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1 Introduction

During RAN4#85, agreements were made on FR2 reference sensitivity, taking the following principles into account:

· There may be several array sizes relevant to each BS class deployment scenario, leading to several potential combined sensitivity levels. To account for this, a range is specified for sensitivity with the exact value being declared.

· The sensitivity is directly used as a reference sensitivity for other requirements

· The sensitivity is derived based on the noise figure, SINR and an assumed range for the gain

At the RAN4 NR ad-hoc, the FR2 sensitivity range was further discussed. The range of antenna gain, from 10 to 30dB was further analyzed and found to correspond well with the best case LoS channel scenario and a largest expected array size [1]. Also, the assumed noise figure per transceiver was corrected to be the same for all BS classes [2].
The SINR was not concluded and is pending further FRC simulations. Also, the range of antenna gain tentatively assumed at RAN4#85 for medium range and local area was not examined in any further detail. Furthermore, the question of how to deal with different noise figure for different frequency ranges was considered. Finally, some unclarity as to what is included in the Implementation Margin and what is included in the antenna gain arose. This paper discusses these issues further.
2 Range of values for FR2 sensitivity
[1] considers the wide area antenna gain range by means of analyzing the minimum gain needed to achieve 15dB SINR with a deployment based on line of sight channel conditions and the largest expected array size. The same analysis may be applied to medium range and local area.

For local area, given that the noise figure is the same and the SINR can be expected to be the same, the receive power to achieve 15dB SINR is also -64dBm. Assuming the same maximum UE EIRP of 28dBm as in [1], then for an antenna gain of 0dB, the distance between the UE and basestation cannot exceed approximately 30m in LoS. Since local area BS may be deployed indoors and with LoS, a cell size of 30m does not seem inappropriate; in fact the size could potentially even be reduced to 20m as a minimum in LoS, which would correspond to an antenna gain of -4dBi.
The upper end of the range corresponds to 20dBi. Taking the NLOS path component for indoor as the worst case, a range of 20m requires around 10dB of antenna gain and a range of 30m around 16dBi of antenna gain. Thus, 20dBi as an upper limit for local area seems more than sufficient.

[image: image1.wmf](

)

(

)

c

f

d

L

P

10

3D

10

NLOS

InH

log

9

.

24

30

.

17

log

3

.

38

+

+

=

¢

-


For local area, therefore the range is sufficient; in fact it could be reduced to -4 to 16dBi.

For medium range, with the same noise figure and physics for a LoS, the range is again around 30m. 30m does not seem very far for a medium range BS in the best expected channel conditions. Increasing the minimum end of the antenna gain range by 5dB would extend the range to around 60m.

Taking the NLOS path component for urban micro, around 25dBi antenna gain is required to achieve a range of 60m.
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Thus, for medium range we propose to increase the range of antenna gain by 5dB; from 5 to 25dBi.

The above estimations are valid for around 30GHz. At around 45GHz, two factors will influence the sensitivity level that can and is able to be achieved; the increase in noise figure and the increase in pathloss. The pathloss increase is around 3.5dB, and the noise figure increases 2dB. If the sensitivity range is dimensioned to achieve similar cell sizes (in meters) between 30 and 45GHz ranges, then the noise figure increase does not impact the needed sensitivity. Thus, in principle, to achieve the same cell size, the sensitivity needs to be around 3.5dBm higher for a 45GHz BS than a 30GHz BS. In terms of the range, the lower end of the range will encompass the sensitivity for the 30GHz range. The upper end of the range relates to the largest expected arrays and thus does not need to change either. Based on these considerations, we propose that the same range for sensitivity is applied for all frequencies from 24-52GHz.
A further question that arose during the ad-hoc surrounded what kinds of losses are captured in the “antenna gain” and which kinds of losses are captured in the “implementation margin”. Our understanding is that the “antenna gain” comprises all RF related losses (as well as the antenna directivity), including (but not limited to) matching, radome, steering, beam straddling, beam shaping related, mutual coupling, resistive losses etc. The “implementation margin” comprises baseband related implementation losses and goes together with the SINR derived from the FRC simulations. On this basis, we believe that the ranges in proposal 1 are sufficient for capturing antenna gain, including RF and antenna losses.

Proposal 1: Adopt the following ranges of antenna gain for medium range and local area:

	BS type
	Lower end of range
	Upper end of range

	Wide area
	87-10+IM+SINR
	87-30+IM+SINR

	Medium range
	87-5+IM+SINR
	87-25+IM+SINR

	Local area
	87+IM+SINR
	87-10+IM+SINR


3 RoAoA for FR2 sensitivity

The FR2 sensitivity is achieved within the REFSENS RoAoA. Currently, the REFSENS RoAoA is defined as follows:

OTA REFSENS RoAoA: Is the RoAoA determined by the contour defined by the points at which the achieved EIS is 3dB higher than the achieved EIS in the reference direction

NOTE:
This contour will be related to the average element/sub-array radiation pattern 3dB beam width.
The RoAoA is defined as a 3dB contour. The need for a 3dB contour actually comes from FR1, where the RoAoA is used together with Elliot’s formula to estimate a passive antenna gain for a non-AAS.

For FR2, there is no need to apply such a formula. The range that is of interest is the range over which the sensitivity is achieved and should correspond to a planned coverage area. We propose that for FR2, the definition be modified such that the range over which REFSENS is achieve is not constrained to be a 3dB range.

Proposal 2: Modify the definition of sensitivity RoAoA for FR2 to remove the need for the declared range to correspond to a 3dB contour
4 Conclusion

It is proposed that the FR2 sensitivity ranges are confirmed to be those in proposal 1 for all frequencies from 24-52GHz. The exact numbers can be added once the FRC simulations and associated SINR and IM are agreed.
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