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1 Introduction

During RAN4#80bis, receiver blocking was discussed further and a WF was agreed [1]. In particular, two proposals were agreed in the WF:
Agreement: The wanted signal and blocking interferer are present at the same time.

Agreement: The wanted signal should be in the same direction as the interfering signal.

This paper discussed further considerations on setting the blocking level and the wanted signal level as well as relevant test directions. It is emphasized that the paper is discussing in-band blocking only, and the term “blocking” in the remainder of the text refers to in band blocking. Out of band blocking will be discussed at a later stage.
2 Considerations on the blocking level and wanted signal level
37.104 contains a per antenna connector requirement on conducted output power. To pass the blocking requirement, the receiver must have two capabilities:

· The blocking signal must not exceed the maximum RF input that can be applied to the connector without substantial distortion occurring. Thus switchable attenuation and AGC must be dimensioned if needed such that when the blocking level is applied, the total RF power at the receiver is within the range that can be processed without distortion by the LNA, RF and ADC.

· The dynamic range of the RF, and in particular the ADC must be sufficient such that both the blocking signal (which has high power) and the wanted signal (which has low power) can be passed to baseband without distortion. Thus the difference between the blocker level and wanted signal level sets a dynamic range requirement on the receiver.

For wide area basestations, the blocker level was derived based on system simulations both during the development of release 8 LTE and later on during the AAS Study and Work Items. The simulations indicated that in the considered scenario, the blocker level is approximately the same both when an array is attached to the receiver and when an individual element is attached to the receiver. [2] demonstrated that at the 99.99th percentile of the blocker distribution, the blocking signal is likely to come from a single UE.

The simulations did not, however model in detail the spatial angle of arrival of the blocker signal. The simulation model is indeed incapable of properly modelling angles of arrival, since the multipath environment is modelled by a simple shadow fading loss/gain that is the statistical combination of all multipaths. The model does not have sufficient granularity to examine the angle of arrival of multipaths and whether the multipath contributions arrive at similar angles into the antenna boresight when the total power is at the blocking level.
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Figure 1: Example of multipath propagation from a NLOS UE
Indeed the AAS simulations have also not considered whether it is appropriate to assume the same shadow fading variance for both an array and an antenna element. If there is an angular spread in the multipath directions of arrival, then it is not clear that their combination would act in the same manner with different RX antenna profiles. This is depicted in figure 2. Two multipaths arrive from different directions. On the left hand side, the RX antenna pattern is an array pattern and on the right hand side an element pattern. Clearly the antenna directivity towards each path will depend on the antenna pattern.
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Figure 2: Difference between array response (left) and element response (right) to incoming multipaths
Observation 1: The simulation modelling performed previously to derive a conducted blocking level is not detailed enough to provide information about the direction of arrival and TX power of OTA blockers.

If the same conducted blocking level is observed for an array and for a single antenna element despite the fact that an element has much lower directivity than an array, it is intuitive to assume that (since the distribution of blocker angle of arrival and power from the aggressor system is independent of the victim RX pattern) for the array pattern, blocking signals arrive from elevation angles at which larger antenna gains occur but that imply greater distances (and pathlosses) to the basestation than for the element pattern, leading to approximately equal power levels at the antenna connector. This conclusions is likely to hold true even when considering the complication of multipath propagation.

[image: image4]
Figure 3: Dependency of the OTA blocking level in real life on distance from the BS
Observation 2: Although the aggressor system blocking behavior does not depend on the AAS BS, the angle of arrival and power of signals from UEs causing blocking will differ depending on AAS element/module pattern.
The blocking requirement in 36.104 is set (for the macro BS case) such that 6dB degradation from the reference sensitivity level is allowed; i.e. a wanted signal power level is set 6dB above REFSENS. There is no documention as to why 6dB has been chosen. Assuming that the blocker level is below the maximum input RF level of the receiver, then the probability of blocking actually depends on two probabilities:
Pblocking = Pblocker * Pwanted<=REFSENS+6dB = 0.01 * Pwanted<=REFSENS+6dB
Where Pblocker is the probability of the blocker being at the requirement level (i.e. 0.01%) and Pwanted<=REFSENS+6dB is the probability of the wanted signal being at the REFSENS+6dB level (and assuming that the two probabilities are independent).
The simulations performed for LTE and AAS only set a blocking level based on Pblocker<=0.01%. Pwanted<=RSENS+6db is likely to be much lower than 100%, and thus, as long as the blocker is within the RF maximum input, the blocking probability will be significantly lower than 0.01%.

Observation 3: The system simulations performed to derive the conducted blocker level do not consider the joint probability of both the blocker level and the wanted signal level occurring simultaneously. The dynamic range aspect of the blocking requirement has not been fixed based on these simulations

Observation 4: As long as the maximum RF input level of the BS is above the blocking level, then the probability of blocking due to the dynamic range being exceeded in the simulation scenario is much less than 0.01%.
The methodology for setting the blocking requirement for medium range and local area BS is somewhat more complex and differs between single RAT UTRA, single RAT E-UTRA and MSR.

