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1. Introduction
In the current AAS BS specification (TS 37.105) the bulk of all requirements are specified as conducted requirement and two requirements are defined as radiated requirements. The radiated requirements are: Radiated transmit power and OTA sensitivity.
At the RAN meeting in Gothenburg (RAN#71) a WID with a continuation of developing AAS BS requirement was approved for release 14 [1]. Currently in release 13 the radiated requirements are based on manufacturer declarations. The radiated transmit power requirement is defined as an accuracy requirement to be met, while OTA sensitivity requirement is based on a manufacturer declaration of EIS level to be met in a manufacturer declared range of angles of arrival. The next step would be migrating existing conducted AAS requirements to OTA requirements which provide the same level of performance and protection as before. 

This contribution will elaborate around the background of current blocking requirement and how to move it to the radiated domain.

2. Discussion

The background to why specify receiver blocking is to make sure that the base station receiver maintains the performance in conditions where strong interference signals from in-band UE, out-band UE, co-located BS and other services is present.
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 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.
Currently the blocking characteristics in TS 37.105 are divided in two categories; 

· Adjacent channel selectivity, general blocking and narrowband blocking in sub-clause 7.4. The adjacent channel selectivity, general blocking and narrowband blocking characteristics are measures of the receiver unit ability to receive a wanted signal at its assigned channel at the TAB connector in the presence of an unwanted interferer inside the operating band. Typically the interference is caused by uncontrolled UEs camping on base stations in an aggressor network operating in the same band as the victim base station.
· Blocking in sub-clause 7.5. The blocking characteristics are a measure of the receiver unit ability to receive a wanted signal at the TAB connector at its assigned channel in the presence of an unwanted interferer outside the operating band. Typically the interference is caused by UE operating in other bands, co-located base stations operating in other bands or co-location with other services.
The interfering signal’s impact on receiver performance is evaluated by measuring the data throughput for E-UTRA or BER for UTRA for every frequency step. Due to the large amount of interferer frequency steps, these conducted tests are fully automated.
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Figure 2-1: Current conducted blocking requirement for E-UTRA
Both requirements are defined per TAB connector as a sensitivity level with present interference signal. The sensitivity level is related to reference sensitivity level via PREFSENS + 6 dB for E-UTRA. In general the sensitivity level in a blocking scenario is higher than the specified reference sensitivity level allowing some blocking margin.
The in-band blocking requirement set to protect the system against uncoordinated UEs camping on another network in the operating band. For a non-AAS base station with a passive antenna connected to the transceiver the gain is about 17 dBi. For this case the antenna gain is well balanced with free-space path loss. Interference from uncoordinated UEs close to the base station will be suppressed by the side-lobe characteristics of the passive antenna. However, for an AAS base station with antenna elements with less gain and wider main beam the spatial selectivity for uncoordinated UEs is a bit different, as showed in Figure 2-2. The radiation pattern related to a 10 element ULA, dual element ULA and a single element is plotted. It is clear that the gain of the three realisations is different. In the figure UE (UE1) is camping on the base station while an uncoordinated UE (UE2) is located close the base station communication with another baste station at maximum allowed UE transmit power of 23 dBm. 
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Figure 2-2: Spatial characteristics of in-band blocking
The interference power level seen at the victim base station receiver TAB connector is plotted in Figure 2-3.
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Figure 2-3: Uncoordinated UE interference at the victim BS receiver
The interference signal for a passive antenna with 10 elements is peaking at about -44 dBm at a distance of 150 m from the base station, while the interference signal power for sub-elements with fewer elements peaks at distances closer to the base station as expected, but with levels lower than -44 dBm.
For non-AAS base stations with passive antennas the balance between free-space path loss and antenna gain is optimal achieving even coverage in the whole cell. However, in the case where each sub-array consists of one or a few elements, the sub-array radiation pattern tends to be more semi omni-directional. With respect to UE caused blocking this means that the base station receiver is not protected against aggressor UEs close to the base station just under the main beam, as showed in Figure 2-3.

Currently in release 13 the receiver blocking requirement is set at the transceiver boundary per TAB connector, where a wanted signal associated to reference sensitivity is feed to a the receiver together with an interference signal. The parameters for wanted signal and interference signal part of current blocking requirements is collected in Table 2-1. 

Table 2-1: E-UTRA WA BS MSR RX blocking requirements

	Requirement
	Wanted signal level [dBm]
	Interference signal level [dBm]
	Type of interfering signal

	General ln-band blocking
	PREFSENS + 6 dB
	-40
	Modulated

	Narrowband in-band blocking
	PREFSENS + 6 dB
	-49
	Modulated

	General out-of-band blocking
	PREFSENS + 6 dB
	-15
	CW carrier

	Co-location out-of-band blocking
	PREFSENS + 6 dB
	+16
	CW carrier


Developing an OTA requirement based on a current conducted requirement, some technical challenges have been identified:
1. The conducted blocking requirement is based on degradation with respect to reference sensitivity. Following this approach the OTA equivalent requirement requires an OTA reference sensitivity to be developed. The current OTA sensitivity is based on a declaration to be met, which is in detail described in a companion contribution [2].

2. OTA sensitivity is defined as combined sensitivity, which in reality means that declared EIS shall be met for two orthogonal polarizations, hence no need to match polarization for OTA sensitivity. However, for blocking the worst will occur when the interference signal is polarization matched with the test object. The polarization aspect between the test object and interference signal must be resolved in a practical manner. A solution could be to rotate the test object until polarization matching occur and then do the blocking test. In a far-field test range the procedure of rotation the test object is very simple.

3. The signal levels of the interference must be anchored in the radiated domain as field strength or EIS instead as a power level at the TAB connector. 

4. The spatial aspects with respect to location of wanted and interference signal must be considered. A possibility is to define an expected range of angles of arrivals for a blocking signal. This RoAoA is a property of an assumed deployment and not of the test object. Ideally, the reference sensitivity would be defined over a RoAoA that is the same as the expected blocker RoAoA. Then in the test the wanted signal and the blocker can be aligned. 
5. The requirement to meet blocking should apply over the whole blocker RoAoA and be tested at several points so that the base station under test is seen as a black box and no assumptions are made about where elements are pointing and what internal element patterns are used. 
6. For a macro base station, it may be needed to assume that the blocker power changes with angle of arrival, since the UE in the blocking scenarios is moving along the ground and the path-loss change.
7. The test ranges considered so far for EIS testing handle frequencies within the range close to the operating band, but not in the full range of where out-of-band blocking is specified (1MHz to 12.75 GHz). 

8. The blocking margin of 6 dB for E-UTRA corresponds to an increase of the noise floor of 4.7 dB. The blocking requirement could be redefined in a RAT agnostic fashion without the wanted signal and corresponding requirements. Instead the noise floor growth within the receiver bandwidth due to the blocker is measured. 
It is suggested to include the following technical challenges into the continuing discussion and work related to defining receiver blocking requirement for AAS base stations. 
3. Conclusion

This contribution presented the background for having a receiver blocking requirement for base stations. The understanding how blocker signals looks like with respect to parameters such as antenna gain and distance between BS and UE is crucial for developing an equivalent OTA version of the requirement. 
A consequence of moving the requirement out in the radiated domain is that spatial aspects of blocking must be considered. The new requirement should be defined as a black box requirement. 

Keeping the concept with reference sensitivity as a reference for blocking requires reference sensitivity thresholds to be developed.
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