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1 Introduction
In RAN4#78bis a WF [1] was approved to focus on certain core requirements which should be further studied for this meeting.
The 2nd bullet on the list was the blocking and IMD requirements. These were commented upon is a number of documents [2]

 REF _Ref450313019 \r \h 
[3] submitted to RAN4#78bis.

This paper further investigates the impact of translating the blocking requirements to the OTA domain.

2 Discussion

The blocking requirements consist of 2 critical parameters

1. A reference sensitivity level which is used to measure the impact of the blocking signal on the Rx

2. The level of the blocking signal

In the current conducted requirements for the wide area network at least these 2 parameters are treated separately. The blocking level is set via a network simulation which only considers the blocker level on the victim BS and not the victim BS performance directly.
As the 2 issues can be somewhat separated the issue of reference and minimum sensitivity is discussed in a separate contribution, in this contribution the level of the blocker itself is considered.

2.1 Current simulation

Blocking was simulated in [4], the non-AAS (victim and interferer) was re-simulated to form a base line and then the same test cases with 1:1 AAS systems with similar antenna patterns were simulated.

Figure 1 shows an example of why blocking levels are likely to be different for an AAS and a non-AAS. The non-AAS has beam forming prior to the active electronics in the receiver and hence the interfering signasl are subject to the antenna array gain. In the AAS (with a 1:1 architecture) the it is assumed the beam forming is done in the BB and hence the interfering signasl at the RF front end are subject only to the antenna element gain not the full array gain. In the main beam the element gain is clearly lower however for interferers close to the AAS BS this gain maybe greater than that for the full array
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Figure 1: AAS Receiver Array Patterns

The criteria for the blocking level was the 99.99% probability level of the interfering blocker. Hence it could almost be considered that the worst case is the same as the blocking level. However as a 10dB log normal fading is used in the simulation so worst case analysis is not suitable, the combined random placement of the UE and the variation in the path loss due to the log normal fading results in a slightly different result than a simple worst case analysis.
The results from [4] for the AAS to AAS case are as follows:

Table 7.3.1.2-1: Blocking level for a 99.99% probability for Case 1b
	Down-tilt
	Power Control
	Huawei 
	ZTE
	Ericsson

	
	
	R4-124174/R4-125469
	R4-125244
	R4-125431

	Electrical down-tilt : 9 degrees
	PC1
	-45.03
	-45.12
	-43.4

	
	PC2
	-55.49
	-52.82
	-56.3

	Mechanical down-tilt : 9 degrees
	PC1
	-46.18
	-46.21
	-42.4

	
	PC2
	-54.74
	-57.69
	-54.2


In this case the result is not so dissimilar to a worst case analysis where.

H_BS=30m, H_UE=1.5m, Min distance to UE=35m

P_UEmax = 23dBm

So Free_Space_Loss = 98.46 +20.log10(352+(30-1.5)2)0.5/1000)  = 71.5dB

Antenna element gain = 8dB –min(α/65,30) = 3.6dB,



α=atan((30-1.5)/35) = 39°
P_blocker(worst case) = 23 – 71.5 + 3.6 = -44.9dBm
It is not suggested that worst case analysis replaces the statistical approach used to identify the blocker level, however it offers a simple way to make comparisons without having to do the full statistical simulation.

2.2 OTA

In the simple explanation of how the blocker level is derived in section 2.1 a number of key things can be highlighted:

· The level of the blocker depends on the UE power level


· Worst case this is max, but in simulation this would depend on the PL between the UE and its own BS as well as the power control algorithm assumed.

· The Path loss

· This depends on the distance of the UE from the BS.

· Worst case this is FSPL, but in simulation is the lowest of the FSPL and the Cost Hata loss with the addition of a 10dB log normal fading value.

· The victim BS antenna gain

· This depends on the location of the UR in both azimuth and elevation.

· Worst case it is assumed that the UE is in the peak of the beam in azimuth and the elevation angle when the UE is as close to the BS as possible.
The last point contains an assumption about the AAS antenna gain and its relation to the location of an interfering UE.

2.2.1 Location/Direction based requirement

A key feature of an OTA test is that the gain of the antenna is included in the measurement. Clearly then it is possible to remove this assumption from the derivation of the blocker and as such remove a source of inaccuracy from the assumptions.

