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1 Introduction
In RAN4#75 [1] was submitted but not addressed due to time. The paper explained a method to describe complex AAS systems which may be multi-band, multi-carrier and multi-cell systems, the proposed definitions allow the application of the same methodology  for multi-band and multi-carrier which are used in the non-AAS requirements (xx.104). 

This paper expands on [1] and uses a number of examples to show how the definitions suggested can be used to apply requirements to the transceiver array boundary in an AAS system.

The paper is long as uses a number of example to show how the definitions are applicable to different implementations however as all multi-xxx subjects benefit from being discussed together it is felt a longer document is preferable to a number of smaller ones.
2 Discussion

The following definitions were suggested in [1]:

Transceiver unit array: Complete set of Transceiver units in the AAS [7] fig 4.3-1

Transceiver Unit: the active unit consisting of transmitter and/or receiver which transmits and/or receives radio signals, and which may include passive RF filters [7]
Sub-transceiver:
Part of transceiver unit that performs a function which may be subject to specific requirements. E.g. sub-receiver or sub-transmitter. [4]
Sub-transmitter: Part of transceiver unit that performs a transmitter function which may be subject to specific requirements. E.g. transmission in a specific operating band.  [4]
Transceiver sub-array:
 Part of the transceiver array that may be subject to specific requirements, e.g. operating band specific transceiver sub-array [4]
Sub-transceiver group: A unique set of sub-transceivers to which a requirement can be applied. [4]
2.1 Sub- transceivers and sub transceiver arrays

2.1.1 Example 1 – Dual band implementations (8 Transceiver Units)
There are 3 possible ways to implement the multi-band aspect of this:

1. All transceiver units are single band

2. All transceiver units are dual band

3. Transceiver units are a mixture of single band and dual band.

These 

All single band
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Figure 1. Multi-band AAS, with single band transceiver units split into 2 sub arrays.

This is a very simple case, in each case the transceiver units consists of a single sub transceiver, clearly sub-transceiver is not a concept is required in this case – but neither does the concept cause any limitations.

The 2 sub-arrays are band specific and each has the xx.104 requirement applied to it. Once again in this simple case as the 2 sub arrays consist of separate hardware the need for sub-array is not compelling, however in an integrated AAS still has some benefit in clearly identifying the hardware for each band.

Note that the sub-arrays consists of unique sub transceivers hence meeting the correct definition.

All dual band
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Figure 2. Multi-band AAS, with multi-band transceiver units split into 2 sub arrays.

This case is also somewhat simple as all transceiver units are identical. 

In this case however as each transceiver unit is dual band then the concept of sub-transceiver is necessary to identify the band specific part of the TRX unit. 

The 2 sub-arrays are band specific and each has the xx.104 requirement applied to it.

The sub arrays once again consist of unique sub transceivers, as the definition requires. However in this case they do not consist of unique transceiver units. This highlights the need for the sub transceiver concept.
Mixture of single band and dual band
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Figure 3. Multi-band AAS, with single band transceiver units and multi-band transceiver units split into 2 sub arrays.

In this case there are some dual band transceiver units and some single band. The ability to spilt into sub transceivers once again is needed so that the sub transceivers can be grouped in to band specific sub arrays.
The 2 sub-arrays are band specific and each has the xx.104 requirement applied to it.

Once again the sub-arrays consist of unique sub transceivers as required.

2.1.2 Single band systems

This is of course a trivial case, however it is important that the definitions are suitable for single band implementations. 
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Figure 4. Single-band AAS, with single band transceiver units shown as a single sub array.

As stated this example is trivial but it demonstrates that he definitions are suitable for all cases, In this case each transceiver unit consists of a single sub-transceiver, the single sub-array has a unique set of sub-transceivers. 

For consistency the band specific requirements can still be applied to the sub-transceivers in the sub-array
2.2 Sub transceiver groups

Sub transceivers and sub transceiver arrays are a means of clearly separating the functionality of separate bands. However each sub transceiver group may still represent a number of AAS_ETAC’s. In line with the multi-band methodology in xx.104 each band (or sub transceiver array) is tested separately to the appropriate requirement. 

Hence each sub transceiver array may have a different AAS_ETAC capability, the sub trasnciever arrays can therefore be spit into different groups of sub-transceivers as required.

