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1 Introduction

The topic of emissions scaling has been discussed in several RAN4 meetings. At RAN4#74, several contributions proposed to base the unwanted emissions requirements on the concept of groups [1-3]. In a Way Forward document, a summary of the group concept was captured [4].
A suggested brief description of a “RAN1 port” or “Antenna Port” is

A MIMO layer or a Tx diversity branch in a cell characterised by being measurable as a distinct downlink signal as having a CRS or DRS.

Non-AAS beam forming modes (e.g.TM7, TM8) with multiple antenna connectors per Antenna Port which define one or “Antenna Ports” may need to be excluded from the capability definition. 

A suggested procedure to identify the values declared is offered as a starting point:

1. Identify the “Antenna Port” capability (or equivalency) of the AAS

a. It is assumed the number of ‘Antenna Port(s)’ is the total capability i.e. MIMO layers * number of carrier * number of cells etc…

2. Map the identified “Antenna Port” capability ports to the AAS hardware

3. Group the hardware (i.e. Transceiver units) into groups which generate the different “Antenna port(s)” 

4. For each group count how many “Antenna Port(s) it generates.

a. Implementations where groups partially overlap need to be clarified.

For each group the requirement is the xx.104 requirement multiplied by the number of Antenna Ports identified in step 4.How the requirement is then applied to either the system or group or transceiver unit is not influenced by this procedure.

The group concept is a means for setting emissions requirements in a manner that enables traceability to the current requirements, when applied to MIMO basestations. It is suitable for current MIMO dimensions. It is far from clear that the approach could reasonably be applied to >8 antenna ports if standardised in future, but a discussion on setting emissions limits for larger order MIMO schemes could be left until a future WI.

The Way Forward proposes to identify “antenna ports” and the mappings of antenna ports to transmitters. Transmitters can be grouped according to antenna ports that they generate. A couple of open issues are identified in the Way Forward; one is how to deal with antenna ports that are transmitted from partially overlapping groups of transmitters and a second is dealing with beamforming transmission modes such as TM7 and TM8.
This document discusses some general issues with the grouping approach that should be discussed and agreed. With these in mind, specific details on the means to map Antenna Ports to groups, taking into account multiband arrays are considered.

2 General considerations

2.1 Radios with different frequency capabilities

Characteristics of a radio include the band(s) that the radio is capable to transmit, the ability of the radio to support non-contiguous spectrum within band(s) and the maximum RF bandwidth(s) within each supported band. The possibility exists that in some cases, these radio characteristics are not the same for every transmitter in an AAS array. A simple example could be an array supporting transmission in a low and high band (e.g. band 8 and band 1). The array may be implemented with separate transmitters (and probably separate antenna elements) for each band. An alternative (although probably less likely) example could be an array in which for some reason, in different parts of the array the maximum RF bandwidth of the transmitters differs.

In such cases, where there are different radios with different transmitter carrier frequencies, a non AAS would possess multiple radios that would be tested per connector. For frequencies at which one radio would need to fulfil in-band requirements, another would be required to fulfil spurious requirements.

It is proposed that for AAS arrays, radios are grouped such that members of the same group have the same frequency capabilities, and each group is required to meet their own set of emissions requirements separately.

Proposal 1: Radios should be grouped into sets whose members share the same radio capabilities (Band(s), maximum RF bandwidth(s), non contiguous TX etc.)

Proposal 2: Emissions requirements should be applied to and met separately by radios belonging to different frequency capability sets.

Several things are important to not about this proposal. Firstly, the proposal is related to the declared capabilities of radios, and not their configuration at any point in time. The frequency capability sets are thus static properties of the array. Even if there would be configurations in which different radios within a set would be configured to transmit on different carriers, the set membership would remain the same.

Secondly, the proposal does not imply that non-contiguous and MB-MSR requirements do not apply. If a particular set would contain radios that all support non-contiguous operation, then non-contiguous requirements would apply. A similar principle is true for multi-band; if a group of radios would support multiband transmission on two bands, then MB-MSR requirements would apply to the group. 

