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1 Introduction
The final agreements were made in RAN4#84bis on the receiver requirements [1], much of the background behind the receiver requirements was captured in TP’s to the technical report [2,3,4,5]. The terms used in the existing descriptions and those agreed in [1] are not the same, this TP to the TR aligns the terms based on those used n [1].
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3 Text Proposal:
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 --------------Start of text proposal-------------
6.3.2 
Core requirement: Receiver dynamic range

Under the assumption that there is no spatial rejection of the interference, in order to provide a reasonable conformance test, it was agreed that the requirement assumes that the wanted signal and interfering signal come from the same direction.

It is important to consider with this requirement that both wanted signal and AWGN interferer will be transmitted from the test equipment during the OTA test. Since the AWGN interferer is much higher than the receiver noise floor, the AWGN interferer will dominate the SINR. Both RF and in baseband will provide the same combining gain for both the wanted signal and the AWGN, since both are co-channel and come from the same direction. 

Thus, there will be no impact of combining gain to the requirement. For this reason, a 2-level requirement, such as is discussed for the receiver in band blocking requirement is not necessary for receiver dynamic range.
As the wanted signal and the AWGN interferer are both above the receiver noise floor the core requirement is based on OTA REFSENS assumptions and both the wanted and interferer conducted power levels are offset by ΔREFSENS.
{ Unchanged sections omitted}
6.4.2
In-band selectivity and blocking: Core requirement

The conducted blocking level simulations assumptions use 3 UE’s in the interfering network, the interferer level recorded for the statistical analysis is the total of all 3 interfering UE’s. When translating this to an OTA requirement where the direction of the interferer also needs to be specified this can cause an added complication.

Directional information is distorted within the existing coexistence simulation framework due to the fact that multipath propagation is approximated as lognormal shadow fading. Whereas in the real world, several multipaths will arrive from different directions in to the antenna, in the simulation the signal arrives from the line of sight direction, but a random fading margin is added. Nonetheless, coarse observations on likely locations of blocking UEs can be considered. Thus, using the same simulation parameters as the conducted blocking simulation but recording the data on the power level and location of the UE’s which defined the 99.99% point it was however found that the total power is dominated by a single UE.
[image: image1.emf]0 1 2 3 4 5 6 7 8

x 10

4

-40

-39

-38

-37

-36

-35

-34

-33

-32

-31

-30

Blocking signa power levels

sample No

Power level (dBm)

 

 

Total blockimg power

largest UE

2nd largest UE

3rd largest UE

0 1 2 3 4 5 6 7 8

x 10

4

-40

-39

-38

-37

-36

-35

-34

-33

-32

-31

-30

Blocking signa power levels

sample No

Power level (dBm)

 

 

Total blockimg power

largest UE

2nd largest UE

3rd largest UE

Total Blocking power

Largest UE Power

2

nd

largest UE Power

3

rd

Largest UE power

Blocking signal power levels


Figure 6.4.2-1.Sample of 99.99% Blocking interference level and individual UE power

Therefore only a single interference direction is required to represent the 99.99% blocking case.

The same 99.99% blocking UE’s were investigated to see if they came from a predictable direction. 
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Figure 6.4.2-2 99.99% Blocking interfering UE location

The 99.99% UE’s direction was found in both azimuth and elevation to be approximately within the element beam width. Whether this is true when multipath propagation is considered is not clear from this type of simulation.
The simulation does not take into account the wanted signal and so it is not possible to find the direction of the wanted signal by the same analysis. It was judged to be feasible however to make a worst case assumption that the wanted UE and the aggressor UE are in the same direction. The assumption may have caused some over dimensioning of the blocking requirement, since the probability of the wanted signal and blocker arriving in the same direction is not 100%, but the potential over dimensioning is seen as acceptable for E-UTRA/UTRA requirements.
In sub-clause 6.2.2.2.2 the OTA reference sensitivity has been defined, this is based on the OTA REFSENS RoAoA which represents the average element/sub-array radiation pattern beam width and is intended to be the OTA equivalent of the conducted reference sensitivity. As such it provides a suitable basis for the OTA wanted signal power level when considering the maximum interference level at the input of each receiver unit.

As the wanted signal and the interferer are in the same location for the purpose of the requirement, and the purpose of the OTA requirements is to offer the same protection and performance as the conducted requirements the difference between the wanted signal and the interfering signal should be maintained. The conducted blocking interferer level can hence be translated to an OTA level using the same method:


[image: image3.wmf](

)

MARGIN

OTA

RX

peak

off

REFSENS

Wanted

D

D

D

P

EIS

_

_

0

6

+

+

-

+

=

-



[image: image4.wmf]MARGIN

OTA

RX

peak

off

bloc

Conducted

blco

OTA

D

D

D

P

P

_

_

0

ker

_

ker

_

+

+

-

=

-


Where: 

· PConducted_blocker is the conducted blocking interferer level is rel13 
· PREFSENS, D0 , Doff-peak, and DRX_OTA+MARGIN are the same as defined in sub-clause 6.2.2.2.2.
Or more simply
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As OTA reference sensitivity and the OTA blocker level are both translated to OTA levels using the same method they retain the same difference and hence the requirement on the receiver unit hardware is similar to the existing conducted specification.

