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1 Introduction
The topic of emissions for AAS systems has been discussed for the last few meetings. A new framework based on AAS-ETAC has been agreed and it has been agreed that emission requirements for an AAS BS should be scaled based on the number of AAS-ETACs. There are however some outstanding issues on how the scaling should be performed and are currently under discussion. One of such contribution is submitted in [2]. 
Furthermore, it is not completely clear that how emission requirements should be defined for multiband AAS systems. In particular, it is unclear how to specify the emission requirements for the case when an AAS BS features a mix of single band and multi-band transceivers. In this regard, two options have previously been discussed and were part of the way forward agreed in [1] at RAN4#74-BIS.

This contribution discusses the following aspects of the way forward and provides a preliminary proposal on how the emission requirements should be defined for an AAS BS that features a mix of single band and multi-band transceivers.
<Start of excerpt from agreed way forward in [1]>

· How to deal with multiband systems

· Two options were discussed:

· Divide radios in the array into “sets” in which all radios in a set have the same frequency capability, and set and apply requirements independently to each set

· Apply requirements per band to all transmitters in the band. If there are mixed single band and multiband transmitters in a band, treat all transmitters as multiband.

· One of these solutions or an alternative should be agreed

<End of excerpt from agreed way forward in [1]>

2 Discussion
2.1 Background

It is most likely that the AAS systems will have a larger amount of transceivers than non AAS systems. Considering that a BS may support single band or multiple bands, three different transceiver implementations are possible (also shown in figure 1): 

1. All transceiver are single band – In this case, all transceivers in the AAS will be of the same type and will support only one band
2. All transceiver are multiband – In this case, all transceivers in the AAS will be of the same type and will support multiple bands. All these transceivers may be mapped to single antenna connector or to separate antenna connectors.
3. Mixture of single band and multiband – In this case, the AAS BS features a mix of single band and multiband transceivers. 
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Figure 1: AAS Transceiver implementation possibilities
2.2 Specification of requirements for Case 1 and Case 2
Case 1 and 2 shown in the figure above are rather simple where all the transceivers in the array are of the same type (i.e. single band or multiband) and the existing requirements be applied exactly in the same manner as today. However it is important to note that the requirements need to be scaled based on the number of AAS-ETACs.

· For case 1) where all the transceivers are single band, the existing single band requirements shall apply
· For case 2) where all the transceivers are multiband, two further cases are possible:

1. When the MB transceivers are mapped to the same antenna connector: Emission requirements apply with the exclusion zones defined for each supported operating band.
2. When the MB transceivers are mapped to separate antenna connector: Emissions requirements apply in the same manner as for single band operation and the multi-band exclusion zones are not applicable.
Note: Exclusion zone is the frequency range that is excluded from the spurious emission limits. The exclusion zone comprises of the the frequency range from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band.
2.3 Specification of requirements for Case 3

Case 3 shown in Figure 1 refers to the scenario when the AAS BS features a mix of single band and multiband transceivers. This is a rather new scenario where the emission requirements can be specified in two different ways. The example shown in figure 1 drives a high and low band with different antenna spacing by means of interleaving single and dual band radios. It should be noted however that this scenario requires multi-band radios that cover both the high and low bands, and so is potentially less relevant within the release 13 timeframe.
Two potential proposals for setting requirements on an array with a mixture of single and multiband transceivers were agreed for further investigation in [1]. 
Alternative 1:
“Divide radios in the array into “sets” in which all radios in a set have the same frequency capability, and set and apply requirements independently to each set”
According to this option, transceivers are grouped into frequency capability sets. A frequency capability set consists of transceivers with the same potential configurations of transmit frequencies. Thus single band transceivers that can operate within the same band would form a set (for each band) and multiband transceivers transmitting in two bands would form another set. An illustration of this proposal is shown in Figure 2.
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Figure 2: Grouping of transceivers based on frequency capability
Emissions requirements are then applied independently for each frequency capability set. This means that SB emission requirements without exclusion zones will be applied once for frequency capability set 1 and set 2.  In addition, emission requirements for set 3 will be applied together with exclusion zones.
This method enables the reuse of existing MB-MSR requirements (according to the capabilities of the transceivers in each set). However, since the requirements are applied separately for each frequency capability set, the total emissions in some cases may amount to be 3 times greater than the xx.104 requirement.

