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1 Introduction
In the last meeting the way forward on OTA blocking [1] was approved. It listed 3 options for specifying OTA blocking:
Option 1:

Wanted signal power = PREFSENS +6dB - 10log(BeWθ.BeWφ) +40.1


Interfering signal power = PConducted interferer– 10log(BeWθ.BeWφ) +40.1

Option 2:

Wanted signal power= Minimum_EIS +6dB 


Interfering signal power= PConducted interferer– 10log(BeWθ.BeWφ) +40.1 
Option3:

If the Option 1 is adopted, more information on the OTA performance of the whole AAS system should be given. The required information is FFS
This paper discusses the options and our opinion on each.
2 Discussion

There are some previous agreements on blocking from previous way forward [2]:
The in-band blocking requirement is as follows:

1) The wanted signal and blocking interferer are present at the same time and come from the same direction.

2) The wanted signal is referenced to OTA REFSENS in the same way conducted wanted signal is reference to conducted REFSENS.

3) The blocking interferer level is calculated using the same methodology as the OTA REFSENS value as follows:

Blocking interferer level = Conducted blocking interferer level – D + LRX + Off-peak Margin

· LRX is a loss factor accounting for antenna losses, distribution losses, integration losses etc. 

· LRX=2dB for wide area BS
· Conducted blocking interferer level is rel13 value

· D is the same as D used for OTA REFSENS and is based on the OTA REFSENS RoAoA 

· Off-peak Margin is 3dB.
4) Conformance testing is done at the same directions as OTA REFSENS.

Option 1 from [1] is consistent with the agreements above, however the figure of 40.1dB is derived from all the constants in the equation, it is derived from the calculation of EISREFSENS as follows:
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It was agreed in the last meeting in [3] that:
Proposal 1:

Set the in-band and out-of-band antenna loss-factor LRX and LTX to 0 dB and introduce a new factor to the OTA REFSENS calculation called DRX_OTA_MARGIN and where DRX_OTA_MARGIN is set in the range [1 to 2] dB.
Hence depending on the agreed value of DRX_OTA_MARGIN the constant in the equation may be between -40.1 and =41.1dB.

Based on [2] agreement (2)

The wanted signal is referenced to OTA REFSENS in the same way conducted wanted signal is reference to conducted REFSENS.

we believe it has already been agreed that the blocking level will be based on EISREFSENS and hence option 1 is correct (with the constant modified as described). 

We also believe that this options is the correct one as it better represents the same level of blocking protection as the conducted requirement.  This further defended below.

2.1 Reference sensitivity level and blocking level

The existing conducted (for E-UTRA) requirement has the following requirements:


Wanted signal = REFSESN + 6dB = -101.5dBm + 6 = -95.5dBm


Blocker level = -43dBm

Hence the difference between the two is 52.5dB.

Considering the blocker is in band and most receivers today are wide band receivers it will not be filtered out until the BB. Hence any increase in the difference between the wanted and the blocking interferer will result in the requirement being tougher than the existing requirement.  

This is the basis for the agreement (2) in [2].

We currently have defined 2 OTA sensitivity requirements:

OTA sensitivity

The declared OTA sensitivity requirement is based upon declaration of one or more OSDD, following the concept defined for Rel-13 AAS specification TS 37.105, sub-clause 10.2.


Note there may be multiple declared OSDD with different declared EIS for each.

This is the parameter referred to as minimum sensitivity in option 2 from the WF.

OTA Reference sensitivity

OTA REFSENS is specified over the RoAoA which define a contour equivalent to the 3dB beam width of a non-AAS passive antenna covering the same RoAoA. Using the 3dB contour allows for simple estimation of equivalent directivity by use of standard formula. 

To give an example

The system below has the capability to steer a narrow beam within the RoAoA defined by the element pattern
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Figure 1. Example of beam steering in azimuth

From the definition of OTA REFSENS [4] 

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.

OTA REFSESN RoAoA will be declared based on the red line in figure 1,  as 60° or BeWφ=60,

The OTA sensitivity a OSDD will be declared with a RoAoA and a EIS value, these are up to the vendor but it is likely in this example that the RoAoA would be the same as the OTA REFSENS RoAoA and that the EIS value would be based on the gain achieved by the narrow beam shown in blue in figure 1.

Assuming the beam width is 6 deg then the gain will be 10dB higher, 
So in this example


OTA Sensitivity = OTRA REFSENS – 10dB

Fixing the elevation BeW at 10° for the same of simplicity we can look at 3 cases:
1. Use gain from the OTA REFSENS RoAoA for both wanted and blocker

2. Use gain from the narrow beam for both wanted and blocker 

3. Use gain from OTA REFSENS RoAoA for blocker and from narrow beam for wanted

Then considering the dynamic range and the linearity in terms of IP3 of the Rx front end we get:

	 
	conducted
	case 1
	case 2
	case 3

	theta (deg)
	 
	10
	10
	10

	phi (deg)
	 
