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1. Introduction

At last RAN4 meeting in Nanjing (RAN4#79) contributions related to OTA receiver blocking for AAS base stations was presented [1, 2]. Previously some issues regarding moving requirements and conformance testing into the OTA domain have been highlighted. This contribution continues the discussion on some of the identified challenges related to OTA receiver blocking for AAS base stations part of the work planned for the enhanced AAS (eAAS) WI in Release 14. 

This contribution is focusing on the spatial effects, such as finding a relevant in-band blocking field strength level together with some considerations on how the spatial selectivity of different array configurations change the interference at each individual receiver when receiver blocking is specified in the radiated domain.
2. Discussion

The background to why specify a requirement for receiver blocking is to make sure that the base station receiver maintains the sensitivity performance in conditions where strong interference signals from in-band UE and BS, out-band UE and BS, co-located BS and transmission related to other services  in neighbouring frequency regions.

The blocking characteristics of wireless receivers is described as the receivers ability to receive a weak wanted signal in presence of an interference signal on another frequency, unlike dynamic range tests, where a weak signal is received in the presence of a strong interferer on the same frequency. The test principle for receiver blocking for UTRA and E-UTRA is identical, but the signal parameters are different. A signal generator provides the required wanted signal to the transceiver under test at a certain power level and frequency. A second signal generator delivers the specified interference signal with a significantly higher power level to the transceiver input. 

Generally, the interferer signal must cover a wide frequency range from 1 MHz up to 12.75 GHz, using a specified step size. The interferer frequency range is normally divided into an in-band range and out-of-band range. 
In the OTA domain a requirement for radiated receiver blocking the interference signal level is associated to a field strength value in the far-field region in dBV/m unlike the traditional conducted receiver blocking requirement where the interference signal is characterized by the power in dBm at the TAB connector. The OTA receiver blocking requirement with associated frequency regions is described in Figure 2-1. 
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Figure 2-1: OTA receiver blocking
This contribution is focuses on in-band receiver blocking requirement, visualized in the green region in the Figure 2-1. In the in-band region, the interference signal is modulated, unlike the out-of-band region where a CW signal is traditionally specified. In general for the in-band blocking case,  the blocker signal is generated by UEs operating in neighbouring networks within the same frequency band, which means that the interference UE signal is uncontrolled by the victim base station. 
Related to how to define in-band receiver blocking in the radiated domain spatial parameters for the interference signal must be defined. Two basic properties is the field strength level and spatial angles for which the blocking performance should be maintained. This contribution elaborates further on how to find the OTA interference signal level and corresponding spatial angles associated to the interference signal;
1. Establish interference signal field strength or power level in the OTA domain equivalent to interfere levels defined at the TAB connector for connected blocking. An assumption on typical antenna gain is required for this approach, since the aim is to achieve the same level of protection as for non AAS. This approach is based on the basic principle that non-AAS base stations and AAS base station should have the same protection against receiver blocking.

2. Establish spatial properties for the impinging interference signal. The spatial properties consist of ,  angles associated to a reference coordinate system.

3. Establish parameters to achieve polarization matching between the test range antenna and test object. The requirement could apply for all polarizations, while the test is performed for matched polarizations (e.g. +45 degrees and -45 degrees). 
The spatial properties for the interference signal are fundamental to create a blocking requirement for AAS base stations. The intention is to create a requirement which gives the equivalent protection to blocking as current requirement for traditional non-AAS base stations. Also it is desirable to build the OTA blocking requirement on the principle that the requirement is a “black-box” requirement without knowledge about the implementation, in terms of number of receiver branches and array antenna configuration. Therefore the continuing analysis starts of by looking into how a non-AAS base station performs in terms of OTA blocking.     