In the case of their being two groups, one of which supported transmission only in one band and the other of which transmission an a different band single band requirements would apply.

The reason for applying emissions requirements differently to different sets is that the requirements will differ in some cases between sets. For example, if there would be two sets, one of which contained band 1 only radios and the other of which band 8 only radios, then in the band 8 frequency range the first set of radios should meet spurious emissions requirements whilst the second set should meet in band unwanted emissions requirements.

2.2 Arrays with multiple potential configurations

Some AAS arrays may support multiple potential configurations. An example could be a 4 column cross polarized array that could be configured to support 8 TX MIMO, or 4TX or 2TX MIMO together with horizontal steering.

The amount of antenna ports and the mappings of antenna ports to transmitters could differ between configurations. If emissions requirements are based on antenna port grouping/mappings as described in the Way Forward [4], then each configuration could lead to different requirement levels.

In theory, an array could change its emissions behavior by means of changing e.g. it’s filter or predistortion parameters based on it’s configuration. Testing of such a behavior however would not be straightforward and should be studied separately. A practical and adequate approach is to set the requirement that is most stringent considering all configurations

Proposal 3: Where an array is capable of multiple configurations that lead to different “equivalent” emissions requirements, the most stringent of the derived emission requirements should be applied to the array.
2.3 Maximum allowable scaling for emissions

If the “grouping” approach to setting emissions requirements would be adopted, then the emissions level would be scaled in proportion with the number of antenna ports, cells etc. Existing RAN4 co-existence simulations have not considered scaling up of emissions [5]. Furthermore, the co-existence simulations that were performed during the AAS Study Item examining the impact of AAS arrays onto legacy systems also did not consider increased emissions [6]. Scaling of emissions by a factor N would be equivalent to scaling the ACLR to be 45dB-10log(N) in the co-existence simulations. This was not done, and it might be expected that co-existence could be impacted due to scaling by N.

However scaling emissions with 2 or probably up to 4 times is proven by experience to be workable. Scaling 8 times is allowed by the specification, but the impacts of 8 times scaling on co-existence properties has not been studied or proven.

Further discussion should take place on whether there should be a maximum amount of allowable scaling for emissions. Furthermore, it should be noted in the TR that it is not yet clear that an antenna port grouping approach as discussed in the Way Forward could be applicable in the future in the event of RAN1 standardising the possibility of >8 antenna ports.

Proposal 4: If the antenna port grouping principle is adopted, it should be noted that it has not been investigated whether it is applicable in the event of even more antenna ports being standardized.
3 Scaling of emissions requirements
In this section, appropriate means to scale the emissions requirements considering Antenna Port related grouping of transceivers and different frequency capability sets is considered.

3.1 “Antenna port” definition

It is very important to differentiate between an “antenna port” and an antenna connector. An antenna connector is the physical point at which a radio connects to a connection to the RDN and radiating antenna(s). An antenna port according to the description suggested in the way forward corresponds to a signal that a UE can identify as a specific radio channel. The radio channel characteristics can be estimated utilizing the known CRS or DM-RS reference signals corresponding to the antenna port. This does not mean, however that an antenna port is generated from an individual transmitter; indeed an “antenna port” is a description of a channel and does not specifically describe basestation hardware. If an antenna port is transmitted from multiple transmitters, the signal emitted from each transmitter will combine over the air. Since the reference symbols will combine, the over the air combining and the number of radio transmitters used for transmitting the antenna port is transparent to a UE; the UE detects the composite radio channel, as illustrated in figure 1. (Note that for simplicity, figure 1 assumes a 1:1 RDN mapping)
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Figure 1 Example of how a single “antenna port” from a UE perspective may be transmitted from several basestation transmitters
Furthermore, the MIMO specifications do not specify the beam pattern relating to an antenna port; this is left open to implementation. For antenna ports carrying CRS, the beam pattern relates to the cell coverage area. For antenna ports carrying DM-RS, the beam pattern is user specific and may be changed dynamically. Figure 2 illustrates some simple examples of different beam patterns that could be applied for an antenna port at different points in time. Of course, the beam pattern may be more complex than illustrated in figure 2 when cell shaping etc. is applied.

