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1 Introduction

During RAN4#83 discussions on the eAAS uplink blocking proceeded further, and it was agreed to update the description of both the uplink blocking requirement and the OTA reference sensitivity as follows:
OTA REFSENS RoAoA: Is the RoAoA determined by the contour defined by the points at which the achieved EIS is 3dB higher than the achieved EIS in the reference direction.

Note: This contour will be related to the average element/sub-array radiation pattern 3dB beam width.
The reason for the update is that, by means of declaring the 3dB contour, the basic element pattern for each receiver is captured regardless of the amount of analogue combining taking place before the receivers. This 3dB contour is converted to an estimated gain in order that, in principle, the conducted requirement can be applied OTA. This mechanism works as long as all receivers are linked to antenna structures that have the same radiation pattern; if the receiver patterns for different receivers would differ then the design of the requirement does not function correctly.
There was also some discussion on the absolute level of the blocking requirements and the possibility of basing the blocking level on levels achieved at individual receivers whilst the wanted signal and sensitivity is based on the combined sensitivity [2]. This is based on the observation that OTA impacts of blocking and sensitivity with large arrays may be differ from one another.
This paper provides further considerations on the receiver blocking requirement and potential means to ensure that all aspects are captured and provides a proposal aimed at improving the scope of the RX blocking requirement whilst not making the requirement unrealistically stringent considering the probability of blocking events.
2 Discussion

The blocking requirement captures several aspects of receiver behavior:

1. The ability of the filtering, LNA and other receiver processing to minimize distortion to the small power wanted signal in the presence of the interferer (selectivity)
2. The dynamic range of the ADC

3. The performance of the receiver combining algorithms in baseband

4. The ability of the RF front end to process the absolute level of the received interferer & wanted signals

It is of interest to consider how each of these aspects is captured by the OTA requirement, and in particular whether the requirement structure that has been development adequately captures each aspect such that the OTA performance of the AAS BS is comparable with the expected OTA performance of legacy BS.
During the AAS SI, blocking simulations of the blocking performance of an AAS BS with digital beamforming, such that each individual receiver experiences an element radiation pattern were performed. The simulations indicated that for the element pattern, the absolute blocking level is slightly lower for the AAS than for a legacy BS with a passive array antenna. Based on this, the Rel-13 AAS blocking requirement was set to be the same as MSR/LTE, including both the blocker level and the wanted signal level.
During discussions on mm wave, it has been noted that for systems with a large amount of beamforming, the criteria used for assessing blocking in WCDMA and early LTE (0.01%) is overly stringent, since blocking causes in effect a reduction in link level performance. Furthermore, the probability that the worst case blocking level is received simultaneous with the wanted signal level of 6dB above reference sensitivity is assumed to be 100%, whereas in reality the probability will be much lower than this. Similar arguments may apply for beamforming systems below 6GHz, and so, whilst we in this case do not propose to do further simulations we note that the blocking level has been assessed quite pessimistically for E-UTRA.

Observation 1: The blocking level to wanted signal level ratio has been assessed in a quite pessimistic manner for E-UTRA
The conducted blocking requirement assesses the degradation against reference sensitivity per receiver and sets a limit of 6dB degradation. For an AAS that has the same antenna aperture as a passive array covering the same cell area would do, the reference sensitivity per receiver needs to be the same as the reference sensitivity of a single receiver attached to the passive array would be to obtain equivalent performance. Thus, since the blocking level is not considered to vary substantially with the antenna pattern and the sensitivity needs to be the same regardless of the architecture, the conducted blocking requirement provides the same blocking protection for AAS arrays that directly replace passive arrays and have the same antenna aperture.
If the AAS array has a larger antenna aperture than needed to cover the cell area and performs active user specific beamforming, then the combined response of the active array has greater gain than a passive array (covering the same cell area) and hence the combined sensitivity will be better than for a passive array. The conducted blocking requirement is the same for this type of AAS array. If the blocking interference comes from the same direction as the wanted signal (which it will do during the test) and the in band distortion from the blocking is correlated between receivers, then for this type of beamforming array then to maintain equivalent performance with OTA testing the wanted signal to blocking ratio should be the same.

