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1 Introduction
In the last meeting FR2 sensitivity and minimum antenna gain was discussed, it is clear that in order to finalize the FR2 requirements in RAN4#85 there must be a receiver sensitivity requirement, both for the purposes for a minimum requirement and also as a reference for the interference requiems.

This paper discusses antenna again and minimum sensitivity.

2 Discussion

The issue of the receiver sensitivity and the antenna gain is somewhat linked to the BS class discussion. The requirements derived for the different BS classes assume different deployment scenarios and hence slightly different RF requirements.
2.1 BS classes and sensitivity

Wide area classes assume that antennas with significant gain are used, that cells are large and that minimum distance are large(er).

Local area classes assume low gain antennas, small cells and smaller minimum distances.

In the receiver this results in the ‘smaller’ BS classes having higher sensitivity and higher interferer requirements at the conducted interface.

The scenarios used to derive the different limits for the different BS classes are based on simulation assumptions which include antenna gain assumptions for E-UTRA this is as follows:
	Base Station Type
	Mean power of interfering signal [dBm]
	REFSENS
(dBm)
	wanted signal level (dBm)
	delta
(dB)
	Approximate antenna gain assumption
(dBi)
	Interferer OTA level
(dBm) 
	Wanted OTA level
(dBm)

	Wide Area BS
	-43
	-105.5
	-99.5
	56.5
	16
	-59
	-115.5

	Medium Range BS
	-38
	-96.5
	-90.5
	52.5
	10
	-48
	-100.5

	Local Area BS
	-35
	-93.5
	-87.5
	52.5
	0
	-35
	-87.5


It can be seen that the delta between the interfere and the wanted signal is kept approximately the same for all BS classes. This is based on implementation. In a receiver it is of course always good to have as low a sensitivity as possible, the interferer levels are found by investigating the statistical probability of an interferer arriving at that level, the wanted signal level is based on practical implementation, for wide area this is the ‘best’ sensitivity which van be achieved, for the other BS classes the delta between wanted and interfere is kept constant so the wanted signal level is relaxed as the interfere power increases. This is acceptable as the cells are smaller and often interference limited so low sensitivity is not essential.

It can be seen however that the difference in OTA power levels between the classes is even greater because the antenna gain assumptions also vary.

It is clear that not only the antenna gain changes the levels however, for example using E-UTRA figures a wide area using a 0dB gain assumption would not give the same requirements as a local area with a 0dBi gain assumption, however if a wide area BS had a 0dBi antenna attached then it is possible that the deployment scenario would be such that it was being used as a local BS.

There are also other things to consider when it comes to BS classes

· Frequency error changes with BS class, this is because in small cells lower speeds are assumed so less Doppler needs to be considered. It could be argues that systems with low antenna gain also would serve small cells and could benefit from the relaxation.

· Maximum output power limit is imposed – this is to ensure that small cells do not interfere with the macro networks in het net scenarios. Impact on other networks due to interference has been shown to be due to total power rather than directional power. The antenna gain only applies to direction power- and hence linking any total power requirement to antenna gain is not correct.
Observation 1: Antenna gain is not a direct replacement for BS class.

2.2 Antenna gain

It has been seen with the FR2 blocking analysis that as interferer level is based on statistical analysis it is not a simple thing to offset received levels by max antenna gain and also for BS implementation. For a single deployment  scenario (i.e. wide area), it is likely a suitable compromise value can be found which is acceptable for all implementations and range of antenna gain. However it is not clear if this assumption is suitable for all deployment scenarios and hence BS classes.
2.2.1 Wide area

The co-existence work was done based on a 8x16 element array with 0.5λ spacing, the directivity of this antenna being 26.4dBi. The correct gain assumption is based on the various loss and efficiency figures applied to this figure. But including the off peak margin the gain assumption could be approx 22dBi.
The question is then what is a reasonable range of antenna sizes and gains for a wide area deployment.

· If the low gain case is to high then this will prevent systems with low antenna gains being implemented.

· If the high gain case is not high enough then this will result in interferers being to high at the conducted input and hence prevent systems with higher gain being implemented. 

