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1. Introduction
Further enhancements for the scenarios integrating small cells into Heterogeneous Networks were identified as one of the most important topics in the 3GPP workshop on Rel-12 and onward [1]. In RAN plenary #58 meeting, it is required to study potential technologies of physical-layer aspects for small cell enhancements taking into the scenarios and requirements. 

In TR36.932, it is clarified that small cell enhancement should target scenarios both with and without macro coverage, both with ideal and non-ideal backhaul, both outdoor and indoor small cell deployments, as well as both sparse and dense small cell deployments. Also separate or co-channel deployment scenarios between macro layer and small cell layer should be considered. In this contribution, we prioritize the following small cell scenarios to discuss the mechanisms for interference avoidance and coordination:
· Same and different carrier frequency deployment
· Sparse and dense
· Ideal and non-ideal backhaul
For each scenario, we try to find the answers of the following questions:
1) What is the characteristic of the inter-cell interference in the scenario?

2) What assumption should be clarified for quantitative evaluation of the interference coordination?

2. Mechanisms for efficient small cell operation for different scenarios
2.1 Same carrier frequency and different frequency deployment
Small cell enhancement should take into account the possibility of carrier frequencies that, at least locally, are only used for small cell deployments or both used for macro and small cell deployments. Therefore, both same and different carrier frequency deployments between macro layer and small cell layer should be considered.
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Fig. 1 Same and different carrier frequency deployment scenarios

The same carrier frequency deployment scenario is illustrated in the left figure of Fig. 1, where various UEs suffer from different types of strong interference. For example, the UE A in Fig. 1, who is served by a lower power node (LPN) but close to a Macro eNB, may suffer from significant interference from Macro eNB. The mechanism to avoid the interference from Macro-eNB is expected to be effective. In current release, the eICIC has already been introduced to reduce interference between the macro and small cell layer of a network. eICIC coordinates the blanking of subframes (ABS) in the time domain or blanking of frequency resource blocks in the frequency domain in the macro cell to mitigate interference between a macro cell and several small cells in its coverage area. Also, the mechanism of the interference coordination, such as CoMP, is also available to improve the performance of such interference-limited UEs.
On the other hand, the Macro UE C is influenced by the interference from the LPN. The coordination between the Macro eNB and LPN, such as CoMP, can be applied to effectively improve its user throughput. In Rel.11, the CoMP schemes, including joint transmission (JT), dynamic point selection (DPS) or coordinated scheduling/coordinated beamforming (CS/CB), have already been evaluated to improve the throughput of the UEs served by macro or small cells.
Another LPN UE B, who is localised between the LPNs but far away from the Macro eNB, is more sensitive to the interference from the neighbouring LPN. It is effective to apply the interference coordination among small cells for throughput improvement. The CoMP schemes can be applied to dynamically coordinate the strong interference among neighbouring small cells. Also, the ICIC in Rel.8 can be used to semi-statically decrease interference between neighbouring macro base stations by lowering the power of a part of the subchannels in the frequency domain which then can only be received close to the base station. It is also possible to semi-statically adjust the power of the neighbouring LPNs in the frequency domain to reduce the strong subband inter-small-cell interference.

In the right of Fig. 1, separate carrier frequencies are applied to the macro layer and small cell layer. In this case, for UE A, the interference from the Macro eNB is absent; while, the Macro UE C is also immune to the interference from LPNs. Only the UE B is still suffer from the strong interference from neighbouring LPN. The interference coordination among small cells can still be used for such UEs to improve the user throughput. 
For the small cells, particularly when using higher frequencies, new regulatory requirements will be required and co-existence studies need to be conducted. Depending on the assumption of the carrier frequency, different methods may be required to support the UEs in finding and accessing the respective small cells. Therefore, for the evaluation of the above interference coordination schemes, the clustered UE distribution in the hot-spots may need to be respectively considered for the case of same carrier frequency and that of different carrier frequencies. 
Observations of same and different carrier frequency scenarios: 

· What is the characteristic of the inter-cell interference in the scenario?

· In same carrier frequency case, the LPN UEs, close to the Macro eNB, may suffer from strong interference from Macro eNB in addition to the interference from neighbouring LPNs.
· In different carrier frequency case, the LPN UEs only suffer from the inter-small-cell interference and Macro eNB has no impact on the UEs served by LPNs.
· What assumption should be clarified for quantitative evaluation of the interference coordination?

