3GPP TSG-RAN WG4 Meeting NR#3

R4-1709731
Nagoya, Japan, 18-21 Sep, 2017
Source: 
Huawei

Title: 
Further discussion on results considering wanted/blocker level ratio
Agenda Item:
3.4.4.3.1
Document for:
Approval
1 Introduction
In the last meeting a WF [1] on range 2 blocking was agreed which outlined 2 options for finding the blocking and wanted signal level.
· Option 1

· Use simulations based on aggressor network and blocker level alone to derive an absolute interference level

· Independently agree and absolute Reference sensitivity level

· Use absolute Reference sensitivity level + offset for blocking requirement wanted level

· Option 2

· Use methods based on analyzing victim and aggressor network, method may directly provide the the delta between wanted signal level and interferer level, or may treat networks independently however considering joint probability.

· Independently agree an absolute Reference sensitivity level

· Use absolute Reference sensitivity level + offset to derive an absolute blocker level with certain blocker probability

In addition a couple o further questions were raised in the WF

In addition it is to be further investigated if using 2 sensitivity levels (minimum and reference) to test the interference levels in a similar method to eAAS is required. 

Range 1 OTA requirements assume that for the requirement both the wanted and the interfering signal are in the same direction, companies are encouraged to consider if this approach can also be used for range 2.

2 Discussion

2.1 Methodology

We believe the issue of the respective directions of the wanted and the interfering signal is linked to the selection of option 1 or 2 for selecting the methodology for setting the interferer level.
It has been shown in a number of papers that it is very difficult to find an OTA direction with represents a 99% blocking level, however if a worst case were to be assumed the blocker would be close the BS as this is where the lowest path loss occurs. The wanted signal however is generally assumed to be at reference sensitivity (plus 6), this happens when the wanted UE is at the cell edge and hence the PL is high. Clearly these 2 directions in elevation are not the same, in addition if considering the probabilistic approach the fact they are also unlikely to be in the same azimuth direction affects the probability.

For the non-AAS systems the fixed gain antenna and relative locations of the UE’s was part of the simulation and all the spatial effects were removed in the simulation.

For the AAS system if the same approach is used and the wanted and interfering signals are assumed in the same direction, then clearly this direction does not represent the actual locations of the UE’s. It is a requirement based on simulating of the real scenarios and extracted to guarantee a certain statistical level of performance. Once a interferer level is identified the only reasonable way to test it is in a known direction, however if tested in the reference direction it will be experiencing a higher level of gain than the scenario form which it was extracted.

There is clear advantage in assuming that the wanted and the interferer are in the same direction, both for conformance testing but also for product design, if the requirement changes based on scenario it is hard to identify exactly what the design parameters are. Hence removing the practical scenarios using the simulation and extracting a simple minimum requirement is the best solution. Clearly locating both signals in the same direction is favorable for testing.
Observation 1: If possible it is advantageous to have requirement with wanted and interferer in the same direction.
As we wish to set the requirement (and test conditions) with the wanted signal and the interfere in the same direction it is clear the requirement does not exactly represent any particular operational scenario. In the requirement condition both wanted and interferer will experience the same antenna gain, whereas in a realistic scenario they will experience different gain. The OTA levels of the requirement condition therefore do not represent the OTA levels of any operational scenario.
Observation 2: If wanted and interfere are assumed in same direction for the requirement this does not represent any describable operational scenario.

It has been argued in [2]

 REF _Ref492287469 \r \h 
[3]

 REF _Ref489965216 \r \h 
[4], that in order to remove the spatial gain differences form the analysis of the wanted and the interferer then both should be simulated at the same time and the metric for the interfere level be based on the delta between the wanted signal and the interferer. This has a number of advantages:

· The difference in the simulated delta is much smaller between different AAS architectures (from full BB beam forming to full RF beam forming)

· The RF requirement in terms of dynamic range, phase noise etc does not vary with antenna gain making comparison between RF hardware much clearer. 

· The requirement does not vary with antenna gain or implementation

· The absolute level of interfere can be ‘anchored’ to an absolute value in using a similar method to ACS.

It seems clear that the traditional method for treating wanted and interferer level separately whilst reasonable when considering a fixed passive antenna is not suitable when considering a dynamic system. Considering both wanted and interfering networks and using the statistical delta between the two provides a more robust requirement which is simple to interpret and better represents the output of the simulated scenarios.
Proposal 1: Simulate the wanted and the interfering networks simultaneously and use the delta between the wanted signal and the blocking interferer to set the blocking and wanted signal levels for the blocking requirement. 

