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1 Introduction
In the last meeting guidance was approved on how to contribute work between the eAAS and the NR work [1]. For the receiver requirements the following was captured:

OTA sensitivity:
eAAS: Devise framework for OTA requirement and test
NR: Investigate and agree sensitivity levels, considering AAS WF. Decide whether the requirement framework eventually decided for AAS is suitable for NR and if not, develop an NR framework 
In band Blocking 
eAAS: Decide OTA requirement framework for blocking (How to derive OTA level from conducted level, which directions to set requirement etc.) 
NR: Investigate blocking scenarios and levels for mm wave. Decide whether the requirement framework eventually decided for AAS is suitable for NR and if not, develop an NR framework 
RX IM 
eAAS: Decide requirement OTA framework for RX IM (How to derive OTA requirement from conducted level, which directions to set requirement etc.) 
NR: Discuss if the requirement is needed for mm wave; if so, devise requirement values. Decide whether the requirement framework eventually decided for AAS is suitable for NR and if not, develop an NR framework 
Whilst it is obvious that for systems below 6GHz there is synergy between eAAS and NR and hence a similar requirement framework should be followed, for the mm wave NR systems following eAAS is not necessarily the correct option. The guidance should hence be split more clearly between NR<6GHz and NR>6GHz.

This paper discusses the receiver requirements for NR systems >6GHz

2 Discussion

The existing receiver requirements are broadly characterised by:

· Receiver reference/minimum sensitivity

· In-band blocking

· In-band Rx IMD

· Out of band blocking
However all of these requirements use the reference sensitivity as a metric, it is important that reference sensitivity is discussed first.

2.1 Existing requirements

The existing non-AAS specifications are all based on the performance of a single receiver at the antenna connector.

The existing (REL13) AAS specifications are based on the performance of single receiver units at the transceiver array boundary connector, and a combined radiated requirements which are specified OTA. In the most part these have been based on the existing non-AAS requirements with a goal to offer the same minimum protection and performance as a non-AAS.

The eAAS goal is to produce a set of OTA requirements which offer the same protection and performance as the REL13 conducted requirements.

It can be seen that the AAS conducted requirements and the eAAS OTA requirements which are to follow are all based on the assumptions and scenarios of a non-AAS system and network. This is reasonable as the existing networks use non-AAS equipment and will continue to do so. AAS may be deployed within the existing networks but must operate alongside it, potentially offering greater performance for those sites with AAS but also not impacting negatively the non-AAS sites.

NR below 6GHz will potentially be a similar story, the low frequencies lend themselves to more traditional non-AAS systems or simple AAS systems with low numbers of transceiver units, also may share bands with UTRA and E-UTRA. The RF hardware will be limited by the same practical limitations (available components, physical size due to wavelength, etc.) as the existing UTRA and E-UTRA RF hardware. As both the networks and the RF hardware are likely to be similar in nature to existing systems it makes sense that the requirements are also very similar.

NR above 6GHz however is different. The high frequencies are new to cellular systems, the high path loss requires that beam forming is a necessary feature (in both BS and UE), also the RF implementation is different. Also no systems exist in these bands so there is no base to work on as is the case of the <6GHz systems. As beam forming is likely to be mandatory and RF connectors are costly and difficult to implement at mm wave the requirements will be all OTA from the start, so it is not sensible to relate these OTA requirements to set of conducted requirements (as we do in eAAS) as the conducted requirements have never existed.
For NR >6GHz it is therefore a better approach to derive a true set of OTA parameters based on the scenarios derived for these networks, rather than adapt the existing non-AAS requirements as is being done <6GHz.

2.2 Receiver sensitivity

Currently non-AAS receiver sensitivity is based on 2 things:

1. A receiver NF of approx 5dB

2. A certain Eb/No requirement (approx 1 dB for E-UTRA) for correct demodulation of the reference channel

PREFsens = kT + B + NF + Eb/No (dBm) = -174 + 10*log10(4.5MHz) + 5 + 1 =  -101.5dBm
The eAAS radiated sensitivity shall be based on the same assumptions with some additional assumptions based on implementation and coverage [2].
The minimum EIS value depends on the equivalent non-AAS directivity of the UL radiation pattern and can be calculated as follows:

Minimum EIS = Conducted reference sensitivity – D + L + Off-peak Margin
Where: 

· L is a loss factor accounting for antenna losses, distribution losses, integration losses, etc.
· Conducted reference sensitivity is the conducted reference sensitivity value in the Rel-13 TS 37.105.
· D is the estimated antenna directivity of a non-AAS BS, which has a beam pattern related to the AAS BS RoAoA.

· Off-peak Margin is to allow coverage for the RoAoA other than just in the peak direction, using the same estimated antenna pattern used to derive the estimated antenna directivity D. 

