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1 Introduction
The concept of scaling the UEM requirements for the AAS to achieve some level of equivalence with non-AAS systems has been discussed for a long time. 

The concept of AAS Equivalent Transmitter Connector (AAS_ETAC) was introduced to try to solve this issue by introducing a term which would allow declaration of this equivalence. 

The concept of the AAS_ETAC was to identify the ability of a N TRX non-AAS system to create layers in space (i.e. MIMO or spatial multiplexing or Tx diversity layers) and to define an AAS_ETAC as providing the same capability.
However the generation of layers is very much tied with the antenna ports in the RAN1 specifications and as such it has been difficult to find an agreed definition of such layers.

Also once layers have been defined as essentially a ‘virtual’ concept which is generated in the BB then it is harder to agree a suitable means of counting them and hence deriving a justifiable hardware requirement for the AAS.

In the last meeting (RAN4#76) the issue was discussed at length and a WF [1] was approved with an alternative hardware centric  method of determining the scaling factor.

This paper further discusses the option in that WF.

The term to refer to the point at which the conducted requirements apply is still open – however at this point we should be using a consistent name, in this contribution ABA connector (for Array Boundary Connector) [2]is used in square brackets. If an alternative name is agreed then all occurrences can be changed accordingly.

2 Discussion
The WF identified the following

1. The scaling factor, [#scale] for emissions is set by either (i) enumerating the AAS-ETACs or (ii) min(# active transmitters, 8).

a. As this is an urgent issue to decide in order to complete the AAS specifications in release 13, a decision on which option to use should be made as RAN4#76bis

b. Companies should indicate in contributions for RAN4#76bis:

· That the option they favor is well defined and robust

· If they reject an option, specifically in detail why they object

2. Once [#scale] has been clarified, the emissions requirement for a band is stated as:

[#scale] * 36/37.104 requirement

This is on the basis that there is an allowance of one times the current requirement per [#scale], and the testable requirement is on the total emissions from all transceivers.

3. Combining of signals from two antenna connectors after the transceiver array boundary is not possible.

2.1 Scaling factor

As discussed in the introduction of this document the concept of AAS-ETAC whilst offering an elegant way of showing equivalence to a multi-TRX non-AAS system has proved very difficult to both define and consequently to enumerate.

Our understanding of the intention of the AAS UEM requirement was to achieve 2 things:

1. Ensure that as the number of TRX Units in an AAS began to grow the total spurious emissions of the system did not grow to an unreasonable level.

2. Provide a system centric requirement which could be more easily translated to OTA requirements at some point.

Investigating this first point.
The current UEM requirement (in both the non-AAS requirements and the regulations) is allocated per antenna connector, hence the greater the number of transceivers the greater the potential for unwanted emissions. 

The suggestion which has been broadly accepted is that the AAS should not exceed the current level of non-AAS functionality which for the Re12 specifications represents an 8 TRX system, which provides 8 MIMO layers.

The non-AAS system is deemed capable of providing 8 MIMO layers by virtue of the fact there are 8 transceivers in a system, hence there is no need to worry about the BB or SW capabilities of the system. It is generally assumed that if a system comprises of 8 Transceivers then the means to drive them also exists.

An AAS system also requires a minimum of 8 Transceiver units to generate 8 layers, however it may consist of many more, hence the need for a limit.

The suggestion in 1) ii) in the WF [1] to use the min number of active transceiver units achieves this without the need for using AAS-ETAC’s

The 2nd point is to provide a more system centric requirement which could be translated to OTA requirements. Of course at some point as the number of transceiver units (or [ABA connectors]) in the AAS increases the concept of having conducted requirements per [ABA connector] becomes unworkable. Once requirements become OTA then there is no need to know exactly what is in the HW which is generating the signal being measured, hence linking requirements to the number of [ABA connectors] is not so obvious. This was one reason why the idea of AAS-ETAC’s was attractive.

