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1 Introduction
Blocking has been discussed for some time and a number of simulations from different companies have been performed, however it is still unclear how the blocking level will be agreed and applied as an OTA require net. This can be seen in the open issues identified in the WF [1].

As it has been difficult to find a black box methodology to set an OTA blocking interferer requirement and it has been discussed that the wanted signal should be considered in addition to the power level of the interferer when studying blocking. As both the interference and the wanted signal are already studied in the collocation scenarios, it is worth reflecting what the differences between the co-location simulations and scenarios and the blocking simulations and scenarios are.

This paper describes the background of the AAS blocking and ACS conducted and OTA specifications and speculates how a black box blocking requirement can be identified.

2 Discussion

2.1 ACS – Background from AAS
Co-location considers the ACIR caused where ACIR is: 
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Both ACS and ACLR are related to the power of the interferer, ACS being the residual power after BB filtering of the unwanted signal and ACLR being the on channel noise caused by the PA.

For the BS we consider ACLR as a TX requirement and have studied (in AAS WI) the effect of the correlation of the adjacent channel noise on the throughput. Note only the CL was studied.

ACS for the BS is a receiver requirement in AAS no co-existence UL simulation work was done however simulation work was done on the blocking interfere level. During this work it was considered if the effect of some AAS implementations using a different antenna pattern per element compared to the wanted beam pattern has an effect on the 99.99% blocking level. The result was that at the conducted interface the effect was small, and hence the existing blocking levels could be maintained per receiver unit at the conducted interface. 

One of the reasons in the original AAS work the decision to keep most of the receiver requirements at the conducted interface however was the difficulty in translating these finding to a reasonable OTA requirement without knowing the gain (either element or array) of the system under test.

Following the work on the blocking the decision to maintain the existing ACS requirements at the conducted interface followed.
Now we are looking to specify an all OTA AAS interface it seems the relative requirement for ACS seems simple to translate, however the blocking requirements which are absolute are causing problems.

It is interesting to note however that the UL co-location requirements look at the interference from a UE on an adjacent network. In the same way as the blocking simulations the antenna gain applied to that UE is the based on the beam pattern formed when the BS receiver is pointing at the wanted UE (on an adjacent network). In the BS hardware this only becomes true once the beam forming has occurred, hence much of the RF hardware is exposed to a different ACS power level.

As ACS is intended to check the BB filtering capability of the BS receiver which is almost certain to be after any beam forming, this is perhaps reasonable.

Blocking however has always been considered more of a test of the RF ability to handle large signals. Specifically in-band clocking will confirm

· Linearity of the RF parts – generally the LNA and mixer front end

· Depending on implementation, 3rd order or 2nd order may be more or less important

· Phase noise via reciprocal mixing of LO noise and the blocking onto the wanted signal

· ADC dynamic range

Depending on implementation of the beam forming in the BS all or none of these may be exposed to the blocking interferer due to either the element/sub array pattern or the full array pattern of the system.

2.2 Conducted requirement and OTA AAS.
Having a fixed conducted requirement is a good compromise as via the simulation work it takes into account the difference in the beam patterns for the interfering signal along with the statistics of the direction and level the interfering signals are arriving at the BS.

During the blocking analysis no consideration is made of the wanted signal, it is set to REFSENS +6dB. 

However if we are to consider that the wanted signal and the reference signal have not only different gain (due to their different direction) then also we should consider that 

· The wanted signal at a low level and the blocking signal at a high level are unlikely to occur simultaneously

· If they do appear simultaneously they are unlikely to be in the same direction.

For OTA AAS as the goal was to provide the same protection and performance as the conducted requirement, the blocking level was derived based on 
· Maintaining the same difference between the wanted signal and the blocker

· Assuming the wanted signal and the blocker are in the same direction

· Using the element gain (via declaration of the 3dB contour) to set the OTA power level 

· This is worst case, the lower the gain assumption the higher the OTA blocker level is.

It should perhaps be noted that neither of the power levels (wanted or blocker) really represent the actual situation. 

· Conducted levels are derived based on a statistical analysis of a single deployment 

· change the antenna and or deployment the conducted levels remain the same but the actual performance changes

· The wanted signal level was never simulated, so the probability of interferer and blocker occurring at the specified power levels simultaneously is unknown but is certainly <99.99%
As the goal of the AAS specification was to maintain the same protection and performance as the non-AAS then the blocking requirement has the same limitations. Compliance to the specification ensures that the hardware performs to the level defined by the requirement, in real deployments this is enough to guarantee acceptable performance. 

2.3 All OTA and range 2 OTA

The need for an all OTA specification has raised a number of issues:

· An AAS should have much better receiver antenna gain than a non-AAS hence much lower levels of minimum sensitivity should be possible.
· For the interference analysis this provides some interesting challenges

· Depending on the architecture the interferer could be subjected to the element pattern (lowest) or the full beam formed gain pattern of the BS.

· Depending on location of the interferer and the wanted signal this could result in higher antenna gain (compared to a non-AAS fixed assumption) or lower.

