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1 Introduction
FR1 has 3 BS types specified with both conducted and radiated interfaces (1-C, 1H and 1-O) whereas FR2 has only a single BS type with a radiated interface.

This paper discusses the requirement for the different BS types in the 7-24GHz region.
2 Discussion
As frequencies increase AAS requirements are need for a number of reasons:
· High path loss mean high antenna gain and beam steering capability is required to provide coverage over a large area

· Integrated antenna and high frequencies mean a conducted interface is no longer feasible.

FR1 frequencies up to now have been dominated by systems up to 3GHz with non-AAS systems assuming a conducted interface and a passive antenna. Both hybrid and OTA AAS specifications have been added to this and the top of the FR1 frequency range is currently 7GHz.
The difference in FSPL between 2GHz and 7 GHz is approx. 11dB. To put this in context:

·  Using FSPL alone a 2km cell at 2GHz would provide only a 600m cell at 7GHz.

·  Assuming a 17dBi passive antenna at 2GHz the same link budget would require a 28dBi antenna at 7GHz

· Assuming a single column 8 element 0.9λ spaced passive 2GHz antenna the 7GHz antenna would need to be 12 columns (spaced at 0.6λ) to achieve the necessary increase in gain.
It is reasonable to assume therefore that any system above 7GHz will be an AAS.

Observation: BS type 1-C (non-AAS) is not likely needed above 7GHz

There remain 2 types of AAS architecture, 1-H which has predominantly conducted requirements with 2 radiated requirements and 1-O which are all OTA.

It is not clear if at 7GHz it will be necessary to have conducted or hybrid AAS requirements. If a system does have connectors then it is advantageous to have predominantly conducted requirements as testing is much simpler. In the SI it is perhaps to early to make this decision so we should consider that hybrid AAS requirements are needed.

Observation: It is not clear that hybrid AAS requirements are needed above 7GHz but we should assume they are in the SI.

Currently all FR1 requirements however are based on the analysis of a non-AAS (1-C) system and the hybrid and OTA requirements are derived assuming the same level of minimum performance and protection.

For example:

The hybrid REFSENS (and other receiver) requirements are very similar to the conducted receiver requirements and are derived based on assumption of a minimum noise figure of the BS receiver..

The OTA reference sensitivity requirement ensures that assuming the same range of angle of arrivals (RoAoA) for an oncoming signal (equivalent to the coverage range of a passive antenna). The OTA sensitivity is at least that of a passive system with the same RoAoA and a receiver noise figure of 5dB. The noise figure of 5dB is the minimum requirement assumption used when deriving the conducted BS reference sensitivity.

If the hybrid AAS has limited or zero beam forming then this represents a reasonable minimum sensitivity requirement, however if the hybrid AAS has beamforming it would be expected that the actual antenna gain in any specific direction within the RoAoA would be significantly greater than this, hence the OTA reference sensitivity would be to easy for a minimum requirement. Hence there is a 2nd OTA sensitivity requirement which is declared and allows the minimum sensitivity to be identified and verified.

This approach is mirrored throughout the receiver requirements where either OTA REFSENS or OTA minsens (or both) are used as appropriate for the various linearity requirements. 
FR2 requirement are OTA only and do not align to any conducted requirements, hence they are somewhat simpler as the OTA declarations do not require any calculations to ensure they are in line with conducted equivalents.
Hence if we do not have any non-AAS requirements then it is difficult to derive both hybrid and OTA AAS requirements in the same style as for FR1.

Observation: Without non-AAS requirements BS type hybrid AAS requirements are difficult to derive
If we start with a set of OTA requirement as we do with FR2, then we would have to develop reverse methodologies to extract the hybrid requirements.

For the transmitter this would not be very difficult as most requirements are TRP and hence translate quite well to total conducted power. Signal quality and dynamic range requirement similarly would translate.

For the receiver the antenna gain is not part of the declaration only the total sensitivity, hence it would be difficult to work backwords to extract a conducted sensitivity value and hence appropriate interference levels for the other receiver tests. This is not an insurmountable problem perhaps as a minimum noise figure is assumed when deriving the range of allowable OTA sensitivity declarations, so that value could be used as a conducted requirement. Similarly the OTA blocking analysis when done for FR2 extracted conducted values as part of the process, it would be possible to use these for a conducted requirement.
If a 7-24GHz hybrid AAS were specified however without non-AAS BS the nature of the requirements would inherently be somewhat different to a sub-87GHz 1-H BS. This is not necessarily a problem but should be highlighted.

Observation: Extracting hybrid AAS requirements from OTA AAS requirements is possible but requires a slightly different approach. 
So far the discussion has been based around wide area BS types where it will be necessary to use AAS to achieve the required cell size. Small indoor nodes however may be much simpler and consist of fewer transceivers.

The technical reasons for not having a conducted interface are possibly stronger for such BS types as they will be more integrated. As local area BS they have far fewer transceiver units than the equivalent wide area system, it is reasonable to assume they may retain a conducted interface so we should maintain some sort of conducted requirements. However even if they retain a conducted interface it seems likely such system will have an integrated antenna and hence can be classified as a hybrid AAS if necessary. Hence at this stage we should consider both hybrid and OTA AAS BS type

Observation: for local area BS it is reasonable to consider both hybrid and OTA AAS BS types.

Finally the discussion has been based at the low end of the range 7-24GHz, clearly at some frequency (lower than 24GHz) maintaining a conducted interface is not practical. AT this point it seems likely only an OTA AAS set of requirements will be needed (as with FR2).

Observation: At some frequency (7 ≥ f ≤ 24GHz) only OTA AAS BS requirements will be required.

3 Summary
In this paper we have discussed the necessity for maintain the requirements for the different BS types in the 7-24GHz region, the following observations have been made:
Observation: BS type 1-C (non-AAS) is not likely needed above 7GHz

Observation: It is not clear that hybrid AAS requirements are needed above 7GHz but we should assume they are in the SI.

Observation: Without non-AAS requirements BS type hybrid AAS requirements are difficult to derive

Observation: Extracting hybrid AAS requirements from OTA AAS requirements is possible but requires a slightly different approach. 

Observation: for local area BS it is reasonable to consider both hybrid and OTA AAS BS types.

Observation: At some frequency (7 ≥ f ≤ 24GHz) only OTA AAS BS requirements will be required.

These observations are presented for discussion at this stage.
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