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1 Introduction
In RAN4#80bis the WF [1] was approved, there are a number of open issues regarding the unwanted and spurious emissions requirements, however the issue of scaling has not yet been discussed.

In the current release 13 AAS requirement [2], as the requirement is based on a complete system rather than a single transceiver (as is the case for non-AAS). Hence the total system absolute emissions requirements are scaled by the number of active transceiver units which are being tested, furthermore the scaling factor is capped to ensure the allowable level of emissions does not exceed that for an equivalent non-AAS system.

This issue is discussed when applied to NR in this contribution

2 Discussion

2.1 Unwanted emission scaling in REL13 AAS

The unwanted and spurious emissions scaling used in AAS was a difficult concept to reach agreement on.  Much of the difficultly was due to the nature of the entity being scaled.
It is easy to agree that if a system has (for example) 8 E-UTRA transmitters then each must individually be compliant to 36.104 and each may have absolute unwanted emissions at the level specified in the requirement.

AAS uses the principle that if those 8 E-UTRA transmitters and associated antennas are put in a box then the requirements should be the same.
However once the box is treated as a black box, what parameters are used to characterize the fact there are 8 transmitters in it?
Ultimately as the REL13 specification maintained a conducted interface in addition to the radiated interface a full black box requirement was not needed so the problem was avoided. The scaling factor in the REL13 AAS specification is hence based on the number of TAB (Transceiver Array Boundary) connectors.
This concept is slightly complicated by the addition of the concept that an AAS may be intended for generating multiple cells, in such cases the requirement is only changed if the minimum number of cells is greater than 1, i.e. the system may be designed as a 3 sector system. Systems which offer cell splitting but also are capable operating as a single cell have a minimum number of cells equal to 1 and hence no additional scaling is applied.

From [2]
The manufacturer shall declare the minimum number of supported geographical cells (i.e. geographical areas). The minimum number of supported geographical cells (Ncells) relates to the AAS BS setting with the minimum amount of cell splitting supported with transmission on all TAB connectors supporting the operating band. The manufacturer shall also declare TAB connector TX min cell groups (as defined in clause 3) Every TAB connector supporting transmission in an operating band shall map to one TAB connector TX min cell group supporting the same. The mapping of TAB connectors to cells is implementation dependent.

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


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.

The symbols are defined as:

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.

NTXU, active
The number of active transmitter units.

NTXU,counted
The number of active transmitter units , as calculated in subclause 6.1, that are taken into account or conducted TX power limit in subclause 6.2, and for unwanted emissions scaling.

NTXU,countedpercell
The number of active transmitter units  that are taken into account for emissions scaling per cell, as calculated in subclause 6.6. The number is defined in subclause 6.1.
As each of transmitter units is intended to be equivalent to a non-AAS transmitter a further definition is used to ensure that the transmitter being counted is a fully functional transmitter (rather than for example parallel PA’s with 2 outputs). The following definition ensures that:

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 one or more TAB connectors at the transceiver array boundary
The scaling factor NTXU, counted is capped at 8 for E-UTRA and 4 for UTRA as these are the maximum MIMO spatial multiplexing modes and hence maximum number of usable transceivers supported by each standard in their respective RAN1 requirements.
2.2 OTA requirements

In a full set of OTA requirements the transceiver array boundary does not exist and hence the concept of requirements applying to connectors is not possible.

2.2.1 Functional scaling

In the AAS work it was attempted over a long period of time to identify a functional description which could be used (and possible verified) which would identify the AAS capability rather than its physical number of connectors.

Initially this seems as simple as identifying the number of ‘MIMO’ branches the AAS has. However this proved remarkably difficult. Functional concepts such as MIMO are dealt with in the RAN specifications in the transmission modes. However a 8 TRX system is as capable of producing a 8 spatially multiplexed paths (or antenna ports) but it is also capable of generating only 1 and mapping it to all the transceiver units.

The problem being that the functionality of the system can be changed either whilst operational or by SW updates, however the hardware requirements must be fixed.