Observation 2: For an AAS with active beamforming, to maintain the same performance as conducted requirements, the blocker to wanted signal ratio is similar regardless of the type of beamforming as long as the blocking interference comes from the same direction as the wanted signal and is correlated between receivers.
If the blocking signal comes from a different direction to the wanted signal or the blocking interference is not correlated between receivers, then with the conducted requirements the blocking will not experience as much combining gain as the wanted signal. After combining, the blocking to wanted signal ratio would be reduced, leading to a reduced blocking degradation. (It is pretty unlikely that the blocking interference would be fully uncorrelated between receivers, but the impact of non-beamforming of the received blocking signal may be at least theoretically considered here).
If during an OTA test the wanted signal to blocking ratio would be kept the same as for the conducted test and the degradation criteria the same, then in the case of uncorrelated blocking interference the selectivity of the receivers could be somewhat worse than it would be for a BS meeting the conducted requirement (but still as good as the originally designed E-UTRA requirement). The degree to which the performance of the receivers could differ would depend on the correlation of the blocking interference in different receivers; in practice the difference is likely to be small. Superficially, it could be argued that the OTA blocker level should be adjusted according to the correlation level of the blocker interference between receivers and expected array gain to set the same radio requirement as the conducted requirement.
A superficial analysis of this type would, however fail to take into account that the probability of experiencing a very low receive power level associated with a receiver that is very sensitive due to a high degree of beamforming together with a blocker would be reduced compared to a receiver with less beamforming. In fact, for cells deployed for capacity and using an existing grid, the main benefit of increased receiver beamforming will be in increasing SINR and data rates due to increased RX power and reduced inter-cell interference, rather than an increased reach of the reference sensitivity level. Taking this into account, the impact of non-correlated adjacent channel interference between receivers on UL performance is better captured by the ACS requirement rather than the blocking requirement.
Observation 3: If the blocking interference would be uncorrelated between receivers, the conducted requirement would improve blocking performance compared to classic E-UTRA, which may be overdesigned. A large difference in blocking performance to classic E-UTRA is anyhow not very likely. The impact of adjacent channel interferers is better captured with the ACS requirement.

Further investigation may be needed as to whether the ACS is robust enough or more steps need to be taken to ensure that the requirement remains robust if blocking is not correlated between receivers. However it is important not to over-design the requirement for low probability scenarios.
A further consideration for the ACS requirement is that the degradation in uplink performance in a real deployment is dominated by UE ACLR and not BS ACS. Thus, increasing the ACS requirement on the BS may not in fact mitigate the impact of adjacent channel interference.
Observation 4: The impact in uplink of adjacent channel interference in terms of ACS/ACLR is more dominated by UE ACLR; improving the BS ACS may not in fact reduce the susceptibility to adjacent channel signals.

In general, observations 1-4 suggest that the blocking requirement should be kept with a similar wanted signal to blocking signal ratio as today. However, that is not to say that the requirement could not be improved in a manner that would increase the protection against adjacent channel interferers provided by the requirement. A pragmatic proposal is presented in the following section.

2.1 Potentially improved blocking requirement
The requirement description that was agreed at RAN4#83 estimates an OTA level based on an estimation of the element or module gain for each of the receivers. In principle, this ensures that the blocking to wanted signal level is correct (apart from the issues discussed above) and that the signal level corresponds to the maximum absolute signal level specified by the conducted requirements and verified by simulations. The requirement in this was covers aspects (2) and (4) (i.e. ADC dynamic range and max absolute power level) of the blocking performance as described above. 

Observation 5: The requirement agreed at RAN4#83 captures aspects (2) and (4) (i.e. ADC performance and maximum signal level) of the blocking performance.

It is unfortunate however that the blocking requirement is in effect based on a declaration; the declaration is difficult to capture in an unambiguous manner and misinterpretation of the declaration could cause different compliance parameters for different products. Furthermore, the requirement only makes sense if all of the receivers have the same antenna pattern.
In [2], it is suggested that the declared sensitivity is used rather than the reference sensitivity. Applying the declared sensitivity would represent a significant departure from the practice in previous specifications, in which degradation caused by receiver imperfections are assessed in relation to a fixed level and would in effect cause the blocking requirement to become variable depending on the sensitivity. The motivation for using the declared sensitivity in [2] is that it is of interest for an operator to understand how the degradation against the achieved sensitivity level is. Although this is a very understandable motivation, it may not be entirely appropriate for a 3GPP specification for several reasons:

· Using the declared sensitivity level and a fixed blocking level would lead to different blocking/sensitivity ratios. The blocking/sensitivity ratio is estimated from system level simulations and is probabilistic. Setting a requirement without taking into account the probability of the defined blocking/sensitivity levels being observed would neglect the probabilistic simulations and be very likely to overdimension the requirement. 