Observation 1: Even though alternative 1 may be feasibly written in the specification, there is an associated risk of increasing the total emissions. Hence it may be better to avoid using this option to specify the emission requirements for an array with a mixture of single and multiband transceivers.
Alternative 2:
“Apply requirements per band to all transmitters in the band. If there are mixed single band and multiband transmitters in a band, treat all transmitters as multiband.”
According to this option, requirements are applied separately for each band. Requirements are applied for all transceivers capable of transmitting in a band, regardless of whether the transceivers are single or multi band. If the transceivers were to be grouped in the form of sets to compare with alternative 1, then this option will result in two transceiver sets as shown in the following figure.


[image: image3]
Figure 3: Grouping of transceivers separately for each band

This option has the advantage of potentially reducing the total emissions for many cases (e.g. spurious emissions) compared with option 1. The emissions requirement in this option is only applied once per band, and thus the total emissions would only be twice the xx.104 requirement (which would be the same as for a non AAS base station).

It is however unclear how to deal with exclusion zones if the emission requirements are specified based on alternative 2. In the existing 37.141 specification, the applicability of the exclusion zones in the spurious emissions requirement is specified as follows:
<Start of excerpt from TS 37.141>

6.6.1
Transmitter spurious emissions

6.6.1.1
Definition and applicability

The transmitter spurious emission limits apply from 9 kHz to 12.75 GHz, excluding the frequency range from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band. For BS capable of multi-band operation where multiple bands are mapped on the same antenna connector, this exclusion applies for each supported operating band. For BS capable of multi-band operation where multiple bands are mapped on separate antenna connectors, the single-band requirements apply and the multi-band exclusions and provisions are not applicable.

<End of excerpt from TS 37.141>

Based on the principles agreed in 37.141, the exclusion zones for the single band and multiband transceivers shall appear as shown in Figure 4. In this example, it is assumed that the band Y is a higher band and band X is a lower band.
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Figure 4: Applicability of spurious emission requirements for SB & MB radios

2.4 Treating Exclusion zones for MB AAS with mixed radios (Case 3)
For an AS BS featuring a mix of single band and multiband transceivers, the same principles as agreed in 37.141 and illustrated in figure 4 could be followed. This means that exclusion zones are applied independently based on the capability of the transceivers (SB or MB) and the exclusion zones for MB radios are not applicable to the SB radios. 
Proposal 1: The principle of defining exclusion zones in TS 37.141 can also be applied to AAS and the exclusion zones for the SB and MB radios will be as defined in TS 37.141 and illustrated in figure 4.
Another possible option for dealing with exclusion zones could include allowing an exclusion zone for single band radios as long as any multi-band radios are present. This may however lead to a relaxation of the emission requirements as captured in the following observation.
Observation 2:

It is to be noted that in case the exclusion zones for MB radios are also applied to the SB radios, this could lead to an unwarranted increased emissions level and may result in a relaxation of the requirement. Furthermore, the presence of a single multi-band radio in an otherwise single band AAS BS will enable exclusion zone for all the SB radios.
Proposal 2: 
It is therefore proposed to:

Set the requirement for the exclusion zone for the MB-MSR radios in a way that caters for scaling according to the number of MB-MSR radios. For the remaining (SB) radios, meet the spurious emissions requirement, possibly with some scaling according to the proportion of radios that are not MB-MSR.
3 Conclusion

There is a potential for an AAS BS to incorporate a mixture of single and multiband radios, although from a practical perspective the need to do this in the immediate future is not clear, since scenarios in which high/low band elements and radios are interleaved would imply extremely high bandwidth radios. 

This contribution discussed different aspects of specifying emission requirements for an AAS BS featuring a mixture of single and multiband radios and provides preliminary proposals on how the emission requirements should be defined. We considered two potential mechanisms for dealing with emissions from an AAS base station that contains a mixture of single and multiband radios and the following observations and proposals were made.

Observation 1: Even though alternative 1 may be feasibly written in the specification, there is an associated risk of increasing the total emissions. Hence it may be better to avoid using this option to specify the emission requirements for an array with a mixture of single and multiband transceivers.
Observation 2: It is to be noted that in case the exclusion zones for MB radios are also applied to the SB radios, this could lead to an unwarranted increased emissions level and may result in a relaxation of the requirement. Furthermore, the presence of a single multi-band radio in an otherwise single band AAS BS will enable exclusion zone for all the SB radios.

Proposal 1: The principle of defining exclusion zones in TS 37.141 can also be applied to AAS and the exclusion zones for the SB and MB radios will be as defined in TS 37.141 and illustrated in figure 4.
Proposal 2: Set the requirement for the exclusion zone for the MB-MSR radios in a way that caters for scaling according to the number of MB-MSR radios. For the remaining (SB) radios, meet the spurious emissions requirement, possibly with some scaling according to the proportion of radios that are not MB-MSR.
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