Below are a number of examples showing how the concept is applied:

2.2.1 Mixture of single band and dual band - sub transceiver array 2

Looking at sub transceiver array 2 form Figure 3, in further detail 
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Figure 5. Sub array 2, with 2 AAS_ETAC, 1 per Sub-transceiver group
In Figure 5, sub array 2 is shown to be using 2 AAS_ETAC, in this case each AAS_ETAC is a different polarisation (a likely common implementation) and hence they are separable. The resulting is a Sub-transceiver group which complies with the definition above.
The sub transceiver group is now as required a unique set of sub-transceivers (and hence transmitter unit connectors) to which the requirement can be applied. 

In this case each sub-transceiver group has a single AAS_ETAC so, for example, the xx.104 UEM can be applied to it.

With Non-AAS the requirement differs depending on whether the TRX is a multi-band or single band TRX, this is also true of an AAS sub-transceiver group. With non-AAS TRX there are only 2 options (multi-band or not) with AAS however there are 3 options:

· Single band  (in this case the sub transceiver = transceiver unit)

· Multi-band  (i.e. part of a multi-band transceiver unit)

· Mixture of single band and multi-band sub transceivers 
Single band and multi-band sub-transceiver groups can be treated as the current xx.104 specifications dictate.
 Mixed sub-transceiver groups are not so simple, it is difficult to allocate exceptions to some transmitters in the group as the requirements apply to the whole group, distributing exceptions (in the case of the multi-band exceptions in xx.104) does not make much sense. It is hence suggested that if a sub-transceiver group is capable of multi-band (i.e. it contains at least 1 multi-band transceiver unit) then the group is treated as a multi-band.

Proposal : a Sub-transceiver group is declared multi-band if 1 or more transceiver units in that group are multi-band transceiver units.
Some other example of dividing into sub-transceiver groups are given below:

2.2.2 Single band, with 4 AAS-ETAC – ex1
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Figure 6. Single band AAS with 8 TRX units, 4 AAS-ETAC, 1:1 mapping between TRX units and AAS-ETAC

In this case as the system is single carrier and single band so there is no distinction between sub-transceivers and transceiver units. There is a 1:1 mapping between the AAS_ETAC and a physical group of transceiver units. Hence the transceiver units can be sub divided into 4 Sub-transceiver groups (they are called sub-transceiver groups rather than transceiver groups so naming is constant with sub-transceiver concept required for dealing with multi-band) . In this case the ‘equivalence’ between the Non-AAS case and the AAS case can easily be seen, 1 non-AAS Transmitter Antenna connector is replaced by 4 AAS transmitter unit connectors (AB(n,t)).  One interpretation of this scenario could be that “the AAS_ETAC and the Sub-transceiver groups are the same thing”.

From here the transmitter requirements can easily be applied either to the Sub-transceiver group or to the individual connectors. Error! Reference source not found. shows AAS_ETAC#1 expanded to 4 unique transceiver units, labelled Sub-transceiver group 1. 

i.e. 

The power sum of the unwanted emissions from The sub-transceiver group consisting of Test ports AB(1,t) and AB(2,t) must meet the requirement specified in xx.104. 

Or

The unwanted emissions from each Test ports AB(1,t) and AB(2,t) must meet the requirement specified in xx.104 divide by 2.

Either of these is valid and demonstrates compliance. Clearly the same method applies to the other 3 Sub-transceiver groups in the example.

2.2.3 Single band, with 4 AAS-ETAC – ex2
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Figure 7. Single band AAS with 8 TRX units, 4 AAS-ETAC, All TRX units used for all AAS-ETAC

In this example once again all transceivers are single band and single-carrier, so once again there is no distinction between sub-transmitter and transmitter unit. However in this case there is not the same 1:1 mapping between AAS-ETAC and transceiver units. All the AAS_ETAC are applied to all of the transceiver units. Hence there is no way to sensibly sub divide the transceiver units any further, and there is only 1 physical group of transceivers in this case. In this example the AAS_ETAC and the Sub-transceiver group are definitely not equivalent.

It is generally agreed that this system should have the same total system requirement as example 1, i.e. 4 time xx.104 requirement. So it is necessary to use the number of AAS_ETAC per Sub-transceiver group as a scaling factor.