The choice appropriate HW requirements hence becomes:

· The minimum possible number of MIMO branches supported  - this is in reality always 1 so there is no scaling and the HW requirement is unreasonably strict.

· The maximum supported number of MIMO branches supported – this is similar to NTXU, counted but could be limited by the BB and the SW capability of the system and hence is a variable number.
This issue was never resolved and the attempt at a functional scaling factor was abandoned in favour of the more practical declaration of hardware capability.

2.2.2 Hardware declaration

The goal of any OTA specifications is for the system under test to be a block box, if the number of transmitter units is declared then this somewhat breaks the principle. However it offers the simplest means to achieve a robust scaling method.

The existing declarations and definitions used in REL13 AAS could be reused with some modifications to remove references to TAB connectors. 

The existing conducted requirements have 2 options, a per TAB connector or a system requirement. The system requirement is based on a power total and could easily be modified to refer to radiated power rather than conducted power.

It could remain to verify if the system is actually capable of supporting the declared number of modulated data streams (as per the number of active transceiver units declaration). To verify this would require test equipment to be able to distinguish between up to 8 signals. 
2.3 NR architecture

The NR architecture is not yet as defined as the AAS and possibly it is more varied (taking into account both <6GHz and mm wave implementations), however some of these implementations may make the issue of scaling more simple.

The hybrid beam forming architecture for example:
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Figure 7. Possible Hybrid NR architecture

In Figure 7 each antenna panel despite having multiple PA’s and being able to beam form using analogue phase shifters only supports a single BB data stream so each panel would constitute an active transceiver unit (based on the AAS definition).

Such an entity is clearly a distinct hardware unit and could have its own spurious emissions allocation (it is FFS if a cap would be needed on the maximum number with such architecture).

It seems that for NR the requirements will be in one of the following categories:

· conducted – and can follow the non-AAS requirement methodology (i.e. per antenna connector)

· Hybrid (conducted and OTA) – can follow the REL13 type methodology (i.e. per system with capped scaling based on no of active transceiver units)

· OTA – can follow the OTA AAS methodology (FFS but propose it to be similar to REL13 with modified definitions)

So the current AAS method would seem suitable for OTA NR spurious emissions scaling.

2.4 On requirements and legislation

There are a number of different emissions requirements in the 3GPP specifications.

· Legal emissions requirements set by ITU-R, FCC etc – these cover whole frequency range, levels are set by outside (3GPP)

· Protection of own or other 3GPP bands – these are somewhat optional as they depend on the co-location requirements and also the levels are decided by 3GPP for our own bands protection. Levels vary from band to band and in some case are very strict.

· Additional regional requirements

The legal requirements refer to the requirements from the ITU-R document SM329 [4], this has been implemented in the non-AAS specification and those requirements adapted for AAS. SM329 itself does not include OTA emissions requirements.
The FCC already have more strict limitations on MIMO channels [5] which go beyond the requirements in the non –AAS specifications. In that multiple transmitters operating on a single MIMO channel are counted as a single transmitter (i.e. the sum of the emissions must meet the emissions requirements). The concept of scaling is already not acceptable then if considering FCC requirements (this is covered in AAS specifications).

The legal requirements however compared to the protection of own bands are not at such a low level.

The protection of the 3GPP bands however are set by RAN4 based on assumptions of the hardware capability and the deployment. Hence it is acceptable to continue with scaling the emissions if required.
3 Summary

This contribution outlines the methodology used to link the non-AAS per transceiver (antenna connector) spurious /unwanted emissions requirements to the AAS system requirements. This has been done in AAS REL13 by means of a capped scaling factor  NTXU,countedpercell .
Whilst the AAS OTA requirements have not yet been agreed it has been suggested that the same methodology can be used for the full OTA specification with some modifications to the definitions.

NR architectures may be more varied than AAS but a similar methodology can be adopted.

The regulatory requirements (particularly FCC) may not support this approach, but these requirements do not apply to all the emissions requirements for the BS.
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