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1 Introduction

During RAN4#78bis and RAN4#79, initial discussions took place on developing OTA requirements for release 14 AAS. One of the topics for discussion has been the related topics of RX blocking & RX intermodulation, the reference signal levels to be applied for these tests and the metric to be used for evaluating pass/fail during testing.
In the conducted specifications, the pass/fail criterion is based on throughput for LTE or  BER for WCDMA. Some documents have mentioned the possibility for using a different metric for AAS; RX received power and SINR have been mentioned [1-2]. This document elaborates in further detail how such metrics could potentially be used for evaluating blocking and RX IM pass/fail, as well as some of the potential advantages and disadvantages of such a method. Companion documents discuss in more detail what might need to be specified for such approaches [3] and the potential impact to uncertainty budgets of not using BER/BLER [4]. The intention of these documents is to encourage a detailed discussion of all potential methods, since there are new issues to solve and advantages/disadvantages for each method, including the use of BER or throughput. At this stage, we are not proposing a particular method and look forward to further discussion and feedback.
2 Basis for meeting requirement
Currently, the blocking and RX requirements are defined by means of applying a wanted signal at 6dB above reference sensitivity and the interfering signal (either the blocker or the RX IM signals). The same test model and throughput/BER criteria is used as for the sensitivity test. As illustrated in the figure, the test setup effectively allows a maximum amount of energy to leak into the receive carrier that is equal to the reference sensitivity + 4.77dB. If (REFSENSE+4.77) dBm of power leaks from the blocker, then the total noise level in the receiver will be 6dB greater than the reference sensitivity level; thus with a wanted signal also increased by 6dB the SNR required for meeting the throughput/BLER criteria will be achieved. It should be noted that all levels (i.e. the blocker level, levels of RX IM interferers and wanted signal levels) are absolute levels in dBm.
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Figure 1: RX blocking requirement relation to reference sensitivity, wanted signal level and assumed receiver noise
The “receiver noise assumed for REFSENSE” can be estimated by considering the SNR required to achieve the throughput criterion (which is about -2.5dB) and the wanted signal level (i.e. as wanted signal level – SNR in dB)

There are two different ways to view how the requirement is expected to apply:

· The requirement could be viewed as a maximum absolute limit in dBm that the blocker is allowed to leak into the receive carrier


[image: image2]
Figure 2: Blocking requirement interpreted as a fixed amount of dBm allowed to be observed in the receive band
· Alternatively, the requirement could be viewed as setting a maximum number of dB rejection of the blocker signal


[image: image3]
Figure 3: Interpretation of RX requirement as a fixed dB rejection of the blocker
Although the distinction between these two views is not of significant importance for the conducted requirement, when setting a radiated requirement the difference becomes much more significant, as discussed below.
An important difference between the radiated blocking requirement and the conducted blocking requirement is that for the radiated requirement, there will be an antenna element or module between each receiver and the blocker.

[image: image4]
Figure 4: Impact of directional module gain on blocker OTA and internal levels
The gain of the antenna element or module will depend both on the architecture of the array and the direction from which the blocker is incident on the basestation.

In our view, the OTA blocking level should be set independently of the AAS BS, since blocking levels and directions are properties of the behavior of an aggressor system, not the AAS BS under test. This implies that the blocker level in dBm seen at the AAS receiver will depend on the module gain. This seems pretty reasonable; in effect an AAS with low directivity or losses between the antenna and radio will experience a lower blocker level in the receiver than one with high directivity and low losses.
It is not immediately apparent whether the wanted signal part of the blocker test should be fixed in the OTA domain or set in such a manner that the wanted signal level at the receiver TAB connector is equivalent to the level today. 

If the wanted signal level is fixed in the OTA domain, then the wanted signal level relative to the blocker level will be the same both OTA and internally in the receiver. Then, regardless of the antenna gain, G, the requirement will in effect be to achieve a fixed amount of dB rejection of the blocker.


[image: image5]
Figure 5: Signal levels OTA and internally when the blocking requirement is understood as a fixed dB rejection and is just met
If on the other hand the wanted signal level would be fixed at the receiver transceiver array boundary, then the requirement would be in effect to allow no more than a certain amount of dBm interference from the blocker, independently of G. 

[image: image6]
Figure 6: Signal levels OTA and internally when the blocking requirement is understood as a fixed dBm in the receiver and is just met
Whether the wanted signal level should be fixed in the OTA domain or at the transceiver array boundary thus depends on the interpretation of what the requirement is aiming to achieve; a fixed dB rejection of the blocker or a fixed dBm maximum amount of interference from the blocker.

