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1 Introduction

During RAN4#74bis, the topic of emissions was discussed and a framework proposal was agreed. The proposal defined a new term, AAS-ETAC and proposed that the emissions should apply once per AAS-ETAC; i.e. scaling is according to AAS-ETAC. 
The proposal does not yet completely capture all aspects that are necessary for setting the emissions requirement and a Way Forward was also created capturing some outstanding issues. Apart from the issues in the way forward, as pointed out in a companion document [1], in general the means for counting AAS-ETAC is not yet unambiguously captured. This document discusses some of the following aspects of the Way Forward:

· How to deal with AAS basestations with multiple configurations involving different number of AAS-ETAC (e.g. a basestation supporting 8 layer, 4 layer or 2 layer in different configurations).

· Whether the core specifications should state the total emissions applying to the array (for a given configuration) or state that the requirements apply per AAS-ETAC

· How to deal with systems capable of cell splitting

2 Discussion

2.1 Non AAS baseline

The RAN1 specifications allow for RAN1 antenna ports to be mapped to more than one transmitter. However, in types of systems commonly deployed today it is most often the case that the number of RAN1 antenna ports is equal to the number of radios. This is the basis of the agreement that emissions should not exceed those of non AAS systems. If non AAS systems that would map antenna ports to multiple radios would be considered, then there would be multiple types of non AAS system and it would not be possible to operate a rule that AAS emissions should not exceed non AAS ones, since non AAS ones could be anything. 

Thus, we propose that non AAS systems should be assumed to have the same number of radios as they have RAN1 antenna ports.

Proposal 1: Non AAS systems should be assumed to have the same number of radios as they have RAN1 antenna ports.

2.2 Requirement description in the specification

During RAN4#74bis some discussion took place as to whether the core specification text should state that the emissions requirement is applicable per AAS-ETAC or on the equipment. To be applicable to the equipment, the requirement would need to state that the total emissions on the basestation should not exceed the .104 requirement multiplied by the number of AAS-ETAC.

All other RF requirements in the AAS specification will be applicable to either the basestation as a whole (this is the case for the TX EIRP and OTA sensitivity) or individual transceivers. The AAS-ETAC is an abstract concept, not a specific piece of hardware. In our view, requirements stated in the specifications should always be applicable to equipment.

On the other hand, there is no need to restrict implementation flexibility in the core specifications. Thus it is sufficient for the core specification to state that the sum of the emissions for all transceivers should not exceed num (AAS-ETAC) * .104 requirement. The details of how tests are applied to individual transceivers to demonstrate compliance can be placed in the core specification. Thus by stating that the sum of emissions from all transceivers does not exceed num (AAS-ETAC) * .104, we believe that the specification will have a requirement statement that is clearly applicable to hardware and not an abstract entity whilst also not restricting any implementation.

Proposal 2: The core requirement should state that the total emissions from all transceivers should not exceed num (AAS-ETAC) * xx.104 requirement.

Proposal 3: The requirement should be testable as either the sum of emissions power from each transceiver or the total power for the basestation scaled by 10log(n) met at each transceiver individually.

2.3 Dealing with multiple configurations

In the RAN4 MSR specifications, testing is performed by operating the basestation with it’s maximum configuration (e.g. maximum bandwidth, maximum TX power etc.). By passing a test when operating with a maximum configuration, or capability it is demonstrated that the basestation is able to pass requirements with the most demanding configuration, and from this it is implied that other, less demanding configurations would also pass. This principle should be maintained for AAS.

In this section, a new consideration for AAS is outlined. When the AAS is operating at it’s maximum RF capability, if care is not taken then the RF requirement level can become tied to the baseband operation. If different types of baseband operation could lead to different RF requirements, then there is a need to ensure that only a single RF hardware requirement ensues.
This consideration is a new one for RAN4, since until now there has never been a reason why different baseband configurations could imply different RF requirements.

2.3.1 Configurations involving deactivated transmitters

During discussions at RAN4#74, two types of configurability of a basestation were discussed. The first was one in which transmitters may be deactivated in order to provide fewer MIMO layers. This may, for example be done in order to reduce energy usage in off peak times. In the example below, an example 4 column AAS is depicted. With such a reconfiguration, two or three of the columns may be deactivated in order to reduce the number of MIMO layers to 4 or 2.
A similar scenario is one in which all of the transmitters are active, but the total TX power is reduced in proportion to a reduced number of MIMO layers.

