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1 Introduction

During the NR Study Item, extensive co-existence simulations have been performed by multiple companies in order to investigate the ACIR needed to support co-existence of multiple NR networks in the mm wave range. The principle goal of these simulations is to enable suitable estimates of parameters such as ACLR and spectrum mask for responding to the ITU-R request for parameters for coexistence study.
Apart from the need to reply to ITU-R, there will be an eventual need to fix parameters in the 3GPP specifications. These will include more than the ACIR. In this paper, considerations around deriving of the blocking requirement are presented.
2 Discussion

The blocking requirement consists of two quantities; a power level for a blocking interferer on another channel and a wanted signal level. During the eAAS WI, there has been some discussion about using an alternative power or SINR based metric instead of throughput for assessing requirement compliance [1]. Such a consideration could also impact the design of the wanted signal, but will be ignored in this contribution.
In band blocking requirements for LTE have been set by means of a number of different considerations. In many cases, a blocking level has been estimated by means of co-existence simulations. These simulations model an aggressor and victim network in uplink. In the victim network, received power levels due to UE transmissions in the aggressor network are calculated over a large number of simulation drops. A CDF of the received power levels is calculated such that a blocking level that occurs with 0.01% probability can be identified. The simulations are particularly sensitive to a number of aspects; these include the assumption made on the operation of uplink power control, the assumption made on minimum distance or coupling loss of the aggressor UEs to the basestation and statistical variability of the observed interferer level around the 0.01% probability point (since a very large number of simulation drops are required to obtain statistical validity at this point). Where the blocking level is decided from simulations, the wanted signal level is simply set to be 6dB greater than the BS reference sensitivity.
For the MSR basestation specifications, the blocking and wanted signal levels have been set in a slightly different manner, such that the maximum absolute blocker power levels from the UTRA specification are maintained, whilst the wanted signal levels are adjusted such that the power offset between the blocker and wanted signal is equalized for both RATs and for all BS classes.
For deriving blocking requirements for the mm wave range, similar considerations and simulations may be made. However before embarking on simulations there are a number of aspects that are worthwhile to consider further:

Relationship between wanted signal level and blocking level

The simulation approach used for LTE estimated a blocking level that would occur with 0.01% probability. The wanted signal level was set simply at 6dB above reference sensitivity. During operation, the level of wanted signal from a UE will vary depending on the position of the UE within the cell and power control that adjusts SINR depending on the levels of other interferers. The probability of blocking occurring is actually the joint probability of (i) A blocking signal being received from the aggressor system at the blocker level and (ii) at the same time, the wanted signal being at the wanted signal level.
P(blocking) = P (Interferer ≥ Blocking Level) * P (Wanted signal ≤ Reference sensitivity +6dB)

Thus, for mm wave it may be appropriate in some circumstances to investigate the joint probability of blocker and wanted signal rather than just the probability of the blocking level alone.
Impact of beamforming architecture on the blocking level

Digital, analogue and hybrid approaches to beamforming have all been discussed in the context of 5G. The beamforming architecture may impact the blocking requirement, since the blocking requirement impacts mainly the analogue RF part of the receiver.
For an analogue beamforming system, a blocker would be received based on the combined antenna pattern. Hence if received in the beam direction, the blocker level experienced in the receiver would potentially be very large. However, the probability of the blocker being in the beam direction would be relatively small.
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Figure 1: For an analogue beamforming system, the beamwidth seen by the radio is narrow. The impact of a blocker UE is high but the probability of a blocker UE being within the beam low.
For a digital beamforming system, each receiver is attached to an antenna element, which would have a wide beamwidth and a low gain. In this case, the blocker level would be much lower, but the probability of receiving a blocker much higher.
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Figure 2: For an digital beamforming system, the beamwidth seen by the radio is wide. The impact of a blocker UE is low but the probability of a blocker UE being within the beam high.
In statistical blocking simulations, an increased beam gain for a blocker would be compensated by the lower probability of the blocker occurring. Further investigation of blocking CDFs is needed to establish whether the underlying blocking requirement on the receiver (after antenna gain) varies depending on the beamforming architecture and beam pattern.
Impact of spatial variations on the blocking level
Similarly to the beamforming architecture consideration, the impact of different spatial beam pattern possibilities on the blocking level may need further consideration. Again, altering the spatial beam pattern would impact both the antenna gain applicable to the blocker and also the probability distribution of blocker levels, and thus determining the impact of spatial variations on the underlying blocker level in the receiver requires statistical simulations to investigate.
Requirement stated as OTA level