For local area BS, system simulations to estimate a blocking level were performed for UTRA and E-UTRA, leading to different blocking levels in the two single RAT specifications.

For medium range BS, for UTRA, system simulations were carried out to set a blocking level. For E-UTRA, the wide area blocking level was adjusted such that with a wanted signal set at 6dB above medium range reference sensitivity, the dynamic range requirement for a MR BS receiver is equal to that of a WA BS receiver.

Thus, between UTRA and E-UTRA the blocker levels and dynamic range requirements differ. Also the methodology used to decide the blocker level differs for medium range.

For MSR, the blocker levels from UTRA are used, as these are somewhat higher than E-UTRA. However the wanted signals are adjusted such that the dynamic range requirement is equal for UTRA and E-UTRA. The dynamic range is based on the dynamic range required for E-UTRA BS.
Observation 5: The medium range and local area blocking requirements have been derived in a more complex manner, partially based on system simulations but also partially based on equalizing absolute blocking levels and dynamic range requirements. The absolute levels are based on UTRA and the dynamic range on E-UTRA.
3 Considerations on a requirement to capture the max RX level

The WF from RAN4#80bis proposes to decide a blocking level for AAS based on a modelled antenna gain and/or antenna pattern that would be achieved by a reference non AAS.
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Figure 4: Agreed model for calculating OTA levels from [1]
The reference gain or pattern may be obtained by means of a calculation of (non-AAS directivity) based on a formula or on a table of assumed gain (and possibly antenna pattern) for different BS classes. The method for deciding the equivalent antenna model should be aligned with the method used when deriving the sensitivity assumption [3].

This approach however does not actually predict the radiation pattern of the AAS BS itself, but rather a non AAS with a passive antenna intended for a similar deployment. The AAS BS may contain anything between a passive array and a single element. Furthermore, the AAS BS could even be a non-uniform array, such as a conformal array.
A potential problem with simply applying the calculated OTA level in boresight (or indeed any other direction) is that due to the difference between the assumption for the non AAS of an array and for the AAS, the OTA power level may not be applied with a sufficient intensity or from the right direction to achieve the same blocker level at the TAB connectors, as illustrated in the example below. In the example, the OSDD is 9 degrees wide in azimuth and 120 degrees in elevation to achieve a sector coverage. In reality, however the individual elements within the array have 90 degrees beamwidth in both directions.

[image: image5]
Figure 6: Example in which the assumed non AAS pattern and directivity differ from the actual antenna pattern and directivity for individual receivers in the AAS
On the one hand, if the AAS has lower module gain, then it might be considered to be acceptable that a system requirement that applies the same blocker level as to the non-AAS could lead to a lower TAB connector blocking level, since the AAS could be considered to in effect have a means to mitigate blocking. In practice, however a requirement based just on applying a level in boresight would not provide the same amount of protection in a deployment as the existing conducted requirement due to the effect depicted in figure 3, whereby the spatial position and intensity of the blocking UE that causes the blocker level to be observed at the TAB connectors differs depending on the antenna array geometry.

Observation 6: Simply applying an OTA blocking level based on a calculated “non AAS” antenna boresight gain does not guarantee the same level of protection against locking exceeding the maximum RF input as the conducted specification.
A simple means of fixing this anomaly would be to fix a boresight OTA level using the agreed method for modelling the non AAS antenna gain, and then create a blocking profile with elevation distance such that the blocking level increases (with a suitable model of e.g. free space pathloss) with increasing elevation distance. Such an approach would provide a blocking requirement that would be closer to the requirement that was derived for wide area using simulations. Testing from more than one direction may be required. However such testing should only be performed for one blocker configuration and offset, and then for other configurations/offsets, the test direction that lead to the lowest thoughput/SINR result could be re-used.
4 Considerations on a requirement to capture the dynamic range
The dynamic range is set by the ratio of the blocker signal to the wanted signal. It has been agreed that the blocking signal and wanted signal should be aligned to come from the same direction. Thus, at first examination it could be concluded that for verifying the dynamic range, application of the blocking and wanted signal from any direction would be appropriate. The reason for this is that regardless of the antenna gain for the applied direction, the AGC in the receiver would adjust the received signal to be within the window of the ADC and as long as the window would be large enough, the requirement would be passed.
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Figure 7: AGC adjusts the RX power level but maintains the dynamic range
Observation 7: For verifying the RF dynamic range aspect of the blocking requirement, testing from a single direction is sufficient.
The assumption that the direction of testing is not of relevance for verifying dynamic range is valid if the impact of the noise in the receiver is removed. The noise can be removed from the blocking evaluation of RX power or RX SINR are used as metrics:
( Mwantedapplied - Mnosignal  ) / (Mblockerapplied - Mnosignal )

(1)
Where:

