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1 Introduction

During RAN4#84bis, several issues were identified as needing to be resolved in order to set the mm wave blocking requirement. These issues include:
· Identify conducted blocking levels

· Identify delta between blocking signal and wanted signal

· Identify a method for setting an OTA blocking requirement based on the conducted numbers

This document focusses on the blocking requirement and a means to set an OTA level.
2 Discussion

Multiple companies have performed simulations in order to determine the blocking level at the ARP for mm wave. [1] shows the results of simulations that are based on a 99% joint probability of wanted signal and blocker, with the wanted signal anchored at 6dB above the reference sensitivity. The reference sensitivity assumes combining; the blocking level is the one seen at the receiver input. The blocking levels differ to some extent depending on whether analogue or digital beamforming is assumed, and are as follows (worst case; i.e. non-colocated and 100% utilization are assumed from [1]:
	Architecture
	Wanted signal level (assuming combining)
	ARP blocking level assumed

	Digital
	-75 dBm
	-49 dBm

	Analogue
	-75 dBm
	-59 dBm


The simulations have taken into account the antenna patterns and spatial selectivity for both types of architecture. For setting a requirement, the task is then to find OTA levels that ensure that the correct ARP levels are reached internally in the equipment. This can be achieved by transmitting the wanted and blocking signals in the same direction into the boresight of the array, with the OTA levels set such that the conducted levels shown above are achieved.
In [2], several approaches to determining an OTA level based on the ARP level are discussed. As a first approach, the assumed array gain and element gain are applied for analogue and digital beamforming respectively. A coarse assumption of no losses relating to the antenna and antenna combining is made, and it is furthermore assumed that the array size of any device under test is the same as for the simulated scenario. The resulting OTA levels are as follows (making an approximate assumption of 23dB gain for analogue beamforming, 8dBi gain for digital):

	Architecture
	OTA wanted signal level
	OTA blocking level 

	Digital
	-83 dBm
	-57 dBm

	Analogue
	-98 dBm
	-82 dBm

	Digital (test 2)
	-98dBm
	-72dBm


The OTA levels in the above table are examples only. Further discussions are needed on exactly how to set a minimum sensitivity, and how much granularity is needed to account for different array sizes. Final OTA blocking values should only be agreed in the context of decisions on OTA sensitivity.

During the discussions on eAAS, it was noted that shifting both the wanted signal and blocking level by the element gain would lead to the correct absolute blocking level, but would ignore the impact of combining gain on the wanted signal. Since the blocker to wanted signal level is related to joint probability, the wanted signal cannot on its own be reduced. The agree remedy for eAAS is to set a second blocking requirement with reduced receiver power levels for both wanted signal and blocker. The second test sets somewhat stricted limits on the selectivity aspect of receiver blocking response. For reference, the levels for the second blocking test for mm wave, should the same approach be adopted are also shown in the table.
As can be seen in the table, the OTA levels corresponding to the different types of equipment differ considerably. If the -82dBm level would be applied, then systems with a digital beamforming architecture would not need to provide much blocking protection. If -57dBm would be applied, then analogue systems would be overdimensioned.

Observation 1: Setting a single OTA level for all types of architecture leads to blocking testing that is not in line with the simulation results.
In [2], other approaches for defining an OTA level, such as re-using the eAAS approach were discussed. However as was outlined, the eAAS approach is not well suited to systems with wide element beamwidths and analogue beamforming. Also, an approach based on declaring aspects of the architecture is undesirable.
The eAAS approach relies on declaring a contour of a range of angles at which the OTA sensitivity is 3dB lower than in the reference direction. This 3dB contour is assumed to be a beamwidth, which is transformed to an estimated antenna gain using Elliot’s formula. The approach enables a differentiation between the fixed passive component of the gain and the component due to adaptive beamforming. With adaptive beamforming, the receiver EIS is subject to the element or module pattern as an envelope. Thus, the declared 3dB contour relates to the beamwidth of the element or module.
The eAAS approach is unsuited to mm wave for two reasons:

· The approach will not give the correct result when analogue beamforming is applied; analogue beamforming will lead to a result relating to the gain of the element, not the analogue steered module.
· The wider element beamwidths assumed will reduce the validity of the transformation.

A possible adaptation of the eAAS approach could be as follows:
· Declare the 3dB EIS contour under the condition that any analogue beamforming is fixed and pointing towards boresight

This approach would effectively make the analogue beamforming into a fixed passive component. Then the 3dB RoAoA, including digital adaptive combining would be subject to the envelope of the passive combined analogue module.
This approach has two clear disadvantages; firstly, it requires a description of what is analogue and what is digital combining and requires a fixing of analogue combining in a test mode. Secondly it does not overcome the issue of a potentially wide element pattern distorting the gain estimation.

An alternative approach is to declare the 3dB RoAoA with the analogue combining fixed and with digital combining disabled (i.e. the 3dB contour relating to a single baseband input).
This approach suffers similar disasvantages to the previous one, and is also very undesirable in that it starts to break the BS system response into individual receivers.

Another approach could be to set a single OTA value, in between the analogue and digital OTA values. This would have the disadvantage of being too strict for analogue architectures (clearly care would have to be taken that analogue architectures would not be unnecessarily precluded) and too loose for digital architectures. However, it would avoid the disadvantages of the other proposals in respect to declaring architecture, freezing one type of beamforming etc.

To be clear, we do not propose or advocate an approach here. We highlight that there is an issue to be solved, that the OTA test levels required for testing different beamforming architectures can be different. Any solution to setting the OTA test levels is likely to in the end not be ideal and will need to be a carefully chosen compromise between the technical goals of getting the level right, avoiding declaration of implementation features, keeping a black box system requirement etc.
3 Conclusion

This contribution indicates that in order to test RX blocking correctly and in line with the findings of the simulation campaign, the OTA level will need to differ depending on architecture.
Solutions could include modification of the eAAS declaration to declare a 3dB RoAoA under the constraint of considering at least analogue beamforming to be fixed for the declaration, or deciding on a single value that would not be fully correct for either analogue or digital (but would be a straightforward approach).

Further discussion on the merits of each possibility is encouraged such that a practical solution can be found.
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