The aggressor system will cause a profile of blocking situations in which the blocking UEs vary in spatial position and in transmit power. In principle, the blocking profile from the aggressor system is a property of the aggressor system only and will not change dependent on the architecture of the victim system.
However, the position and TX power levels at which blocking occurs around the 99th percentile of the CDF will vary depending on the architecture, since the positions and blocker levels will depend on the antenna pattern and antenna pointing direction.
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Figure 2: Possibly the direction and strength for the most difficult to meet parts of the blocking direction/power profile may differ between analogue and digital beamforming
Further discussion and confirmation is needed as to whether the most difficult to meet parts of a blocking/power profile will differ depending on the BS internal architecture.

If the blocking requirement is set OTA, then in principle the requirement could be set based on the complete blocking profile; i.e. all of the spatial positions/ OTA power levels experienced in the blocker system, and the BS would be required to pass in 99.99% of cases. However stating and testing a requirement defined in such a manner would not be feasible.
Otherwise, a method is required for stating a blocking requirement that correctly relates to the correct subset of blocking situations for the BS under test.

In eAAS, a method is under discussion in which a blocking requirement is set on a hypothetical (but not actually existing) connector to an antenna model. The antenna model is related to, but not the same as the antenna under the BS under test. From the blocking requirement at the hypothetical connector and based on declarations of the BS and the antenna model, an OTA blocking level specific to the BS under test may be derived.
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Figure 3: Blocking model under consideration for eAAS (modified for the NR context)
The potential method is still not as yet fully described or agreed in eAAS, and furthermore no discussion has taken place on how to define blocking requirements for the UE for E-UTRA.
For application at mm wave, confirmation would be required that a requirement could be set at a hypothetical connector that would not vary depending on the antenna architecture, and that an appropriate antenna model could be obtained for mm wave.

Otherwise, a method is required for mm wave of setting an OTA blocking requirement that correctly captures the subset of blocking conditions from the aggressor system that are relevant to the specific BS under test.
Impact of power control assumptions

The settings and design of the power control of the aggressor system critically affects the blocking requirement. Although a parameterized UL power control has been derived for the ITU simulations, care should be taken to ensure that the power control is appropriate for modelling blocking requirements.
Modelling of pathloss and multipath

In some circumstances, a mm wave BS may be operating in a multipath environment. Furthermore it is even possible that in some circumastances the path between the BS and UE may be non LOS.

In existing co-existence simulations, multipath fading is not directly modelled. Instead, a lognormal distributed shadow fading margin is added to the link budget. This approximation is suitable for wide beamwidth fixed antennas. However removing the spatial multipath information in this manner may not be entirely suitable for modelling blocking towards antenna systems with high beamforming gain. For some analogue beamforming systems, only multipath components that arrive in the beam direction will be received with significant power. For digital  beamforming systems, multipaths may be received from several directions.
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Figure 4: Difference between array response (left) and element response (right) to incoming multipaths
Thus care should be taken in deciding on the manner in which multipath propagation should be accounted for in the system simulations.
Technology considerations

Apart from evaluating blocking scenarios using simulations, consideration should also be given to technology constraints. Blocking requirements impact the needed dynamic range of the receiver in a significant manner, impacting factors such as the required number of ADC bits (and associated power consumption), filtering etc. Thus both simulations of blocking scenarios and simulation results should be taken into account when deciding on blocking requirements.
Development of an OTA test

Apart from developing the requirement, consideration should be paid to testability and how an OTA blocking test should be performed. It is not necessary for a test to re-create exactly blocking conditions from an aggressor system, but rather to design a test that ensures that the radio performance is sufficient to operate in such conditions. In particular, from a testing perspective it is desirable not to need to differentiate the angle between the blocking and wanted signals. Design of a suitable blocking test for basestations is under discussion in the eAAS WI.
3 Conclusion

This paper has presented a number of considerations to take into account when deriving a blocking requirement for mm wave systems. Possibly not all of the considerations will need to be actually taken into account in modelling, but we would like to encourage companies to consider these and other issues and ensure that the methodology for deriving OTA blocking requirements correctly takes all aspects into account.
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