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1	Introduction
In RAN4#101-e meeting, it is agreed that commercial FR2-1 antenna module physical dimension can be treated as the feasible FR2-2 antenna module dimension [1]. Also, in that meeting, we have agreement below.
Agreement: Focus primarily on antenna element numbers as they are related to directivity. Consider the possibility of use directivity as a factor in developing the spec as an alternative if it appears to be a more efficient way to come to a requirements agreement.
This contribution shows feasible antenna element number from the viewpoint of communication range.

2	Discussion
In RAN4#101-e discussion, there were two comments on communication range [1][2][3].
Condition 1: From system performance perspective > 20 dBm is required.
[bookmark: _Hlk91056453]Condition 2: Use case is Indoor like 30 m ISD.

Figure 1 and Table 1 shows the proposed minimum peak EIRPs in RAN4#101-e.
[bookmark: _Hlk92283027]It seems severe to set the minimum peak EIRP over 20 dBm based on RAN4 #101-e data. If there is a system performance issue requiring 20dBm it needs clarification and possibly further study.
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[bookmark: _Ref89254851]Figure 1: Proposed minimum peak EIRPs in RAN4#101-e

[bookmark: _Ref89260009]Table 1: Range of proposed minimum peak EIRPs in RAN4#101-e
	Number of antenna arrays
	Minimum
	Maximum

	4
	8.1 dBm
	8.5 dBm

	8
	11.3 dBm
	15.6 dBm

	16
	15.3 dBm
	20.5 dBm



Observation 1:	There were two comments on communication range in RAN4 #101-e.
Condition 1: From system performance perspective > 20 dBm is required.
Condition 2: Use case is Indoor like 30 m ISD.
Observation 2:	It seems severe to set the minimum peak EIRP over 20 dBm based on RAN4 #101-e data. If there is a system performance issue requiring 20dBm it needs clarification and possibly further study.

In the BS session, it is agreed that “the same sensitivity ranges for BS type 2-O can be reused for FR2-2” [4].
Table 2 shows the sensitivity for BS type 2-O as defined in TS 38.104 for a channel bandwidth of 400 MHz with full resource blocks.

[bookmark: _Ref89260003]Table 2: BS sensitivity in 400 MHz channel bandwidth with full resource blocks.
	Range
	Worst sensitivity
	Best sensitivity

	Wide Area BS
	-87 dBm
	-110 dBm

	Medium Range BS
	-82 dBm
	-105 dBm

	Local Area BS
	-77 dBm
	-100 dBm



We calculated the communication range between handheld UEs and local area BS with worst sensitivity. 
The pathloss of maximum communication range is calculated by (peak EIRP in Table 1) - (Worst sensitivity of BS in Table 2). Then we can calculate communication range from the pathloss by the equations in TR38.901.
[bookmark: _Hlk92356474]Figure 2 shows the results for LOS and NLOS. In the x axis of Figure 2, we show the communication range over which handheld UEs in Table 1 can communicate with the local area BS in Table 2.
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[bookmark: _Ref89262104][bookmark: _Ref91513059]Figure 2: Communication range in Indoor (BS hight is 2m and UE hight is 2m)

The targeted ISD is 30m, so we set the minimum acceptable communication range between UE and BS to 15m, or half of ISD. From Figure 2 LOS results it is challenging for 4 antenna element UE to communicate with local area BS over a 10m range, yet it is feasible to reach 15m using 8 antenna elements or 16 antenna elements for UE.

Observation 3:	It is challenging for 4 antenna element UE to communicate with local area BS over a 10m range.

In order to check outdoor case, we made the same calculation to urban micro case. Figure 3 shows the LOS and NLOS results. This shows it is difficult to communicate over 70 m even if we use wide area BS.
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[bookmark: _Ref90923454]Figure 3: Communication range in UMi (BS hight is 10m and UE hight is 2m)

Observation 4:	In UMi condition, it is difficult to communicate over 70 m.

As we showed in [5] and [6], it is severe making 2x8 antenna array with over 4.0 dBi element gain in commercial FR2-1 antenna module physical dimension. If smartphone will be thinner in the future, 1x8 antenna array is more feasible than 2x8 antenna array. We believe it is feasible using 8 antenna elements as base line in RAN4 discussions.

