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1. Introduction
In RAN #59 the new Rel-12 “Study on Network-Assisted Interference Cancellation and Suppression for LTE” (LTE NAICS SI) was approved [1]. The objective of the study item is to investigate feasibility and performance of network-assisted interference suppression and cancellation (IS/IC) receivers in LTE. One of the main RAN4 WG goals is to agree on the methodology and parameters for further link-level simulations of IS/IC receivers, including the definition of co-channel inter- and intra-cell interference models. The interference models should be defined for deployment scenarios and system-level simulation assumptions recently agreed by the RAN1 WG [2], [3].
In this contribution, we provide the results of the system-level analysis of interference profiles for the inter-cell interference scenario. The detailed discussion on the methodology for interference analysis is provided in the companion contribution [4].
2. Discussion on scenarios

The RAN4 analysis of interference profiles should be aligned with the LTE NAICS deployment scenarios and system level evaluation assumptions agreed by the RAN1 WG [2], [3]. In particular, the following scenarios were identified by the RAN1 WG for the LTE NAICS studies:

· NAICS Scenario 1:

· Homogeneous network, macro only, ISD = 500m

· Non-ideal backhaul between sites (same assumptions as for SCE SI)

· NAICS Scenario 2a:

· SCE Scenario 1, with the modification that the small cell deployment is sparse not clustered 

· Backhaul assumptions:

· Between macro-cell and small cells within its coverage, and small nodes under the coverage of one macro: Non-ideal 

· Between macros of different sites: Non-ideal

· NAICS Scenario 2b:

· Same as NAICS Scenario 2a, with the following exceptions:

· Backhaul assumptions between macro and small nodes within its coverage, and between small nodes under the coverage of one macro: “fibre access 4” as per TR36.932

LTE NAICS Scenarios 2a and 2b assume same heterogeneous deployments, but different backhaul assumptions. So with respect to RAN4 analysis of inter-cell interference environment there is no need to differentiate these scenarios and same interference profiles can be applied.

Proposal 1:
Use same inter-cell interference profiles for LTE NAICS scenarios 2a and 2b.

Several system level evaluation parameters were not completely defined in RAN1 WG LS on NAICS scenarios and evaluation assumptions [2] and should be further clarified. In particular, the handover (HO) margin value was not explicitly defined. The typical RAN1 WG assumption is 1dB value, while the RAN4 WG applied 3dB in the previous studies [5]. This value has impact on the cell-edge UE interference profiles and thus the exact values should be clarified. Meanwhile, the RAN4 WG is may continue the analysis with the 3dB HO margin assumption.

Proposal 2:
Use 3 dB HO margin to investigate the interference environment for NAICS scenarios.

For the NAICS Scenarios 2a/2b, the exact number of small cells per macro cell geographical area is FFS (4 or 10). The RAN1 WG is expected to continue discussion on this aspect in the RAN1 #73 meeting. Till RAN1 agreements on this aspect are reached the RAN4 interference profile analysis should consider both scenarios.

3. Interference power profile analysis
The DIP methodology can be used for interference modeling in inter-cell interference scenario [4]. In order to analyze the interference profiles (i.e. power and number of explicitly modelled interferences) the system-level evaluations were made for the NAICS scenarios and assumptions defined in [2], [3]. The non-full buffer traffic was emulated using the partial eNB activation model as described in [4]. The results of the analysis are provided for 25% and 50% loading (i.e. network resource utilization) scenarios. Additionally, the full 100% loading scenario is provided for reference purposes.