· As discussed above, simply using the declared minimum sensitivity would set the requirement even more overstringently than today, since it would not take into account the probability of a signal at the minimum sensitivity level and a blocker arising simultaneously.
· Assuming that the blocking interference is pretty correlated, then when the BS is illuminated from the same direction with wanted signal and blocker during the test, the requirement would in fact be much more stringent than today’s conducted requirement.

It is, however correct to say that using only the declaration of element pattern for a receiver that can, in fact perform BB combining is making the requirement somewhat less stringent. The reason is that, after combining, the received signal level will be significantly higher than the noise floor:
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Figure 1: Internal power levels depending on whether OTA level is based on element or array pattern
Since the noise floor will be much lower relative to the wanted signal after BB combining, the amount of room available for blocking power to leak into the wanted carrier is larger when the element pattern is used compared to the array pattern. The relative proportion of the SINR taken up by the thermal noise is larger when using the array pattern. Thus, the requirement as it is formulated currently is not testing element (1) of receiver behavior stringently enough. However, the formulation in (1) is needed to ensure that the absolute signal levels are the same as for today’s requirement, and so the formulation in (1) should not be removed.
As a means to further improve the requirement the following is proposed:

· The blocking requirement is tested twice, with both the wanted signal and blocking signal set at two absolute levels:
· Test 1: Based on gain calculated from declared 3dB element pattern contour, as captured at RAN4#83

· It may be that test 1 (the current requirement) could be better tested per receiver than for the whole array; this could be discussed further.

· Test 2: Based on gain calculated from a declaration of the 3dB pattern of a passive antenna that would provide the same cell size as the AAS

· For both tests, the ratio of wanted signal to blocking signal is the same. The absolute power levels change.

Test 1 will test aspects (1) and (3) of receiver performance. Test 2 will test aspects (2) and (4) of receiver performance. In addition, the ACS test will capture the impact of adjacent channel interference on uplink performance. Furthermore, using two declarations will reduce the risk of the declaration based requirement leading to unpredictable performance between different vendors.

The rationale behind using the gain of a passive antenna covering the cell for test 2 is that the OTA sensitivity level is at least as good as for a conventional BS and the blocking selectivity is at least as good as for a conventional BS. 
If test 1 would be performed per individual receiver, then the issue described in section 2 that the blocking protection is not always the same as conducted would be avoided. However, testing per receiver also has disadvantages; test time would be very extensive, the black box principle would be broken and it would likely be difficult to define exactly what is meant with receiver. Furthermore, for a large array the requirement may end up overengineered, as discussed above, and in reality since during the test the wanted signal and blockers are aligned and the blocking interference is likely to be fairly correlated between receivers, the performance assessment with combined sensitivity will not be so different to per receiver assessment.
The aim of these proposals is to provide pragmatic means to achieve a better coverage of receiver design aspects with the blocking requirement, whilst keeping to the probabilistic based framework by which the wanted signal to blocker ratio has been calculated.
3 Conclusion

This contribution has further considered the receiver sensitivity requirement. During the last meeting, the impact of receiver combining on blocking performance has been extensively discussed. In order to provide better coverage of all aspects of receiver behavior whilst keeping to the probabilistic estimation of wanted signal to blocker ratio, the following is proposed:

· The blocking requirement is tested with both the wanted signal and blocking signal set at two absolute levels:

· Test 1: Based on gain calculated from declared 3dB element pattern contour, as captured at RAN4#83. Discuss further whether tested per receiver or for the whole array.
· Test 2: Based on gain calculated from a declaration of the 3dB pattern of a passive antenna that would provide the same cell size as the AAS

· For both tests, the ratio of wanted signal to blocking signal is the same. The absolute power levels change.

In addition to the blocking requirement, the ACS requirement will capture the impact of adjacent channel interference to uplink performance.
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