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1 Introduction

During RAN4#78bis and RAN4#79, the related topics of OTA blocking and reference levels have been discussed. In particular, the possibility of applying a different metric to BER/throughput for evaluating requirement compliance has been mentioned in some contributions [1-2].
Companion documents consider the RX requirements compliance metric further in the context of how an OTA blocking requirement might function and also what might need to be standardized [3-4]. In particular, in [3] it is noted that the BER/throughput metric may in fact be difficult to implement for an OTA requirement. 
In this contribution, some examples of the levels that would need to be measured for OTA sensitivity are considered. Furthermore, some initial consideration is given towards the impact on measurement uncertainty of receive power or SINR based RX requirements.
2 Directional variation of measurement levels
[3] outlines different methods of measuring noise or SNR in the eNode B receiver in order to assess blocking compliance. In this document, it is assumed that the aim of the blocking requirement is to establish a fixed dB rejection of the blocker. This implies a fixed relation between the OTA blocker level and OTA wanted signal level. As discussed in [3], use of BER or throughput for assessment of compliance to the blocking requirement is problematic if the requirement is related to a dB blocker rejection.

Two methods for assessing blocking compliance are considered in this document: (i) measurement of received power on the assessed carrier and (ii) measurement of SNR of the wanted signal with and without the blocker applied. These methods are described in more detail in [3].
Where receiver power is measured, the receiver power is measured 3 times; once with no applied signal, once with only the wanted signal applied and once with only the blocker applied. The compliance to the requirement is then assessed as follows (see [3] for more details):

Pwanted,OTA/G  = Mwantedapplied - Mnosignal 

calculation of wanted signal based on measured values
Pblocker,OTA/G  = Mblockerapplied - Mnosignal 

calculation of blocker based on measured values 

10log(Pblocker,OTA/ Pwanted,OTA) < 4.77 + 2.5 dB
If SNR is measured, the SNR is measured twice; once with only the wanted signal applied and then once with both wanted signal and blocker applied. The requirement compliance is then assessed as follows (again more details in [3]).
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Calculation of wanted to blocker power based on measured SNR

In this section, the signal levels that would need to be measured and reported by the basestation, and the impact of basestation measurement accuracy are analyzed. In order to perform the analysis, some assumptions are made about the OTA signal levels that are measured and the antenna element gain for the AAS. These assumptions, in particular on BS noise level and antenna gain are purely for the purposes of illustration in this document; more accurate assumptions will be the subject of further work.
The blocker level experienced internally at an AAS receiver will depend on the antenna module gain in the direction from which the blocker is received:
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Figure 1: Radiated and conducted blocker levels depend on directional antenna module gain for an AAS

[image: image3]
Figure 2: Example of different internal blocker levels when an AAS is illuminated from different directions
In [5], it is demonstrated that for a macro BS, the OTA requirement level may need to vary depending on the angle of incidence of the blocker with respect to the BS horizontal plane. This is due to the fact that a blocker UE can move be within the horizontal plane and not in the vertical plane.
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Figure 3: Link between elevation direction of arrival of a blocker and pathloss (/blocker level) to a macro BS
[5] demonstrates that the worst case blocker level experienced at the receiver will probably be around the same regardless of the antenna module structure, but the direction from which the worst case blocker is experienced will depend on the structure. 


[image: image5]
Figure 4: Worst case blocking level and direction is different for different AAS architectures. For black box treatment, an unknown architecture should be tested from several directions
In order to obtain a black box requirement that does not make assumptions on the internal antenna module structure in the AAS, [5] suggests that the requirement should apply and the BS should be tested from multiple potential directions, with corresponding OTA blocking levels. Such testing will ensure that the blocking requirement is passed without the need to declare or consider the internal structure of the AAS BS. One of the directions will lead to the worst case (highest) blocker level, whilst others will lead to lower blocker levels. If the BS is illuminated with both a wanted signal and blocker from the same direction, then both wanted signal and blocker will depend on the angle of arrival. Obviously, the measurement uncertainty should be such that the correct pass/fail result is obtained whether the basestation is illuminated from the worst case direction or some other direction.
Thus it is of interest to consider the impact of measurement uncertainty both for cases of high module gain and for directions from which module gain may be low. For the purposes of assessing measurement uncertainty, we assume that in the worst case, the internal blocker level will be the same as the current requirement. However when measured from other directions, the internal blocker level may be lower. We investigate the impact of the blocker being 8dB and 17dB lower than the worst case as examples. Although these directions are not worst case, the test should still indicate a pass so that when the BS is tested as a black box, the basestation can be shown to pass the blocker test from all directions.

The following table presents an estimate of signal levels based on these assumptions:

	Parameter
	Value
	Comment

	Difference in gain of antenna module in tested direction compared to worst case
	-17dBi, -8 dBi, 0dBi
	3 representative values representing blocker coming from the worst case direction and two other (non worst case) directions.

