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1 Introduction

One important focus area for the small cell enhancements study item in Rel-12 is performance improvement through interference mitigation and traffic adaptation techniques [1]. A diverse set of evaluation scenarios was agreed during RAN1 #72 covering co-channel/non-co-channel deployments as well as indoor/outdoor small cell deployments. It is expected that the observed performance will be dependent on the underlying characteristics of the scenarios and the simulation assumptions. As noted in previous studies, it is expected that the level of inter-cell interference may be one of the key limiting factors for these deployments. 

This contribution presents initial evaluation results for the various small cell deployment scenarios with an emphasis on the interference environment and provides discussion on implications for general interference avoidance and coordination techniques, which may be considered during the course of the study item. 
2 Evaluation results
There are several differentiating characteristics of the three main classes of scenarios for evaluation in [2]:
1. Same/different frequency band between macro and small cell layer
2. Outdoor/indoor deployment of small cells 
3. Regular or clustered topology 
4. Small cells in/out-of macro cell coverage
Compared to previous Rel-11 HetNet studies [3], characteristics #1 and #3 may introduce new challenges not previously observed in the evaluations. For example, in the case of co-channel HetNet deployments, macro cell interference can mitigated through the use of eICIC techniques such as almost blank subframes. However, in the absence of macro layer interference, it is not clear if such techniques will be applicable. For characteristic #3, with the introduction of hotzones where dense clusters of small cells are deployed, the dynamics of intra-cluster interference may be quite different when compared to the indoor hotspot deployments with regular spacing of the nodes providing maximum spatial separation to mitigate coverage overlap.  
In order to better understand the potential benefits of interference mitigation techniques, the underlying distributions of the interference in each scenario should be considered. This section presents characterizations of the interference environment for deployment scenarios #1, #2a, and #2b by using geometry distributions of the macro and small cell layers. All evaluations are based on assumptions listed in [4], with specific parameters listed when necessary.
2.1 Scenario #1

Scenario #1 considers outdoor small cell deployments on the same carrier as the macro cells. The primary difference with prior HetNet studies is the clustered deployment of the small cells with one or two clusters of 4 or 10 small cells deployed within a radius of 50m and within a 70m hotzone radius for the UE dropping.

Figure 1 below shows the geometry CDFs (in dB) for UEs after cell association with one and two small cell clusters per macro cell area, 4 small cells/cluster, 30 dBm small cell transmit power, and no CRE bias.
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Figure 1. Scenario #1 geometry: One or two clusters per macro area and 4 small cells/cluster
We notice degradation of the geometry on both macro and small cell layers due to the increased inteference as the small cell density doubles. Despite the favorable propagation characteristics of the small cells deployed within a close distance of the majority of the users in the system which are within hotzones, the maximum SINR is capped at the same level of 20 dB as the macro users. 
Figure 2 below shows the geometry CDFs for a denser deployment scenario of one and two clusters per macro cell area, 10 small cells/cluster, 30 dBm small cell transmit power, and no CRE bias.
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Figure 2. Scenario #1 geometry: One or two clusters per macro area and 10 small cells/cluster

Interestingly, although we observe degradation compared to the 4 small cell/cluster cases, in Figure 2 the relative SINR difference between the one and two cluster geometry curves is not significant, indicating that the intra-cluster interference is much more limiting than inter-cluster interference. 
Since this is a co-channel scenario, the use of CRE bias is expected to have the same impact as in prior studies, with increased association of users to the small cells at the expense of further degradation of the SINR for the offloaded users. Figure 3 gives the geometry curves for the two cluster per macro cell area cases with 6 dB CRE applied. The curve representing the geometry of all UEs on the combined macro and small cell layers indicates the increased level of user association to the small cells with a relative shift towards the small cell geometry curves. However, due to the inter-cell interference, these offloaded users are mostly contained in the lower percentile of the small cell geometry CDF, with an almost 5 dB decrease at the 20th percentile point in both cases for example. While eICIC techniques may be applied to mitigate the macro interference for these users, it is not clear if that will be sufficient to mitigate the remaining intra-cluster interference which was not a consideration in prior HetNet studies.
[image: image5.jpg]CDF

Scenario: 1; NMacroSectors: 21; NClusters: 2; NSmallCells/Cluster. 4; Bias: 6 dB

1

LE]

08

07

08

05

04

03

02

01

——AllUEs
Macto Layer
———SC Layer

5 10 15 il
SINR



[image: image6.jpg]CDF

Scenario: 1; NMacroSectors: 21; NClusters: 2; NSmallCells/Cluster. 10; Bias: 6 dB

1

LE]

08

07

08

05

04

03

02

01

——AllUEs
Macto Layer
———SC Layer

5 10 15 il
SINR




Figure 3. Scenario #1 geometry: Two clusters per macro area and 4/10 small cells/cluster with 6 dB CRE bias

Based on the above discussion, the following observations are made for Scenario #1:

Observations
· Inter-layer as well as intra-cluster interference has a significant impact on small cell user geometry 
· Further study may be needed on whether current inter-layer eICIC techniques are sufficient for interference mitigation in dense clustered co-channel outdoor deployments 
2.2 Scenario #2a
Scenario #2a considers the same outdoor small cell deployments topologies as Scenario #1, however the small cells are on a different carrier (in this case 3.5GHz) as the macro cells (2 GHz). The removal of macro layer interference, use of RSRQ for inter-frequency measurement and cell-association, and higher pathloss are distinguishing characteristics.
Figure 4 below shows the geometry CDFs for UEs after cell association with one and two small cell clusters per macro cell area, 4 small cells/cluster, and 30 dBm small cell transmit power.
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Figure 4. Scenario #2a geometry: One or two clusters per macro cell area and 4 small cells/cluster

We note that, unlike Scenario #1, at least for the case of one cluster per macro cell area, the highest percentile users connected to the small cells actually achieve higher SINR than the macro layer users. However we still observe that the majority of small cell users experience lower geometry than the macro users despite the reduced pathloss loss due to the outdoor scenario remaining interference limited under the fully-loaded network conditions. The impact of inter-cluster interference is a noticable in the two cluster/macro cell area cruves above the 50th percentile point on the CDF as approximately a 2-3 dB shift compared to the one cluster/macro cell area case.

Figure 5 extends the scenario to the 10 small cells/cluster case and as expected, the geometry curves show a significant decrease in SINR for the small cell layer users. Interestingly, unlike Figure 4, the one and two cluster per macro area cases do not have significant differences in terms of geometry, illustrating that for the dense cluster cases, the intra-cluster interference is significantly more dominant than inter-cluster interference.
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Figure 5. Scenario #2a geometry: One or two clusters per macro cell area and 10 small cells/cluster

Also, we observe that compared to the co-channel deployment scenarios, the user association to the small cells is much lower, potentially leading to underutilization of the small cells. This of course is primarily due to the RSRQ-based association metric taking into account the strong interference observed on the small cell layer. At low to moderate network load situations, higher small cell user association is possible. However, under high-load conditions it may be beneficial to evaluate inter-frequency biasing techniques or other cell association enhancements to provide the optimal balance between the layers in terms of network capacity and edge-user throughput.   
Based on the above discussion, the following observations are made for Scenario #2a:

Observations
· Removal of inter-layer interference provides gains for the highest percentile small cell users, but the majority of users observe lower geometry than macro cell users due to significant intra-cluster interference 
· Further evaluations should be conducted on potential mechanisms to achieve the optimal loading balance between macro and small cell layers
2.3 Scenario #2b
Indoor small cell deployments are considered in Scenario #2b, with the small cells on a different carrier than the macro cells. Unlike, Scenario #2a, which dropped the small cells outdoors randomly within the hotzone clusters while subject to some distance constraints, the indoor small cells are deployed in a regular grid fashion using the indoor hostpot (InH) model. As a result, the intra-cluster interference should be ideally minimized and inter-cluster interference should not be a significant factor, due to the large pathloss loss and penetration loss between buildings.

Figure 6 confirms this observation for the sparse indoor deployment of one cluster per macro area with two small cells per cluster. Almost 15% of small cell users obtain geometry higher than the maximum achieved by any macro cell user. Additionally the 5th percentile point on the small cell layer is approximately 5 dB higher than the macro layer.
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Figure 6. Scenario #2b geometry: One cluster (building) per macro cell area and two small cells/cluster

Figures 7 and 8 show the geometry results for denser indoor deployment scenarios, including buildings with two floors and up to 8 small cells per cluster (building). Although the deployment is more regular and the transmit power reduced by 6 dB to 24 dBm compared to Scenario #2a, similar relative geometry observations can be made. This highlights that dense indoor small cell deployments still represent an interference-limited scenario although isolated from the overlaid macro cells. However, in both Figures 7 and 8 the impact of inter-cluster interference is practically negligible. At least from an interference coordination evaluation perspective, it does not seem necessary to separately consider cases with multiple clusters for Scenario #2b, which may reduce the simulation burden during the evaluation phase of the study item.
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Figure 7. Scenario #2b geometry: One or two clusters (buildings) per macro cell area and 4 small cells/cluster
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Figure 8. Scenario #2b geometry: One or two clusters (2-floor buildings) per macro cell area and 8 small cells/cluster

Finally, small cell user association is observed to be higher than in Scenario #2a, indicating that achieving balance between the layers may be accomplished more naturally without significant network planning/intervention.
Based on the above discussion, the following observations are made for Scenario #2b:

Observations
· Dense, non-co-channel indoor small cell deployments are only slightly less interference-limited than corresponding outdoor cases
· The impact of inter-cluster interference is negligible even for the densest deployments 
3 Interference Coordination Considerations
In this section, we extend the prior analysis and consider the potential benefits of general interference coordination/avoidance techniques in the different scenarios and potential design implications. The goal is to provide upper bounds on the SINR improvements that can be attained in the case of ideal intra-cluster ICIC. By ideal ICIC we refer to any approach which completely removes the interference received by a user coming from neighboring small cells within the same cluster as its serving small cell. This analysis is useful in providing motivation for further study of potential candidate ICIC techniques by characterizing the distribution of the intra-cluster interference and its relative contribution to the overall geometry CDF.
Figure 9 illustrates the gains that can be achieved for the multi-cluster cases in Scenario #2a.  At least 5 dB SINR improvement is observed for the lowest percentile small cell users, while improvements over 10 dB are achieved by the highest percentile users (75th percentile and above).
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Figure 9. Scenario #2a with ideal intra-cluster interference coordination.
Figure 10 provides a similar message for the densest case in Scenario #2b with two buildings per macro cell area and 8 small cells per building. Interestingly, the lowest percentile users in this case achieve the highest geometry improvement although the gains are still significant for the high geometry users. The intuition is that Scenario #2b is fundamentally a noise-limited scenario when intra-cluster interference is removed, due to the very favorable propagation environment experienced by the indoor users who are quite close to the small cells on average. The resulting CDF after ICIC is applied is in fact quite compact, with a slope of 10 dB between the 10th and 90th percentile points implying that ubiquitous high quality-of-experience in the network is easier to attain.  

[image: image18.jpg]aoF

09

08

07

06

0s

04

08

02

01

Scenario: 2b dense; NSites: 7; NGlusters: 2; NSmalCelis/Cluster: 8

WMaom Layer 7
G Layer %
———5G - Igzall0iG /
0 5 25





Figure 10. Scenario #2b with ideal intra-cluster interference coordination.

We would like to highlight that although this contribution only considers idealized ICIC techniques to highlight the regime for potential gains, our companion contributions [5] and [6] provide more detailed analysis of specific coordination-based techniques, and take into account practical limitations including backhaul architectures and feedback delay.

Observations
· The potential for gains from intra-cluster interference coordination/mitigation techniques is very significant in all scenarios
· Especially for indoor deployment scenarios, intra-cluster ICIC is promising to transform the scenario from interference-limited to noise-limited
4 Conclusion
This contribution discussed the general inter-cell interference environment observed in the different small cell deployment scenarios, which motivates the introduction of interference coordination and avoidance techniques to improve performance, especially within dense small cell clusters. Further evaluations should additionally be undertaken to consider the impact of spatial and temporally varying load in the network. The following is a summary of observations from this contribution:
Observations
· For  Scenario #1:

· Inter-layer as well as intra-cluster interference has a significant impact on small cell user geometry
· Further study may be needed on whether current inter-layer eICIC techniques are sufficient for interference mitigation in dense clustered co-channel outdoor deployments
· For  Scenario #2a:

· Dense, non-co-channel indoor small cell deployments are only slightly less interference-limited than corresponding outdoor cases

· The impact of inter-cluster interference is negligible even for the densest deployments 
· For  Scenario #2b:
· Removal of inter-layer interference provides gains for the highest percentile small cell users, but the majority of users observe lower geometry than macro cell users due to significant intra-cluster interference
· Further evaluations should be conducted on potential mechanisms to achieve the optimal loading balance between macro and small cell layers
· For intra-cluster interference coordination/mitigation techniques:
· The potential for gains from intra-cluster interference coordination/mitigation techniques is very significant in all scenarios
· Especially for indoor deployment scenarios, intra-cluster ICIC is promising to transform the scenario from interference-limited to noise-limited
References
[1] 3GPP TR 36.932 Vb.0.0, “Scenarios and Requirements for Small Cell Enhancement for E-UTRA and E-UTRAN; (Release 12).” 
[2] R1-130748, “Text Proposal on Small Cell Enhancement Scenarios”, NTT DOCOMO
[3] 3GPP TR 36.814 V9.0.0, “Further advancements for E-UTRA physical layer aspects (Release 9).”
[4] R1-130856, “Evaluation assumptions for small cell enhancements-physical layer”, Huawei, HiSilicon
[5] R1-131027, “Resource coordination for small cells with non-ideal backhaul,” Samsung
[6] R1-131028, “Evaluation results on small cell enhancement scenario 2a,” Samsung
PAGE  
7

[image: image1.jpg]CDF

Scenario: 1; NMacroSectors;

1

21; NClusters: 1; NSmallCells/Cluster: 4; Bias: 0 dB

LE]

08

07

08

05

04

03

02

01

——AllUEs
Macto Layer
——SC Layer

10 15 Eil E3 0
SINR



[image: image19.png]CDF

1

08

08

07

06

05

0.4

03

02

01

Scenario: 2b dense; NMacroSectors: 21; NClusters: 2; NSmallCells/Cluster: 8

—AllUEs
Macro Layer
— SC Layer




[image: image20.png]CDF

1

09

08

07

06

05

0.4

03

02

01

Scenario: 2b dense; NMacroSectors: 21; NClusters: 1; NSmallCells/Cluster: 8

—AllUEs
Macro Layer
— SC Layer




[image: image21.png]CDF

Scenario: 2b dense; NMacroSectors: 21; NClusters: 2; NSmallCells/Cluster: 4
1 T T T

—AllUEs
Macro Layer
— SC Layer

09

08

07

06

05

04

03

02

01