To describe the interference environment we provide results for the UE geometry, conditional and unconditional DIP, and interference power share statistics. Additionally, we analyze the median DIP values for the eight strongest interferers for the set of UE geometry values. As discussed in [4], the median DIP metrics may not be the best candidate to characterize the actual interference profiles for link-level studies. The set of more detailed binned DIP profiles similar to the “weighted average throughput gain” [5], [6] approach may be used instead.
3.1 NAICS Scenario #1

Geometry analysis

The cumulative distribution functions (CDF) of the UE geometry are illustrated in Figure 1 for 100%, 50% and 25% loading scenarios. As it is expected, the reduced system loading results in improved UE geometry values, especially in high geometry regions.
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	Figure 1. LTE NAICS Scenario #1 – Geometry CDF


DIP analysis

The CDFs of DIP values for the eight strongest interferers for all UE geometries (i.e. unconditional DIP) are illustrated in Figure 2. The results indicate that for the partial loading (i.e. network resource utilization) scenarios the strongest interferer DIP values (DIP1) increase comparing to the full loading case. Meanwhile, the remaining interferers DIP values tend to decrease. In general, it can be noted, that the interference environment substantially depends on the system loading and that different DIP profiles should be defined for different loading scenarios.
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	Figure 2. LTE NAICS Scenario #1 – Unconditional DIP CDFs


The previous RAN4 analysis [5], [6] has shown that the DIP statistics also depends on the UE geometry. In order to illustrate this, we analyze the DIP performance for different UE geometry regions (conditional DIP statistics). The CDFs of DIP values for the eight strongest interferers for UEs with geometry levels G equal to 0, 10 and 20 dB with ±0.2 dB tolerances are provided in Figure 3 for the 50% loading scenario. Further, in Figure 4 we provide the results of the evaluated median DIP values for different UE geometry ranges (conditional and unconditional DIPs). As it can be seen the DIP statistics significantly depends on the target UE geometry and in general may significantly differ from the unconditional statistics. In particular, the general trend is that the strongest interferer DIP values increase with the increase of the UE geometry. For the full loading and high geometry UEs the second strongest interferer DIP is almost equal to the strongest interferer DIP due to very high probability of both interferers being intra-cell. At the same time, for the partial loading scenarios the contribution of the second strongest and weaker interference signals decreases with the increase of the UE geometry.
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	Figure 3. LTE NAICS Scenario #1 – Conditional DIP CDFs for 0 dB, 10 dB and 20 dB geometry
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	Figure 4. LTE NAICS Scenario #1 – Median DIP statistics


The summary of the median DIP values for different UE geometries are provided in Table 2 of Annex A. One important notice from the results is that he median DIP1 profiles for all loading scenarios have lower values comparing to the results of the Rel-11 RAN4 studies [6].
Analysis of the average share of the interference power

In Figure 5, we provide evaluation results for the average share of the cumulative interference power coming from different dominant interferers for various UE geometries. The results show that with the increase of UE geometry the interference becomes more structured and the share of the power coming from the first two interferers increases. Additionally, the results show that for the case of partial loading (25% and 50%) two dominant interferers contribute more than 75% of the total interference power.
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	Figure 5. LTE NAICS Scenario #1 – Average contribution of the dominant interferers
 to the overall interference power


3.2 NAICS Scenario #2

Both scenarios with 4 and 10 Pico cells per Macro cell area were analysed. The results for the scenarios with 10 Pico are provided in the Annex B.

Geometry analysis

The CDF of the UE geometry for the NAICS Scenario #2a/2b with 4 and 10 Pico cells per Macro cell area is illustrated in Figure 6 for 100%, 50% and 25% loading scenarios. The results show that reduction of system loading leads to noticeable UE geometry improvement for all UEs.
	[image: image14.png]CDF

09}

08

07

06

05

04}

03

—— 4Pico- Fullloading
—— 4Pico - 50% loading
—— 4Pico - 25% loading
10 Pico - Ful loading
10 Pico - 50% loading

10 Pico - 25% loading |:
i

0 10 20 30 40

50





	Figure 6. LTE NAICS Scenario #2 – Geometry CDF


DIP analysis

The CDFs of DIP values, for the eight strongest interferers for all UE geometries (i.e. unconditional DIP) are illustrated in Figure 7 and Figure 12 (Annex B). The results indicate that the reduction of the system loading has small impact on the strongest interferer DIP statistics, meanwhile the contribution of the remaining interfering signals decreases.
	[image: image15.png]CDF