In such a circumstance, the requirement as stated in proposal 2 could continue to apply; for such operation the requirement (#AAS-ETAC * xx.104) would reduce as would the amount of active transceivers. However a basestation in which some transceivers are deactivated or all transmitters are operating at reduced TX power can be seen as not operating at it’s maximum capability. Thus for conformance testing, testing with the maximum capability (all transmitters on and at maximum power) is sufficient for demonstrating emissions compliance and further testing with a reduced number of radios or reduced transmission power would not be necessary, following current practices.

2.3.2 Configurations at maximum capability

A second potential configuration however is one in which all radios are active and transmitting at full power (i.e. the basestation is operating at it’s maximum capability), but the number of AAS-ETAC is lower than the maximum that could possibly be supported by the basestation.

In the example below, an example 4 column AAS is depicted. The AAS has 64 radios, as it supports vertical cell splitting in addition to horizontal codebook or DM-RS based beamforming.
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In the example, the BS may be operated using TM9 and 8 RAN1 (DM-RS) antenna ports on a single carrier. To support legacy users, the BS would also have to be capable of configuring a release 8 UE with a maximum of 4 RAN1 antenna ports using a release 8 transmission mode. If the basestation were to be running baseband software supporting both 8 layer DM-RS to release 10 UEs and 4 layer CRS to release 8 UEs, then an “equivalent non AAS” basestation would require 8 radios (Such a non AAS would deploy 4 passive columns, and would not be able to perform the additional functionality of cell splitting). AAS-ETAC should count the maximum supported number of layers for a baseband configuration.
It may be the case, however that there could be another baseband configuration for the basestation in which 8 layer DM-RS based operation is not supported. A potential reason why this might be the case would be that the basestation vendor provides release 10 TM9 functionality as an optional part of the baseband and that it is not activated. The horizontal parts of the antenna array may still be used for horizontal cell steering. 
Another alternative is that the basestation deliberately applies fewer layers than the maximum it could; e.g. applies a maximum of 4 layers. There are a few types of deployment scenario in which the performance is optimized with fewer than 8 layers. The excess radios may be used for cell splitting and cell shaping.
For TDD systems, for TM8-10, it may be the case that only 2 or 4 DM-RS ports are configured. This would be the case if only up to rank 2-4 is practical to support; configuring fewer DM-RS and CSI-RS reduces the RS overhead, whilst channel reciprocity can be exploited for selecting appropriate precoding.

From the examples above, it is apparent that there are several motivations for implementing configurations for baseband functionality which could give rise to different equivalent non AAS basestations for an AAS basestation operating at full capability with all radios active.

This situation is new to RAN4; there has not in the past been a situation in which RF requirements could depend on baseband functionality. Since the fundamental aspects of RF behavior (PA linearity, filtering etc.) are not likely to be linked to baseband functionality, and in modern networks common hardware platforms may support different types of functionality, it is preferable to separate RF requirements and baseband functionality.

Proposal 4: The emissions requirements for a specific number of activated transmitters should not vary depending on configured baseband functionality.
In order to avoid a link to baseband functionality, the following options are available:
Option 1: Set the requirement according to the baseband configuration that would provide the largest number of AAS-ETAC
According to this option, in the example above the requirement for the AAS would be that the sum of emissions from all transceivers would be 8 times the  xx.104 requirement.
An advantage with this approach is that it is straightforward. 

The most obvious disadvantage is that under certain circumstances this option might be seen as not achieving emissions that are equal to or lower than a non AAS. Of course, they view could be taken that emissions in these circumstances could be higher than for a non AAS because an AAS basestation is deployed that has potential to provide more functionality or a higher number of ports; this should be discussed further. 
A further disadvantage is that hardware platforms and baseband functionality may not always be tightly coupled and the “maximum configuration” may not be so easy for identify for a hardware platform on which different baseband products could be operated.

In practice, this option is very similar to setting the requirement as min(#transmitters, 8)
Option 2: Set the requirement according to the baseband configuration that would provide the lowest number of AAS-ETAC
According to this option, the lowest number of ports that the AAS can be configured to support is declared and emissions are based on this number.

The advantage of this option is that it is quite conservative, since in all cases the emissions will always be less than or equal to the equivalent non AAS.
A significant disadvantage is that the requirement may appear to be tightened compared to the current specification. Furthermore, this apparent tightening might be on the basis of a configuration with a low number of ports that is in practice used very little.