However in order to replace the antenna gain assumption, it is necessary to replace it with an assumption on the location or the direction of the blocker. As the actual blocker level is set by statistical analysis the blocker at 99.99% certainty is probably not in the location of the worst case blocker and in fact may be at any number of possible locations at different distances from the BS.
Considering 3sigma distribution of the lognormal fading value (not unreasonable when considering 99.99% probability) an additional path loss of +/-30dB could be easily be expected, if translated to a distance from the BS this would result in an uncertainty anywhere between 0m and approx 225m. 
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Figure 2: Path loss fading translated into distance
The path loss itself can of course be calibrated out so that the blocking level arriving at the AAS BS under test is at the required level, however the distance from the BS translates into a direction 
As the assumption is the blocker is no closer than 35m from the BS then this can be used as a base for one end of the direction angle range (39°) and at 225m the angle would be 7.2°. This assumes that the BS is installed with no mechanical tilt.

Assuming once again that the OTA test incorporates the antenna performance (and hence it is unknown) and that the worst case blocking scenario would occur at the point of maximum element (or sub array) gain then it would be necessary to sweep the location of the blocker from around 7deg to 39deg approximately a 30deg range.

Alternately the vendor who presumably knows the antenna element pattern could declare the direction of max gain/directivity in elevation at which the blocker test is carried out.
2.2.2 Power based method
The current conducted requirement is a fixed power at the TAB connector. If this requirement were literally translated into an OTA requirement so that the power arriving at the equivalent location of the TAB connector was the same as the current conducted power then I would be necessary to have some idea of the element/sub array pattern. The test set up interferer would then be placed in the far field of the element pattern and the path loss and element gain calibrated out so the signal arriving at each receiver unit input was the specified level.

Existing UL declarations based on OSDD relate to the array performance (including the antenna array, RDN, TRXU array and also the BB). These declarations do not apply to the element pattern.

So in fact we are in the same situation as with the location based method above. In order to achieve the correct power level at each receiver unit input as the conducted requirement knowledge of the element pattern is needed.
2.2.3 Testing
Currently blocking (and other interference tests)  require the application of 2 (or more) signals.
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Figure 3: Measuring system Set-up for Adjacent channel selectivity and narrowband blocking Test
It has been suggested in this document that the treatment of the 2 signal can be discussed separately and indeed it may be the case that an alternative means of quantifying the blockers effect on the system (other than effect on the reference sensitivity) may be found.

However assuming that the reference sensitivity is used as the metric for the blocking test, then it would greatly simplify testing if the 2 signals can come from the same direction.

However the 2 signals are dependent of different spatial parameters:

· The interfering signal (whether location based or power based definition) needs knowledge of the element pattern

· The wanted signal depends on the array (beam formed) pattern

It also must be considered that the element patterns may not all be the same.

However in most cases it is probably safe to say that the direction of the max gain of the element pattern is the same as the direction of the maximum array gain. So by placing the interferer at the same direction as the wanted signal if that is the same direction as the maximum gain then it is at least known that it is also the direction of maximum element gain.

A small modification to the description of the reference direction declaration in the UL to specify that it is the direction of max antenna gain and this could be solved.

3 Summary
This paper has investigated the background behind the current blocker levels and how they were derived. 
2 methods of specifying the blocker level have been discussed:
Location/Direction based method

This assumes that the blocker comes from a worst case direction and is based on a fixed interferer power level. However it is difficult with this method to incorporate the random statistical effects that were used when setting the blocker level in the existing (conducted) requirements.
Power based method

This is a literal translation of the existing conducted requirement and with knowledge of the element/sub array gain translates the current conducted level to an OTA power level.

The location/direction based method suffers from the problem that the statistical nature of the blocker means the direction of the worst case is not known (and may be different in different simulation runs) and hence cannot easily be placed. Also to accurately identify a possible single direction of the worst case (or statistical worst case on 99.99%) then the element pattern needs to be known.

The power based method suffers from the problem that an assumption of element gain is used to derive the blocker level and then the actual element gain is used to vary the level of the radiated interferer. This is somewhat nonsensical as the level of radiated interference does not change if the victim antenna changes (the level at the RX unit input should change).

The purpose of the blocking requirement (and subsequent test) of course is not to perfectly mimic the conditions of an actual network but to offer a minimum level of performance which is considered acceptable in most deployments.
Hence while it seems nonsensical to vary the level of the blocker based on the element gain, it may be that this offers the best way of specifying that minimum level of performance.

The next stage of the investigation would seem to be that the blowing simulations should be revisited and the location/direction of the worst case (99.99%) blockers identified. If it turns out these are all in 1 location (i.e. close to the BS) then this favors the location/direction based method, if they are randomly distributed over a range of azimuth and elevation angles then the power based method would seem to be the sensible choice.
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