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Introduction
In RAN4, we have been studying in-band receiver blocking for mmWave NR BS for some time now. In RAN4#84, a way forward has been agreed [7]. 
In this contribution, we present our views on the issues mentioned in the above mentioned wayforward document. 
How to determine the interference level
In the way forward, two options are mentioned on how to determine the interference levels:
· 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
As we have explained in our previous contribution [3], due to beamforming in NR networks (especially when large number of antennas are used in the NR BS), the probability that both the blocker and victim signals are in the same direction is much lower compared to the case of LTE. In LTE, we have considered the blocker level alone to derive the absolute interference level, which was reasonable for LTE scenarios. For NR, this may result in over-dimensioning of the network. Thus, we prefer option -2 when considering the methods for deriving absolute interference levels as blocker. 
Proposal-1: Adopt option 2 to determine the interference levels. 
How to determine the absolute interference level is the second question. It is discussed extensively on what blocking probability to assume. As it is explained in earlier contributions, based on location probability of blocker, and wanted signal and their respective directions, it is not needed to consider requirements such as considered in LTE.  
Observation-1: 
As agreed in previous way forward [4], 99% joint blocker probability should be used for blocking investigations. 
Joint probability for receiver blocking 
For NR, beamforming will be an integral part of the system, thus probability for the blocker level alone is not sufficient, instead joint probability of blocker levels above certain level and the wanted signal below a certain level should be considered. As agreed in [4], 99% probability of blocker levels will be considered while determining in-band receiver blocking. 
The following steps can be followed for definition of joint probability for receiver blocking:
· Step-1: Determine a joint blocker probability (P1). P1 is 1% when joint blocker probability is assumed to be 99%.
· Step-2: Find out the probability that the wanted signal being below REFSENS+6dB (P2)
· Step-3: Find the interference level for which P3 is satisfied, where P3=P1/P2. 
We have provided more details in a previous contribution [5] on the steps mentioned above. 
In the above investigations, following is observed:
[bookmark: _GoBack]Observation-2: 
Both wanted and blocker signals are simulated at once by considering signals coming from every direction, however the calculation of blocker level is taken care of by considering blocker and wanted signal probabilities. These two probabilities are connected via the join probability definition above.

Methods to determine OTA values and directions
One of the challenges is to define the REFSENS in OTA context while determining the above joint probability level. There are several different proposals from different companies on how to determine OTA values from conducted simulation results.
In our companion contribution [6], applying the same framework as it is used in eAAS work could be a good way forward on this issue. This framework defines a two step approach:
· A single “conducted” level for the wanted signal and blocking should be decided using the coexistence simulations
· The OTA requirement should be based on the “conducted” level and the eAAS declarations framework.

Conclusion
Based on the above discussions, we propose the following:
Proposal-1: Adopt option 2 to determine the interference levels. 
We also observed the following: 
Observation-1: As agreed in previous way forward [4], 99% joint blocker probability should be used for blocking investigations. 
We proposed the following as methods to obtain the blocker level under option 2:
Proposal-2: Follow the following steps for determining the joint probability of receiver blocking levels:
· Use a joint blocker probability (P1) of 1% considering agreed probability of blocking as 99% 
· Find out the probability that the wanted signal being below REFSENS+6dB (P2)
· Find the interference level for which P3 is satisfied, where P3=P1/P2.
We propose to adopt the above proposal which describes the methodology for receiver blocking for NR BS. 
We observed the following:
Observation-2: 
Both wanted and blocker signals are simulated at once by considering signals coming from every direction, however the calculation of blocker level is taken care of by considering blocker and wanted signal probabilities. These two probabilities are connected via the join probability definition above.
Regarding the OTA levels from conducted levels obtained from simulations, we also observe the following: 
Observation-3: It could be a suitable option to adopt the same framework as eAAS on how to set OTA levels. This framework can have two step approach:
· A single “conducted” level for the wanted signal and blocking should be decided using the coexistence simulations
· The OTA requirement should be based on the “conducted” level and the eAAS declarations framework.

 
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref476840310][bookmark: _Ref481740434]TR 38.803
[bookmark: _Ref477468267]R4-1700224, BS OTA sensitivity for mm-wave frequencies, Ericsson
[bookmark: _Ref485117198][bookmark: _Ref485119291]R4-1708145, Consideration of joint probability for wanted and interference signals in mmWave NR BS receiver blocking investigation, Ericsson
[bookmark: _Ref492933696]R4-1706313, Way forward on NR BS blocking for mmWave operation, Ericsson, ZTE
[bookmark: _Ref489957546]R4-1706811, The importance for considering joint probability for receiver blocking in NR BS, Ericsson
[bookmark: _Ref490215987]R4-1708110, Range 2 OTA sensitivity requirements, Ericsson
[bookmark: _Ref492931122]R4-1709068, WF on range 2 BS blocking, Huawei, Ericsson, Nokia. 

Appendix: Joint distribution of angle and distances
In NR, beamforming will play an important role in terms of directivity between wanted signals and blocker signals. The directivity of the signals and the positions of the UEs will actually determine the blocker signal levels. In the following figures, we provide joint distribution of relative angles and relative distances of being both the victim UE and blocker UE received at one of base station, in addition to joint distribution of being in certain distance with respect to the victim BS. We provide distributions for both collocated and non-collocated case when urban macro scenario in 30GHz is considered.
In case of NR, beamforming at the transmitter side will ensure that the blocker will affect the receiver only for short while, e.g. for a subframe or a few subframes depending on the scheduling of the blocker and will only impact one or a subset of users during that TTI. This impact will only be seen only when both the victim and blocker UE transmit in similar directions towards the victim BS.
The figures below provide a good indication on how the victim and blocker UE locations with respect to the NR BS impact the actual interference level seen in the BS receiver.  
[image: ] [image: ]  
Figure 1	Joint distribution of angle and distances between victims and blockers in UMa collocated deployment
[image: ] [image: ]  
Figure 2	Joint distribution of angle and distances between victims and blockers in UMa non-collocated deployment
From the above figures, we can see very clearly that, the potential stronger blockers occur only at certain distance and certain directivity to a level below 1%. It is worth mentioning here that, the above plots do not indicate the blocker levels, however only indicates potential blockers at certain distance and angle distribution. 
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Joint distribution of angle and distances between 's and aggressors.
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