Scenario 2 (4 Pico), 100% loading

09

08

07

06

05

04}

03

02}

0

o
&1
sl
sl
&
]
&
3
o
-




	[image: image16.png]CDF

Scenario 2 (4 Pico), 50% loading

09

08

07

06

05

04}

03

02}

0

0 =
50 45 40 35 30 25 20 5 A0 5 0




	[image: image17.png]CDF

09

08

07

06

05

04}

03

02}

(RIS

Er

Scenario 2 (4 Pico), 25% loading

45 40

35

30

DIP, dB






	Figure 7. LTE NAICS Scenario #2 (4 Pico) – Unconditional DIP CDFs


The CDFs of DIP values for the eight strongest interferers for UEs with geometry levels G equal to 0, 10 and 20 dB with ±0.2 dB tolerances are provided in Figure 8 for the 50% loading scenario. In Figure 9 and Figure 13 (Annex B) we provide the results of the evaluated median DIP values for different UE geometry ranges.
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	Figure 8. LTE NAICS Scenario #2 (4 Pico) – Conditional DIP CDFs for 0 dB, 10 dB and 20 dB geometry
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	Figure 9. LTE NAICS Scenario #2 (4 Pico)  – Median DIP statistics


The results show that with the increase of UE geometry the interference becomes more structured and the share of the power coming from the first two interferers increases. Additionally, the results show that for the case of partial loading (25% and 50%) two dominant interferers contribute more than 75% of the total interference power.

The median DIP values for different UE geometries are provided in the Annex A (see Table 3 and Table 4).
In general, we can see that for the Scenario #2 the DIP1 typically has very low values, especially comparing to the Scenario #1. Furthermore, especially low values are observed for low loading scenarios in low geometry regions. Comparing the NAICS Scenario #2 with 4 and with 10 Pico cells, we observe that the interference environment for 10 Pico scenarios is more dense and contribution of the strongest interferer is slightly lower due to presence of larger number of interference sources.

Analysis of the average share of the interference power

In Figure 10 and Figure 14 (Annex B), we provide evaluation results for the average share of the interference power coming from different dominant interferers for different UE geometries. The results show that the average share of the interference power is rather high for low geometries close to zero dB and decreases when the UE geometry increases. At the same time the contribution of the two strongest interferers is even more noticeable than in NAICS Scenario #1.
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	Figure 10. LTE NAICS Scenario #2 (4 Pico) – Average contribution of the dominant interferers 
to the overall interference power


3.3 Summary

In this contribution, we have provided the selected results characterizing the interference environment for the NAICS deployment scenarios under different conditions. Based on these results we have a number of conclusions: 1) DIP profiles for cell-edge and cell-center UEs may significantly vary and 2) averaged unconditional DIP statistics may result in unrealistic assumptions. So using different interference power profiles to analyze performance of different geometries is recommended.
Proposal 3:
Use different interference power profiles for UEs with different geometries (cell-edge and cell-center UEs).
Typically two dominant interferers contribute more than 75 % of the total interference power. So for link-level analysis it is recommended to model at least two dominant interferers explicitly while the remaining interference sources may be represented as AWGN.
Proposal 4:
Explicitly model 2 dominant interferers.

In order to finally decide on the interference profiles for link level studies, we recommend the following steps to proceed with the definition of interference profiles:

Proposal 5:
Consider the following steps required to define the interference profiles for link-level studies

· Agree on non-full buffer traffic modeling methodology including target loading scenarios;
· Agree on the target UE geometries;
· Agree on the number of explicitly modeled interferers;
· Agree on the methodology to derive interference profiles from the system-level DIP statistics (median or binned DIP).
4. MIMO rank analysis
As mentioned in [4] the LTE NAICS link-level studies should consider different MIMO rank distribution scenarios, including the 1) Mix of rank 1 and rank 2 interference transmissions, and 2) 100% rank 2 interference transmissions scenarios. For the former one the exact rank 1/2 distribution may be chosen with respect to the actual distribution observed in the system. To analyze this statistics full system-level analysis for the LTE NAICS scenarios was done and the rank selection probability was measured for different network resource utilization scenarios (i.e. FTP traffic model with different packet arrival rates). The TM4 based on wideband PMI feedback was used, along with LMMSE-IRC receiver at the UE side.

