agreement on the number of antenna elements and the number of antenna panels. The excerpt from the approved WF for 60 GHz UE RF requirements at the last meeting [1] is shown below:

Excerpt from WF on 60 GHz UE RF requirements [1]
Considering ’practical form factor’, what criteria should we use?
Agreement:
· Commercial FR2-1 antenna module physical dimension can be treated as the feasible FR2-2 antenna module dimension.
· Commercial FR2-1 antenna module is equipped with 1x4 or 2x2 antenna elements
· Address the concerns related to the following identified factors into the next meeting

Array element size compared to FR2-1
	No agreement reached on this topic in RAN4 #101-e
Minimum number of antenna panels assumption
	No agreement reached on this topic in RAN4 #101-e

For FR2-2 EIRP requirements, it is required to discuss antenna element number. Also, for FR2-2 spherical coverage requirements, it is required to check if the parameters for FR2-1 could be reused. This paper shows our views on antenna element number and antenna panel number again. In addition, it also provides new views for advancing the discussion.
2.2 Proposal
2.2.1 Frequency range assumption
	For UE antenna assumption, many companies provided their views at the last meeting, but the options were divided and no agreement was reached. There are various reasons for this, but we presume that one of the factors is that the assumptions of the frequency range supported by one antenna are different between companies.
Regarding the frequency range, the following agreements have been reached in RAN4#98-bis-e. 

Excerpt from WF on [137] NR_ext_to_71GHz_Part1 [2]
Issue 2-1-2: Licensed band definition
· Agree to define a band [66-71] GHz, based on which the system parameters discussion can proceed with an aim to harmonize for both licensed and unlicensed bands
· The work except system parameters on this band will start when regulations become clear
Issue 2-1-3: Unlicensed band definition
· Option 1 (57 – 71 GHz)

From the above agreement, candidates of frequency range assumptions are 66-71GHz for licensed bands and 57-71GHz for unlicensed bands. The EIRP characteristics vary greatly depending on the supported frequency range. Therefore, the required antenna assumptions will also differ. In particular, if the supported frequency range is wider, the achievable antenna gain would be smaller. It is necessary to clarify the frequency range assumptions in order to coordinate recognition and specify the appropriate requirements.
Observation 1: One of the factors that divides the views of each company regarding antenna assumption is that the assumptions of the frequency range supported by one antenna may be different.
Proposal 1: Peak EIRP(EIS) and Spherical coverage EIRP(EIS) should be defined separately for the following cases of the frequency range:
· Case 1: 66-71GHz
· Case 2: 57-71GHz
· Other cases are not precluded.
[bookmark: _GoBack]Another aspect we should clarify is the impact of multi-band implementation with FR2-1 and FR2-2 bands. In last meeting, the co-existence of FR2-1 and FR2-2 bands in the same antenna panel was discussed. We agree that it should be one of the important factors to derive EIRP and EIS requirements since the antenna gain may be different based on whether we assume multi-band implementation or not. Therefore, we should be careful so that the same assumption is used between companies when deriving EIRP and EIS values. To do this, we propose a following procedure: we firstly specify EIRP(EIS) requirements for single FR2-2 band, and then we discuss the multi-band relaxation requirement.
Observation 2: When deriving EIRP(EIS) requirements for FR2-2, whether multi-band implementation with FR2-1 bands is assumed or not should be clarified.
Proposal 2: Peak EIRP(EIS) and Spherical coverage EIRP(EIS) for single FR2-2 band should be defined firstly. After that, multi-band relaxation should be discussed considering multi-band implementation with FR2-1 bands.

2.2.2 Antenna element number for analysis of minimum peak EIRP
	The antenna element number is a very important factor for analyzing min peak EIRP. For the band in FR2-1, 4 antenna elements per panel have been popularly used in commercial UEs. However, as many antenna elements as possible are recommended to ensure performance (peak power, cell coverage) because the bands in FR2-2 have a higher frequency than the existing bands. Some companies analyzed that at least 16 antenna elements are required at 60GHz to reach EIRP levels similar to FR2-1. [3][4] At the last meeting, some companies questioned whether we need the same performance as FR2-1. However, it is assumed that sufficient cell coverage are required because we discuss requirements for handheld UE.
On the other hand, it is also shown that there are some concerns about increasing the antenna element number. Therefore, 16 elements are preferred as antenna elements assumption, but may be reduced depending on the analysis results of each company. However, we think that at least 8 antenna elements is necessary to ensure the acceptable performance.
Observation 3: As assumption for the antenna element number of handheld UE for FR2-2, 16 elements is more preferred to guarantee EIRP performance similar to FR2-1. However, it may be possible to assume the antenna element number to be 8 elements in order to solve the issues such as antenna size.
Proposal 3: As assumption for the antenna element number of handheld UE, 8 or 16 antenna elements should be used for both 66-71GHz and 57-71GHz cases.

