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1 Introduction

During RAN4#82 an agreement was made on how to set a minimum sensitivity requirement for eAAS based on declaration of a 3dB RoAoA [1]. Some detail of how the range should be declared and tested is missing, but the agreement provides a good basic framework from which to build other RX requirements. What is not clear and open to interpretation for the minimum sensitivity requirement is whether the 3dB RoAoA relates to (i) The 3dB contour of the AAS array or (ii) The 3dB contour of a passive antenna with the same coverage area as the AAS array. The relevance of this difference is that for a system that performs user specific beamforming, interpretation (i) would in effect lead to the element pattern of the AAS being declared.

This paper considers the receiver blocking requirement. Similar to other requirements, the blocking requirement should aim to provide the same protection & performance as the existing requirement. Based on previous discussions, 4 possible methods for setting a blocking requirement are considered and compared. The implications of each potential requirement formulation in terms of meeting the objective of providing the same blocking protection is examined for each BS class.
2 Discussion

Setting a blocking requirement is not an exact science; the aim is to set a blocking level (for OTA, potentially taking into account direction as well) that can be expected to avoid blocking arising in real deployment scenarios. There is no exact method to predict the likelihood of blocking in a real scenario and anyhow a large variety of deployments, so the requirement is based on estimating an appropriate level in a manner that provides reasonable confidence in blocking protection.
In general, the blocking level has been investigated with system simulations based on an aggressor and victim system. Unlike ACIR simulations, which in effect capture an average interference behavior, the blocking simulations capture a worst case level of interference from an aggressor system. The nature of the simulation assumptions means that simulations performed using the methodology used for the single RAT and MSR specifications only provide a conducted blocking level, and cannot provide information on the direction of arrival of blocking signals.
In our view, the goal of setting an OTA blocking requirement is not necessarily to create a requirement such that if the AAS BS would be somehow simulated using comparable simulations (presumably including spatial modelling), the same blocking probability would be seen. This is not feasible since the simulations erase spatial information. Rather, the goal should be to consider whether the AAS basestation is likely to provide similar blocking protection to the non-AAS BS antenna that was assumed for the simulations when deployed in a similar environment. This paper provides some sanity checking of whether each of the methods can be expected to provide similar performance.
The impact of the blocking requirement on the basestation receiver has several aspects. The ability of the RF to receive the blocking signal without saturation or other non-linearities applies to individual radio receivers, not to the array response. In general, the RF performance is defined by the difference in power between the blocking signal and the wanted signal, since AGC can mitigate different absolute receive levels of the signals. However for low signal levels, thermal noise will take up more of the SINR budget in the receiver and allow less room for interference from the blocking signal than with high signal levels, as illustrated in the figure below (The figure captures the real noise level, not the noise level assumed when setting the reference sensitivity and wanted signal levels). In the figure, if the blocking signal is received with a power Pb and the wanted signal with Pw, whilst the noise level is Pn, then to achieve 0dB SINR for the wanted signal the rejection required for the blocker is (Pw-Pn)/Pb. If the blocker and wanted signal are received with an α dB higher level, then the required rejection is (αPw-Pn)/ αPb, which corresponds to a reduced need to reject the blocking signal.
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Figure 1: Impact of blocking/wanted signal levels on meeting blocking requirement
Thus (as well as the relative power relationship between the wanted signal and blocker).for this and other reasons such as maximum RF levels, the absolute levels of the blocking and wanted signals are only of secondary importance in the blocking requirement.
The blocking requirement is defined to allow a certain amount of degradation (typically 6dB) of the reference sensitivity. Thus when meeting the requirement, the radio is not operating in saturation. For this reason, the digital combining of the received signals from multiple radio receivers can also impact the blocking requirement (for example, if the distortion due to the blocking signal is correlated with a similar phase distribution across receivers as the wanted signal then the requirement will be more difficult to meet than if the distortion from the blocker is uncorrelated or experiences a different phase progression). Thus in the same manner as sensitivity, it makes sense to apply the blocking requirement to the combined response of all RF receivers.
The methods outlined in this section all begin with the conducted requirement as a starting point. They differ in the manner in which the conducted requirement is translated to an OTA requirement. In the next section, the implications of each method are considered in more detail.
Method 1

With method 1, for each BS class a reference non-AAS 3D antenna pattern is agreed. An OTA blocking requirement level can be calculated in each direction in space by applying the 3D level to the conducted requirement. Testing should be carried out in a small subset of directions.
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The aim of the method is to ensure that, if the AAS BS under test is placed in an OTA test chamber exactly the same OTA blocking performance as the non-AAS BS antenna that was simulated can be expected.

Method 1 will not ensure that the internal requirement in the radio will remain the same in the AAS BS as the current conducted requirement. In particular, for directions in which the AAS BS antenna gain is higher than the gain of the non AAS antenna model, the blocking level will be increased (although depending on the definition of the wanted signal, this increase may not actually change the RF dynamic range needed for the receiver).