	60
	6
	6

	G_ANT
	 
	17.3
	27.3
	27.3

	L+D_margin
	 
	5.0
	5.0
	5.0

	EIS_REFSENS (dBm)
	-101.5
	-113.8
	-123.8
	-123.8

	EIS_wanted (dBm)
	-95.5
	-107.8
	-117.8
	-117.8

	P_block (dBm)
	-43
	-55.3
	-65.3
	-55.3

	 
	 
	 
	 
	 

	delta (dB)
	52.5
	52.5
	52.5
	62.5

	 
	 
	 
	 
	 

	IP3 (dBm)
	 
	55
	55
	55

	IMD (dBm)
	 
	-110.5
	-125.5
	-110.5

	margin over EIS wanted (dB)
	 
	2.7
	7.7
	-7.3


It can be seen from the table that for case 3, the difference between the 2 is larger than the conducted requirement and is hence a tougher requirement. As this is not consistent with the WI scope (OTA requirements should off same performance and protection as the conducted requirements) this cannot be accepted.

Case 1 and case 2 have the same difference between the 2 signals, however for case 1 the absolute blocker level power is higher, when looking at the results from a simple IP3 calculation although the wanted signal is also higher when considering the same IP3 point margin between the IMD product and the wanted signal is much greater for case2 than it is for case 1. 

Case 1 is therefore the worst case.

2.2 Requirement vs. actual deployment

One of the reasons for the interest in option 2 (and option 3) is that the system may have a declared ‘minimum sensitivity’ which is lower than the reference sensitivity.
In the example:


EISREFSENS = -113.8 dBm


EISmin = -123.8 dBm

If the blocking and other linearity requirements are based on the higher OTA REFSENS value then it is not known what the clocking performance will be at the minimum sensitivity.

This seems reasonable, but it must be considered how the blocking requirements are derived:

· The interferer level is found as the 99.99% probability of an interference level being present

· The effect of the antenna is removed by the analysis, but it can be assumed that the large blockers are close to the BS

· The wanted signal level is not part of the simulation, it is set to the conducted  reference sensitivity level  (which is also the minimum conducted sensitivity level).

· When doing a conducted test the effect of the antenna is removed – it can be assumed that both signals are in the same direction.

Hence it can be seen that the conducted requirement/test is not a representation of the actual conditions as the requirement/test assumes that they are in the same direction whereas in reality they are not.

Even if the AAS aspect were ignored and the non-AAS system tested OTA, if a realistic OTA scenario were constructed then the wanted signal and the interferer would have to be in different directions.

Placing the 2 signals in different directions has been discussed and by analysing the blocker level results it can be seen that the statistical 99.99% level does not equate to a specific location, as such using this methodology it is not possible to identify a worst case location. It can also be noted that specifying a worst case direction could drive designers to arrange ‘nulls’ in the passive antenna pattern in the direction of the defined interferer, which would improve blocking performance with respect to the requirement but in reality would not give good performance in the network.
By using the statistical approach the effect of variation in UE, location, path loss, fading, antenna gain etc is all removed. The requirement does not represent a specific operational condition but is an RF test which if passed will give a certain level of protection in the network against interference. The actual protection and blocking level for any particular case will vary of depending on the variable mentions.

So having seen that the conducted requirement does not represent a particular operational case, it should not be necessary that the OTA requirement represents a specific operational case. If the linearity and the dynamic range of the receiver is sufficient to pass the blocking test then that provides the protection against interference in the same way as the conducted requirement does.

Of course in the conducted requirement, it is not possible to place the wanted signal in different directions, and hence it is necessary to remove this affect in the derivation of the levels. For OTA is it’s possible to place the 2 signals in different location but there are a number of reasons why it is not preferable

· The levels are based on statistical analysis so there is no ‘worst case’ direction.
· If a worst case direction were identified it would encourage design of ‘nulls’ in that direction which would pass the requirement but not improve actual performance in the field.

· Average performance against blocking is more valuable than performance in a fixed series of directions.

· Keeping the 2 signals in the same direction greatly simplifies testing.
So as it sis sensible to keep the existing methodology of a statistical approach and then placing the 2 signals in the same direction, clearly if they are in the same direction then they will suffer the same element/sub array gain and hence the difference between them will be maintained at the conducted interface.

What gain is assumed to set the levels can be discussed however it can be seen that assuming the lower element/sub-array gain (as defined by the OTA REFSENS RoAoA) is the worst case. 
3 Summary
In this paper we have examined the options listed in the WF and believe that option 1 (with corrections to the 40.1dB figure) has already been agreed. 

Option 2 represents a tougher requirement than the existing conducted requirement and hence is outside the scope of the WI.
It is conceivable that blocking could be specified at both the REFSENS level and the minimum sensitivity level assuming the difference between the wanted signal and the blocker is maintained, however we believe the REFSENS case is the worst case and no additional protection is provided by including the minimum sensitivity case.

Option 3 requests that if option 1 is used additional information is provided – but it is not clear what that additional information should be. The 3GPP specifications provide minimum requirements, of course more information may always be provided by the vendor but it is not clear it should be included in the RF requirements.
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