Observation 5:	It is severe making 2x8 antenna array with over 4.0 dBi element gain in commercial FR2-1 antenna module physical dimension.
Proposal 1:	Use 8 antenna elements as base line in RAN4 discussions.

[bookmark: _Ref89263371]Table 3: Antenna size and characteristics ([6]).
	#
	Array size
	Dimension
	Antenna gain (peak) [dBi]

	
	
	(W x L x t) [mm]
	Element gain
	Ant. Array gain

	1
	1x8
	4.0 x 20.1 x 0.3
	5.2
	14.2

	2
	2x8
	4.0 x 20.1 x 0.3
	3.4
	15.4

	3
	2x8
	6.3 x 20.1 x 0.3
	5.1
	17.1



In RAN4#101-e, there was discussion covering spherical coverage. We evaluated spherical coverage with simulated antennas. Figure 4 and Figure 5 show the results, but these results do not include form factor loss.
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[bookmark: _Ref90026279]Figure 4: CDF with 1x8 antenna elements without form factor loss
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[bookmark: _Ref90026303]Figure 5: CDF with 2x8 antenna elements without form factor loss

Table 4 shows the Gain drop at the 50%-tile CDF.

[bookmark: _Ref91261539]Table 4: Gain drop at the 50%-tile CDF without form factor loss
	Array size
	1 panel
	2 panels

	1x8
	-10.5 dB
	-5.5 dB

	2x8
	-10.5 dB
	-4.5 dB



Figure 6 shows the sample calculated communication range with averaged EIRP in Figure 1 and gain drop in Table 4.
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[bookmark: _Ref91496581]Figure 6: Communication range with 50%-tile CDF
Communication range of 50%-tile CDF with 1 panel will be less than 10m. Especially 1x8 antenna element UE with 1 panel can communicate less than 5m, but we will be able to improve communication range to 8m by using 2 panels. I believe it is feasible using at least 2 panels for 1x8 antenna element UE in the RAN4 discussions.

[bookmark: _Hlk92460929]Observation 6:	Under the 50%-tile CDF condition, 1x8 antenna element UE with 1 panel can communicate less than 5m, but we will be able to improve communication range to 8m by using 2 panels.
Proposal 2:	Use at least 2 panels for 1x8 antenna element UE in the RAN4 discussions.

1x8 antenna element UE with 2 panels and 2x8 antenna element UE with 1 panel have almost the same communication range, because minimum peak EIRP of 2x8 antenna element UE is about 5 dB higher than that of 1x8 antenna element UE based on Table 1 and this is almost the same with gain drop difference between 1 panel and 2 panels. We should change number of panels according to number of antenna elements.

Observation 7:	Under the 50%-tile CDF condition, 1x8 antenna element UE with 2 panels and 2x8 antenna element UE with 1 panel have almost the same communication range.
Proposal 3:	We should change number of panels according to number of antenna elements in the RAN4 discussions.

If we use 2 panels for the 1x8 antenna element UE, communication range of 50%-tile CDF is less than 15m. We will be able to improve communication range longer by reducing RBs to 100 MHz bandwidth for example, but we need further study about this.

3	Conclusions

Observation 1:	There were two comments on communication range in RAN4 #101-e.
Condition 1: From system performance perspective > 20 dBm is required.
Condition 2: Use case is Indoor like 30 m ISD.
Observation 2:	It seems severe to set the minimum peak EIRP over 20 dBm based on RAN4 #101-e data. If there is a system performance issue requiring 20dBm it needs clarification and possibly further study.
Observation 3:	It is challenging for 4 antenna element UE to communicate with local area BS over a 10m range.
Observation 4:	In UMi condition, it is difficult to communicate over 70 m.
Observation 5:	It is severe making 2x8 antenna array with over 4.0 dBi element gain in commercial FR2-1 antenna module physical dimension.
Observation 6:	Under the 50%-tile CDF condition, 1x8 antenna element UE with 1 panel can communicate less than 5m, but we will be able to improve communication range to 8m by using 2 panels.
Observation 7:	Under the 50%-tile CDF condition, 1x8 antenna element UE with 2 panels and 2x8 antenna element UE with 1 panel have almost the same communication range.
Proposal 1:	Use 8 antenna elements as base line in RAN4 discussions.
Proposal 2:	Use at least 2 panels for 1x8 antenna element UE in the RAN4 discussions.
Proposal 3:	We should change number of panels according to number of antenna elements in the RAN4 discussions.
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