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Introduction

During RAN 4 98 e bis meeting an antenna model with sub arrays was discussed. A LS was prepared to be sent to WP 5D but has been held until the RAN 4 99 e meeting.

In [1] a antenna model has been presented- see Annex A of [1] that if implanted will trigger a modification to the antenna array model in ITU R M 2101 to take account the use of sub arrays. In effect the element patters in M 2101 is now replaced by a sub array pattern as shown in the Annex A.1 of [1] .

ITU R M 2101 does not consider antenna arrays made from sub arrays. It simply presents the array factor of a URA with the phase shifting done on individual elements.  The array factor is derived from [2] as the Kronecker product of two underlying ULAs. In order to modify M 2101 as proposed in A.1 of [1] a formal revision of M 2101 will be required, and this could have many un intended consequences.

This contribution shows that:
1. the sub arrays will result in grating lobes in the elevation as inter sub array spacing is much larger than inter element spacing. 

2. It also proposes an alternative scheme that does not suffer from grating lobes.

3. The term sub arrays could be misleading and is not in accordance with published literature. It is suggested to use logical elements instead. (When groups of elements are used as sub arrays then the group effectively becomes a logical element, and the array phase shifting is done on the logical elements – though [1] refers to the logical elements as sub arrays).

2. Simulation Results

The parameters of the antenna array to be used for beam forming and in turn sharing calculations are given in A.2 of [1]. There are 3 elements vertically stacked in a sub array. The URA is made of 4x8 sub arrays. Inter element distance is specified in [1, specifically the vertical element separation is 0.7 lambda.]. For a 3 element sub array making the URA the inter subarray distance will be 2.1 lambda ( this is also not defined in [1]). As the composite radiation pattern is made from sub arrays that are in effect 2.1 lambda separated in elevation there will be grating lobes, that can also be uniquely determined in closed form [2].
Sub Array Pattern
The normalized sub array pattern in the elevation is shown below in Fig (1). It can be seen that the elevation half power bean width is much narrower than the element HPBW given in A.2 of [1]. This is to be expected.
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Fig (1) :Sub array elevation pattern
URA elevation pattern
Consider a 4x8 URA ( 4 rows and 8 colums as given in A.2 of [1]), where each constituent elemtn in the array is a sub array. The elevation patter of this sub array is shown in Fig (2) below. The incidence of grating lobes either side of the boresight is clearly observable. 
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Fig(2)  Elevation Pattern of a 4x8 URA made with sub arrays
Consider an alternative case of a 12x8  URA wher each element  has a 3GPP element pattern. In this case in the array factor the inter element spacing is 0.7 lambda. This is shown as the blue curve in Fig ( 3). For comparison purposes the Fig(2) case is also over plotted. It is clear from the inset that both the cases of Figs (2) and ( 3) are equivalent in the main beam, yet the Fig (3) case does not result in grating lobes as the elements are correctly spaced.
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Fig (3) : Comparison of URA elevation patterns
URA azimuth pattern
The azimuth patterns of both the Figs (2) and ( 3) cases is shown in Fig(4).  As the sub arrays are only in the elevation there is no impact of the sub arrays in azimuth.
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Fig (4) Comparison of URA azimuth patterns

· 3
Proposal 

Based on the above simulations, the following conclusions are made:

1. The elevation pattern of a URA with sub arrays will suffer from grating lobes.

2. On the other hand if the intention of the sub arrays is to increase array gain and reduce elevation beamwidth then an equivalent array (12 x8) that is based on equal number of vertical antenna elements  has a very close correspondence to the  ( 4x8) URA  made from sub arrays . This equivalent array does not suffer from grating lobes.

3. ITU R M 2101 at present does not account for an array that is made from sub arrays. No matter how trivial or substantial a modification is, to do so this recommendation will have to undergo modified the 5D process of modifying recommendations and if opened for modification there will be many unforeseen and unintended consequences. It is strongly advised that we do not proceed along this line.

4. We should instead adopt the equivalent model as per (2) above.

5. The terminology of sub arrays is misleading and confusing.  Consider a MxN URA made from cross pol elements, this could also  be two sub arrays one per polarization. Here the word sub array has a different meaning from the use of sub array as given in [1].  It is best to call the sub array in [1] as a logical element.
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