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1. Introduction
Regarding the new study item, named ‘network assisted interference cancellation and suppression’ (NAICS), there were some discussions in terms of the receiver evaluation methodology during RAN4 #72bis, Chicago, USA. At the same time, the non-full buffer FTP model 1 has been agreed as the baseline traffic model for evaluation in RAN1#72bis [1]. Based on the second objective of the study item, the link-level interference modeling under FTP model 1 should be discussed and agreed upon by RAN4. In particular, the suitability of re-using the DIP profile methodology in [3] to set the interference level should be assessed. In this contribution, we discuss our observations on the interference profiles under the FTP model 1 and propose DIP profiles for consideration. 
2. Effect of FTP model on Geometry 

In the agreed FTP model 1, users are created for each packet and removed once packet has been sent.
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Figure 1. Traffic generation of FTP Model 1
With a packet size of 0.5Mbytes=4Mbits, it will take ~200 subframes to transmit assuming an average spectral efficiency of 2b/s/Hz for a 10MHz system. As a result, we observed that interference cells are often occupying all PRBs or not transmitting at all, depending on the packet arrival at the target cell [7]. Hence an ON/OFF modelling of the interference is appropriate. As opposed to the DIP profile developed under full buffer, where the interferers are ranked with each having a DIP CDF, each interfering cell now has a stochastic ON/OFF pattern, which of course will change the order of the ranking. As expected, non full buffer traffic will result in more dynamic interference characteristics/profiles across subframes. In other words, there can be more significant interferers on some subframes than others, and thus SINR also varies more dynamically. As a result, interference profile, defined by the number of “significant” interferers and their DIPs, as well as the total interference power, changes from subframe to subframe.

Observation #1: Under FTP Model 1, interference profile changes dynamically on a subframe basis.   

As a result, instead of collecting large-scale fading parameters once to evaluate static interference ratios (Geometry and DIPs), we collect them on a per user per subframe basis as follows.
Geometry G is defined as
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where 1j[n] ({0,1} represents the ON or OFF state of interference cell j in subframe n,  Îorj is the average received power from the j-th strongest base station (Îor1 implies serving cell), 
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is the thermal noise power over the received bandwidth, and NBS is the total number of base stations considered including the serving cell. 
The figures below show the average SINR (Geometry) experienced by users for three arrival rates ( under the Poisson arrival process under FTP model 1. As observed, SINR (already averaged over the whole bandwidth) fluctuates from subframe to subframe, especially for low and medium loading conditions even when the cell loading stabilize. Note that the SINRs are higher initially due to the not-yet-stabilized cell loading.  
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Figure 1. Average SINR versus time for different Poisson arrival rate (=1.0, 2.5, 3.0
Overall, the reduction in interference compared to full-buffer traffic results in higher probability of a receiver experiencing high SINR, as seen in the following Geometry plot. For simplicity, we treat each collected sample with equal weight and plot the resultant CDF, excluding the first 1000 subframes to account for initial settling time of the system.
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Figure 2. Geometry plot for different Poisson arrival rate
Hence, it is worthwhile to evaluate interference at several Geometry values, similar to [3], e.g. G=-2.5dB, 0dB, and additionally 5dB and 10dB due to overall improved chance of experiencing higher SINR. 
Proposal #1: It is worthwhile to evaluate interference at several Geometry values, similar to [3], e.g. G=-2.5dB, 0dB, and additionally 5dB and 10dB due to overall improved chance of experiencing higher SINR.
3. Effect of FTP model on DIPs

The effect of the FTP model on DIPs is less straightforward, because while the serving cell is always on when a packet is being transmitted to the UE, the nearest neighbor cell (for example for DIP1 in a previous subframe) may be OFF and the next cell becomes the strongest interferer. Hence, for synchronous network,
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where ((i,n) is the i-th interference cell that is ON in subframe n, e.g. ((1,n) is the strongest interference cell that is ON, which may or may not be from the nearest base-station. In the simulation, we rank the ON interferers on a subframe by subframe basis, so that DIP1 is always the strongest. 
4. Unconditional DIPs for Homogeneous network (Scenario 1)

In the following, we present DIP curves for varying ( under the FTP model 1, based on [7]. For each simulation, file-size of 0.5Mbytes is used.
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Figure 3. Unconditional Dominant Interference Profile for (=1.0, 2.5, 3.0 and full buffer

5. Conditional DIPs for Homogeneous network (Scenario 1)

In the following, we present conditional DIP curves for SNR -2.5dB, 0dB, 5dB and 10dB.
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Figure 4. Conditional Dominant Interference Profile CDF for (=1.0 (note the single dominant interference at SINR>0dB)
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Figure 5. Conditional Dominant Interference Profile CDF for (=2.5
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Figure 6. Conditional Dominant Interference Profile CDF for (=3.0
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Figure 7. Conditional Dominant Interference Profile CDF for full buffer traffic model
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Figure 8. Median Conditional Dominant Interference Profile for (=1.0, 2.5, 3.0 and full buffer