Mnosignal = Pnoise,RX




measured power with no signal applied


Mwantedapplied = Pwanted,OTA/G + Pnoise,RX

measured power with wanted signal applied


Mblockerapplied = Pblocker,OTA/G + Pnoise,RX

measured power with blocker applied
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Where:


[image: image8.wmf]RX

noise

OTA

wanted

nobloc

P

G

P

SNR

,

,

ker

*

=




measured SNR when no blocker applied




[image: image9.wmf]RX

noise

OTA

bloc

OTA

wanted

bloc

P

G

P

P

SNR

,

ker,

,

ker

*

+

=


measured SNR when no blocker applied



If throughput is used as a metric, then the throughput depends on the receive SINR including both noise and distortion due to blocking. It is then important to consider that the sensitivity will actually vary across the declared OSDD. In the centre of the OSDD, the array gain will be greater than at the edge of the OSDD. Thus, in the receiver the level of noise relative to the received signal and blocker will appear lower when testing from the OSDD centre than from the edge.


[image: image10]
Figure 8: Difference between impact of receiver noise on throughput depending on the location of the test direction in the RoAoA
Testing from the centre would allow for a greater leakage of interference from blocking into the receiver band than testing from the edge, since the relative contribution of the noise would be lower. Thus, the blocking requirement would be more tough to meet at the RoAoA edge than the centre.

Observation 8: If throughput is used as the blocking metric, then care needs to be taken which direction is selected for testing, as the result based on throughput can vary across the OSDD.
5 Considerations on beamforming aspects

The absolute signal level and dynamic range considerations apply to individual receivers. If the maximum input or the dynamic range is exceeded, then a receiver will fail to pass correct data to baseband (or the digital IQ will be grossly distorted) and the throughput (/power) measurement will fail.
A further aspect of the blocking requirement however is the impact of the radio behavior on RX performance if the radio has not become saturated. In this case, the requirement is in effect not testing blocking but rather ACS.

Observation 9: The blocking requirement also relates to BS ACS.
[4] correctly pointed out that when the receiver is not saturated, the combined receiver performance including baseband combining is of importance. In particular the degree of correlation of in-band distortion from the blocking will impact the measured thoughput. If the blocking distortion will be fully uncorrelated, then the receiver will provide combining gain against the blocking distortion. If the blocking distortion will be fully correlated, then the receiver will not inherently provide combining gain. However, if the in-band distortion from blocking is correlated, then advanced baseband algorithms could potentially provide rejection of the blocker by steering a null towards the blocker

Of course, with blocker and wanted signal aligned then any ability of the baseband algorithm to spatially reject ACS interference will not be tested.

It is not apparent that the ACS distortion will be correlated. In particular, the correlation will depend on phase noise components in the interfering carrier, which may be larger than on the wanted carrier and less correlated.

Observation 10: The ACS in an individual direction depends on the correlation level of the in-band distortion due to the interferer.
It is also not clear whether it is entirely appropriate to consider ACS performance in one direction only. ACS relates to co-existence with another operator, and it is likely that the impact of ACS to co-existence KPIs will depend on a spatially averaged ACS performance and not directional ACS (analogously to the ACLR).

Observation  11: It is not clear that setting a requirement on or measuring ACS in a single direction is appropriate.
[5], which has been submitted under the NR agenda item, considers the BS ACS requirement in more detail and concludes that, with proper consideration of how to set the levels, the blocking requirement is sufficient also for ACS. This is already the case in the MSR specification.

Observation 12: Co-existence performance for UL is dominated by UE ACLR. Passing the blocking requirement should be sufficient for the BS despite the possibility of varying correlation.

6 Other considerations on test directions

The discussion in section 2 indicates that for an AAS with an unknown array architecture, verifying maximum RF level is greater than blocking from a single direction may not be sufficient. For verifying dynamic range on the other hand, testing from a single direction is likely to suffice, although if throughput is used as the metric, care must be taken to select the direction.
A further consideration is that an AAS may consist of a non-uniform array. If, for example there would be multiple receiver panels pointing in different directions, then clearly a test from one direction might be insufficient for verifying blocking compliance.


[image: image11]
Figure 9: A hypothetical example of a conformal AAS. From which direction should blocking be tested ?
7 Conclusion

This paper has presented some further considerations on the AAS blocking requirement. The blocking requirement is a very complex requirement as it in fact verifies several aspects of receiver operation:

· Sufficient dimensioning of maximum RF input level

· Sufficient dimensioning of RF dynamic range

· ACS performance

For the maximum input level, care must be taken in deciding an OTA level and on the assumptions made about both the reference non AAS passive antenna and the robustness of testing an unknown AAS antenna.

For the RF dynamic range, if the throughput metric is used, care must be taken to select a test direction for which the blocking performance is at it’s minimum across the OSDD

For the ACS performance, whole receiver performance must be captured, including combining. The degree of correlation of in-band distortion from the interfering signal may impact the throughput, and considering one direction only may not be appropriate. However, it is needed to develop a separate requirement for ACS.
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