Fixing the wanted signal level at the transceiver array boundary would significantly complicate the design of an OTA requirement and test, since the OTA level for the wanted signal would depend on G, which is an internal parameter of the AAS BS. Our tentative view is that defining the wanted signal level as fixed in the OTA domain is reasonable, since this will set a fixed dB rejection of the blocker and leads to a simple design of the OTA test.
Observation: Basing a requirement on signal levels at the transceiver array boundary would violate the principle of treating the BS as a black box. A value for G would need to be assumed in the specification, which could make some types of implementation more difficult.
Observation: Viewing the blocking requirement as being a fixed dB rejection of the blocker (and not a fixed dBm level allowed in the receiver from blocking) avoids the need to assume signal levels at the transceiver array boundary.
3 Metric for assessing requirement compliance
If the tentative conclusion of section 2 would be followed and the wanted signal level would be fixed in the OTA domain and the blocking requirement would just be met, then the SNR experienced at the receiver would be (Linear calculation):
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Internal SNR experienced in receiver
(1)
Where
Pwanted,OTA
is the OTA power of the wanted signal

Pblocker,OTA
is the OTA power of the blocking signal

Rblocker

is the required dB rejection of the blocker

Pnoise,RX
is the receiver noise level
G

is the module gain of the antenna in the direciton in which blocking is measured

The SNR would depend on an unknown gain factor G and an unknown receiver noise figure. If the wanted signal level would be fixed at the TAB connector (i.e. the alternative possibility outlined in section 2), then the SNR would predictable if the blocking requirement would just be met. However as outlined in section 2, calculation of the correct OTA wanted signal level would then not be straightforward due to the unknown gain G. The standard would need to assume some value for G, which would risk making certain types of implementation infeasible.
With an SNR that depends on an unknown gain, application of throughput/BLER as a criterion for assessing compliance to the blocking requirement would become problematic (the AAS could apparently fail the requirement due to low G, even though the blocking rejection would be acceptable). Using receiver power level as a metric would however provide a viable metric, in particular if a differential measure would be used.
Observation: Using throughput/BER as a metric for receive requirements is problematic as it requires knowledge of signal levels at the transceiver array boundary (i.e. it requires the directional element gain to be known). Standardizing G would risk making some implementations infeasible.
As alternatives to reporting throughput or BER, the eNodeB could report total power or SNR. Some further processing of the reported measurements could be used to assess compliance to receiver requirements. The following descriptions illustrate how such reports could be used to assess compliance to blocking as an example.
RX power

For the purposes of this discussion, receiver power is defined as the total power measured on the carrier under test; this will include both receiver noise, any in-band applied signal and any additional distortion coming from a blocker or receiver IM.

An interesting approach is to measure the power with no signal applied, the power with the reference wanted signal level applied and the power with the blocker applied.
Mnosignal = Pnoise,RX




measured power with no signal applied

(2)
Mwantedapplied = Pwanted,OTA/G + Pnoise,RX

measured power with wanted signal applied

(3)
Mblockerapplied = Pblocker,OTA/G + Pnoise,RX

measured power with blocker applied


(4)
If the power measured with no signal applied is subtracted from the power measured with the wanted signal and also from the power measured with the blocker, then the impact of the receiver’s internal noise level is removed.

Mwantedapplied - Mnosignal = Pwanted,OTA/G
calculation of wanted signal based on measured values
(5)
Mblockerapplied - Mnosignal = Pblocker,OTA/G
calculation of blocker based on measured values 

(6)
Taking the ratio of (6) and (5) and converting to dB gives the ratio in dB of OTA blocker to OTA wanted signal. Assuming that the SNR for achieving the throughput criterion for throughput is around -2.5dB, then the assumed receiver noise level for the REFSENSE requirement is 2.5dB greater than the wanted signal level and the requirement provides the same performance as today if the ratio is less than 4.77 + 2.5dB.

RX SNR

Instead of using a measurement of receiver noise power, alternatively receiver SNR could be measured in two cases; with a wanted signal applied and with both a wanted signal and a blocker applied (all linear calculations):
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measured SNR when no blocker applied

(7)
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measured SNR when no blocker applied

(8)
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Calculation of wanted to blocker power based on measured SNR

(9)
An advantage of measuring power rather than SNR is that the wanted signal and blocker do not need to be applied simultaneously.

To make a decision on what type of metric it is appropriate to use, more detailed consideration and discussion is needed on the following issues:
· The aim of the RX requirements; whether it is to limit the dB leakage of blockers (or RX IM) or allow a fixed amount of dBm of power

· Whether the principle of seeing the AAS as a black box can be maintained and is good to maintain

· How straightforward it is to standardise a new metric, or procedures for enabling the existing metrics

· Impact of measurement uncertainties etc.

· Impact of new eNodeB reports on implementation complexity

A companion document discusses what would need to be captured in the specifications for these types of receiver metric and whether there is even a need to specify whether the metric is noise, SINR or something different.
4 Conclusion

When setting the receiver requirements, it is important to consider whether the requirement is intended to be a fixed amount of dB rejection of a blocker/IM or instead a fixed amount of dBm interference from a blocker/IM. A requirement on a fixed amount of interference is complex to design, since it involves getting a wanted signal to be received at a known level internally inside the AAS at the transceiver array boundary. A requirement on a fixed amount of dB rejection is much more straightforward to design, except that the usual throughput/BER criterion becomes difficult to apply. However use of an RX power or SINR measurement as an alternative enables an OTA dB rejection requirement to be set.
Further consideration is needed on how a power or SINR metric could be specified is needed, as well considerations on practical measurement aspects and potential impacts to uncertainty budget calculations. These considerations are elaborated in companion documents [3-4].
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