These data are also tabulated below:
	(=1.0
	-2.5dB
	0dB
	5dB
	10dB

	DIP1
	-3.5809
	-1.1616
	-1.3454
	-1.2965

	DIP2
	-6.0558
	-8.4459
	-7.8083
	-7.6935

	DIP3
	-8.0545
	-14.7211
	-13.9943
	-12.4629

	DIP4
	-12.0032
	-18.1468
	-16.3255
	-18.5735

	DIP5
	-15.8035
	-21.9460
	-20.8220
	-23.6432

	DIP6
	-18.8493
	-24.3762
	-22.6522
	-26.5042

	DIP7
	-21.4299
	-27.9575
	-26.5433
	-28.8422

	DIP8
	-22.6058
	-30.5338
	-26.1403
	-32.3010


Table 1. Median Conditional DIP for (=1.0
	(=2.5
	-2.5dB
	0dB
	5dB
	10dB

	DIP1
	-4.1041
	-1.3206
	-2.3840
	-3.8508

	DIP2
	-6.0558
	-10.4348
	-8.0787
	-6.8608

	DIP3
	-8.0545
	-14.4243
	-11.0094
	-8.8652

	DIP4
	-12.0032
	-16.7952
	-13.4340
	-12.0879

	DIP5
	-15.8035
	-18.5550
	-15.8700
	-14.7931

	DIP6
	-18.8493
	-21.1832
	-17.9556
	-17.1256

	DIP7
	-21.4299
	-23.3675
	-19.9236
	-18.6346

	DIP8
	-22.6058
	-25.3036
	-21.6642
	-20.2993


Table 2. Median Conditional DIP for (=2.5

	(=3.0
	-2.5dB
	0dB
	5dB
	10dB

	DIP1
	-3.5535
	-1.8577
	-2.9267
	-3.3604

	DIP2
	-6.3395
	-8.6142
	-8.0004
	-6.5876

	DIP3
	-9.8022
	-13.3705
	-10.3665
	-9.5712

	DIP4
	-12.3371
	-15.6668
	-13.0454
	-13.4241

	DIP5
	-14.2581
	-16.9707
	-15.5517
	-15.9533

	DIP6
	-16.1408
	-18.9658
	-17.4527
	-17.7117

	DIP7
	-17.5525
	-20.9384
	-19.1217
	-19.6649

	DIP8
	-19.1143
	-22.9869
	-20.7853
	-20.9194


Table 3. Median Conditional DIP for (=3.0

	Full Buffer
	-2.5dB
	0dB
	5dB
	10dB

	DIP1
	-3.7508
	-2.1088
	-2.5488
	-3.1575

	DIP2
	-5.4684
	-8.1267
	-8.3691
	-8.4949

	DIP3
	-9.1871
	-13.0711
	-12.6080
	-10.0692

	DIP4
	-14.0274
	-15.5319
	-12.9795
	-12.5716

	DIP5
	-15.9322
	-17.8210
	-14.9347
	-14.8814

	DIP6
	-16.8110
	-18.6599
	-17.7759
	-16.4921

	DIP7
	-18.2469
	-20.1796
	-19.5808
	-19.0745

	DIP8
	-19.2302
	-22.8090
	-20.1508
	-21.2562


Table 4. Median Conditional DIP for Full Buffer Traffic

6. Observation and Recommendation

In general, non full buffer traffic will result in more dynamic interference characteristics/profiles across subframes. In other words, there can be more significant interferers on some subframes than others, and also varying SINRs. Different loading affects the overall SINR level and its variation over subframes. 
Despite this, there are some consistent observation. For example, we can observe from the conditional DIP plots that for all the studied loading levels, most of the interference scenarios are dominanted by at most two interferers (many case a single one only). Hence we propose that no more than two interfers be modeled when evaluating receivers under the FTP model 1.
Proposal #2: It should be sufficient to model two dominant interferers for the receiver evaluation under FTP model 1.   

With the method of collecting the DIPs described in the previous sections, the dynamic fluctuation of interference power is embedded in each of the DIP distribution. Hence we can model the two interferers using a random DIP chosen from the first two DIP CDF curves. But for simplicity and quicker convergence of simulation results, the same methodology of agreeing on a static DIP value to use (e.g. median in [3]) or a set of DIP using ‘weighted average throughput gain’ [3] based on a reference receiver (e.g. MMSE-IRC) can be used.
Proposal #3: The same methodology of setting interference power based on DIP can be used, as long as DIP statistics are collected using the dynamic ON/OFF modelling of interference. For example, median DIP can be obtained by averaging over company results for the same SINR points of interest and same cell loading.
Even though different cell loading affects the average SINR level and its variation over subframes, we can observe the DIP profiles at different SINR points and different loading may actually be similar. But note the total interference (i.e., average SINR) can be very different.
For dynamic modelling, one way would be to randomly pick the interference power in each subframe based on the CDF curve of DIP1 and DIP2 CDFs. However, that means changing the interference power in each subframe and may introduce additional uncertainty in result convergence. Varying DIP and SINRs across subframes may not be necessary, depending on the type of receiver evaluated. For example, if the receiver processing is done on per subframe basis, the dynamic variation of the interference power would be taken into account when performance is collected for each SINR points. However, if the receivers to be evaluated require cross-subframe processing of the interference signal, dynamic modelling of the interference power should be agreed. 
Observation #2: It must be recognized that a static DIP profile cannot reflect the dynamics of interference across subfames, in terms of total interference power variation and DIP variation over subframes. For receivers which require cross-subframe processing,  more dynamic modeling of the interference should be used.  

7. Conclusion 
In this document, we present empirical data for evaluating the interference profile for the NAICS SI, with the following observations and recommendations:
Observation #1: Under FTP Model 1, interference profile changes dynamically on a subframe basis.
Proposal #1: It is worthwhile to evaluate interference at several Geometry values, similar to [3], e.g. G=-2.5dB, 0dB, 5dB and 10dB.
Proposal #2: It should be sufficient to model two dominant interferers for the receiver evaluation under FTP model 1.   

Proposal #3: The same methodology of setting interference power based on DIP can be used, as long as DIP statistics are collected using the dynamic ON/OFF modelling of interference. For example, median DIP can be obtained by averaging over company results for the same SINR points of interest and same cell loading.
Observation #2: : It must be recognized that a static DIP profile cannot reflect the dynamics of interference across subfames, in terms of total interference power variation and DIP variation over subframes. For receivers which require cross-subframe processing, more dynamic modeling of the interference should be used.  
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