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1 Introduction
In the last meeting (RAN4#82) the WF on emissions scaling [1] was approved. It listed 2 op[tions for scaling OTA emsions:
a.  Use different scaling factor for  hybrid and OTA requirements, for OTA use a fixed scaling factor [NTXU,xxx] where [NTXU,xxx]=8 for E-UTRA or 4 for UTRA. The  final name for NTXU,xxx is FFS.

 b.  Use the same scaling factor for both hybrid and OTA requirements (NTXU,counted ) using the same scaling concept as in REL-13 AAS but with minor modifications as suggested in the next slide 

This issue is further discussed in this paper.
2 Discussion

One argument for using a fixed scaling factor for the OTA requirement set is that the scaling factor is complicated and difficult to understand and that we should try to make the requirements as simple as possible. In addition as much as possible the AAS BS should be treated as a black box, requirements should not be applied to individual transceiver units – hence if definitions and declarations concerning transceiver units can be avoided then this supports the black box approach.

This is a worthy goal so can be investigated further.
2.1 Fixed scaling factor

2.1.1 Architecture assumptions

The argument for fixing the scaling factor for OTA requirement set is that an AAS which has fewer than 8 transceiver units is almost certain to have a conducted interface hence for the OTA requirement set there is no need to declare the number of active transceivers it can be assumed to be >8.

However such an assumption would need to be supported with a restriction on the OTA AAS BS architecture which states that the number of active transceiver units is >8.

If such a restriction was not put in place then the following situation could occur.

A non-AAS transceiver or a hybrid AAS BS with a single transceiver unit could fail emissions requirements. The System could be reclassified as an OTA AAS BS (for the non-AAS this would require an antenna). The emissions requirement would automatically be increases by 8 times and a previously failing transceiver would now pass the requirement.

Effectively attaching an antenna to a TRX would allow a relaxation of the requirements which is not acceptable.

Observation 1: If a fixed scaling factor is used then a corresponding restriction in number of active transceivers for the OTA AAS BS architecture is required.

Observation 2 : such a restriction requires the definition of active transceiver units so black box approach of not defining or declaring transceiver units cannot be  fully achieved.
2.1.2 RAT’s

In addition the RAT has to be taken into account, as a different cap is placed on the number of active transceivers between UTRA and E-UTRA. So the restriction would need to be RAT specific. As such a variable (Nxxx) would still be needed when applying the scaling factor to the basic value. i.e. it is not possible to use a single value in any table or requirement.
For example the absolute level in the ACLR requirement is subject to scaling, basic limit is:

For Category A Wide Area BS, either the ACLR limits in the tables below or the absolute limit of -13dBm/MHz shall apply, whichever is less stringent.

If a fixed scaling factor were always used this could be simply written:

For Category A Wide Area BS, either the ACLR limits in the tables below or the absolute limit of -4dBm/MHz shall apply, whichever is less stringent.
However as a different scaling factor is required for the different RAT’s, each statement would need to be RAT specific or use a variable.

Most of the requirements in TS 37.105 where NTXU,counted is used are RAT specific, however some are not, one example is:

BS class table in TS 37.105 is applicable for both RATs so would either require separating into 2 RAT specific tables or use a variable.

Observation 3: Either a RAT specific variable is required or all requirements must be presented as RAT specific.

Also the structure of emissions requirements in the conformance specification TS 37.145-1 is based on quoting basic limits and using a scaling factor. In particular spurious emissions test requirements in basic limits are presented for all RAT’s in a single table.

Of course the radiated test requirements are new and will be in TS 37.145-2, so a different methodology could be used.

Observation 4: The requirement specification – test limits will need to use a variable or be RAT specific.

2.1.3 Multi-cell architectures

The existing scaling allows for a AAS BS which is designed for multiple cells, i.e.


NTXU, counted = min(NTXU,active , 8×Ncells) for E-UTRA single RAT AAS BS and MSR AAS BS (except UTRA only MSR AAS BS)

Where

Ncells
A declared number corresponding to the minimum number of cells that can be transmitted by an AAS BS in a particular band with transmission on all TAB connectors supporting the operating band.

If this option is applied to the OTA AAS BS then once again it is not possible to use a fixed scaling factor as the number must be multiplied by the declared Ncells.

This scaling factor was designed to allow an AAS to have an architecture that generated multiple cells, and power from different TRX units could be shared across the cells.

For example:
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Figure 1. 3 sector sites

In figure 1 3 examples of 3 sector deployment are shown

A: is what we traditionally think of as a 3 sector site, with 3 separate antenna systems,

· be 3 separate AAS each with Ncells=1

B: the same number of elements are placed conformally around a cylinder in a single enclosure. As each resource is clearly allocated to a geographical cell (see highlighted cell boundary) the cells/sectors can be easily separated.