2.1
Interference signal field strength

As mentioned before in [1], is the interference signal for blocking specified in-band with modulated signal and out-of-band with a CW-signal. The signal level in terms of a power level at the transceiver connectors needs to be converted to field strength in the far-field region. The field strength should correspond to interference in networks with non-AAS base stations maintaining the strictness of blocking characteristics to be equal to non-AAS base stations. To do the translation between interferer blocking level at a transceiver connector to field strength in the far-field region, knowledge about the element radiation pattern associated with non-AAS base stations is required. As input the signal power levels for current non-AAS blocking requirement can be found in Table 2.1-1. As mentioned in the table, the antenna gain assumed later can only be used for in-band characteristics. 
Table 2.1-1: Baseline blocking levels
	Requirement
	Interference signal power level at transceiver connector [dBm]
	Signal type
	Relevant antenna gain for non-AAS to translate conducted requirement to far-field field-strength

	General in-band blocking
	-40
	Modulated
	Antenna gain for passive antenna

	Narrowband in-band blocking
	-49
	Modulated
	Antenna gain for passive antenna

	General out-of-band blocking
	-15
	CW
	Out-of-band characteristics for non-AAS antennas are not known. This parameter is FFS

	Co-location out-of-band blocking
	+16
	CW
	This requirement is based on port-to-port coupling of 30 dB. It is not trivial to derive a field strength based on this assumption. This parameter is FFS


For in-band blocking cases typical values of antenna gain could be assumed to derive the equivalent field-strength in the far-field region. In Table 2.1-2, examples of gain values for passive antennas for 3-sector deployments are given for different frequency bands.
Table 2.1-2: In-band antenna characteristics 
	Frequency region
	Frequency

[MHz]
	Antenna gain 

[dBi]

	Low
	700-1000
	15

	Mid
	1001-2500
	17

	High
	2501-3800
	20


The signal levels of the interference must be anchored in the radiated domain as field strength instead as a power level at the receiver connector (aka. TAB connector), which means that power levels in Table 2.1-1 must be converted into field strength of an impinging blocker signal. 
Field strength is dBV/m is rather complex to associate to link budgets; instead it is better to find a corresponding value as dBm (similar as EIS for OTA sensitivity, but without any relation to link quality). Therefore a generalized form of EIS called, Equivalent Isotropic Received power Level (EIRL) is introduced. The relation between field strength E, and EIRL is:
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[dBm], 
Where E is the field strength in units of dBV/m, f is carrier frequency in MHz of a plane wave incident to the AAS base station antenna aperture at an angle of arrival corresponding to  and  angles. 

Note that this is the same relation also used for OTA sensitivity and EIS. However, EIS also includes by definition a link to a link quality threshold, while EIRL is just a power level related to an isotropic receiver antenna. For a system with a single element the EIRL can be calculated from the receiver power at the antenna reference point and the antenna gain of s single radiating element as:
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Where PI is the received power (in this case the interference power) in dBm and Gpassive (from Table 2.1-2) is the antenna maximum gain in dBi. The EIRL blocker level for general in-band blocking and narrowband in-band blocking is calculated for low, mid and high frequency bands. The result is listed in Table 2.1-3. 
Table 2.1-3: OTA blocking levels 
	Requirement
	Equivalent Isotropic Received power Level (EIRL) for the interference signal

 [dBm]