The simulation results for NAICS scenarios 1 and 2 (with 4 Pico per Macro cell area) with different antenna configurations are shown in Figure 11. In general it is observed that for all investigated scenarios there is rather high probability of rank 2 transmissions that may be explained by using cross-polarized antennas which allow more efficient decoupling of spatial streams comparing to the co-polarized models. Furthermore, the rank 1 probability increases with the increase of the network resource utilization and is more often chosen for 2x2 scenarios comparing to 4x2. Additionally, for the Scenario 2 it was observed that the rank 2 selection probability is higher for Pico stations transmissions.

	[image: image27.png]Rank 1 probability, %

——— Scenario #2 (4 Pico) 4x2

-=--~ Scenario #2 (4 Pico) 2x2





	[image: image28.png]Rank 2 probability, %

——— Scenario #2 (4 Pico) 4x2

~ Scenario #2 (4 Pico) 22






	Figure 11. MIMO rank selection statistics


Based on the simulation results, the rank 1/2 probability defined in Table 1 may be recommended for 50% resource utilization point.

Table 1. Recommended interference MIMO rank distribution for 50% resource utilization scenario

	Scenario
	Rank 1
	Rank 2

	Scenario #1 2x2
	52%
	48%

	Scenario #1 4x2
	45%
	55%

	Scenario #2 (4 Pico) 2x2
	33%
	67%

	Scenario #2 (4 Pico) 4x2
	28%
	72%


Proposal 6:
Adopt the recommended MIMO rank selection statistics for interference signal modeling in the scenarios with mix of rank 1 and rank 2 transmissions.
5. Conclusions
In this contribution we have provided our initial views on interference models for LTE NAICS link-level simulations, provide the results of the system-level evaluation of interference power profiles and MIMO rank selection statistics and make the following proposals:

Proposal 1:
Use same inter-cell interference profiles for LTE NAICS scenarios 2a and 2b.

Proposal 2:
Use 3 dB HO margin to investigate the interference environment for NAICS scenarios.

Proposal 3:
Use different interference power profiles for UEs with different geometries (cell-edge and cell-center UEs).

Proposal 4:
Explicitly model 2 dominant interferers.

Proposal 5:
Consider the following steps required to define the interference profiles for link-level studies

· Agree on non-full buffer traffic modeling methodology including target loading scenarios;
· Agree on the target UE geometries;
· Agree on the number of explicitly modeled interferers;
· Agree on the methodology to derive interference profiles from the system-level DIP statistics (median or binned DIP).

Proposal 6:
Adopt the recommended MIMO rank selection statistics for interference signal modeling in the scenarios with mix of rank 1 and rank 2 transmissions.
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Annex A – Median DIP profiles

Table 2. Median DIPs for the LTE NAICS Scenario #1

	Geometry
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5
	DIP6
	DIP7
	DIP8