· This could be a single AAS BS with Ncells=3 or

· This could be 3 AAS BS each with Ncells=1

C: Same as B but the resource is not allocated so clearly at cell boundary, for AAS this makes sense as amplitude tapering reduces side lobe levels, so for example for the TRXU on the boundary using half power in 1 cell and half in another allows for tapering without reducing total available power.

· This is single AAS BS with Ncells=3

By redefining an AAS BS as something which radiates in a single geographical cell, we could cover A and B, but would restrict implementation of C.

Of course C could be approved under the same rules as B, but operated as C. This would make no difference to the actual total radiated emissions but would simplify the scaling. 

Observation 5: Multi-cell AAS BS architectures should not be precluded, however careful definition of OTA AAS BS may allow simplification of the scaling so Ncells can be removed.
2.1.4 Summary

When looking at the observation 1-5 it can be seen that it is possible to use a fixed scaling factor for the OTA AAS BS with a number of modifications:

· Requirements which are not already RAT specific must be separated into RAT specific requirements

· OTA AAS BS must be defined as having > 8 TRXU (4 for UTRA).

· OTA conformance test requirements will not use basic limits in same way as conducted conformance test requirements.

· OTA AAS BS must be defined as radiating to a single geographical cell.

If these things are correctly implemented then it is acceptable to fix the scaling factor for OTA AAS BS.
2.2 Calculated scaling factor based on declarations

The existing hybrid AAS BS specification uses a calculation to find a suitable value for N.

The number of active transmitter units that are considered when calculating the emissions limit (NTXU, counted) for an AAS BS is calculated as follows [37.105]:


NTXU, counted = min(NTXU,active , 8×Ncells) for E-UTRA single RAT AAS BS and MSR AAS BS (except UTRA only MSR AAS BS)

and


NTXU, counted = min(NTXU,active, 4×Ncells) for UTRA single RAT AAS BS and UTRA only MSR AAS BS

Further;

NTXU,countedpercell = NTXU,counted / Ncells

NTXU,countedpercell is used for scaling the basic limits as described in subclause 6.6.

NOTE:
NTXU,active depends on the actual number of active transmitter units and is independent to the declaration of Ncells.

It has been highlighted in [1] that in order to make the existing scaling definition suitable for both the hybrid AAS BS and the OTA AAS BS  then some of the definitions need modifying so they no longer refer to TAB connectors. To do this 3 definitons need to be updated, the suggestion from [1] is:

· active transmitter unit: transmitter unit which is ON, and has the ability to send modulated data streams that are parallel and distinct to those sent from other transmitter units to be radiated in the far field.

· Ncells
A declared number corresponding to the minimum number of cells that can be transmitted by an AAS BS in a particular band with transmission on all Transceiver units supporting the operating band. 

If the target of the OTA AAS BS scaling is to make things simple it would seem that these are very simple modifications and allow the same scaling definitions o be used for both Hybrid and OTA. 

To this end the suggested definition of active transmitter unit could be further modified, 
It has been suggested that the term “to one or more TAB connectors at the transceiver array boundary” Which clearly only refers to the conducted interface be replaced with “to be radiated in the far field”. Whilst the hybrid AAS BS also has a radiated interface in the far field it could be confusing as during conformance testing of the conducted hybrid requirements the system is not radiating. In order to make this more general it is better to not mention the interface. i.e.

· active transmitter unit: transmitter unit which is ON, and has the ability to send modulated data streams that are parallel and distinct to those sent from other transmitter units.
One of the suggested modifications in [1] requires further study.

· TAB connector TX min cell group: operating band specific declared group of TAB connectors to which TX requirements are applied. 

· NOTE:
Within this definition, the group corresponds to the group of TAB connectors which are responsible for transmitting a cell when the AAS BS setting corresponding to the declared minimum number of cells with transmission on all TAB connectors supporting an operating band, but its existence is not limited to that condition.

This requirement applies directly to groups of TAB connectors and hence is specific to the hybrid requirement, hence it does not need to be modified to define the OTA scaling factor.

3 Summary
In terms of complexity in the AAS BS specifications there is not much difference between using a fixed scaling factor and the exiting hybrid method.

· In both cases a active TRX Units needs to be defined (either as a declared number of an architecture restriction)
· The concept of geographical cells needs to be handled in some fashion.
In terms of RAN4 work it seems more work to change to a fixed number as some addition OTA AAS BS definitions/restrictions need to be agreed.

However it is clear that for the user (and regulator) it is simpler if a fixed number is used.
As we hope that 3GPP recommendations will be adopted for AAS BS by the regulators it is perhaps better to favour the approach that simplifies the specification as much as possible.
Hence as long as the necessary architecture definitions and restrictions are made a fixed scaling factor can be applied for OTA AAS BS.
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