	
	Low 
	Mid 
	High 

	General in-band blocking
	-55
	-57
	-60

	Narrowband in-band blocking
	-64
	-66
	-69


The blocker values in Table 2.1-3 are relevant for a non-AAS base station using passive antennas. The question is if those EIRL values also are applicable for AAS base stations. For an AAS base station with a passive array antenna this type of element could be seen as a vertical column, which could be relevant for some implementations, but for the case the element gain is lower and the spatial selectivity is less the spatial aspects on the interference signal must be studied. 
The level indicated in Table 2.1-3 gives some input to the coming discussion on how to define an appropriate OTA test range. The test range should then be able to generate an EIRL according to the Table 2.1-3 considering e.g. test range path loss. 
2.2
Spatial properties of interference signal
The spatial impact of the interference signal seen by a single base station receiver is determined by the radiation element in the AAS base station. Many different implementations, with different spatial properties may exist. There could be implementations with 1:1 mapping between receivers or antenna element in the RDN or more likely that an element consists of two discrete radiating element forming a passive sub-array or the case where a column is creating a passive sub-array (this case is commonly used for base stations providing digital beam-forming in the horizontal plane). In Figure 2.2-1, vertical gain characteristics for different types of element patterns is plotted for a single radiating element, a sub-array of 2 elements and a sub-array of 10 elements. The model and corresponding parameters used for generating radiation pattern can be found in TS 37.840, sub-clause 5.4 [3].  
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Figure 2.2-1: Typical vertical cut radiation pattern
It can be noted the peak gain difference between a 10 element ULA sub-array (blue curve) and a single element (yellow curve) is approximately 10 dB. The sub-arrays are passively down-tilted 9 degrees, while the single element gain pattern is peaking at 90 degrees (which is corresponding to the mechanical bore-sight of the array antenna). Very often it is desired to have pre-set down tilt of a few degrees that the reason for having a 2 element sub-array also included in the plot above.
Since AAS base station implementations can use any of the above shown elements patterns, it is of great interest to study how the interference signal at the Antenna Reference Point (ARP) (aka TAB connector for Release 13) at each receiver looks like for different array geometries.

An evaluation of the receiver interference signal at ARP caused by an uncoordinated UE operating within the same band but on another channel has been conducted. The model used is based on an array antenna and free-space path loss, without shadow fading, without UE power and a single aggressor UE. The interference signal at ARP is plotted as function of the vertical angle in Figure 2-2.2.
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Figure 2.2-2: Uncoordinated UE interference at the victim BS receiver
It can be noted that the strongest signal is in the main beam of an AAS base station with a 10 element ULA column element per receiver, while the peak interference for an AAS base station with elements with less spatial selectivity is moved closer to the base station. The reason is that for an element with spatial selectivity the balance between free-space path loss and antenna gain is balanced so that maximum interference occurs within the main beam. For beams with less spatial selectivity, it can be noted that the interference power level is rather high over angles corresponding to UEs located close to the base station. In the SI blocking simulation [3] it was indicated that the statistical properties for blocking was similar for AAS base station compared with non-AAS base station. 
The peak of the interference signal power, in Figure 2.2-2, is located in distance as a result of a balance between free space path loss and antenna gain, where the antenna gain can be different for different implementations of AAS base stations. As expected, it can be noted that the aggressor UE is generating higher blocking interference at distances close to the base station. 
For AAS base stations with elements with vertical spatial selectivity it is clear that the interference signal peaking in the main beam. It have been suggested to set the requirement for OTA receiver blocking at spatial angles that’s corresponds to the element peak direction. 
Another interesting aspect to study is the interference EIRL as function of spatial angle. From Figure 2.2-3 it can be found that EIRL at 100 degrees angles corresponds to approximately -60 dBm EIRL, which also is in line with the indicated values in Table 2.1-3. 
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Figure 2.2-3: Radiated interference signal versus vertical angle.
The result in Figure 2.2-3 suggests that the EIRL value for a wide area base station should be set at a specific value as function of spatial angle, assuming that the blocking requirement is applicable for all angles, while in the conformance testing some relevant angles as tested to minimize the test scope.
3. Conclusion

This contribution has discussed some aspects of creating a receiver blocking requirement in the OTA domain. One approach to find the blocking signal field strength in the OTA domain is to start from current conducted requirements together with assumptions on antenna gain for passive antennas. However, more thoughts on how different implementation with respect on element patterns affects the blocking performance on individual receiver are required. It is desirable to define a receiver blocking requirement as a “black box” requirement without any knowledge about the implementation. The requirement should be based on the blocking scenario for which the base station is supposed to operate in.
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