2.2.3 Antenna panel number for evaluation of CDF of coverage
We again show our views on if the parameters in R4-1801202[5] could be reused for evaluation of CDF of coverage. R4-1801202 is a WF that shows the assumptions for spherical coverage that RAN4 discussed for FR2-1 (target band is n257). In this assumed parameter of WF, the number of antenna panels is between 1 and 3. That is, the spherical coverage requirement was derived including the case where there is only one antenna panel. Handheld UE is generally covered by hands, so it is difficult that UEs with one antenna panel show required performance. In fact, it is popular that current commercial UEs supporting FR2-1 bands have two or more antenna panels. In addition, FR2-2 may have narrower beam compared FR2-1. Therefore, it is difficult for us to imagine the motivation to support FR2-2 with one antenna panel. Therefore, it is appropriate that the assumption of 1 antenna panel should be excluded from consideration.
We can reuse UE assumptions in R4-1801202 (e.g. materials used and device size). However, the assumption of 1 antenna panel should be excluded from consideration. Specifically, "Assumptions1" and "Assumptions2" are excluded from the assumption for FR2-2.
Observation 4: It is difficult for us to imagine the motivation to support FR2-2 with one antenna panel considering a handheld UE is covered by human hands. In fact, it is popular that commercial UEs for FR2-1 have two or more antenna panels. In addition to that, FR2-2 may have narrower beam compared FR2-1.
Proposal 4: As assumption for spherical coverage for FR2-2, 1 antenna panel is excluded from consideration for both 66-71GHz and 57-71GHz cases. It should be 2 or more.
Proposal 5: We can reuse UE assumptions in R4-1801202 (e.g. materials used and device size) for both 66-71GHz and 57-71GHz cases except 1 antenna panel assumption ("Assumptions1" and "Assumptions2").
3	Conclusion
This paper shows our views on antenna element number and antenna panel number. Here we summarize our observations and proposals:
Observation 1: One of the factors that divides the views of each company regarding antenna assumption is that the assumptions of the frequency range supported by one antenna may be different.

Proposal 1: Peak EIRP(EIS) and Spherical coverage EIRP(EIS) should be defined separately for the following cases of the frequency range:
· Case 1: 66-71GHz
· Case 2: 57-71GHz
· Other cases are not precluded.

Observation 2: When deriving EIRP(EIS) requirements for FR2-2, whether multi-band implementation with FR2-1 bands is assumed or not should be clarified.

Proposal 2: Peak EIRP(EIS) and Spherical coverage EIRP(EIS) for single FR2-2 band should be defined firstly. After that, multi-band relaxation should be discussed considering multi-band implementation with FR2-1 bands.

Observation 3: As assumption for the antenna element number of handheld UE for FR2-2, 16 elements is more preferred to guarantee EIRP performance similar to FR2-1. However, it may be possible to assume the antenna element number to be 8 elements in order to solve the issues such as antenna size.

Proposal 3: As assumption for the antenna element number of handheld UE, 8 or 16 antenna elements should be used for both 66-71GHz and 57-71GHz cases.

Observation 4: It is difficult for us to imagine the motivation to support FR2-2 with one antenna panel considering a handheld UE is covered by human hands. In fact, it is popular that commercial UEs for FR2-1 have two or more antenna panels. In addition to that, FR2-2 may have narrower beam compared FR2-1.

Proposal 4: As assumption for spherical coverage for FR2-2, 1 antenna panel is excluded from consideration for both 66-71GHz and 57-71GHz cases. It should be 2 or more.

Proposal 5: We can reuse UE assumptions in R4-1801202 (e.g. materials used and device size) for both 66-71GHz and 57-71GHz cases except 1 antenna panel assumption ("Assumptions1" and "Assumptions2").
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