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1 Introduction
We have presented a number of papers in this meeting which require estimates of an equivalent UL antenna gain/directivity.
In [1] estimating a gain figure for calculating a minimum EIS figure was discussed

In [2] a method for setting an OTA blocking level using an estimate for the element directivity/gain was proposed.

In both cases it has been proposed that the declarations either from the current (REL13) OSSD declarations or an enhanced version of those declaration be used. However it is not clear if the estimated gain/directivity figure for both the minimum EIS and the OTA blocking are (or should be) the same.

In this contribution the 2 different antenna gain/directivity estimates are further discussed.

A brief note on terms, for AAS in the UL we avoid using the term beam width but instead used Range of Angle of Arrival (RoAoA) to describe the antenna performance. In this paper where we discuss equivalent non-AAS passive antenna performance then it is correct to use the term beam width. When relating this to the AAS this is referred to as equivalent non-AAS beam width (or similar).
2 Discussion

Whilst the gain estimations for the minimum EIS value and the blocking requirement are similar the need for them and the argument behind them are different
Min EIS

The argument is that the receiver offers the same minimum OTA performance as an equivalent non-AAS receiver with a similar antenna pattern or coverage area.

The equivalent directivity/gain is therefore based on the equivalent non-AAS beam pattern

Blocking

The argument is that each receiver unit is subjected to the same blocking level as the conducted requirement and that the delta between the wanted signal and the blocking signal is the same as the non-AAS case.

The directivity/gain is based on an estimate of the AAS element (or sub array) pattern.

In many cases however these 2 things may be the same, however due to the geometry of the deployment azimuth and elevation should be considered separately.

2.1 Azimuth

In azimuth it is likely that the element pattern will define the extent of the coverage area, and that the equivalent non-AAS azimuth beam width will be the same as the element beam width.

[image: image1.emf]  2

  4

  6

  8

  10

30

210

60

240

90

270

120

300

150

330

180 0

Azimuth bean plot (polar)

relative directivity (dB)

 

 

element

composite array


Figure 1. Polar plot of azimuth element and composite array pattern
Figure 1 shows an azimuth plot of a 65° element width with 2 potential composite UL beam patterns at the extremes of the element pattern.

It has been suggested in [1], that the extremes of the OSDD RoAoA be defined by these 3dB points, if this is agreed then the azimuth RoAoA can be used for both the equivalent non-AAS beam width for minimum EIS requirement and also the element pattern beam width for the OTA blocking requirement.

2.2 Elevation

In elevation the situation is slightly more complicated. Non-AAS antennas already use narrow beam widths in elevation to reduce interference and to achieve antenna gain.  The main lobe only illuminates a range of angles distant from the BS whilst the lower PL closer to the BS enables high SNR links using the side lobes alone.  For example
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For example a 10 element array (as commonly used for AAS simulation work) has a vertical beam width of 5.6° which results in a gain  of 18dBi (19.7dBi directivity -1.7dB loss).

For the equivalent non-AAS gain then the narrow beam width figure is needed, as this offers the important information when considering an equivalent OTA min EIS requirement.

So for minimum EIS the important value for calculating the equivalent directivity is 5.6°. 

For example (using the 36000+ eqn. [3]) the examples above;  65° HBW, D = 19.96dBi, Lestimate=1.5dB (ant)+1.5dB(RDN), so min EIS = -101.5 – 20+3 + 3 = -115.5dBm 

Note additional 3dB to accountfor the loss of directivity at the 3dB points)

In reality if the AAS has the capability to user beam steer then it will be able to direct a user beam within the 65deg range of the element pattern. Hence it would enhance the SNR at angles closer to the BS. The 3dB points RoAoA would therefore be 65° rather than 5.6°.  However if this figure were used for the vertical estimation of equivalent non-AAS antenna gain then the value would be low and the min EIS figure also would be low.

For blocking the figure needed is quite clearly the element beam width [2], in this case 65°

Using the same example D would be 9.5dBi and the blocking signal level would be Pblock = -43dBm – 9.5 +3 = -49.5dBm 

Note it is only defined in centre of element pattern so not need for additional 3dB

The wanted signal would hence be -49.5 – 52.5 = -102dBm

So clearly in elevation the equivalent beam width for the minimum EIS and the blocking requirements are not the same.

2.3 Relationship to current OSDD

Currently the OSDD consists of a Range of Angle of Arrivals (RoAoA) over which a declared EIS value can be met. 