As agreeing on the AAS-ETAC method has proven to be very difficult and risks delaying Rel13 completion, it seems that using a requirement based on the number of transceiver units is both applicable for this release and will allow completion of the WI. If an OTA requirement is needed in future releases then that can be considered in those later releases.

We therefore favour the scaling to be enumerated by min(# active transmitters, 8), this has the following advantages

· It is simple and contained with the RAN4 scope (i.e. no need for RAN1 type definitions).

· It is consistent with agreed methodology for conducted output power.

· It is directly applicable to existing regulatory requirements.
· It always is equal to or harder than existing requirements.

· It avoids the requirement to define and enumerate AAS-ETAC which is likely to delay completion of the WI.

It should also be noted that it has been previously agreed that if the AAS BS is intended for use in a multiple geographical cell scenario then the UEM shall also be scaled by the minimum number of geographical cells the AAS BS is declared capable of. IN this case it may be that the geographical cell scaling is applied to the number ‘8’ rather than the final number hence ensuring that there are always as many active transmitter units as the scaling factor. The final implementation of geographical cell scaling however is FFS.
2.1.1 UTRA and Multi-RAT

It should be noted that the suggested scaling is suitable for E-UTRA only for UTRA the maximum number of branches is 4, MSR BS for AAS must include E-UTRA so it is sufficient to include this with the E-UTRA scaling.

min(# active transmitters, 8) for E-UTRA and MSR and min(# active transmitters, 4) for UTRA

2.2 Relationship between number of Transceiver Units and [ABA connectors]
Following the proposal to count the number of active transceiver units for the UEM cap the exact enumeration of transceiver units has been discussed.

2 Issues have been identified:


· Signals from TRX units are combined resulting in fewer logical antennas (or paths through space)

· Signals from TRX units are split so there are more [ABA connectors] than BB signals
2.2.1 Adding paths

One concern expressed with applying the requirements per active transmitter unit is that multiple transmitter units could be passively combined into a single antenna to generate only 1 layer (MIMO path) but with multiple UEM allocations.
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Figure 1. Summing network to single antenna

Whilst it seems unlikely that such a system would be a cost effective means of generating a signal, we agree that in terms of UEM such a system should be regarded as a single transceiver unit. The current suggestion:


 Combining of signals from two antenna connectors after the transceiver array boundary is not possible.

Avoids such implementations however some clarification of the statement is needed.

Currently the AAS architecture diagram is as follows:
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Figure 2. General AAS Radio Architecture
 The RDN is defined as follows:

Radio Distribution Network: a passive network which distributes radio signals generated by the active transceiver unit array to the antenna array, and/or distributes the radio signals collected by the antenna array to the active transceiver unit array.

NOTE: 
In the case when the active transceiver units are physically integrated with the array elements of the antenna array, the radio distribution network is a one-to-one mapping. 

As the RDN is defined as a network with ‘distribute’ radio signals it could be argues that such summing networks are already excluded from the definition. However we must be careful not to exclude useful implementations, 
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Figure 3. example Butler matrix

One example is a Butler matrix this may involve the use of summing networks in its structure, however its purpose is for beam forming not to sum inputs to a single antenna. 

Hence text which only excludes summing networks in the RDN would be too restrictive.

One alternative is to ensure that an RDN has as many active outputs as it has inputs. This would allow implementation such as in Figure 2. A simple modification of the RDN definition can achieve this.

Note, this restriction is not intended to prevent the combining of bands or the possible use of diplexers in the RDN or antenna array, the clarification that the condition for a single frequency is included.
Radio Distribution Network: a passive network which distributes radio signals generated by the active transceiver unit array to the antenna array, and/or distributes the radio signals collected by the antenna array to the active transceiver unit array. For the transmitter, the number of transmission outputs from the RDN must be greater than or equal to the number of transmission inputs for a single frequency.
NOTE: 
In the case when the active transceiver units are physically integrated with the array elements of the antenna array, the radio distribution network is a one-to-one mapping. 

