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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.

As the agreements were made in somewhat of a rush, this paper looks at the assumptions and checks the values currently placed in square brackets.

2 Discussion

2.1 Existing agreed text
The current core specification text is as follows:

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in the corresponding table and annex A when the OTA test signal is at the corresponding EISREFSENS level and arrives from any direction within the OTA REFSENS RoAoA.
For wide area BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-87-10+IM+SINR] to [-87-30+IM+SINR]. The specific value is declared by the vendor.

For medium range BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-82-0+IM+SINR] to [-82-20+IM+SINR]. The specific value is declared by the vendor.

For local area area BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-79-0+IM+SINR] to [-79-20+IM+SINR]. The specific value is declared by the vendor.

Taking the wide area requirement:


EISREFSENS = [-87-10+IM+SINR] to [-87-30+IM+SINR]

Where

IM (Implementation margin) and SINR (Signal to Interference and Noise Ratio) are yet to be agreed.

-87dBm = -174dBm +10*log10(50MHz) + 10dB (Noise Figure)

And  10 dB to 30dB is the antenna gain range including directivity gain, losses and margins.

The exact distribution of antenna directivity loss and margin was not agreed separately 

2.2 Antenna gain analysis
2.2.1 Low end

The low end of the gain range was based on a reasonable minimum distance from the BS. Considering that the wide area scenarios are constructed under the assumption of a minimum distance of 35m (with a BS to UE height difference of 23.5m). This gives a LOS distance of 42m and a FSPL (@30GHz) of 94.5dB

A UE which is at the minimum distance should be expected to be able to operate at the highest data rate as a minimum.

For LTE the highest throughput mode required a SINR of 15dB, NR should require at least this (maybe more for higher order modulation?)

Also the sensitivity is quoted for a 5MHz channel but the widest channel BW is 200MHz, so this should be considered.

The minimum received (conducted) signal should therefore be approx:


-174 + 10*log10(200MHz) + IM + 10dB (NF) + 15 (SINR) = -66+IM ≈ -64dBm

So considering a UE with 23dBm Tx power and approx 5dB antenna gain (i.e. 28dBm EIRP)

EIRPUE – FSPL = 28 – 94.5 = -66.4dBm

So to get the highest data rate at the minimum distance with LOS conditions would require an antenna gain of approx 2dB.
Clearly only achieving maximum data rate under such conditions would not be a very usable system.

In [1] it was suggested that a reasonable minimum cell range for a wide area cell would be 100m, if this is the case then the FSPL is approx -102dB. The minimum required antenna gain is then 10dBi.

Note for lower throughputs the sensitivity would be lower and the range larger than the values used above.

The low end value of 10dBi therefore seems reasonable for a wide area BS.
2.2.2 High end
The current high end antenna gain assumption in square brackets is 30dBi.

In the simulation work done so far a single panel is assume with 8 vertically and 16 horizontally spaced elements with the spacing of 0.5λ.

The directivity due to the aperture of this antenna is 26.4dBi, with loss and off peak margin it can be assumed that the gain is approx 20dBi over the UL RoAoA.
To achieve an antenna gain of 30dBi then an antenna consisting of approximately 32x64 elements (with 0.5λ spacing) would be needed (38.1dBi directivity). This is 2048 elements and is a reasonable upper end for a single panel.

It should be noted that a similar gain could be achieved at the expense of flexibility by using larger element spacing, a 16x64 array with 0.9λ spacing vertically and 0.5λ horizontally has a directivity of 37.6dBi only 0.5dB less directivity with half the elements – however this will come at a cost when the beam is steered vertically as grating lobes with form lowering the gain. 
The point here is that number of elements and antenna sizes are used to identify useful boundary conditions for the antenna gain range but it should not be either then antenna size or number of elements specified as this is implementation specific.

2.3 Multiple antenna panels

One issue which has not been discussed is how does the specification apply if the system has multiple antenna panels. During the definition of the antenna used for the co-existence study multiple panels were discussed and having panels separated at wider separations than the elements was identified as an option for the simulation work. This option was not investigated it seems and a single panel with 0.5λ spacing was settled upon.

The gain range currently being considered in the core specification and the analysis above also considers a requirement per panel.

If multiple panels are used then it is not clear if the beams are likely to be coherent (and hence potentially form a new beam) or non-coherent. If the separation is sufficient then the panels should be considered as non-coherent as they are not likely to be used to form a coherent beam. 

In such a case the spatial performance of the system of multiple panels is not important it is the spatial performance of the individual panels. It is both reasonable and also a simple solution to define the sensitivity (and perhaps all the RF parameters) per panel.

This is similar to how the 2 polarisations are treated.
3 Summary
For wide area NR BS the existing figures in square brackets are correct, but it should be clarified that the requirements are per panel.
Panels can be distinguished as antenna arrays that have a variable (or unknown) separation between them.
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