[image: image2]
Figure 2 Example of different beamwidth and downtilt configurations for an antenna port
A group of transmitters can be used to generate different beams by means of applying two signals with different beamforming weights. When received by a UE, each signal will be a composite of the radio channels between each transmitter and the UE. However due to the different beamforming weights, the composite channel at the UE will differ for each signal. If each signal carries distinct reference symbols then  the signals will be differentiable at the UE as different antenna ports. Therefore, it is quite possible to transmit more than one antenna port from the same group of transmitters. 
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Figure 3 Example of how two “antenna ports” can be transmitted from the same set of basestation transmitters
3.2 Use of antenna port grouping for defining AAS unwanted emissions requirements
It has been agreed during previous meetings that the emissions requirements should be set in such a manner that AAS basestation emissions do not exceed those of non AAS basestations [4]. Although what is meant specifically by a non AAS basestation and by the term equivalent are not well defined [3], the group based proposal captured in the Way Forward from the previous meeting assumed that the emissions from a non AAS basesation are applied to groups of transceivers bounded by the limits stated in 36/37.104 multiplied by the number of antenna ports supported by the groups. The fact that significant amounts of deployments exist with 2 antenna ports and up to 4 antenna ports implies that the assumption that the emissions limits scale with the number of antenna ports does not lead to significant emissions related issues when there is a small number of antenna ports. 
It is noted in the Way Forward that the grouping method may not be robust to scenarios in which an array generates several antenna ports which are transmitted from groups of radios that are different and only partially overlapping. Figure 4 illustrates an example of a non-overlapping mapping (The figure is intended to be illustrative of a potential issue; it is far from clear whether such an antenna port mapping would be practical in a real AAS. However the specification can be written flexibly enough to handle such a scenario)
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Figure 4 Example of partially overlapping antenna port mapping
In addition to the potential of non-overlapping groups of transceivers relating to antenna ports, another consideration is that there exists the potential for an AAS array to consist of radios that cover different carrier frequencies. The most likely scenario for this is a multiband AAS basestation, in which for example a low-high band combination of antennas is driven from separate sets of transceivers. Other less likely examples could include basestations containing transceivers that overlap in part of their frequency capability but not in other parts.
In order to devise a robust group approach that sets requirements in a manner that is traceable to non AAS requirements in xx.104, it is necessary to understand how many radios would be likely to be needed in a non AAS scenario for implementing comparable functionality to the AAS. Firstly, a definition of “comparable functionality” is required, since it is possible and likely that AAS basestations will implement additional functionality that non AAS basestations are not capable of. Based on previous discussions, there appear to be two important parameters to take into account when defining comparable functionality:
· Number of “antenna ports”

· Supported bands / frequency sub-blocks.

When considering support for multi-carrier and multi-band, it should be noted that under the existing requirement paradigm of 37.104, the total allowed spurious and block edge emissions over all radios depends on whether the carriers are transmitted by the same radios or different radios. In case (i) in the figure below, the total spurious and block edge emissions would be twice those of case (ii), since there are two radios. (For multiband or non contiguous multi-carrier transmission using the same radio, the emissions allowed in the gap between sub-blocks will increase due to the existence of multiple sub-blocks).
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To make a robust approach for setting emissions that allows for antenna ports to be mapped to partially overlapping groups of radios, or to radios with different frequency capabilities, it is useful to differentiate between radio groups and radio sets.

