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1 Introduction
It has been agreed during RAN1#73 that the first priority for network assisted interference cancellation and suppression (NAICS) is on the collision between PDSCH transmissions in interfering cells [1]. 

In this contribution we provide an evaluation of the PDSCH collision statistics of the NAICS deployment scenarios that are defined in [2]. It is evaluated how many PDSCH transmissions from a single interfering cell overlap with a PDSCH transmission in a neighboring cell. That means that we evaluate the PDSCH collisions statistics between cell pairs, which gives an indication on how much unicast signaling for a single PDSCH transmission would be required as interfering PDSCH allocation from a dominant interference cell. These simulation results provide therefore important information for the signaling design for NAICS assuming an ideal backhaul where interference victim UEs can be informed by unicast transmissions from the serving cell about overlapping PDSCH transmissions in a neighboring cell.
A discussion on different signaling strategies regarding the interference allocation indication is presented in a companion contribution [3].
2 PDSCH Collision Statistics
In the following we evaluate the PDSCH collision statistics for the network deployment scenarios that have been agreed for NAICS. In this initial study, we evaluate the number of PDSCHs from a single cell overlapping with a PDSCH transmitted in another cell. The overall number of colliding PDSCHs from different cells is not in the focus of this contribution. The traffic load is generated by FTP model 1, and the UE association is based on RSRP measurements without applying a CRE (cell range expansion) bias. The traffic load has been varied in order to investigate the dependency between resource utilization and collision statistics.
All cells perform proportional fair scheduling with Type 0 allocation (RBG based allocation), and there is no coordination between neighboring cells. PDSCH collision statistics from macro cells and statistics coming from small cells are distinguished. 

We take into account all interfering cells independent of the experienced interference power level. It is clear that in a real deployment only the PDSCH collisions from cells in direct vicinity with high interference levels are relevant. However, since independent scheduling is assumed in all cells, the long term allocation statistics will be the same in all cells. The collisions statistics of a cell pair is determined by the allocation statistics. That means that the collision statistics from cells close to the observed interference victim and cells far away from the interference victim will be the same. For that reason we took into account here all interfering cells; in order to increase the number of samples and hence the statistical accuracy. 
2.1 NAICS Scenario 1
This is a homogeneous deployment scenario that consists just of macro cells. The dependency between FTP arrival rate and resource utilization is given in Appendix A. Figure 1 and Figure 2 show the statistics for the PDSCH collisions between different macro cells. The focus here is on medium to high resource utilizations since it is expected that PDSCH interference cancellation will probably be less beneficial in case of low resource utilization where other collision avoidance strategies by means of inter-cell interference coordination (e.g. ABS patterns) could be applied. 
The results show that the number of colliding PDSCHs from a single cell is increased when the resource utilization grows. Especially the probability for no collisions is significantly reduced. An important observation regarding the potential interference allocation signaling design is that the number of interfering PDSCHs from a single cell that overlap with a PDSCH transmission in another cell is quite low. 
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Figure 1: PDSCH collision statistics 
at 65% resource utilization
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Figure 2: PDSCH collision statistics 
at 89% resource utilization


The details are shown in Figure 3 where the probabilities for collisions with less than n PDSCHs are presented. It can be seen that the probability for collisions with less than three PDSCHs is with 0.8 still very high even in case of high resource utilizations (the arrival rate of  µ=9s-1 corresponds to approximately 90% resource utilization). That means regarding the interference indication signaling design that the indication of at most two overlapping allocations from a certain neighboring cell are sufficient for an UE that makes use of  interference cancellation. The decision on which neighboring cells cause dominant interference is not in the focus of this contribution.
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Figure 3: Probabilities for collisions (overlap) with less than n PDSCHs
2.2 NAICS Scenario 2a/2b
This deployment scenario consists of both macro and small cells. The difference between Scenario 2a and Scenario 2b is only given by the backhaul connection constraints. Since there is no coordination between the cells assumed in this simulation study, the backhaul has no impact here.
The PDSCH collision probabilities for interference from macro to small cells are shown in Figure 4 and Figure 5 for different arrival rates, and hence different resource utilizations. The corresponding results for interference from small cells to small cells with the same arrival rates are given in Figure 6 and Figure 7. The given resource utilization is in all ceases the overall resource utilization taking into account both macro and small cells. The individual resource utilizations for small and macro cells are given in Appendix A.
It can be seen that the basic observations correspond to the ones from the homogeneous deployment scenario. The collision probabilities are slightly increased when the resource utilization is increase, and the number of overlapping PDSCHs is rather small even for high traffic loads.
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Figure 4: PDSCH collision statistics (macro -> small) at 47% resource utilization
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Figure 5: PDSCH collision statistics (macro -> small) at 81% resource utilization
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Figure 6: PDSCH collision statistics (small -> small) at 47% resource utilization
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Figure 7: PDSCH collision statistics (small -> small) at 81% resource utilization


Regarding the distinction between interference coming from macro and small cells, it is revealed that the number of collisions is slightly lower in the latter case. This is also analyzed in more details in Figure 10 and Figure 11. The results show corresponding to the observation from the homogeneous network deployment that the probability that more than two PDSCHs from a certain cell overlap with a PDSCH transmission in another cell is very low. 
For small cell UEs, the signaling of two interference PDSCH allocations would cover for all investigated traffic loads at least 82% or 75% of all PDSCH transmissions that collide with macro or small cell allocations, respectively. The results suggest that the signaling of up to two interfering allocations from a certain cell is sufficient in most cases. That should be considered in the discussions regarding signaling design optimizations.
Signaling only a single overlapping PDSCH transmission from a neighboring cell per interference victim PDSCH would still cover at least 51% or 42% of the PDSCH transmission in case of macro or small cell interference, respectively.  
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Figure 8: Probabilities for collisions (overlap) with less than n PDSCHs (macro -> small)
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Figure 9: Probabilities for collisions (overlap) with less than n PDSCHs (small -> small)


3 Conclusion
In this contribution we evaluated the PDSCH collision probability depending on FTP traffic load in different NAICS scenarios in detail. The results reveal that the probability of colliding with more than two different PDSCHs from a single cell is quite low in all cases. 
For small cell UEs, the indication of up to two overlapping PDSCH allocations in a neighboring cell would cover between 82% and 75% of all PDSCH transmissions in case of macro or small cell interference, respectively. Signaling only a single overlapping PDSCH transmission from a neighboring cell per interference victim PDSCH would still cover at least 51% or 42% of the PDSCH transmission in case of macro or small cell interference, respectively.  
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Appendix A

Figure 10 and Figure 11 show the resource utilization depending on the FTP arrival rate for the investigated NAICS deployment scenarios.
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Figure 10: Resource utilization in NAICS Scenario 1
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Figure 11: Resource utilization in NAICS Scenario 2a/2b