The complicated methodology for the eAAS OTA requirement is due to the need to maintain consistence with the conducted requirements and also to allow for a very diverse range of possible AAS implementations (different sectorisation, coverage area, BS classes, etc.). As the beam forming capability of the AAS is not mandatory and the extent of it is unknown, in the UL beams are not specified but instead  a  Range of Angle of Arrival (RoAoA) is specified. In a a system with no beam forming the RoAoA is the same as the passive antenna beam, and in a system with BB beam forming  it is the same as the steering range of the digital beams.
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Figure 1. Passive beam RoAoA (red) vs. multiple BB beam formed beams RoAoA (blue)

As the exact beam forming capability is not know the OTA minimum requirement is based upon the RoAoA being equivalent to a passive non-AAS system (although the exact methodology of this declaration is still being discussed in eAAS). Additional performance achieved by the AAS by beam forming (if used) is in excess of the minimum requirement.
For the >6GHz system however it is clear that to overcome the additional path loss beam forming is not optional but a mandatory requirement. The difference in free space path loss alone between 2GHz and 30GHz is 23.5dB, as well as higher building penetration losses etc leads to beam forming being a necessity.

2.2.1 Beam forming gain

The existing assumptions for macro BS for the ACI co-existence study assume at 30GHz (for example):
8x16 element array with 0.5λ spacing and 65° x 80° element beam width with 8dBi element gain.

Note: In the methodology described in the simulations this gives a 29dBi gain although this is incorrect. The array described has a directivity of 26.3dBi. With an implementation loss of 1.6dB this would give a gain of 24.7dBi. It is not the purpose of this paper to discuss derivation of directivity however.)
The UE also has beam forming with the following antenna assumed:

2 x 2 element array with 0.5λ spacing and 90° x 90° element beam width with 5dBi element gain.

(In this case the methodology used for the co-existence study is closer, the figure used is 11dBi.  The actual directivity is 12dBi with 1.6dB for antenna efficiency the actual figure should be a bit smaller at approx 10.4dBi).
Total gain due to beam forming for a single link is:


24.7dBi + 10.4dBi = 35.1dB

In non-AAS 3 sector macro sites the BS antenna gain is assume to be approx 15dBi (including losses) so the beam forming in the NR system gives an additional 20.1dB over the non-AAS system.

Looking at FSPL alone (32.5dB difference between 2GHz and 30GHz) then this is not enough to fully overcome the additional loss due to frequency.

Of course higher noise figures, lower output powers etc of the hardware will also impact the link budget negatively – so considering FSPL alone gives a optimistic result.

2.2.2 OTA requirement
It is clear that beam forming is necessary to overcome the path loss at high frequencies, so it is reasonable for a minimum performance requirement that a minimum beam forming gain is included as part of the requirement. Once this is done then there is no need to include calculations in the requirement linking RoAoA and equivalent coverage areas to the min EIS a figure can be derived (by RAN4) and a single OTA figure used in the specification.

For example (assuming the same modulation as E-UTRA 20MHz channel but at 30 GHz):
Eb/No = 1dB, NF = 10dB, Beam forming gain =24dBi, off peak margin = 3dB

EISmin = kT + B + NF + Eb/No - GBF + Marginoffpeak (dBm) = -174 + 10*log10(4.5MHz) + 10 + 1 – 24 + 3 =  -117.5dBm

Note the off peak margin is included to cover the loss of directivity as the beam is steered. It would be expected that this performance is met over the declared steering range (or RoAoA) of the system.
The requirement would then simply be:





Minimum EIS (for reference measurement channel) < -117.5dBm (example only not suggesting this figure)

This requirement is a true OTA requirement and is much more straight forward then the requirement <6GHz and includes a minimum requirement for beam forming gain. Of course the exact derivation of the assumed NF, min beam forming gain, Eb/No and even channel band width are all FFS.
3 Summary
The OTA reference sensitivity requirement being derived for eAAS is based upon the conducted reference sensitivity for the non-AAS system. As beam forming is not a mandatory feature for AAS, when translating this to an OTA requirement additional information is needed on the equivalent directivity and loss of the system. The resulting OTA requirement therefore varies based on this information (exact methodology is still under discussion in eAAS), as with existing non-AAS systems the min EIS will vary with deployment.

NR system >6GHz require antenna beam forming gain to function primarily due to the increased path loss at higher frequencies, in order to guaranteed a reasonable minimum performance it is necessary to have a minimum level of beam forming gain.
As in such systems as the beam forming gain is mandatory, it is possible to derive a single minimum EIS figure without the need for complex declarations and calculations which are linked to coverage.

This methodology is different from that used in the eAAS work and clearly additional work needs to be carried out with NR to agree what minimum beam forming gain and hence minimum EIS figures are appropriate.
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