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1 Introduction
In the last meeting the FR2 antenna gain range and its effect on the sensitivity range was agreed and the final values placed in square brackets.

This TP adds the background behind the agreements on RX sensitivity for both BS type 1-H, 1-O and2-O to the technical report.
2 Text Proposal:

TR37.817 v0.6.0 
--------------Start of text proposal-------------
5.3.5

BS type 1-O and BS type 2-O

BS type 1-O and 2-O BS requirement are applied in the far field at the radiated interface boundary.
The OTA BS types have no transceiver array boundary or TAB connectors defined as they have no conducted requirements.

Figure 5.3.5-1 shows a general architecture of OTA BS, where P is the total number of transceiver units and P ≥ 8.
NOTE 1: 
If a BS type 1-O is declared to support more than 1 cell (Ncells>1) the total number of transceiver units must be greater than 8* Ncells.

NOTE 2:
The fixed scaling factor of 8 is based on the maximum number of layers/streams specified in release 12 of 3GPP E-UTRA specifications. The scaling function may be further reconsidered for future releases if the maximum number of layers/streams supported in NR is changed.
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Figure 5.3.5-1: General architecture of FR1 BS type 1-O and FR2 BS type 2-O
The BS type 2-O architecture allows for multiple antenna panels where the spatial relationship between panels is characterised as:

· Panel to panel spacing is larger than element to element spacing (in a single panel)

· Panel to panel spacing may be variable.

· Panel to panel spacing may be unknown
As such the spatial performance for a multiple panel system is not as straight forward as the spatial parameters declared for a single panel. 
{Unchanged section omitted}
10.2
OTA sensitivity

10.2.1
General
The minimum requirements for OTA sensitivity, are based on one or more manufacturer declared OSDD. For BS type 1-H and 1-O, the OTA sensitivity requirements will be as those for E-UTRA, except that NR specific FRCs required for NR. The background information for the minimum requirement is captured in TR 37.842, sub-clause 7.3.2.
For BS type 2-O there are no equivalent conducted requirements and a certain minimum level of beam forming gain is required. As such it is not necessary to have both declared OTA sensitivity and reference sensitivity requirements. Hence there is no OTA sensitivity requirement for BS type 2-O.
10.3
OTA Reference sensitivity level
10.3.1
General
OTA reference sensitivity level is a directional requirement specified as an EIS level.
10.3.2
BS type 1-O

For BS type 1-O OTA reference sensitivity is intended to provide equivillent protection and performance as the conducted reference sensitivity level. The OTA reference sensitivity level is calculated based on the conducted reference sensitivity level for BS type 1C and 1-H and an equivalent passive antenna gain which would be used in the same deployment scenario.
The requirement is valid over the OTS REFSENS RoAoA which is a declared by the vendor. The OTA REFSENS RoAoA is used to estimate the equivalent antenna gain using the Elliot’s formula approximation, and a number of agred margins as follows:
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Where: 

· PREFSENS is the conducted reference sensitivity level in dBm.
· DRX_OTA+MARGIN is an implementation margin to allow for errors associated with beam forming in the UL. The DRX_OTA_MARGIN value is 1dB.
· D0 is the estimated antenna peak directivity in dBi of a non-AAS BS, which has a beam pattern related to the AAS BS OTA REFSENS RoAoA region.  D0 is approximated by the Elliot’s formula and expressed as, 

· 
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Where,

· BeWθ,REFSENS is the beamwidth equivalent to the range of OTA REFSENS RoAoA in the θ-axis in degrees.

· BeWφ,REFSENS is the beamwidth equivalent to the range of OTA REFSENS RoAoA in the φ-axis in degrees.OTA REFSENS RoAoA is declared by the vendor.
· Doff-peak is the peak directivity off-peak margin, it is defined as follows:

· The OTA REFSENS RoAoA is defined as the contour where the EIS is 3dB higher than in the reference direction, therefore by definition Doff-peak in the reference direction is 0dB. In all other directions within the OTA REFSENS RoAoA Doff-peak is 3dB.

10.3.3
BS type 2-O

The OTA reference sensitivity requirement is the only sensitivity requirement used for BS type 2-0. As beam forming is expected in a BS type 2-O there is not relationship between the coverage area (defined by the OTA REFSENS RoAoA) and the expected beam forming gain. Hence the OTA REFSENS RoAoA is used only as the region over which the EISREFSENS value is valid.
For BS type 2-O it is not clear what the ideal beam forming gain required is or even if there is a single ideal beam forming gain. Hence in order to allow for implementation in different deployment scenarios a range of antenna gain is defined for each BS class. This range of antenna gain can then be used along with the implementation margin and SINR requirements to calculate a range minimum EIS values. The vendor declares the OTA reference sensitivity within this range.
The FRC and hence the noise BW for the reference sensitivity FRC is 50MHz.

Hence for a wide area BS
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 The antenna gain (GANT) is in the range 10 to 30dB.

GANT includes the antenna directivity and the antenna loss, the exact distribution of directivity and loss is not formally agreed however the max and min values are based on the approximate extreme cases:

Low gain case:

The minimum usable low gain for a wide area BS can be approximated based on the minimum cell size for a wide area BS. The minimum distance for a UE to the antenna for a wide area BS is 35m (assuming a 23.5m vertical separation). It is reasonable to expect that high throughput and hence high SINR should be achievable at distances greater than this. To achieve and UL SINR of 15dB for a 200MHz channel at 100m at least 10dB antenna gain is required.
This is equivalent to antenna of approx 4x4 elements (0.5λ spacing) with 3dB off peak margin and 4dB losses.
High gain case:

The high gain is limited by practical implementation of the antenna, a 64x32 element (0.5λ spacing) antenna would consist of 2048 elements and have a directivity of 38.1dBi. With some many elements it is likely the losses would be higher than for a smaller antenna, hence 3dB off peak margin and 5dB losses result in a gain of 30dBi
Hence the requirement for wide area is:
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For medium range and local area BS classes the minimum distance and the expected cell radius is smaller, the noise figure expectations for the lower BS classes are also higher to account for the higher interferer power levels.
For both medium range and local area BS the low end gain antenna gain expectation is 0dBi and the high end is 20dBi.

Resulting in the following:

For medium range, 
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For local area, 
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Note that the antenna gain calculation are based on antenna which can form coherent beams in a specific direction (or range of angles or arrival) or a single antenna panel. The requirements are hence applied per antenna panel.

--------------End of text proposal-------------
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