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1
Introduction

During RAN4#66bis, discussions were kicked off for the Rel-12 study item on CRS interference mitigation (IM) in homogeneous network deployments [1]. A way forward and system simulation assumptions were agreed in [2] and [3], respectively. In this contribution we provide considerations on modelling as well as system simulation results for non-full-buffer interference for CRS-IC in homogeneous network deployments.
2
Non-full-buffer interference modelling
In this section, we briefly summarize the two main methods used so far in RAN4 in order to characterize interference conditions. These rely on statistic collection from system level simulations which are used as input to set interference levels in link level simulations. 
2.1
Geometry

According to [5], geometry G is defined as:
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where Îorj is the average received power spectral density from the j-th strongest base station (Îor1 is the received power spectral density associated with the serving base station), 2 is the thermal noise power over the received bandwidth, and NBS is the total number of base stations considered including the serving base station. Note that the notation is harmonized in terms of indexing in the subsequent equations.
2.2
Dominant interferer proportion
The dominant interferer proportion (DIP) was used in RAN4 to characterize interference power during investigations on interference rejection combining (IRC) for HSPA [4] and LTE [5]. Assuming synchronous network operation, the DIP for the i-th interfering base station reads [5]:
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where Îorj and Ioc are defined as above. In other words, each DIP characterizes the averaged received power of a given interfering cell with respect to the total received interference power. A total of K base stations are explicitly modelled at link level and the received interference power from the other base stations, including thermal noise, is modelled as white Gaussian noise with average power Noc:
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The i-th DIP value can then be rewritten as:
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During HSPA and LTE studies on advanced receivers, DIP distributions conditioned to given UE geometry (e.g, -3 dB, -2.5 dB, 0 dB) were used for deriving interference levels for link level simulations, considering a total of K=3 base stations (i.e. 1 serving + 2 interfering base stations).
2.2
Interference-to-noise ratio
During the work on Rel-10 eICIC and Rel-11 feICIC, RAN4 defined interference-to-noise (INR) ratios as follows:
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In the above expression, 
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 for j=2,...,K is the average CRS received power from the (j-1)-th strongest interfering base station which is explicitly modelled (
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 corresponds to the average CRS received power from the serving base station). As previously, the quantity Noc represents the interference power from non-explicitly modelled base stations plus thermal noise, noting that the quantity Îorj is measured here over serving cell CRS REs. The serving cell signal-to-noise (SNR) ratio reads:
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where 
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 corresponds to the average CRS received power from the serving base station. In Rel-11 feICIC, a total of K=3 base stations (i.e. 1 serving + 2 interfering base stations) were explicitly modelled at link level.
2.3
Discussion

Under full buffer interference traffic assumption, both DIP and INR based approaches are equivalent and one may derive each of these quantities based on the other. However, under partial interference load, the concept of DIP does not extend in a straightforward manner, whereas interference-to-noise ratios are seen as more suited. The reasoning is the following:
· System level simulations allow extracting average received CRS power for each base station being explicitly modelled at link level;
· System level simulations also allow extracting the average remaining interference from the non-explicitly modelled base stations plus thermal noise Noc, measured at the serving based station CRS REs. A non-full-buffer interference traffic will automatically translate to lower Noc value wrt. full buffer interference;
· The link level simulation setup comprises of a total of K explicitly modelled base stations, i.e. the serving base station and K-1 interfering base stations, with average CRS power 
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 (j=2,3) relative to other cells (AWGN) noise power Noc;
· For the K-1 interfering base stations, a non-full-buffer interference transmission model is explicitly applied at link level. Note that RAN4 has not discussed nor agreed such modelling. A proposal for such model is made in a companion paper [8].
An exemplary link level simulation setup is illustrated in Figure 1.
It is further noted that RAN4 has not discussed nor agreed the number K of explicitly modelled base stations, although the way forward mandates interference statistics collection for a total of 2 interferers (i.e. K=3). To our view, similarly to HSPA and LTE work on IRC, the number of interferers providing the best tradeoff between gains of CRS-IC versus test equipment complexity should be checked through link level simulations. Since non-full-buffer interference is considered in this study, lower gains of CRS-IC are expected when very few explicit non-full-buffer interferers are modelled while the other cells’ interference is lumped to AWGN, even with lower value of Noc wrt. full-buffer interference.
Proposal 1: 
The number of explicity modelled interferers providing the best tradeoff between gains of CRS-IC vs. test equipment complexity should be investigated through link level simulations.
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Figure 1: Link level simulation setup with 1 serving and 2 interfering base stations (K=3).
3
Non-full buffer interference conditions in homogeneous network deployments
In this section we analyse non-full-buffer interference conditions following the INR-based methodology previously described in Section 2.2. Results assume planned PCIs and simulation parameters comply with agreed asumptions [3].
3.1
Geometry at full interference load