· A radio group is a group of radios to which an antenna port is mapped

· A radio set is a set of radios that have the same frequency capability.
The most usual case for an AAS operation is that all radios in a group belong to a single frequency capability set.
Proposal 5: If an antenna port is mapped to a group of radios belonging to a single frequency capability set, then the group should be treated as equivalent to a single radio of a non AAS basesation.

A pretty unlikely but possible variation is that radios belonging to a group belong to different (but overlapping) frequency capability sets. (Carriers in which the radios belong to the same group would have to be part of the overlapping part of the frequency capabiltiy). In this case, the group should be treated as equivalent to two (or more) radios in a non AAS BS.
Proposal 6: If an antenna port is mapped to a group of radios that consists of subgroups belonging to different frequency capability sets, then each subgroup should be treated as equivalent to a single radio of a non AAS basestation.

It is likely to be the case that more than one antenna port may be mapped to set of transmitters on the same carrier. A non AAS basestation would require at least as many radios as the number of antenna ports. If the non AAS basestation would be transmitting multiple carriers with the same radios, then the non AAS basestation would need sufficient radios to support the largest number of antenna ports configured on a single carrier. Adopting the same approach for AAS and taking into account the previous proposals:

Proposal 7: Each frequency capability set should be treated as equivalent to N transmitters of a non AAS basestation with equivalent functionality. N is the largest total number of unique antenna ports that mapped to any (sub)group in the set on any individual carrier. Total emissions from all transceivers in the set should be N times .104 requirement.

Proposal 7 effectively takes into account the possibility of non-overlapping antenna port groups and radios with different frequency configuration capabilities.
The grouping and requirement configuration proposal described in section 3 can be summarized by the following flowchart procedure:
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A further unresolved issue with the antenna port grouping / mapping proposal is how to deal with the beamforming modes (TM7, TM8). 
As discussed in section 2, for all transmission modes, the implications of scaling the emissions with a factor >8 are not known and at this stage the release 13 specification emissions framework should not be assumed to be scalable beyond 8 antenna ports. For handling TM7 and TM8, since the implications of large emissions are not validated, it is reasonable to assume a fixed scaling factor NTM7/8.
Proposal 8: Assume TM7 and TM8 to be equivalent to mapping a fixed number NTM7/8 ports to the transmitter group that generates the DM-RS for the purpose of calculating emissions.
4 Conclusion

To scale emissions correctly according to previous agreements, it is necessary to clarify what is meant by equivalent functionality for a non AAS basestation. Then, a procedure is required for deciding how many radios should be assumed to be needed for an equivalent non AAS BS that is robust to cope with arrays consisting of radios with different frequency configuration possibilities and also for non- or partially overlapping antenna port to transmitter mappings.
It is proposed that “equivalent functionality” should include the following:

· Number of “antenna ports”

· Supported bands / frequency sub-blocks.

A procedure for deciding on the equivalent number of non AAS radios based on transceiver groups is captured in the following proposals:

Proposal 1: Radios should be grouped into sets whose members share the same radio capabilities (Band(s), maximum RF bandwidth(s), non contiguous TX etc.)

Proposal 2: Emissions requirements should be applied to and met separately by radios belonging to different frequency capability sets.

Proposal 3: Where an array is capable of multiple configurations that lead to different “equivalent” emissions requirements, the most stringent of the derived emission requirements should be applied to the array.
Proposal 4: If the antenna port grouping principle is adopted, it should be noted that it has not been investigated whether it is applicable in the event of even more antenna ports being standardized.
Proposal 5: If an antenna port is mapped to a group of radios belonging to a single frequency capability set, then the group should be treated as equivalent to a single radio of a non AAS basesation.

Proposal 6: If an antenna port is mapped to a group of radios that consists of subgroups belonging to different frequency capability sets, then each subgroup should be treated as equivalent to a single radio of a non AAS basestation.

Proposal 7: Each frequency capability set should be treated as equivalent to N transmitters of a non AAS basestation with equivalent functionality. N is the largest total number of unique antenna ports that mapped to any (sub)group in the set on any individual carrier. Total emissions from all transceivers in the set should be N times .104 requirement.