Note. we do not see this restriction as preventing the use of summing networks as in Figure 1, but such a network would be part of the transceiver unit array rather than the RDN.
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Figure 4. (a) system with summation networks.  (b) system partitioned not AAs compatible (c) system partitions as AAS

The modification suggested to the RDN definition would allow the system in Figure 3(a) to be implemented as long as it is partitioned correctly. An example of incorrect partitioning (i.e. this system would not be an AAS) is give in Figure 3(b), in this case the RDN as drawn would not meet the modified definition. Correct partitioning in Figure 3(c) allows the RDN to meet the modified definition and prevents the UEM requirement being too large.

2.2.2 Splitting TRX outputs

In many ways the opposite issue to summing transceiver unit outputs is to split them, this may be to have spate PA’s or to drive  a larger number of antenna elements or something else, but it seems a reasonable implementation.
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Figure 5. Transceiver units outputs split to separate PA’s
In the example in Figure 5 whilst there are 4 [ABA connectors] there are only 2 transceiver units. For the purposes of enumerating transceiver units, in this case counting of [ABA connector] would not be sufficient.
However the current proposal for enumerating is ‘active transmitter units’. One way to ensure that a transmitter unit is capable of generating an independent signal (e.g. for a MIMO branch) is that it has in independent signal provided to it from the BB.

The BB interface is not clearly defined as such in the RAN4 specifications however so, referring to BB paths should be avoided. The capability of the transceiver unit to provide a distinct modulated signal, distinct that is from the other transmitter units.

Also when enumerating the transmitter units it is important to clarify that they are ‘ON’

One suggestion is:

(#min active transmitter units,8)

Where the number of active transmitter units is the number of transmitter units which are ON, and have the ability to send parallel and distinct data streams to the [ABA connectors] at the transceiver array boundary per geographical cell.

2.3 Number of Transceiver units and number of [ABA connectors]

It has become clear that with the functionality of splitting and summing inside the transceiver unit array, the number of transceiver units and the number of [ABA connectors] are not always the same.

Using the definition of transmitter units in §2.2.2, then the system in Figure 4c would be enumerated as 2 transmitter units (it only has 2 [ABA connectors] so is only capable of 2 distinct data streams). Hence there will always be at least as many [ABA connectors] as transmitter units.

However the system in Figure 5 has a greater number of [ABA connectors] than transmitter units.

The current architecture diagram should hence be modified as follows:
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Figure 6. Modified System architecture – where K≤M
With such an architecture, the conducted requirements which are applied per connector should be applied per [ABA connector], however the enumeration of transmitter units for the UEM requirement is based on the number of transmitter units
3 Summary

The options in the WF have been discussed, the most important of which to the completion of the WI is item 1.
We believe that the compromise solution suggested

min(# active transmitter units, 8) for E-UTRA and MSR and min(# active transmitter units, 4) for UTRA

Offers a robust solution to the problem of scaling which satisfies the needs of regulation requirements, prevents excessive emissions from the AAS system and is implementable within the bounds of the RAN4 specification (i.e. no need for RAN1 terms and definitions).

We have investigated implementations where signals from transmitter units are either summed or split and offered clarifications to definitions which will ensure correct enumeration of the number of transmitter units in both cases.
The RDN definition should be clarified as follows:

Radio Distribution Network: a passive network which distributes radio signals generated by the active transceiver unit array to the antenna array, and/or distributes the radio signals collected by the antenna array to the active transceiver unit array. For the transmitter, the number of transmission outputs from the RDN must be greater than or equal to the number of transmission inputs for a single frequency.
NOTE: 
In the case when the active transceiver units are physically integrated with the array elements of the antenna array, the radio distribution network is a one-to-one mapping. 

The number of active transmitter units should be defined:

The number of active transmitter units is the number of transmitter units which are ON, and have the ability to send parallel and distinct data streams to the [ABA connectors] at the transceiver array boundary per geographical cell.

And the system architecture should be clarified so that the number of transceiver units and number of [ABA connectors] is not the same.
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