· To generate a simple requirement where the blocking signal and the wanted signal are in the same direction 

· assuming element pattern provides a higher power blocker but also a higher power wanted signal requirement – hence does not directly demonstrate the performance of the system at the maximum system sensitivity

· assuming array gain pattern provides lower power blocker and lower power wanted, demonstrating the maximum system sensitivity but not the blocking performance.

· Assuming different gain for wanted and blocker makes the requirement unrealistically difficult.

· Depending on the assumption of the BS architecture (i.e. where the beam forming is done) can drastically alter the effect of getting the requirement wrong – making some architectures easy and other so hard as to be impractical.

It seems it is necessary to consider not only the blocking signal level but also the wanted signal level and also perhaps consider scenarios where the interfere and the wanted signal are subjected to different antenna beam patterns in a similar way as was done in the AAS ALCR co-existence study for the DL.

This is feasible to combine some aspects of the co-location simulations and the blocking simulations, however it is still difficult to identify a suitable OTA metric with which to eventually identify where the correct level of blocking interferer should be.
2.3.1 Blocking metrics

Considering the nature of the identified causes of blocking:

· Linearity,- 3rd order or 2nd order, 
· Phase noise via reciprocal mixing, 
· ADC dynamic range
ADC dynamic and reciprocal mixing are dependent on the relative levels of the interfere and the wanted signal. 
The linearity is described in absolute terms (e.g. IIP=-10dBm) however in reality what is important is that the products of the non-linearity are smaller than the wanted signal. If the wanted signal and the interfere have a fixed ratio then under certain circumstances it is the relative level of the 2 which is important

· The wanted signal must be above the system noise floor 
· The interferer(s) must be below compression.

These conditions can be seen on the figure below:

[image: image2.emf]Noise floor

IP3

3rd order

Fundamental

Pin

Pout


Figure 1. Typical 3rd order plot
In fact the situation for blocking is simpler than that as only one of the 2 tones is varying in level, the 2nd tone is usually considered to be the transmitter leakage. This will be a fixed level and hence the IMD products do not follow the curve in figure 1 precisely.
In the case of unequal tones the following assumption is made
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As we can assume the Tx leakage to be higher than the blocker (e.g. Tx leakage approx 43dBm – 70dBm = -27dBm) then PIM2 will be the larger and the IMD product will increase 1:1 with the interfere level. 

The difference between the noise floor and the compression point of the system is a large window and hence it is possible under these conditions to assume that the relative difference between the wanted and the interferer is also a valid metric to capture the Rx front end linearity.
So it seems that if both the wanted and the blocking interfere are considered then a reasonable metric to study in the simulations would be the SNR between them.

2.3.2 Blocking and ACS

The purpose of this paper is to investigate the similarity between blocking and ACS in terms of how the different requirements are derived.
It seems from further analysis that if we are forced to consider the wanted signal in the blocking analysis then rather than the absolute level of the blocker the difference between the wanted signal and the interferer is the sensible metric to consider, and as long as the absolute levels of the requirement are above the noise floor and below the compression then they provide the same level of system protection whatever the absolute level.

This is then very similar to ACS, the relative level is derived from the co-existence simulations and the absolute level is then derived by placing both the wanted and the interfere at refsens+6dB (i.e. above the noise floor).
The coexistence simulations for ACS sweep the SNIR and identify the SNIR where the throughput drops by 5%.

A typical result of a co-location analysis is shown below [3] – note the actual result is not important at this stage this is only being used as an example.
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Figure 1 DL average throughput loss for indoor hotspot 

The interference and noise in this simulation is considered to be in-channel and hence the SNIR can be used directly to estimate the throughput.

For the blocking analysis the interferer is not the same channel, hence the level of the blocker cannot be used directly to extract a throughput estimation.

The translation from the off channel blocking interference to the on-channel distortion or noise is dependent on a number of possible RF parameters (linearity, LO phase noise, ADC dynamic range etc) as discussed above. The translation is hence implementation dependent, it would be very difficult to include this translation in any simulation.

It is reasonable however to consider both the level of the wanted signal and the level of the blocking interferer simultaneously and the statistics of the ratio between the two can be examined.
This ratio can then be used in the same way as the ACS relative figure and where the reference sensitivity is used to identify a suitable absolute power level.
3 Summary

The background of the AAS work on blocking and ACS has been explained and it has been further shown what the difficulties are in translating the statistical approach used to set blocking interferer level at the conducted interface to OTA requirement which is independent of the implementation.
The mechanisms of how the blocking interferer causes desensitisation of the receiver have been discussed and it is proposed that under a limited range of condition (which the BS should fulfil) it is the delta between the wanted signal and the blocking interfere which is of most importance rather than the absolute level.

It has therefore been suggested that the blocking simulation includes analysis of the wanted signal and a suitable statistical probability of the worst signal to interfere ratio is considered and used for the blocking requirement.

This ratio can then be used in the same way as the ACS relative figure and where the reference sensitivity is used to identify a suitable absolute power level.

This method would provide the same level of blocking protection and be agnostic to the antenna gain. 
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