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1
Introduction
The Rel-12 SI “Network-Assisted Interference Cancellation and Suppression for LTE” [1] focuses on evaluating the performance of network-assisted IC and IS receivers to mitigate co-channel inter– and intra-cell interference. This contribution addresses the link-level study of the NAICS discussing interference modeling aspects. In RAN1 #72bis, the evaluation assumptions for NAICS were agreed, except for the open aspects of the number of small cells and the load levels to be considered in the performance evaluations [2]. In this contribution, we provide input to the interference models for link-level simulations by

i) providing system-level results characterizing the DIP profiles for the agreed NAICS scenarios, as well as

ii) presenting an interference model for link-level simulations under bursty traffic model (FTP1 model).  
2
DIP values from system-level simulations for NAICS scenarios

In order to evaluate the impact of non-full buffer simulations on the interference profiles to be used for forthcoming link-level NAICS performance evaluations, we have performed system-level simulations to extract the interference profiles in the form of Dominant Interference Proportion (DIP). We carried out system-level simulations for two agreed NAICS scenarios, namely Scenario 1 (homogeneous macro case) and Scenario 2a/2b (heterogeneous network case), shown in Figures 1 and 2 below, respectively.  Simulations for Scenario 2a/2b include cases of 4 and 10 small cells, as the exact value is still pending from RAN1 simulation assumptions. Corresponding G-factor distributions are included in the Appendix.
Scenario 1:
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Figure 1: Median DIP values conditioned on the G-factor for the eight strongest interfering cells for Scenario 1. 
Scenario 2a/2b:
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(2b)
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(2d)
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Figure 2: Median DIP values conditioned on the G-factor for the eight strongest interfering cells for Scenario 2a/2b with 4 (left column, 2a, 2c, 2e) and 10 (right column, 2b, 2d, 2f) small cells per macro cell geographical area. The median DIP values are shown either considering all UEs (top row, 2a, 2b), considering only UEs connected to the macro cell (middle row, 2c, 2d), or considering only UEs connected to the small cells (bottom row, 2e, 2f).
Comparing the median DIP values obtained in Scenario 2 with 4 and 10 small cells, we can observe that with a denser small cell deployment there is a slight reduction in the DIP values of the strongest interfering cell whereas the DIP values of the remaining 7 strongest interferers are increased to some extent. This is likely due to the fact that with increased number of small cells per macro cell area the probability of the small cells to become the source of dominant interference increases.  
Considering the DIP values in Figures 1 and 2, one could conclude that 2 interfering eNBs might be enough to be modelled in the link-level simulations in case of full buffer simulations. However, the study is going to be conducted with FTP1 traffic model, which means that some of the dominant interferers might be only transmitting CRS interference. Therefore, further study is needed to decide on the number of modelled interferers to enable a good trade-off between realistic interference modelling and simulation complexity:

Observation 1: The assumption of FTP1 traffic model necessitates the modelling of more dominant interferers than in the case of full-buffer traffic model.
3
Partial resource utilization due to bursty traffic

System-level simulations were performed to extract statistics of the scheduling decisions in homogeneous network (Scenario 1 with 7 sites) using FTP1 traffic model in [3] with FTP file size of 0.5 Mbytes. Figure 3 shows the probability mass function for the number of simultaneously active cells (those having data to transmit) within the network, during an observation time of one TTI. In addition, the theoretical discrete PDF of the Binomial distribution with characterizing parameters, n = 21 trials and success probability p = 0.6797, is shown for comparison. The value of parameter p was derived as the maximum likelihood estimate based on the simulation data and therefore both curves have the same expectation value. It can be observed that the experimental PDF, extracted from the simulations data under FTP traffic follows fairly accurately that of the theoretic Binomial PDF, which assumes that the eNBs are mutually independent. 
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Figure 3: Observed distribution of cells. Observed RU was 67.7979%.
Furthermore, with very high probability each eNB is transmitting either PDSCH on all PRB pairs, or it does not transmit PDSCH at all. This is due to the rather large packet size assumed in the FTP1 traffic model.
Therefore, we propose to incorporate the impact of partial resource utilization (RU) under bursty FTP traffic as follows:
Proposal 1: The number of PRBs of the dominant PDSCH interferer shall be full bandwidth when the interferer is present.

Proposal 2: Dominant PDSCH interferers are either present or absent at TTI level.  The probability of one interferer presence is equal to the network average RU ratio. 

Proposal 3: Different dominant interferers shall be independently modelled for the purposes of turning the PDSCH on/off.

This is the same approach as what we propose to be used for the CRS-IM study in [4]. The model is equally well valid for both studies, and enables to appropriately introduce time-variant PDSCH interference conditions reflecting the agreed FTP traffic model with a given level of network load. 
This further results in a simple model, wherein each interfering eNB transmits CRS + PDSCH with a probability p that matches the average network load level, which is the same as the RU ratio to be evaluated. Correspondingly, with probability (1-p) the dominant interferer transmits only CRS. 
In [5], we suggest to prioritize PDSCH interference over PDCCH interference and for simplicity to assume in the simulations during the SI phase that neighboring cells operate with the same fixed PDCCH size as the serving cell. Assuming the network is synchronized, this results in no PDCCH to PDSCH interference conditions and justifies the above model. In a companion paper [6], we have presented our views on potential average RU ratios to be considered in NAICS evaluations. System-level interference profiling in terms of DIPs for the agreed NAICS scenarios, such as the one shown in this paper, will help selecting the number of dominant PDSCH interferers to be modelled, and their relative power levels, to properly set the interference profile of the proposed link-level model.
4
Conclusions

In this contribution we presented system simulation results on the DIP statistics of agreed NAICS scenarios. We also presented the following observations and proposals related to modelling of non-full buffer traffic conditions:
Observation 1: The assumption of FTP1 traffic model necessitates the modelling of more dominant interferers than in the case of full-buffer traffic model.
Proposal 1: The number of PRBs of the dominant PDSCH interferer shall be full bandwidth when the interferer is present.

Proposal 2: Dominant PDSCH interferers are either present or absent at TTI level.  The probability of one interferer presence is equal to the network average RU ratio. 

Proposal 3: Different dominant interferers shall be independently modelled for the purposes of turning the PDSCH on/off.
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Appendix

The G factor distributions for the NAICS scenarios are shown in Figures 4 and 5.
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Figure 4: G factor distribution for NAICS scenario 1
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Figure 5: G factor distributions for NAICS scenario 2a/2b, with 4 small cells per sector (left), and 10 small cells per sector (right)
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