A further disadvantage is that if stated in this manner, the requirement becomes quite complex to state in specification text. For each configuration, the maximum number of AAS-ETAC should be considered, but then the configuration with the lowest (maximum) AAS-ETAC must be selected. This is more complex than simply selecting the maximum number of AAS-ETAC that can be configured over all configurations.

As with option 1, the lowest configuration that may ever be used may also be difficult to identify.
In practice, this option is very similar to setting the requirement as min(#transmitters,2)
Option 3: Set the requirement according to the baseband configuration that the basestation is currently operating.
This option has the advantage that it matches the requirement exactly to the configuration. However it links the requirement level to the baseband operation.  Given that the consideration here is how to apply a requirement whilst the array is operating at full RF capability (all radios on and transmitting at maximum power), it is difficult to envisage how the basestation could change the emissions levels to meet different requirements depending on it’s baseband configuration; this would be by means of switching in/out filters and altering PA behavior at a detailed level. However it the possibility would be allowed for the basestation to somehow alter radio behavior depending on baseband configuration, then there would need to be a logic block within the basestation that could evaluate the baseband and apply the correct RF settings. 

Thus with option 3, specifying different requirements for different baseband configurations would necessitate testing of emissions for every baseband configuration in order to ensure that, should the basestation have implemented a logic and functionality to take advantage of the varying requirements and adapt radio behaviour, the functionality operates correctly in each case.

The difference between option 1 and option 2 boils down to whether a basestation should be required to meet a potentially more stringent requirement than non AAS in order to be conservative, or be allowed to transmit emissions in proportion to the number of radios it has and in some circumstances larger than the maximum AAS-ETAC. 
For lower than maximum capability (i.e. fewer active radios), the requirement can scale down with the number of active radios. Testing should be performed for the maximum configuration only.

The following proposals could capture this intention:

Proposal 5: For each baseband configuration, the number of AAS-ETAC is counted as the maximum (number of MIMO layers*number of TX diversity layers)
Proposal 6: RAN4 should select either the minimum or the maximum baseband configuration, considering the number of active transmitters
Proposal 7: Testing is performed only for the maximum capability (all radios transmitting at full power)
2.4 Configurations involving cell splitting

In addition to being able to configure differing numbers of MIMO layers, it may also be possible for a basestation to perform cell splitting and thus create different numbers of cells. In a non AAS basestation, each cell requires a separate set of radios and thus the emissions scale according to the number of cells.
A similar set of options to those for considering different numbers of MIMO layers exists for considering different numbers of cells:

Option 1: Take the maximum configurable number of cells when setting the emissions requirement

This option has the same disadvantage as it does when considering the number of MIMO layers; if less than the maximum number of cells is configured then the emissions are higher with this option.
Option 2: Take the minimum configurable number of cells when setting the emissions requirement

This option has the same disadvantage as the option 2 for the number of MIMO layers; it creates tighter requirements than for a non AAS when the number of configured cells is greater than the minimum.
Option 3: Allow the requirement to be set according to the number of cells

This option has the same disadvantage as the option 3 for the number of MIMO layers; it creates a requirement that varies depending on the baseband operation and would require extensive testing.

Unlike AAS-ETAC, there is no ceiling in the specifications on the amount of cell splitting. Variable cell splitting is an additional AAS functionality that a non AAS basestation is not capable of. Applying a principle that new AAS functionality should not be associated with increasing the amount of emissions, option 2 would seem to be a reasonable option that would guarantee that in all cases AAS emissions would not exceed emissions from a non AAS basestation.

Proposal 8: If an AAS is capable of cell splitting, calculate the number of AAS-ETAC by considering the minimum configurable number of cells.

3 Conclusion

Proposal 1: Non AAS systems should be assumed to have the same number of radios as they have RAN1 antenna ports.

Proposal 2: The core requirement should state that the total emissions from all transceivers should not exceed num (AAS-ETAC) * xx.104 requirement.

Proposal 3: The requirement should be testable as either the sum of emissions power from each transceiver or the total power for the basestation scaled by 10log(n) met at each transceiver individually.

Proposal 4: The emissions requirements for a specific number of activated transmitters should not vary depending on configured baseband functionality.
Proposal 5: For each baseband configuration, the number of AAS-ETAC is counted as the maximum (number of MIMO layers*number of TX diversity layers)

Proposal 6: RAN4 should select either the minimum or the maximum baseband configuration, given the number of active transmitters

Proposal 7: Testing is performed only for the maximum capability (all radios transmitting at full power)
Proposal 8: If an AAS is capable of cell splitting, calculate the number of AAS-ETAC by considering the minimum configurable number of cells.
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