These issues give rise to solutions involving some form of declaration, BS class itself is a declaration so this is not unusual. In AAS the OTA sensitivity y is based on a declaration, however for the hybrid case this is backed up by a minimum conducted requirement, and in the OTA case it s backed up by a controlled OTA REFSENS requirement. So the sensitivity is not wholly declared.

For FR2 it is sensible to have a minimum requirement and it seems the best solution is to have a range of antenna gain option for each BS class.

On the low gain side clearly if the system is intended for operation as a wide area system then the gain has a reasonable minimum expectation.

Wide area assumption is that the min distance is 35m and building height of 25m FSPL is 94.6dB (@30GHz)

Assuming the following

UE Pout = 23dBm

UE antenna gain = 12dBi (directivity) – 3dB(loss) – 3dB (off peak) = 6dBi

BS conducted sensitivity = -174 +10*log10(200MHz) + 10+1 = -80dBm


(Noise figure and implementation margin values may vary a little, final values can be adjusted if these assumptions change) 
A signal at the conducted sensitivity level and assuming NLOA propagation van be received at a distance of approx 176m
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Looking at the distance at which a NLOS signal can be detected at reference sensitivity vs. antenna gain gives:
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Clearly the high end is going to be limited by physical size and practicality. However the smallest size (lowest gain) must be limited by implementation and what is considered a reasonable low end for a wide area BS.
Considering the co-location analysis assumptions derive a cell which is approx 200m, it is perhaps reasonable to halve this distance. A 100m distance requires an antenna gain of approx 14dBi, this can be achieved with am antenna of approx 8x4 elements (d=20.5dBi, L=-6dB)
Observation 2: A reasonable worst case minimum gain expectation for a wide area BS is 14dBi.

The upper end is harder to estimate, however a 32x32 element antenna (with 0.5λ spacing) requires 4096 elements, of these are all phase steerable then this is a large amount of hardware and is perhaps a reasonable upper limit. This gives directivity of 41dBi or a gain of approx 35dBi which equates to a distance of 381m, which is approx. double the co-existence scenario.
Observation 3: An antenna gain of 35dBi represents a reasonable upper implementation limit and gives approx 2x the cell distance of the co-lcoatin case.

Having proposed an antenna gain range (14dBi to 35dBi), it is necessary to consider the step size. Considering that doubling the antenna size in either dimension results in a 3dB increase in antenna gain. Using 3dB steps would result in 8 steps.
This is perhaps too many steps, if there are too many then it is not significantly different to declaring the antenna gain. 4 seems to be a more reasonable number.

Proposal 1: 4 Antenna gain categories re used for wide area BS class 

The following antenna gain steps are hence proposed for the wide area BS:

	Antenna gain category
	gain assumption (dBm)
	Minimum sensitivity (20MHz CH_BW)
(dBm)

	1
	14
	-94

	2
	20
	-100

	3
	26
	-106

	4
	32
	-112


2.2.2 Other BS classes

Less work has been done studying the other BS classes, path loss calculation and models will be different. IT may be the case that the antenna gain assumptions overlap, but the interferer levels (and hence the sensitivity levels) are higher as the scenarios are different.
This paper offers no suggestions for minimum gain assumptions for the other BS classes.
3 Summary
Although both BS class and antenna gain assumptions change the OTA levels used for the receiver requirements they are not the same thing. BS classes are also used for other parameters such as maximum output power. The maximum output power limitation is used to control interference and this is based on total power rather than directional power and hence is not related to antenna gain.

Observation 1: Antenna gain is not a direct replacement for BS class.

For the wide area BS class, the antenna gain is related to the cell size. Using the existing assumptions on minimum distance and cell range used for the co-existence work the following observations have been made:

Observation 2: A reasonable worst case minimum gain expectation for a wide area BS is 14dBi.

Observation 3: An antenna gain of 35dBi represents a reasonable upper implementation limit and gives approx 2x the cell distance of the co-location case.

Proposal 1: 4 Antenna gain categories re used for wide area BS class

This results in the following sensitivity requirement for wide area BS

	Antenna gain group
	gain assumption (dBm)
	Minimum sensitivity (20MHz CH_BW)
(dBm)

	1
	14
	-94

	2
	20
	-100

	3
	26
	-106

	4
	32
	-112


Note. If agreed FRC’s, NF and implementation margins are different from those assumed the sensitivity values can be adjusted.
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