	100% loading

	0 dB
	-4.40
	-8.17
	-10.75
	-13.49
	-15.36
	-17.05
	-19.35
	-20.72

	10 dB
	-3.48
	-6.14
	-13.57
	-17.35
	-18.65
	-22.11
	-24.47
	-25.65

	20 dB
	-3.10
	-3.30
	-23.36
	-26.34
	-27.09
	-31.58
	-33.46
	-34.27

	50% loading

	0 dB
	-3.74
	-10.19
	-13.91
	-17.31
	-20.10
	-22.38
	-24.42
	-26.07

	10 dB
	-3.14
	-9.28
	-15.86
	-19.27
	-22.00
	-24.03
	-25.80
	-27.18

	20 dB
	-1.89
	-13.42
	-21.08
	-24.58
	-27.08
	-29.06
	-30.90
	-32.30

	25% loading

	0 dB
	-3.75
	-13.85
	-19.13
	-23.00
	-25.91
	-28.22
	-30.35
	-32.33

	10 dB
	-3.42
	-13.55
	-19.60
	-23.04
	-25.75
	-27.98
	-30.10
	-31.99

	20 dB
	-2.53
	-16.43
	-21.63
	-24.82
	-27.28
	-29.50
	-31.62
	-33.36


Table 3. Median DIPs for the LTE NAICS Scenario #2 (4 Pico)

	Geometry
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5
	DIP6
	DIP7
	DIP8

	100% loading

	0 dB
	-2.00
	-7.86
	-12.91
	-16.74
	-20.30
	-23.23
	-25.67
	-27.74

	10 dB
	-1.86
	-7.83
	-12.56
	-16.79
	-20.60
	-23.25
	-25.25
	-27.20

	20 dB
	-2.76
	-7.39
	-11.81
	-15.43
	-17.92
	-20.17
	-21.97
	-23.48

	50% loading

	0 dB
	-0.78
	-10.23
	-18.22
	-24.07
	-28.39
	-31.58
	-34.03
	-36.13

	10 dB
	-1.10
	-9.24
	-16.23
	-21.26
	-25.12
	-27.90
	-30.05
	-31.90

	20 dB
	-1.92
	-8.42
	-13.94
	-17.78
	-20.53
	-23.09
	-25.02
	-26.73

	25% loading

	0 dB
	-0.18
	-16.00
	-26.50
	-33.28
	-36.91
	-39.30
	-41.49
	-43.42

	10 dB
	-0.51
	-12.56
	-21.50
	-27.14
	-30.39
	-33.00
	-35.08
	-36.69

	20 dB
	-1.26
	-10.56
	-16.88
	-21.02
	-24.06
	-26.56
	-28.54
	-30.10


Table 4. Median DIPs for the LTE NAICS Scenario #2 (10 Pico)

	Geometry
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5
	DIP6
	DIP7
	DIP8

	100% loading

	0 dB
	-2.57
	-6.82
	-11.09
	-14.99
	-18.24
	-21.14
	-23.22
	-25.43

	10 dB
	-2.36
	-7.35
	-11.13
	-14.50
	-17.66
	-20.22
	-22.78
	-24.84

	20 dB
	-3.32
	-7.00
	-10.83
	-13.70
	-17.25
	-19.68
	-21.59
	-22.71

	50% loading

	0 dB
	-1.27
	-8.19
	-15.30
	-20.54
	-24.75
	-27.97
	-30.35
	-32.46

	10 dB
	-1.49
	-8.16
	-13.80
	-18.69
	-22.34
	-25.00
	-27.20
	-29.16

	20 dB
	-2.23
	-7.63
	-12.15
	-16.15
	-19.19
	-21.43
	-22.89
	-24.67

	25% loading

	0 dB
	-0.36
	-12.92
	-23.61
	-29.75
	-33.55
	-36.59
	-39.25
	-40.90

	10 dB
	-0.69
	-10.52
	-18.88
	-24.00
	-27.95
	-30.38
	-32.67
	-34.53

	20 dB
	-1.45
	-8.82
	-15.06
	-18.76
	-21.54
	-23.84
	-25.56
	-27.36


Annex B – Scenario 2 (10 Pico) interference power profile analysis
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	Figure 12. LTE NAICS Scenario #2 (10 Pico) – Unconditional DIP CDFs
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	Figure 13. LTE NAICS Scenario #2 (10 Pico)  – Median DIP statistics
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	Figure 14. LTE NAICS Scenario #2 (10 Pico) – Average contribution of the dominant interferers 
to the overall interference power 


PAGE  
1/9