For simplifying the notation, we use Es in the following in place of 
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 for the average CRS received power from the serving base station. For calibration purposes, as requested in [2], we provide below the geometry (Es/IoT) distribution assuming full interference load (i.e. average resource utilization equal to 100%). The curve is inline with findings in [5] since the system level assumptions are the same in terms of assumed network deployment [3].
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Figure 2: Es/IoT distribution at full interference load (avg. RU=100%)


3.2  


Choice of the fractile of Es/Noc distribution
During RAN4#66bis it was agreed that Es/Noc is to be used by default for deciding the SNR for upcoming link level simulations [2]. However, no agreement could be reached on the exact fractile “X” of the unconditional Es/Noc distribution to be further considered for deriving conditional interference statistics. Based on earlier contributed link/system simulation data [7], we provide analysis trying to identify the most relevant value for “X” as follows: 

· We derive the unconditional Es/Noc distribution for a given interference load from system level simulations;

· We slice the above distribution into 5%-tile bands and interpolate the corresponding Es/Noc values;

· For each fractile “X”, we search data samples with corresponding Es/Noc value ±0.2 dB;

· From the above samples, the average gain of 2-cell CRS-IC vs. no CRS-IC is determined for each fractile “X”.

Results are shown in Figures 3-8 for {0%, 10%, 20%, 30%, 40%, 50%} average resource utilizations. As expected, the highest gains of CRS-IC are found at lower fractiles of the unconditional Es/Noc distribution, which correspond to cell edge terminals. Regardless of the interference load, it is observed that X=5%-tile leads to the largest gains of CRS-IC, and it is proposed to select this value for further analysis. 
Proposal 2: 
Select X=5%-tile of unconditional Es/Noc cdf for deriving conditional statistics for INR1 and INR2.
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Figure 3: Avg. RU=0% - Mean relative throughput gain of CRS-IC vs. fractile of Es/Noc cdf.
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Figure 4: Avg. RU=10% - Mean relative throughput gain of CRS-IC vs. fractile of Es/Noc cdf.
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Figure 5: Avg. RU=20% - Mean relative throughput gain of CRS-IC vs. fractile of Es/Noc cdf.
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Figure 6: Avg. RU=30% - Mean relative throughput gain of CRS-IC vs. fractile of Es/Noc cdf.
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Figure 7: Avg. RU=40% - Mean relative throughput gain of CRS-IC vs. fractile of Es/Noc cdf.
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Figure 8: Avg. RU=50% - Mean relative throughput gain of CRS-IC vs. fractile of Es/Noc cdf.


3.3
Median Es/Noc and INR1, INR2 values 

During RAN4#66bis, two alternatives were left for further investigations:

· After saving the conditioned D1/Noc, D2/Noc values from all samples, 

· Alt 1: the D1/Noc values are sorted according to the first D1/Noc in ascending order. A CDF of D1/Noc is produced and after this, the data set is binned in 5-percentile bands. A mean of D2/Noc inside a 5-percentile band is taken, yielding one characteristics D2/Noc value per each 5-percentile. At the end of the process, 20 characteristic D2/Noc values are obtained. 