If this concept was applied to a passive (non-AAS) antenna then for example

HBW = 65°, VBW=6°, G=18.2dBi, L(feeder etc)=1.5dB, EISmin = -101.5 +18.2 – 1.5 – 3 = -115.2dBm

The OSDD would be:
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Figure 2. OSDD for a 10x1 antenna
However the AAS (with user beam forming) equivalent of such a system would be able to maintain the same performance over the RoAoA provided by the element pattern and hence the OSDD would be:
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Figure 3. OSDD for a single element antenna
Clearly the AAS offers a wider RoAoA in ϕ (elevation)  than the non-AAS (or AAS with passive antenna) , and hence the minimum EIS expectations are lower. However the wider range of angles are not necessarily useful, 

· The additional positive angles will be pointing in front of the BS which will improve performance (with user level beam forming) but not coverage as these angles have low path loss and are covered by side lobes with the non-AAS passive antenna
· The additional negative angles will be pointing in the air.
As the existing OSDD declarations have no minimum EIS requirement, it is feasible to declare both these cases, one has greater range of elevation angles but lower EIS and one has a restricted range of elevation angles but a greater EIS.

In terms of AAS products the following are all possible:

1. The AAS consists of a single TRX and a passive narrow beam antenna (with RF beam forming as part of the antenna). So only OSDD in Figure 2 would be declared.

2. The AAS consists of a single TRX and a passive single element or wide beam antenna. So only OSDD in Figure 3would be declared

3. The AAS has many TRX and user beam forming capability and both OSDD in Figure 2 and Figure 3 could be declared.

2.3.1 Effect on minimum EIS

The goal is to identify the elevation beam width or RoAoA which is the equivalent of a similarly deployed non-AAS system. Clearly the range of available non-AAS elevation beam widths make this difficult to achieve.

The problem is that an AAS which is capable of  the OSSD described in 3 in the above list, could conceivably declare only a single OSDD as in Figure 3 and the requirement placed upon it would be approx 10dB to low.

A system where the number of active elements in elevation is to be counted is preferable to avoid as it violate the black box nature of the OTA requirement.

Also a system which requires a declaration of a physical parameter of for example an element (or sub array) is also not preferable as it violates the black box principle.

The table method of defining D for the min EIS requirement as discussed in [1] may be more suitable for such declarations as the AAS can be declared as offering equivalent performance to a certain non-AAS type rather than having to have knowledge of the AAS (inside the black box)

2.3.2 Effect on Blocking power level

In this case the goal is to identify a figure which is equivalent to the element pattern gain.

The problem is that an AAS which is capable of  the OSSD described in 3 in the above list, could conceivably declare only a single OSDD but in this case  the blocking would be relaxed if it were declared as in Figure 2 and once again the requirement placed upon it would be approx 10dB to low.

In this case the restricted declaration would limit the AAS range of operation and limit it unnecessarily (why build and AAS with functionality to steer beams within the OSDD in Figure 3  but only declare it capable of operating as in Figure 2 ?).

As the range of  the OSDD is a key parameter of AAS it seems unlikely that such a declaration would be done just to make the blocking level  lower.

However it remains an open issue how the equivalent element elevation beam width is derived and whether it is acceptable to just use the widest declared RoAoA.
3 Summary
In this contribution the estimated equivalent antenna gain to be used in the minimum EIS requirement an d the blocking requirement have been studied. The following has been found:

· The azimuth equivalent beam width is the same for both the minimum EIS requirement and the OTA blocking requirement and can be accurately estimated from the OSDD range of θ.

· The elevation equivalent beam width may be different for an AAS (with user specific beam forming) for the minimum EIS requirement and the OTA blocking requirement

· For minimum EIS the elevation equivalent beam width should be consistent with the narrowest beam for an equivalent non-AAS system

· For OTA blocking the elevation equivalent beam width should be consistent with the widest beam or the beam width of the element/sub array. It is likely that this will be declared as the widest OSDD.

The current declaration system using OSDD’s clearly needs to be modified but seems like the best method of achieving the goal. To some extent the system is self regulating as manipulating the spatial declarations to make the requirement seems easier also restricts the use of the AAS and hence would be an unlikely trade to make. However the ‘rules’ place on the declarations should be as clear as possible and ensure that the goal of maintaining the same protection and performance as the REL13 conducted specifications should be maintained.

Exactly how the OSDD declarations are modified to ensure this are still FFS.
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