	“TAB connector” wanted signal level
	-95.5 dBm (worst case)

-104.5 dBm (-8dBi reduction)
-112.5 dBm (17dBi reduction))
	

	Blocking power leaking into receive carrier
	-88.23 dBm (worst case)

-96.23 dBm (-8dBi reduction)

-105.23 dBm (17dBi reduction))
	Assumptions: SNR for REFSENS -2.5dB, hence reference noise level 2.5dB above wanted signal level. Blocker leakage into band 4.77 dB above the reference noise level; requirement just met

	AAS BS receiver noise
	-99 dBm
	Assuming 5dB NF, 10MHz


Table 1: Assumptions on signal levels
If receiver power is measured, then with the signal levels outlined above, the measured levels would be as follows:
	Qualtity
	Value with worst case blocker level
	Value 8dB below worst case
	Value 17dB below worst case

	(1) Measured power with no signal applied
	-99 dBm
	-99 dBm
	-99 dBm

	(2) Measured power with wanted signal applied
	-93.9 dBm
	-97.9 dBm
	-99.8

	(3) Measured power with blocker signal applied
	-87.9 dBm
	-94.4dBm
	-98.07 dBm

	(4): (2) – (1) (difference taken in W not dBm) -> wanted signal level in receiver
	-95.5 dBm
	-103.5 dBm
	-112.5 dBm

	(5): (3) – (1) -> blocker level in receiver
	-88.23 dBm
	-96.23 dBm
	-105.23 dBm

	dB difference between blocker and wanted signal inside receiver
	7.27
	7.27
	7.27


Table 2: Examples of measured received power levels
If SNR measurement is used, then the signal levels would be as follows:

	Qualtity
	Value with worst case blocker level
	Value 8dB below worst case
	Value 17dB below worst case

	(1) SINR on wanted signal with no blocker
	3.5 dB
	-4.5 dB
	-13.5 dB

	(2) SINR on wanted signal with blocker
	-7.6 dB
	-9.11 dB
	-14.4 dB

	1/ [1/(1) – 1/(2)]
	7.27
	7.27
	7.27


Table 3: Examples of measured SINR values
From table 2, it is observed that where the module/element gain is low, the measured power levels will be very similar. This implies that measurement uncertainties in the eNode B could have a significant impact on the overall uncertainty of assessing the requirement. Similarly, from table 3 it can be observed that where the SNR method is used, the SNR levels are low when the module gain is low, which could imply a significant impact of measurement uncertainties.
3 Variation of total assessment uncertainty
Section 2 presents some examples of measured signal levels associated with the blocking requirement. When measuring either total power or SINR, there will be a measurement uncertainty associated with the measurement at the eNodeB. Since SNR is a relative measure, and also since the calculation of the compliance criterion is based on a comparison between measurements whether SNR or total power is measured, the absolute accuracy of the eNodeB report is not of interest. However the relative accuracy between measurements is of key importance.
Currently, the thermal noise power measurement is defined in RAN1 and is similar to a total power measurement. According to section 10 of 36.104, the relative accuracy of the thermal noise power measurement is required to be 0.5dB or better, with a 100msec measurement interval. For assessing requirement compliance in controlled and stable conditions, the measurement interval could potentially be much longer than 100msec, which could improve the relative accuracy.

The relationship between the measurement accuracy and accuracy with which requirement compliance can be assessed (i.e. Pblocker/Pwanted) is not direct due to the calculations outlined in the earlier section. Figure 5 illustrates the relationship between power measurement accuracy and the accuracy of blocking compliance assessment (i.e. Pblocker/Pwanted), whilst figure 6 illustrates the relationship between SINR measurement accuracy and the accuracy of the blocking compliance assessment.

[image: image6.emf]0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

eNode B SNR measurement relative uncertainty (dB)

Uncertainty in assessing Pblocker/Pwanted (dB)

 

 

Worst case blocker

Worst case blocker - 8dB

Worst case blocker -17dB


Figure 5: Variation of RX assessment criterion uncertainty according to BS relative uncertainty for measuring receiver power
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Figure 6: Variation of RX assessment criterion uncertainty according to BS uncertainty for measuring SINR
From the figures, it is observed that:

· The measurement uncertainty has a lower impact on the accuracy of assessing the blocking requirement if SNR is measured rather than power
· The accuracy of assessing the blocking requirement can be quite poor if the AAS has a low directional gain. 

· This may not be important, since it might be questioned whether there is a need to assess blocking if the AAS directional gain is low and the blocking signal anyhow low

From these initial results, it appears that where the AAS module directional gain is in the order of 8-17dBi, a measurement uncertainty of better than 0.2dB is needed for the power measurement method or 0.5dB for the SNR measurement method.

[4] discusses further how an assessment of the eNodeB reporting accuracy could be captured in a specification.

Apart from the accuracy of the eNodeB reporting, a second factor that will impact the uncertainty associated with assessment of blocking (and receiver IM) are the uncertainty aspects associated with the OTA measurement. The power and SNR measurements discussed in this document are relative, and thus some of the uncertainty budget components associated with assessment of EIS that relate to absolute measurements will not need to be included in an assessment of blocking/IM measurement uncertainty. Thus an initial assessment suggests that for blocking and IM, if total power or SINR are calculated in the Node B it may be possible to maintain a similar test tolerance to that established for EIS testing. Of course, more detailed work is needed to confirm this observation.
4 Conclusion

In other contributions, it has been noted that defining a requirement on blocking and receiver IM when there is an unknown antenna gain based on BER and throughput may in fact be problematic, as internal noise and signal levels are not known if the basestation is treated as a black box. Reporting of total power or SNR instead of BLER has the potential to enable more straightforward definition of receiver requirements.

Standardisation aspects of the use of these alternative reports are discussed in [4]. In this contribution, some consideration is given to the impact of eNodeB measurement accuracy and other OTA reporting uncertainties. An initial assessment suggests that a reasonable uncertainty should be achievable.

At this stage, we are not proposing any of these metrics for standardization and are still open to consider BER/throughput. Since BER/throughput also involves consideration of some complex issues, this and the companion documents are presented to encourage further discussion on these options such that the best overall solution can be selected.
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