2.2 Converting to Absolute level

By using the delta between the wanted and the interferer level a similar condition to the range 1 clocking requirement exists. For range 1 where there is an existing conducted requirement the delta between the wanted signal and the interferer from the conducted requirement is maintained and translated to an OTA requirement.

This however leads to the issue of how the relative delta is translated to an absolute level. There are 2 obvious conditions:

1. Maximum interferer level – based on the lowest antenna gain (element/sub-array gain)  - however the wanted signal level may also be higher as it is assuming low antenna gain

2. Minimum wanted signal level – based on assuming highest antenna gain (full beam forming gain) – however the interferer level may be lower than worst case.

Of course with a passive antenna where the element/sub-array gain = full beam forming gain these 2 cases are the same.
As the requirement is not intended to represent any real life scenario if one of these cases represents a worst case then that should form the basis of the requirement.

As the blocking test is generally considered to ensure the linearity of the front end of the receiver, clearly the higher interfere level case is important. Non-linearity’s increase with respect to input power at a rate greater than 1:1 (this is inherent in the fact they are non-linear).

[image: image1.emf]Noise floor

IP3

3rd order

Fundamental

Pin

Pout

 
Figure 1. Typical 3rd Order IMD products 
The desensitization of the receiver due to the blocking interferer is not due to the interfere itself but due to non-linear products which are generated inside the receiver and fall on top of the wanted signal. If the non-linear products of the interfere increase at a rate greater than the wanted signal as power increases then the least margin between the two is when the interfere is at its largest. At a lower power level the wanted signal is smaller but the interference from the blocker is guaranteed to be smaller.

In this scenario the low gain larger blocker level case therefore also guarantees performance at the high gain lower wanted signal level case.

One difference however is that in the higher wanted and interfere level case both the wanted signal and any non-linear products are further away from the receiver noise floor.

In the low signal case the wanted signal is assumed to be 6dB above the noise floor (or 6dB above reference/min sensitivity). This means that that approx 4.5dB additional noise/interference can be applied before the noise is larger than the signal.

If both the wanted and interfere levels are larger whilst the effect of the blocker is worst case, the noise is no longer added. Hence 6dB additional noise/interference can be applied before the noise is larger than the signal.
However as the non-linear product increases at a rate greater than 1:1 and the effect of the noise addition quickly becomes irrelevant as the wanted level is increased, the case of the larger wanted and interfere signal covers the lower signal case as can be seen in figure 2.
[image: image2.png]Margin over wanted (dB)

3rd order IMD + Noise at REFSENS

oW

———REFSENS+6

= REFSENS+11

REFSENS+16

-100

Wanted signal (dBm)





Figure 1. 3rd Order IMD products + noise for different REFSENS values
A system which passes t at a higher signal level (i.e. refsens+11 or 16) easily passes at the lower signal level even when considering the effect of the added noise.
Observation 3: The worst case for blocking is when the interfere is largest i.e. antenna gain lowest.
Observation 4: An additional requirement at REFSENS is not necessary.

Observation 3 and 4 are also valid for eAAS (and range1) however a compromise solution to have the core requirement set at 2 levels is being proposed, as similar solution could also be acceptable for range 2 if 2 different antenna gains are specified.
3 Summary
The methodology for driving the blocking interferer level has been discussed and the differences between the existing methodology for non-AAS with a passive antenna and for a AAS beam forming system have been highlighted.  The folwoing observations have been made:
Observation 1: If possible it is advantageous to have requirement with wanted and interferer in the same direction.

Observation 2: If wanted and interfere are assumed in same direction for the requirement this does not represent any describable operational scenario.

Based on the observations the following proposal is made.

Proposal 1: Simulate the wanted and the interfering networks simultaneously and use the delta between the wanted signal and the blocking interferer to set the blocking and wanted signal levels for the blocking requirement. 

Following on from proposal 1, it is necessary to translate the relative delta to an absolute level. There are 2 methods:

1. Maximum interferer level – based on the lowest antenna gain (element/sub-array gain)  - however the wanted signal level may also be higher as it is assuming low antenna gain

2. Minimum wanted signal level – based on assuming highest antenna gain (full beam forming gain) – however the interferer level may be lower than worst case.

Based on the analysis of how non-linearity’s cause blocking the following observations are made:
Observation 3: The worst case for blocking is when the interfere is largest i.e. antenna gain lowest.

Observation 4: An additional requirement at REFSENS is not necessary.

However if it is found necessary using a 2 level core requirement in a similar way to eAAS (rage 1) could be considered.
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