D0 is based on the OTA REFSENS RoAoA which is based on the element/sub array pattern as such is the minimum possible antenna gain for the AAS BS. The blocker interfere level is hence the largest level possible. This ensures that the linearity of the receiver for high signal levels at each of the receiver unit inputs. 

However as the conducted requirements are per receiver unit and the OTA level is for the composite receive function the OTA REFSENS value does not include all of the beam forming gain the composite antenna provides. As such the receiver minimum sensitivity as not accuracy represented by the OTA REFSENS value.  

When considering the conducted blocking requirement the receiver noise contributes to the receiver performance under blocking conditions as such the interference contribution due to the blocking interferer is only 4.7 dB rather than 6 dB. When only the element gain is considered the lower antenna gain results in higher blocker and wanted signal levels and the noise floor does not contribute significantly to the noise floor so the interference contribution due to the blocking interferer may be the full 6 dB.

For example consider an element of 65° by 65°, in a 10x1 array (0.9λ spacing) with the lowest declared EIS of -116 dBm.
For E-UTRA wide area 
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For the OTA REFSENS as a wanted power we have:
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For the minSENS case we have
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As in both cases the system noise floor for the wanted signal is the same and is based on the composite receiver gain (i.e. -117 dBm in this example), for the minimum gain case the interference contribution due to the blocking interferer may be:
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For the OTA REFSENS case the interference contribution due to the blocking interferer may be
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Although the OTA REFSENS case has a higher interferer level it may also generate a higher contribution of interference, hence it is difficult to define an absolute worst case as the 2 conditions cover 2 different cases:

· OTA REFSENS covers the maximum interference level at the RX unit input

· minSENS covers the case where the effect of the system noise figure is considered.

It is important to bear in mind that the ratio of wanted signal level to blocking level is related to the probability of users and RX power levels occurring in adjacent networks. The probabilities of the signal levels do not change as a result of BS architecture, and thus changing the blocking to wanted signal level would lead to a change in the blocking probability provided by the network.
As both these cases are important the OTA blocking requirement is set at 2 levels, in both cases the delta between the wanted signal and the blocking interferer (Δwanted-blocker) is the same as the difference between the two in the conducted requirement (e.g. 52.5 dB for wide area E-UTRA). This delta value is then applied at 2 OTA wanted signal EIS levels

1. EISREFSENS + 6 dB

2. minSENS + 6 dB


{ Unchanged sections omitted}
6.7.2

Receiver intermodulation: Core requirement

Differing antenna architectures could have an impact to RX IM scenarios. However, simulation based investigation would be a highly complex and multidimensional problem for which there was insufficient time within the WI. Fortunately, several factors can be considered which to some extent mitigate the need for such an investigation:

· It may be assumed that the two interfering systems are statistically independent

· If it is also assumed that the two interfering systems operate the same RAT in the same deployment scenario (but on different frequencies), then their interference characteristics would be identical

· For the blocking requirement, an assumption has been made that the conducted blocking level does not depend on the antenna element or module pattern. If the same assumption should be true for each of the interfering systems for RX intermodulation

· The RX IM levels should be lower than the blocking level, since the probability of two interferers both having a high level simultaneously is lower than the probability of only one interferer having a high level

· The justification in terms of simplification in assuming equal levels for the conducted requirements can be re-applied for OTA requirements

Taking these factors into account, the OTA RX IM requirement is defined based on the conducted RX IM requirement, with the conducted signal levels translated to OTA levels. Considering in particular the reasoning that the independent conducted levels should not depend on antenna element or module pattern, then a similar approach is adopted for receiver intermodulation as for receiver blocking; i.e. apply the requirement assuming all signals come from the same direction.

Since RX intermodulation will relate to receiver non-linearities, it is important that the correct absolute conducted level is achieved by the OTA requirement for the receiver intermodulation. This is achieved by using the gain estimated from the OTA REFSENS RoAoA.

For the receiver blocking test, the requirement is also applied at lower absolute signal levels relating to the OTA minimum sensitivity. For RX IM, the signal levels are reduced then the IM effects are likely to reduce due to the LNA operating well within its linearity region. However in order to be consistent with the in band blocking requirement, RX IM is also at both OTA REFSENS and minSENS levels.

{ Unchanged sections omitted}
6.8.2 
In-channel selectivity: Core requirement

For setting the requirement, the same ICS as for the conducted requirements is assumed. 

In regard to how to set the absolute levels it is worthwhile to consider that aspects of the receiver design that impact the selectivity include linearity, ADC range, phase noise, frequency error and others. The applicable aspects of receiver design will divide into those which become of significance at high absolute power level and those that do not (e.g. phase noise). Other requirements, such as receiver blocking and dynamic range already capture the behavior of the receiver at high power level. It is important that the selectivity is achieved after combining. Thus, the most important receiver level to consider for this requirement is the level based on OTA minimum sensitivity. 

Thus the receiver ICS requirement is specified at minimum sensitivity level:

· Wanted signal level = Conducted wanted signal level + ΔminSENS
· Interferer level = Conducted interferer level + ΔminSENS
--------------end of text proposal-------------
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