Proposal 8: Assume TM7 and TM8 to be equivalent to mapping a fixed number NTM7/8 ports to the transmitter group that generates the DM-RS for the purpose of calculating emissions.
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6 Annex
The operation of proposal 7 is illustrated by means of some examples in this section. It should be noted that it is not necessarily suggested that each example is a sensible design for an AAS, but the examples are rather intended to illustrate the flexibility of the proposals to deal with different scenarios of overlapping antenna port or frequency domain mappings.

Example 1: Two bands

In this example, an AAS with 32 transmitters is intended to provide 2x2 MIMO on three carriers band 1 and on three carriers in band 8. The array is designed with separate transmitters and separate antennas for each band; thus band 1 has 16 transmitters and band 8 16.

In addition to MIMO, the array is able to perform vertical cell tilting.

When all carriers are active, there are a total of 12 antenna ports; two on each carrier. When the antenna ports are mapped to transmitter groups, 6 of the antenna ports map to the transmitters that can transmit band 1 and 6 map to the transmitters that can transmit band 8.

There are two types of transmitter in this band; band 1 and band 8 transmitters. The band 1 transmitters transmit 2 antenna ports per carrier; thus the maximum amount of antenna ports on any carrier is 2. The same goes for the band 8 transmitters.

Therefore, the AAS array can be seen as equivalent to a non AAS basestation with 2 band 1 radios and 2 band 8 radios. The total emissions from the 16 band 1 radios should be the xx.104 requirements scaled by a factor of 2. Similarly, the total emissions from the 16 band 8 radios should be the xx.104 requirements scaled by a factor of 2.
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Example 2: Single band, non-overlapping antenna port mappings

In this example, a 32 transmitter AAS is able to transmit 4x4 MIMO in a single band on two carriers. All radios have identical capabilities. However when the antenna ports are mapped to transmitters, they are not mapped to the same transmitters. The first antenna port is mapped to the first 8 transmitters, the second to the second 8, the third to the third 8 and the fourth to the fourth 8.

There are a total of 8 antenna ports on all 2 carriers. The maximum number of antenna ports per carrier is 4.

Taking the total number of antenna powers (on one carrier) mapped to all radios with the same capability (which is all radios) suggests that the group of 32 radios in the AAS should be considered equivalent functionality to 4 radios in a non AAS BS. This is the case even though the antenna port mappings do not overlap.
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Example 3: Single band, multiple potential MIMO configurations.

In the second example, the AAS array consists of 32 transmitters, all of which transmit up to 3 carriers in band 1. The three carriers can be configured as all 2x2 MIMO, all 4x4 MIMO or a mixture of 2x2 or 4x4 MIMO.

If 3 carriers are configured with 2x2 MIMO, then there will be a total of 6 antenna ports over all carriers. The set of transmitters generating all of the antenna ports is all 32 transmitters. The maximum number of antenna ports on any individual carrier will be 2. Thus the total emissions from all transmitters would be 2 times the .104 limit.

If 3 carriers are configured with 4x4 MIMO, then there will be a total of 12 antenna ports over all carriers. The group of transmitters generating all of the antenna ports is all 32 transmitters. The maximum number of antenna ports on any individual carrier will be 4. Thus the total emissions from all transmitters would be 4 times the .104 limit.

If 3 carriers are configured with a mixture of 2x2 on two carriers and 4x4 MIMO on one carrier, then there will be a total of 8 antenna ports over all carriers. The group of transmitters generating all of the antenna ports is all 32 transmitters. The maximum number of antenna ports on any individual carrier will be 4. Thus the total emissions from all transmitters would be 4 times the .104 limit.

The requirement for this array should be based on the most stringent condition, which is where the 32 transmitters have a combined emissions limit of 2 times the .104 limit.
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