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1 Introduction
We current have 4 types of BS specification 1-C, 1-H, 1-O and 2-0. The 1-x requirements are derived from the non-AAS conducted requirements, the 2-O requirements are derived from the OTA scenarios directly.
Much of the 7-24GHz discussion is based around what BS types (and hence requirements) will be needed.

This paper looks at the hybrid requirements.

2  Discussion
In many cases it is clear that beam forming and AAS is required in the 7-24GHz region, however this may be at frequencies where it is still possible to implement a conducted interface. As such a hybrid set of requirements may be desirable but non-AAS conducted requirements are not.
In this scenario the current FR1 approach will not work as all requirements are based on the original non-AAS conducted requirements.

This means introducing a hybrid BS type means a non-AAS BS type is also needed and this may not be required.

2.1 BS type 1-H requirements background

The hybrid (and indeed the OTA) requirements which have been extracted from the conducted requirements have the following general types:

Transmitter power based directional requirements -EIRP accuracy, DL power accuracy etc.

These requirements are based on a declared power and an accuracy window. The accuracy widow for OTA is generally slightly larger to incorporate the additional error due to the antenna array and the beam forming.

For example 

BS output power accuracy < ±2dB

Radiated transmit power (EIRP) accuracy < ±2.2dB

Transmitter quality requirements – EVM, frequency error, etc...
These requirements are either the same in all directions (frequency error BW etc.) or directional but only valid in the direction if the link with the UE (EVM). The requirements are hence the same as the conducted levels in a specified direction

TRP emissions – Output power, unwanted emissions, ACLR, spurious emissions, etc.…

These requirements are almost identical to the conducted output power requirements, for the output power accuracy requires the antenna array accuracy has been considered but the impact is so small so in practice the limit is the same as the conducted. The emissions threshold limits are the same as the conducted. Scaling is also applied to account for MIMO in regions where this is allowed.
Receiver OTA sensitivity


Receiver sensitivity is declared over a RoAoA and is intended to be the best or minimum sensitivity when the AAS is beam forming.

Receiver reference sensitivity

Receiver sensitivity is based on the conducted sensitivity requirement and an offset based on the RoAoA declarations so that over the same RoAoA the AAS requirements provide as a minimum the same performance as the conducted requirements. The offset is based on a calculation of equivalent non-AAS antenna gain.

Receiver interference

All interference requirements maintain the same offset between the wanted signal and the interfere and the conducted requirements. The wanted signal absolute level is offset from the conducted requirement based on the requirement. OTA Refsen is used for requirements which are high power limited (e.g. blocking), OTA minsens is used for requirements which consider the noise floor (e.g. ACS).

Co-location requirements

Co-location requirements we discussed at length in [1], they are based on the same co-location assumptions as the conducted requirements but use a co-location reference antenna to provide an OTA based requirement.

2.2 Hybrid requirements from OTA requirements

In the same way that hybrid requirements were derived from conducted requirements, it is conceivable that hybrid requirements could be derived from OTA limits using the reverse process.

Of course hybrid requirements also have some OTA requirements so it may not be necessary to convert all the OTA requirements (or there could be a mixture of both).

Looking at each of the requirement types:

Transmitter power based directional requirements -EIRP accuracy, DL power accuracy etc.

EIRP accuracy is a hybrid requirement so would need no modification. Conducted requirements for the other power accuracy requirements could be reverse engineered by subtracting the additional errors rather than adding them.

Transmitter quality requirements – EVM, frequency error, etc...
These requirements are the same for conducted and OTA so could be applied at each conducted interface at the same value.

TRP emissions – Output power, unwanted emissions, ACLR, spurious emissions, etc.…

The total power can be calculated as the sum of the power from all the connectors, this is how most hybrid power requirements are already derived. The output power accuracy requirement could be reverse engineered by subtracting the antenna errors (once again it is likely it will results in the same value). The emissions limits are the same for conducted and OTA.