· Alt 2: A D1/Noc, D2/Noc combination is selected which is based on conditional CDFs and an agreed percentile

In the following, we select Alternative 2 above and provide median values (i.e. 50%-tile) of INR1 and INR2, conditional to the previously selected X=5%-tile of the Es/Noc distribution. As discussed in our previous contribution, Alternative 1 implies excessive simulation workload. It is reminded that the system level simulation campaign to be conducted in RAN4 will reveal the overall gains of CRS-IC and there is thus no absolute need to duplicate this work at link level. Therefore, the methodology followed eICIC/feICIC work in RAN4 is seen as more adequate. Results are shown in Table 1 below. For completeness, results are also provided conditional to X={10%,15%}-tiles of Es/Noc in Table 2 and 3, respectively. Overall, signal and interference levels do not vary significantly since the considered fractiles are close to each other. Two main observations can be made based on the provided interference statistics:
1. The values of Es/Noc at X-th fractile as well as conditional median values of INR1 and INR2 decrease as the interference load increases. This is consistent with the fact that Noc (i.e. interference from not explicitly modelled cells) increases together with the average resource utilization of the interfering cells.

2. For a given average RU, the values of Es/Noc at X-th fractile as well as conditional median values of INR1 and INR2 increase as a function of the considered fractile X since the corresponding UEs get towards cell center.
Proposal 3: 
Evaluate at link level the gains of 1-cell and 2-cell CRS-IC vs. no CRS-IC, as a function of the interference load, based on the signal and interference conditions provided in Table 1.
Table 1: Median values for INR1, INR2 at X=5%-tile of unconditional Es/Noc distribution.
	Average RU 
	Fractile of unconditional Es/Noc distribution
	Es/Noc value at X-th fractile
	Median INR1 conditional to Es/Noc value at X-th fractile
	Median INR2 conditional to Es/Noc value at X-th fractile

	0%
	5%
	5.2 dB
	5.9 dB
	1.7 dB

	10%
	5%
	4.6 dB
	5.2 dB
	0.8 dB

	20%
	5%
	4.0 dB
	4.6 dB
	0.1 dB

	30%
	5%
	3.5 dB
	4.2 dB
	-0.5 dB

	40%
	5%
	3.1 dB
	3.8 dB
	-0.9 dB

	50%
	5%
	2.7 dB
	3.2 dB
	-1.1 dB


Table 2: Median values for INR1, INR2 at X=10%-tile of unconditional Es/Noc distribution.
	Average RU 
	Fractile of unconditional Es/Noc distribution
	Es/Noc value at X-th fractile
	Median INR1 conditional to Es/Noc value at X-th fractile
	Median INR2 conditional to Es/Noc value at X-th fractile

	0%
	10%
	7.3 dB
	7.2 dB
	2.2 dB

	10%
	10%
	6.6 dB
	6.3 dB
	1.3 dB

	20%
	10%
	6.0 dB
	5.9 dB
	0.7 dB

	30%
	10%
	5.4 dB
	5.1 dB
	0.0 dB

	40%
	10%
	5.0 dB
	5.0 dB
	-0.3 dB

	50%
	10%
	4.6 dB
	4.4 dB
	-0.8 dB


Table 3: Median values for INR1, INR2 at X=15%-tile of unconditional Es/Noc distribution.
	Average RU 
	Fractile of unconditional Es/Noc distribution
	Es/Noc value at X-th fractile
	Median INR1 conditional to Es/Noc value at X-th fractile
	Median INR2 conditional to Es/Noc value at X-th fractile

	0%
	15%
	8.8 dB
	7.8 dB
	2.4 dB

	10%
	15%
	8.0 dB
	7.1 dB
	1.6 dB

	20%
	15%
	7.3 dB
	6.6 dB
	0.9 dB

	30%
	15%
	6.8 dB
	6.0 dB
	0.3 dB

	40%
	15%
	6.3 dB
	5.4 dB
	-0.2 dB

	50%
	15%
	5.9 dB
	4.9 dB
	-0.9 dB


4
Conclusions

In this contribution we provided considerations on modelling as well as signal/interference statistics for non-full-buffer interference for CRS-IC in homogeneous network deployments. Our proposals are as follows:
Proposal 1: 
The number of explicity modelled interferers providing the best tradeoff between gains of CRS-IC vs. test equipment complexity should be investigated through link level simulations.
Proposal 2: 
Select X=5%-tile of unconditional Es/Noc cdf for deriving conditional statistics for INR1 and INR2.
Proposal 3: 
Evaluate at link level the gains of 1-cell and 2-cell CRS-IC vs. no CRS-IC, as a function of the interference load, based on the signal and interference conditions provided in Table 1.
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