· The assumption of clustered UE distribution may need to be respectively considered for the same carrier frequency case and different carrier frequency case.
2.2 Sparse and dense

Small cell enhancement should consider sparse and dense small cell deployments. In some scenarios (e.g., hotspot indoor/outdoor places, etc.), single or a few small cell node(s) are sparsely deployed, e.g. to cover the hotspot(s). Meanwhile, in some scenarios (e.g., dense urban, large shopping mall, etc.), a lot of small cell nodes are densely deployed to support huge traffic over a relatively wide area covered by the small cell nodes. The coverage of the small cell layer is generally discontinuous between different hotspot areas. Each hotspot area can be covered by a group of small cells, i.e. a small cell cluster.
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Fig. 2 Sparse and dense small cell scenarios
From the sparse to dense, as illustrated in Fig. 2, the interference among small cells are getting stronger and the significant inter-cell interference may severely degrade the system/cell-edge throughput. The mechanisms for interference avoidance and coordination among small cells are especially useful for the dense small cell scenarios. The potential candidate techniques to combat with the inter-cell interference include conventional ICIC, CoMP, as well as vertical/3D beamforming, etc.. 
To qualitatively evaluate the mechanism of interference avoidance and coordination, the assumption of sparse, dense, normal-dense and super-dense scenarios needs to be clarified, such as the number of small cells located in the small-area or large-area, the inter-cell distance, etc.. In addition, the clustered UE number in the hot spot area should be adjusted according to the number of the small cells in the hot-spot area. Dense small cells are required to serve a larger number of clustered UEs in the hotspot.
Observations of sparse and dense scenarios: 

· What is the characteristic of the inter-cell interference in the scenario?

· From sparse to dense, the interferences among small cells are getting stronger, which may severely degrade the system/cell-edge throughput.
· What assumption should be clarified for quantitative evaluation of the interference coordination?

· The assumption of number of small cells located in the small-area or large-area, the inter-cell distance should be clarified. In addition, the clustered UE number in the hot spot area should be adjusted according to the number of small cells.
2.3 Ideal and non-ideal backhaul

As stated in TR36.932, both ideal backhaul (i.e., very high throughput and very low latency backhaul should be studied. As shown in Fig. 3, the ideal backhaul between Macro and LPN, as well as between LPNs, may be dedicated point-to-point connection using optical fiber, LOS microwave); while, the non-ideal backhaul may be the typical backhaul widely used in the market such as xDSL, NLOS microwave, and other backhauls like relaying. The performance-cost trade-off should be taken into account.
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Fig. 3 Ideal and non-ideal backhaul-connected scenarios
The ideal backhaul is able to support the dynamic coordination among non-collocated cells, i.e., the CoMP employment in the Macro eNB connected with multiple RRHs through optical fibber. However, such dynamic information exchange over non-ideal backhaul is difficult. For centralized scheduling or distributed scheduling, the required information exchanged over the interfaces between macro and small cell, as well as between small cells is different [2]. As shown in Fig. 3, the centralized scheduling costs a two-way latency, for sending CSI feedback and obtaining scheduling results. However, the distributed scheduling may requires more latency for coordinating the simulation results among coordinated cells. The studies on the impact of the interface delay and capacity should be separately considered for various scheduling assumptions. 
Assuming non-ideal backhaul, such as X2 interface, CoMP schemes with centralized scheduling can only achieve marginal gain in the presence of latency more than 10ms [2][3]. Compared with CoMP, the semi-static coordination, such as ICIC or eICIC, is less sensitive to the interface delay. 
Observations of ideal and non-ideal backhaul scenarios: 

· What is the characteristic of the inter-cell interference in the scenario?

· In the presence of same inter-cell interference, the interference coordination over non-ideal backhaul is much more difficult than that of ideal backhaul due to the limited throughput and large latency.

· What assumption should be clarified for quantitative evaluation of the interference coordination?

· For non-ideal backhaul case, the capacity and latency assumption should be considered for centralized and distributed scheduling, respectively.
4. Conclusion

In this contribution, we have the following observations for the various small cell scenarios, i.e., same and different carrier frequency, sparse or dense, ideal or non-ideal backhaul. 
Observations: 

· What is the characteristic of the inter-cell interference in the scenario?

· For same and different carrier frequency scenarios:
· In same carrier frequency case, the LPN UEs, close to the Macro eNB, may suffer from strong interference from Macro eNB in addition to the interference from neighbouring LPNs.
· In different carrier frequency case, the LPN UEs only suffer from the inter-small-cell interference and Macro eNB has no impact on the UEs served by LPNs.
· For sparse and dense scenarios:
· From sparse to dense, the interferences among small cells are getting stronger, which may severely degrade the system/cell-edge throughput.
· For ideal and non-ideal backhaul scenarios
· In the presence of same inter-cell interference, the interference coordination over non-ideal backhaul is much more difficult than that of ideal backhaul due to the limited throughput and large latency.
· What assumption should be clarified for quantitative evaluation of the interference coordination?

· For same and different carrier frequency scenarios:
· The assumption of clustered UE distribution may need to be respectively considered for the same carrier frequency case and different carrier frequency case.
· For sparse and dense scenarios:
· The assumption of number of small cells located in the small-area or large-area, the inter-cell distance should be clarified. In addition, the clustered UE number in the hot spot area should be adjusted according to the number of small cells.
· For ideal and non-ideal backhaul scenarios
· For non-ideal backhaul case, the capacity and latency assumption should be considered for centralized and distributed scheduling, respectively.
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