Attention needs to be paid as to how to define the wanted signal level for method 1. At least two possibilities exist; (i) use the same non AAS antenna model to set the wanted signal level or (ii) use the OTA sensitivity level for the wanted signal. If method (i) is used, the ratio of wanted signal and blocking signal level will be maintained in all directions and thus only the relation between the signal levels and thermal noise level will impact compliance to the blocking level at different directions. If method (ii) is used, then the impact of the blocking requirement on the radio could differ significantly depending on direction. Furthermore, in case the blocking requirement would be tested outside of the RoAoA for the sensitivity, the test would fail due to the wanted signal being insufficient.
Method 2:

With method 2, an OTA requirement is calculated in boresight based on the gain for the passive antenna BS assumed for the co-existence simulations and the conducted requirement level. For the wide area and medium range BS, in elevation the OTA blocking level is adjusted for other elevation angles by considering an along the ground UE position model:
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The intention with this method is to aim in a pragmatic manner to provide a similar level of blocking protection as is achieved with a typical passive antenna BS with the current requirement. The BS must ensure that blocking does not arise either from a distant UE in the boresight of the antenna or a UE close to the BS.

Similarly with method 1, the question arises how the wanted signal level should be set for this requirement. The same two alternatives to option 1 could be considered with the same advantages/disadvantages.

Method 3: 

With method 3, the directivity factor D that is used for setting the minimum OTA sensitivity is applied to calculate an OTA blocking level.

As noted in the introduction, there are two ways to understand the 3dB contour for the sensitivity on which D is based; one is as the 3dB contour of the actual AAS array and the second is the 3dB contour of a passive antenna that provides the same coverage as the AAS array. Method 3 makes the first of these assumptions; i.e. 3dB beamwidth of the AAS array.
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D may be used to calculate an OTA blocking level in the reference direction and/or at the edges of the 3dB contour.

The wanted signal level with this method should also be calculated based on D. The method is not able to test protection from blocking signals that arrive from outside of the RoAoA for which compliance to OTA sensitivity is declared (since D is not defined for such angles).

It is important to note that for any receiver that does not perform electronic beams steering, D will correspond to the 3dB beamwidth of the passive antenna. For systems that perform electronic beam steering, D will correspond to the 3dB beamwidth of individual antenna elements or modules, not the array response.

Method 4: 

Method 4 is very similar to method 3; however in this case D is calculated based on the 3dB beamwidth of a passive antenna that would provide the same coverage as the AAS, not the AAS array itself.
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3 Comparison of the methods for setting blocking
This section compares the methods for setting blocking described in section 2. For methods 1 and 2, there are different approaches to setting the wanted signal level. In this section, it is assumed that the wanted signal level is calculated using the same method as the blocking signal. Hence for all methods, the ratio of blocking signal and wanted signal is independent of direction and is the same as in the current specification.
Observation 1: The level of blocker compared to wanted signal (and hence RF dynamic range required for the receiver due to the blocking requirement) is the same and is equal to the conducted requirement for all 4 approaches.

As mentioned in section 2, the higher the signal levels, the more room will be allowed for leakage of power from the blocker into the receive band. Thus as long as the received signal levels are within the maximum RF level for the receiver, increasing the wanted signal and blocking level make the requirement slightly less stringent. The requirement for maximum RF level will of course become more stringent with higher signal levels.
In general, however it is the blocking signal to wanted signal ratio that is of most importance for the blocking requirement, and so the methods are very similar. The remainder of this section provides some analysis of absolute signal levels.
For a local area BS, the antenna gain assumed for 3GPP studies is 0dBi and the radiation pattern omnidirectional. No along the ground variation of signal power levels should be modeled for the local area BS. Since the antenna gain will be the same in all directions, methods 1, 2 and 4 will lead to exactly the same requirement. Method 3 will differ from methods 1, 2 and 4 in that method 3 will calculate a directivity D based on the actual element or antenna pattern, not an assumption of 0dB. If there is any directionality in the element response, then D will be greater than 0dB and the calculated OTA level lower than that of methods 1, 2 and 4 and the non-AAS.
Observation 2: For a local area BS, methods 1,2 and 4 will lead to the same OTA blocking level; method 3 will lead to a lower OTA blocking level.
For wide area and medium range BS, it is worthwhile to compare the blocking protection considering separately BS with a passive array or with beamsteering, and also inside the 3dB beamwidth and outside of the 3dB beamwidth.

For a BS with a passive array, in the array boresight all methods will provide the same amount of blocking protection. Furthermore, if the array pattern is similar to that assumed for the simulations, methods 1, 3 and 4 will provide the same blocking protection from all directions. For method 2, the blocking protection outside of the 3dB beamwidth will differ from the non AAS and the difference will depend on the difference between the along the ground signal strength level and the array response, which may lead to the tolerated blocking level being higher than that of the non AAS from some angles and lower from other angles.