Hence the requirement on Sub-transceiver group 1 in this case is:

i.e. 

The power sum of the unwanted emissions from The sub-transceiver group consisting of Test ports AB(1,t), AB(2,t), … , AB(8,t), must meet 4 times the requirement specified in xx.104. 

Or

The unwanted emissions from each Test ports AB(1,t), AB(2,t), … , AB(8,t), must meet 4 times the requirement specified in xx.104 divide by 8.

2.2.4 Requirements based on transceiver sub groups

Generalizing the method outlined in the examples gives the following:

Proposal for UEM requirement:

Min requirement

The power sum of the unwanted emissions from the sub-transceiver group consisting of transceiver units (r to s) at Test ports AB(r,t), AB(r +1,t), … , AB(s,t), must meet N times the requirement specified in xx.104. Where N is the number of AAS_ETAC the sub-transceiver group represents.

Or

The unwanted emissions from each test port AB(r,t), AB(r +1,t), … , AB(s,t), in the sub-transceiver group consisting of transceiver units (r to s), must meet N times the requirement specified in xx.104 divided by s-r. Where N is the number of AAS_ETAC the sub-transceiver group represents.

Once again both statements demonstrate compliance and either can be used.

2.3 Multi-carrier

In [1], the method of dealing with multi-carrier in the non-AAS requirements is examined. 
The general approach for all requirements is the similar, the requirements are applied per antenna connector, if an antenna connector is multi-carrier then the requirements apply in the same way. The exception to this being in band measurements such as ACLR where there are requirements are from the carrier edges, in these cases there is additional text to explain the methodology for applying the requirements to a multi-carrier signal.
Multi-carrier transceivers therefore have some special cases, and hence need to be identified as such. But do not allow for ‘scaling’ for the requirement in the same way that multiple single carrier transceivers do.

In §2.2, sub-trasnmitter groups are defined as a group of sub-transceivers to which a requirement can be applied.

Following from this principle it is possible a group may be 1 of 3 things
1) Consist of single-carrier transmitter units only

2) Consist of multi-carrier transmitter units only

3) Consist of a mixture of multi-carrier and single-carrier transmitter units.

Option 3 is perhaps an unlikely implementation, unlike multi-band systems where the antenna design may be different for different bands (and hence the transceivers feeding the antenna elements may be of mixed capability) [4], multi-carrier signals are (by definition) in the same band, and hence likely to be connected to the same array and  require similar illumination patterns etc. Hence the need for a mixture of multi-carrier and single-carrier transceiver units seems unlikely. It is therefore suggested that if a sub transceiver group consists of multi-carrier and single-carrier sub-transceivers they are all treated as multi-carrier.
Proposal: sub transceiver groups consisting of a mixture of multi-carrier and single carrier sub transceivers are treated as if it is a multi-carrier sub-group.
The transmitter units are defined as multi-carrier (or not) by vendor declaration.

The requirement is the same as the xx.104 requirement (either single carrier or multi-carrier depending on the case) which has been scaled by the number of AAS-ETACs applied per group.

Note in the multi-carrier case the number of AAS_ETAC will be the greater of the AAS ETAC applied to each carrier, not the sum.

 i.e. max(N(AAS_ETAC_carrier1), N(AAS_ETAC_carrier2))

Proposal: The Number of AAS_ETAC per multi-carrier sub-transceiver group is the greater of the number of AAS-ETAC per carrier.

2.4 Multi-cell

In this case cell refers to a geographical cell. There is general agreement in the group that when an AAS has multiple cell capability that this should also be used as a scaling factor [6] gives the following example:
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Figure 8. 3 Sector implementations with non-AAA and AAS

Vertical cell spitting is another attribute which can be used with an AAS.
Unlike multi-carrier and multi-band where xx.104 provides a framework for applying the requirements, multi-cell is perhaps a purely AAS feature and hence is not covered in the existing specifications. 

The simplest application of the requirements is to say:

Proposal: In a multi-cell system the xx.104 requirement is applied per cell.

