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1 Introduction
In RAN4#74bis a number of companies offered their analysis of a set of given configuration examples for an AAS [1]. There was much agreement in the analysis of these systems despite differences in the method to reach the results. A summary of the different results [2] was prepared during the meeting which highlighted the agreements and disagreements.
In most cases it was agreed that the method of  dealing with multi-carrier and multi-band scenarios could be dealt with using the same methodology as the non-AAS (xx.103) specifications. It is clear though that as requirements for the AAS are applied to groups of transceiver units rather than individual antenna connectors more work needs to be done to clarify how the non-AAS methods can be used in a clear way.

2 Discussion

The Multi-band, multi-carrier and multi-cell issues are discussed separately below with along with some of the terminology and definitions developed in [3]
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[4]. Along with the definitions a number of proposals of how to handle the issues are put forward for discussion.
2.1 Multi-band

In the responses to the examples [2], agreement was total that the multi-band requirements should be applied as per the existing xx.104 requirements (which ever was appropriate).

In this case; 25.104, 36.104 and 37.104 have similar definitions and instructions for handling Multi-band :

Multi-band Base Station: Base Station characterized by the ability of its transmitter and/or receiver to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different non-overlapping operating band than the other carrier(s).
Multi-band transmitter: Transmitter characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different non-overlapping operating band than the other carrier(s).

4.7
Requirements for BS capable of multi-band operation

For BS capable of multi-band operation, the RF requirements in clause 6 and 7 apply for each supported operating band unless otherwise stated. For some requirements it is explicitly stated that specific additions or exclusions to the requirement apply for BS capable of multi-band operation.

For BS capable of multi-band operation, various structures in terms of combinations of different transmitter and receiver implementations (multi-band or single band) with mapping of transceivers to one or more antenna port(s) in different ways are possible. In the case where multiple bands are mapped on separate antenna connectors, the following applies:

-
Single-band transmitter spurious emissions, operating band unwanted emissions, ACLR, transmitter intermodulation and receiver spurious emissions requirements apply to each antenna connector.

-
If the BS is configured for single-band operation, single-band requirements shall apply to the antenna connector configured for single-band operation and no exclusions or provisions for multi-band capable BS are applicable. Single-band requirements are tested separately at the antenna connector configured for single-band operation, with all other antenna connectors terminated.

Multi-band requirement are applied to non-AAS transceivers one band at a time, meaning if a band 1+5 transceiver unit were being tested, it would be first tested with a band 1 test signal, and then with a band 5. The main difference between this and testing 2 single band transceivers being that certain exceptions are granted in the non tested bands transmit and receive frequencies.

Once again with AAS it is necessary to be able to define the hardware as either multi-band or single band. 

In [4] terminology is introduced which helps deal with the multi-band issue

Sub-receiver: Part of transceiver unit that performs a receiver function which may be subject to specific requirements. E.g. reception in a specific operating band.

Sub-transceiver:
Part of transceiver unit that performs a function which may be subject to specific requirements. E.g. sub-receiver or sub-transmitter.

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. 
Transceiver sub-array:
 Part of the transceiver array that may be subject to specific requirements, e.g. operating band specific transceiver sub-array
In order to deal with the issue of a single transceiver unit being tested separately for 2 bands (with possible exceptions as described above) the concept of a sub transceiver is introduced. A sub transceiver as defined is responsible for only a single band and can be grouped with sub transceiver in the same band to form a transceiver sub array.

Hence the concept of a group needs to be considered in the context of sub transmitters and a transceiver (transmitter) sub array.

A multi- band system will have as many transceiver sub-arrays as it has bands

Each transceiver sub-array contains sub-transceivers which generate the carriers and the AAS_ETAC signals for that band.

The sub-transmitters in the transceiver sub-array can then be split into groups (or physical groups) as described in [3] where:


Sub-transceiver group:  A unique set of sub-transceivers to which a requirement can be applied [3].
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Figure 1. Multi-band AAS, with single band transceiver units and multi-band transceiver units split into 2 sub arrays.

Figure 1 shows how an example of a multi-band capable AAS is split into 2 sub arrays. Taking one of these sub arrays (sub array 2) it can be seen how this may be further divided into sub-transceiver groups.
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Figure 2. Sub array 2, with 2 AAS_ETAC, 1 per Sub-transceiver group
In Figure 2, 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 forms a unique set of sub transceivers, it may consist of sub transceivers which are:

· 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.
2.2 Multi-carrier

Multi-carrier is mentioned explicitly in 25.104 (UTRA), 36.104 (E-UTRA) and 37.104 (MSR) to a greater or lesser extent. 

In 25.104 (v12.5.0) Multi-carrier is referred to in the following sections:

6.6.2.2. Adjacent Channel Leakage power Ratio (ACLR)
The requirements shall apply outside the Base Station RF bandwidth edges or radio bandwidth edges whatever the type of transmitter considered (single carrier or multi-carrier).
6..7 Transmitter Intermodulation

For multi-carrier operation, the interfering signal offset is defined relative to the lower (upper) edge of the wanted signal or edge of sub-block inside a gap. The interfering signal frequency offset shall be as in Table 6.21.

In 36.104(v12.7.0)  Multi-carrier is referred to in the following sections:
6.1 Transmitter , General

Unless otherwise stated, the requirements in clause 6 are expressed for a single transmitter antenna connector. In case of multi-carrier transmission with one or multiple transmitter antenna connectors, transmit diversity or MIMO transmission, the requirements apply for each transmitter antenna connector
6.2 Base Station output Power

Rated output power, PRAT, of the base station is the mean power level per carrier for BS operating in single carrier, multi-carrier, or carrier aggregation configurations that the manufacturer has declared to be available at the antenna connector during the transmitter ON period. 

6.6 Unwanted emissions 

For a BS supporting multi-carrier or intra-band contiguous CA, the unwanted emissions requirements apply to channel bandwidths of the outermost carrier larger than or equal to 5 MHz.

6.7 IMD

	Parameter
	Value

	Wanted signal
	E-UTRA single carrier, or multi-carrier, or multiple intra-band contiguously or non-contiguously aggregated carriers


In 37.104 (v12.7.0) Multi-carrier is referred to in the following sections:

6.1 Transmitter, General

Unless otherwise stated, the requirements in clause 6 are expressed for a single transmitter antenna connector. In case of multi-carrier transmission with multiple transmitter antenna connectors, transmit diversity, DB-DC-HSDPA or MIMO transmission, the requirements apply for each transmitter antenna connector. 

The general approach for all requirements is the same, 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 [3], it is suggested that a group of sub transmitters is something 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. 

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.

2.3 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 [5] gives the following example:
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Figure 3. 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 3 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 3, 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 4. 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 documents has covered a number of issues to discuss how to treat AAS with multi-carrier, multi-band and multi-cell capabilities. It has used the methods of describing the AAS system from [3] and [4] to show how the Transceiver unit array can be sub divided into unique groups to which a requirement can be applied. For clarity the following definitions exist:
Transceiver unit array: Complete set of Transceiver units in the AAS [6] 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 [6]
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. [3]
The requirement placed upon a Sub-transceiver group may be subject to scaling based on the number of AAS_ETAC the system is declared as being capable of, although the method of accessing this is FFS.


In addition, when dealing with transceiver units with mixed capability (multi-band and single-band, multi-carrier and single carrier) the following are applied:
Proposal: A Sub-transceiver group is declared multi-band if 1 or more transceiver units in that group are multi-band transceiver units.
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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