For a BS with an active array, method 3 will calculate the directivity of the antenna element. In boresight, methods 1, 2 and 4 will use the directivity of the assumed non AAS passive antenna. Thus method 3 will lead to a higher OTA blocking level than a non AAS BS. Methods 1, 2 and 4 will relate to a blocking level the same as a non AAS. Outside of the 3dB beamwidth, method 1 will provide the same amount of protection as the current non AAS requirement. Method 2 will provide a different level of protection, dependent on the difference between the array gain and along the ground path model. However the blocking level presented by method 2 can be related to the real world. Methods 3 and 4 will not directly provide any requirement for protection from blocking signals coming from outside of the declared 3dB beamwidth. However the amount of protection that is likely to be provided in these directions if the requirement is met in the 3dB beamwidth can be estimated, as illustrated later in this section.
Tables 1 and 2 summarise how to blocking signal levels compare for each of the methods considering an AAS that does not perform electronic beamsteering and an AAS that does perform electronic beamsteering. Table 2 is the most relevant to consider, since it is very likely that an AAS that is tested OTA will be an antenna array performing electronic beamsteering.

Table 1: Comparison of blocking protection provided by the different methods for a BS that does not perform electronic beamsteering
	
	Boresight
	Inside 3dB beamwidth
	Outside of 3dB beamwidth

	Method 1
	Same as non AAS
	Same as non AAS
	Same as non AAS

	Method 2
	Same as non AAS
	Not same as non-AAS, but aim to be realistic
	Not same as non-AAS, but aim to be realistic

	Method 3
	Same as non AAS
	Same as non AAS
	Same as non AAS

	Method 4
	Same as non AAS
	Same as non AAS
	Same as non AAS


Table 1: Comparison of blocking protection provided by the different methods for a BS that does perform electronic beamsteering
	
	Boresight
	Inside 3dB beamwidth
	Outside of 3dB beamwidth

	Method 1
	Same as non AAS
	Same as non AAS
	Same as non AAS

	Method 2
	Same as non AAS
	Not same as non-AAS, but aim to be realistic
	Not same as non-AAS, but aim to be realistic

	Method 3
	Higher OTA blocking level than non AAS
	Higher OTA blocking level than non AAS
	Depending on direction, different to non AAS

	Method 4
	Same as non AAS
	Same as non AAS
	Depending on direction, different to non AAS


Observation 2: In boresight, all methods relate to a blocking level at least as high as that tolerated by a non AAS.
The blocking situation is most likely to arise for UEs located directly underneath a basestation within a sidelobe. An approximate comparison of the methods can be made assuming a BS with 9 degree downtilt, and a minimum expected distance of 35m from the BS.
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Assuming 30m BS height, with a 9 degree downtilt, UEs in the boresight will be 190m from the BS. The freespace pathloss difference between 190m and 35m is around 12dB. The array gain at 35m is around 22dB lower than in boresight (i.e. -5dBi  gain), whilst the element gain is around 2.5dB lower (i.e. 5.5dBi gain). The array pattern happens to have a sidelobe pointing downwards at 35m; thus 35m is a worst case for blocking from nearby UEs.

It is assumed that the peak element gain is 8dBi for the AAS and the peak array gain of the non AAS 17dBi.
Based on these rough estimations, table 3 indicates the OTA blocking protection provided by each of the methods for an electronic beamforming array. For options 1, 2 and 3, the OTA blocking level is the calculated requirement. For options 4, there is no requirement for the 40 degree angle of arrival and the value is the estimated amount of protection that a BS complying to the requirement would provide.
Table 3: Estimation of OTA blocking level for near in blocker provided be each of the methods
	Method
	OTA Blocking level

	1
	Conducted-17dBi + 22dB = -38dBm

	2
	Conducted-17dBi+12 = -48dBm

	3
	Conducted-(8dBi-2.5dB) = -48.5dBm

	4
	Conducted-17dBi+8dBi - (8dBi-2.5dB) = -57.5dBm


It is worthwhile to note that in the simulations, the minimum possible pathloss is 70dB according to the assumptions of 37.840. With a 21dBm UE, the maximum expected OTA blocking level would be -49dBm. Thus method 1 tends to overdimension the blocking requirement for this case. Method 4 relates to a lower OTA blocking level for this case. However it must be bourne in mind that the wanted signal level assumed by the requirement will also be lower. In fact, as discussed earlier, meeting the requirement with lower signal levels actually implies potentially a more stringent requirement.
Observation 3: For a close in UE and an electronic array, method 4 relates to a somewhat lower absolute blocking level. However since the blocking to wanted signal level ratio is locked, the requirement is no less stringent.
4 Conclusion

Taking observations 1 -3 together; there is not too much difference between the methods if the blocking signal to wanted signal level is maintained in each case. The absolute blocking level that the methods relate to can differ, however the absolute level is of secondary importance compared to the wanted to blocker ratio.

Methods 3 and 4 can be aligned with the approach for OTA sensitivity as long as the 3dB contour is clearly captured in the declaration and will only require testing from a small number of directions. 
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