If the transceiver units can be separated with a clear line (as in the right hand diagram in Figure 8 then it is simple to then further sub divide the transceiver units (and sub-transceivers) into sub-arrays and then sub-transceiver groups, as described in the previous sections. Effectively the transceivers units creating different cells can bet treated as independent systems and the appropriately scaled xx.104 requirements applied.

If the implementation is such that the separation of the cells is not so clear however it is slightly more complex to apply the requirements. In the following example, which is similar to the right hand implementation in Figure 8, the transceivers at the edges of each sector array are used for cells on either side. This is a likely implementation in this scenario as generally to reduce side lobes the edge elements in the array have a lower power level. If the transceiver units are of the same power, then the ‘spare’ power can be used for the edge of the adjacent cell. This is shown below.
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Figure 9. 3 Sector implementations with AAS with overlapping sectors

In this case it is difficult to apply a single set of requirements per cell as the hardware cannot be clearly divided into cells.

In this case it is assumed that the Cells are using the same band and carrier but signals are separated by the antenna beam pattern and the control channel information. As such each cell has an additional capability in terms of AAS_ETAC. 

As the transceiver units cannot be separated into separate Transmitter groups  the number of ETAC’s  used to scale the requirement for the transmitter group (in this case the transmitter group is all of the transmitters) is the sum of the number of AAS_ETAC for each cell.

Proposal: the number of AAS-ETAC per multi-cell Sub-transceiver group is the sum of the number of AAS-ETAC per geographical cell.
3 Summary
This document has investigated how to deal with multi-

This documents has investigated a number of issues to discuss how to treat AAS with multi-carrier, multi-band and multi-cell capabilities. 
The issue of multi-band has been dealt with by using sub-transceivers and sub-transceiver arrays which are defined as being band specific also that the non-AAS (xx.104) requirements for multi-band can be applied)

Equivalence to non-AAS systems which have multiple transceivers to generate multiple (MIMO) layers has been dealt with by both the introduction of the AAS_ETAC and by defining sub-transceiver groups to which the xx.104 requirements can be applied.

Multi-carrier and multi-cell issues are also investigated, no furger definitions are needed to deal with these concepts however some proposal are made on how to simplify some of the more advanced AAS implications.

The following definitions are required:
Transceiver unit array: Complete set of Transceiver units in the AAS [7] fig 4.3-1

Transceiver Unit: the active unit consisting of transmitter and/or receiver which transmits and/or receives radio signals, and which may include passive RF filters [7]
Sub-transceiver:
Part of transceiver unit that performs a function which may be subject to specific requirements. E.g. sub-receiver or sub-transmitter. [4]
Sub-transmitter: Part of transceiver unit that performs a transmitter function which may be subject to specific requirements. E.g. transmission in a specific operating band.  [4]
Transceiver sub-array:
 Part of the transceiver array that may be subject to specific requirements, e.g. operating band specific transceiver sub-array [4]
Sub-transceiver group: A unique set of sub-transceivers to which a requirement can be applied. [4]
The following proposals have been highlighted:
Proposal : a Sub-transceiver group is declared multi-band if 1 or more transceiver units in that group are multi-band transceiver units.
Proposal for UEM requirement:

Min requirement

The power sum of the unwanted emissions from the sub-transceiver group consisting of transceiver units (r to s) at Test ports AB(r,t), AB(r +1,t), … , AB(s,t), must meet N times the requirement specified in xx.104. Where N is the number of AAS_ETAC the sub-transceiver group represents.

Or

The unwanted emissions from each test port AB(r,t), AB(r +1,t), … , AB(s,t), in the sub-transceiver group consisting of transceiver units (r to s), must meet N times the requirement specified in xx.104 divided by s-r. Where N is the number of AAS_ETAC the sub-transceiver group represents.

Once again both statements demonstrate compliance and either can be used.

Proposal: sub transceiver groups consisting of a mixture of multi-carrier and single carrier sub transceivers are treated as if it is a multi-carrier sub-group.
Proposal: The Number of AAS_ETAC per multi-carrier sub-transceiver group is the greater of the number of AAS-ETAC per carrier.
Proposal: In a multi-cell system the xx.104 requirement is applied per cell.

Proposal: the number of AAS-ETAC per multi-cell Sub-transceiver group is the sum of the number of AAS-ETAC per geographical cell.
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