Receiver OTA sensitivity


This is already a hybrid requirement but not an OTA requirement, it could just be added as an additional declaration for the hybrid case as it is for the conducted case.
Receiver reference sensitivity

This is perhaps the most difficult to reverse engineer as the FR2 OTA reference sensitivity declaration is based on beam forming but the FR1 hybrid reference sensitivity is based on a passive antenna coverage. 

The FR2 reference sensitivity range was calculated as follows:


[image: image1.wmf](

)

(

)

dBm

G

SNR

IM

NF

BW

P

EIS

kT

REFSENS

-

+

+

+

+

=

10

log

*

10


This is effectively
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If it is considered that however G is related to the beam forming gain rather than the coverage area and wold be expected to be significantly larger. If it was attempted to extract the conducted requirement using the gain calculated from the RoAoA the requirement would be unrealistically tough (approximately 10*log10(Nelements) to tough).
Even if it were possible to meet the conducted sensitivity requirement the interference requirements based on high power levels would be too easy.

If this method were to be used then it would be necessary to explicitly declare the receiver beam forming gain.

However when looking at the eqn. for calculating EISREFSENS we used when calculating the declarable gain range for FR2 


[image: image3.wmf](

)

(

)

dBm

SNR

IM

NF

BW

P

P

kT

REFSENS

conducted

+

+

+

+

=

10

_

log

*

10


We agreed on all these parameters and although they are not explicitly in the TS as requirements they were agreed and documented in the TR (TR 38.817-2). When deriving the OTA requirements for the 7-24GHz range, it sis likely the same process will be necessary. Hence it would be simple to use those agreed figures to calculate the conducted refsens directly.

For example if this were done for FR2 30GHz (it’s not suggested it is but it serves as an example)
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This could be done for hybrid requirements for 7-24GHz if necessary
Receiver interference

The receiver interference measurements are based on a delta between OTA REFSENS and the interferer, once a conducted OTA REFSENS is derived they could the conducted level of the interferer would be easy to calculate.
Co-location requirements

Conducted co-location requirements are based on other BS requirements and an assumption on the isolation between 2 co-located antennas (the assumption is they are the same frequency). The FR1 assumption of 30dB is based on 2 GHZ antennas, for FR2 frequencies this figure is not used as part of the requirements, but once again an assumption is used to help derive the OTA requirements (or more explicitly show that TX IMD colocation requirements are not required for FR2). For 7-24GHz we it would be necessary to agree a worst case isolation assumption, but once this is done the conducted co-location requirements would be simple to derive.
2.3 Mixed Hybrid requirements
In AAS it was discussed if the hybrid requirements could be flexible between OTA and conducted. As each were intended to be equivalent then for some requirements the vendor could choose which type of requirement to use. Ultimately the level of flexibility which could be achieved by this approach was limited so it was agreed to use a fixed set. The reasons for this were:

· TX – Almost all TX tests are done under the assumption of maximum output power, therefore to carry out a test it is necessary to put the BS in a state of maximum output power and have a test which can verify this. Therefore if the BS output power test is conducted then all the emissions and quality tests should also be conducted as that was the state in which the max power condition was verified.

· Rx – Almost all RX tests use the reference sensitivity as a measure of the receiver performance, so if the reference sensitivity requirement is conducted then all the interference requirements also have to be conducted and visa-versa. Once this is considered there is very little flexibility available for the Rx requirements

If deriving the hybrid requirements from the OTA requirements (rather than from the conducted requirements), it’s is likely these restrictions may be the same. At this stage it is not agreed that hybrid requirements or hybrid requirements based on OTA requirements will be needed for 7-24GHz range, but if they are then of course flexible hybrid requirements can be reinvestigated.

Summary
This paper looks at how hybrid AAS requirement are derived from non-AAS conducted requirements and shows that using a similar process hybrid requirements could be derived from OTA requirements. 

As such if required it is possible to define a hybrid set of requirements in the range 7-24GHz without the need for a non-AAS BS type.

Of course if a non-AAS BS type is need for other reasons this does not negate that need.
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